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. ;e3eF$j 6TO0 8 Ji ~N 2003 WO 99/ 64528 PCT/ US98/ 12260 LOW ODOR POLYMERI ZABLE

, COMPCSI TI ONS. USEFUL FOR BONDI NG LOW SURFACE ENERGY SUBSTRATES Fi el g 6%f t he
I nvention %O 4fJ"tsesent invention relates generally to pol y%%F’P%%{H &
conposi tions useful for bonding | ow surface energy substrates. Also

di scl osed ar elk(solérreri zabl e conposi tions and bondi g& cmosi tions Pr epar ed
therefrom aLOW Q@DQRPOL, AALEEOMEBQPETIQNS SSER Y. FQR BQNDING
substrat es prepared therefyr i t herefrom and

nmet hods of preparing such %@Wd%ﬁﬁggﬁkcﬁgghqﬁggg%fg§ the o

pol ynmeri zabl e conpositions conprise nononer blends conprising certain
ethyl eni cal ly unsaturated nononers. Background of the Invention An
efficient, efHieldiof the Invention or adhesively bonding | ow surface energy

plastic 15 substr .pol yet h , [.0

pol ytetr a? | uor oet f@‘?i’ﬁ%g’f‘g’.“%ﬁ‘,‘g"a‘]\?}éﬁs§§+e§“§r%a@8‘%&'@%‘%&&%‘%@ g’g’f F’\gfelﬁf)]n,
TEFLON from GorlbonBlnRdew sofackle Substfiitedri Algd @iscloded)ardipslymmengableeen sought .
The difficulties in adhesively bondjng these materials are well known (See,

for exanpl e, comppetonsanpbepdiageorpositions preparsltheeeiion, atkit qmprisgdhg s t hat
appeared in P i I P i i Jy.p. 1
(15555 ConveRienzae orbbianh, @Rted s ihles prart IO oonkll arles P,
substrat e surgrgatedaheefom; i métBedsrof @teparingSsueh basdet lastittest 118 phRROlar, thor ona

di scharge) plasma treatnent, oxidation by ozone or oxidizing acids, and
sputter ekchinpelymenizable pempaestiops cempriss mesemen Wends compesing gertain pthylegigallyy
coating it w j ce energy material. 25 However, to achieve
adequat e adheénlg%tﬁragptdq{?%'go%e&?ner) it may be necessary to first use the
surface preparation techniques described above. Al of these techniques are
wel | known, as reported in_Treatise on Adhesion and Adhesives (J.D.

M nford, editBackexenndeof the Iyventionog1) New York, vol. 7, pp. 333 to 435).
The known approac sty } f i I §
substrates. As a resﬁ@%@mf{ E@é}uﬁg@%ﬂg? be9§§)‘7e er?é‘?%ﬁﬁ@‘gﬁévgéét}leﬁgﬁ}&pdgﬁ%i ng

| ow surfae esubstgiyessubls by polyshyléve) Rdxpeopylenb and polplegafiioro@thglessd@tg. of t he
presently known_approaches do not render themparticularly suitable for use

by the retailavwe r the tepde designationyd EFLON frem E1 1. Bulsgit deNemmoon02« 0 8
JAN 2003 WO 99}..64528 / 8112260 -t - rsel f 0j.ect tc or by
oo ool oo Rimiegsts DY Tt bR wpll The HEGREs in RRHOEY ShndbE kel oY e
everyday housghetisls aretwél laRwnhBee FoLeaRPR, CAdHesion Proti@feateptyier materi al s.
Exanpl es of such household articles are trash baskets, |aundry baskets,

toys, etc. CoPuwégeshyIl)M.(Brewis that sppracad imProgress indRubbiepand Blasticng fel t need

for a si "P(J e, &8I0 V%qugdpﬁgh%)g that can readily bond a wi de variety of
?pE'Cl—a'H’y ‘'ow surface

substrates, e energy materials, such as polyethyl ene,
pol ypr opyl ene and Qovenrbrahbondingapploities eftemidelotiplexandicosthosubsirpe i cat ed
surface preparation, primng and the like. 1o Wi le an adhesive that can
bond | ow sur f #EBCePrEpaRAtion sshnigues suphasliamedreatment,rosona-dischacge. plawna

commercial utjlJ of .. I . . | f 0 onents
t her eof coul d{rhéet&grgh%’f'ﬁéﬁ bﬁ%g@@%ﬁ%ﬁcﬁgﬁﬁwﬁﬁ kgfdaipg%n%ﬁﬂgé'méhpﬁaperl Mt easy
appl i cati on othetshisstratt sisfavemms begrimar byadohiing iabvith dhigh soefack emegsmaterivi t hout

t he need for | aborious hand wei ghing and m xing of the different
conponent 35  HHRIFGEST, to-achieye adegusic adhesian ofihg primer.dt manbe Becassenytofisstase t he

Thero ts not Syt Brerb G ERRiaBheleRdbel e, AP ordhert MRl G aelcr o,

substrates, buhowilas fapoftedin mmio‘{ﬂdm#n SR RRsiVveATD. Mk adeditor,n a
convenient mx ratio. It nay be desirable tor such adhesives to possess

ot her attri buiMascel PekkerolWlalgweY oroto).ve pp.Z3BIte 43%) yThednamnappraashesrage of t en
associ ated w tfrgqfxaena;' rct?sqgmfaz%i for use with specific substrates. As a result, they may not be

30  generally useful for bonding low surface energy substrates.
Moreover, the complexity and cost of the presently known approaches do not

render them particularly suitable for use by the retail consumer (e.g., for home repairs,
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unpl easant odor. While not affecting performance, the odor may di scourage
~ sone people fromusing these adhesives and encourage themto sel ect other
*alternati we@996432&dditi on, for certain situations, it may bRCTHESIIEM0e to
utilize adhesives that have decreased irritation-potential (e.g., skin and

respiratory irritation)) In %en ral, |ow 25 nol ecul ar weight (i.e.,
mol ecul ar WeriheWsef Prelasts, tepes by lawr«plume opgratigRs: Ong X lgaipbles isdhe

tontial v icri . . . . .
Psat ur at e4eanfriiny Il 0€ paehay HEAUIRA ARNS e BANPABLGRRL: |
4, 385, 153) edérg¢ nogérialsi BgdngpleOofmok Abusthsldudrasleo hrearislp basgkals| Muhdrydeni ng

adhesi ves containing: ( 1 ) polynerizable olefinically 30 unsaturated
conpounds fvasketsgtaysi@itecul ar wei ght of between 63 and 10, 000; (2) at |east
one or ganoboron conpound capabl e . of initiating the l.yneri.zati.on,t her eof
" the Br esence COPoBRYBLY nER ot b5Ena CnsiaBrerie e GRSV Rreq ST R,

I nhi bi ting gakqfse Zdhesfbeﬁiha]t%h?%ﬁy%@%%ﬂé%%i&%ﬁ%ﬁﬁﬁ&ﬁ@,@@ i) low?! Ng
ani oni ¢ pol yrreri zat1 on. The adhesi Ves are useful "for bon |ngpmat |, wood,
gl ass, cer anrfacermmbryyi materialscsuch as polysthybene il prapylene aleint i stry and surgery.
Two-part initiatgr systenms useful in preparing acrylic adhesive,K |

CONmposi t | or@lﬁ?téafhlpwthéﬁ% .Wlfﬁew TEQURBE complicatagt swifacs prenagation, Wimig  No.

5, 286, 821 )and%oﬂetcm di scl oses two-part initiator systens useful for
preparing acrylic adhesive conpositions. The systens include a stable

or ganohgr on ami nNWhite &P hdtrespiedhaam bogd love sitteie @Rergly 28bstrafed 6s @sfagdiyve
conpositions are reportedly particularly useful in structural and

sem - st r uctadvantaggops.ithaeoromsrcig mtitityaef sigh aradhesivymwould beenkdnced ifdhe bondi ng

(autonotive | ass- et al di ng..qglass-gl ass bondin i.rcuit. board
Component | SBRIPRTS LEee ol s bitaR h ol iR ast ity ot B4 PERHT ¢

not or Magnedy8y agdhRaorPbAhk a@BestvealsinFPeonREntRRRl 8dhedive diipbnseky Wilisut@gscr i bed.
See al so Skoultchi et al. (U S. Patent No. 5,106,928 and U. S. Patent No.

5, 310, 835) . ncRd fyrriabarioais hand weighéig dndmsiximg6{nhe fdofferbutredinpgnénssy Howkwere
energy substrates have.been reparted only.recently, for.ex l.e, by Zharov
ot o B, She BmeRienkEix ot hoBduioncome s egpense oL FIen e BRI Lol oce
pol yner i Zabét&agﬁgtxﬁmgy _ ah QPGS HheRSis %fj@xxIWatdéed)RJ]g')éH‘iﬁhgsWe' i Systens
based on organoborane am ne conpl exes. Particulafly preferred nononers are
stated to beantboadtswy ehrfadelenbrgycupstentess batefog suchrt adhesice that¢an)beasaldiil ky|

net hacryl ates (e..g.. nethyl nmethacrylate). Pocius (U S. Patent No.

5, 686, S44) 'de d8 8 SOBYRITE YK &M pol yam ne 20 conplex initiator systens
and pol yneri zabl ﬁn&&rﬂ%clﬁe'sﬂ%ﬁﬁg?org«ﬂa‘i a@{eﬁiﬁﬁpﬁiﬁeﬁfmﬂ&% ibes. For

pol yur et hane/ pol yurea acryl'i c adhesives that have exceptionally good

adhesi o t cedatpls pofyrsezizableragyylicadliesves ars uftén assopiatey atithyd @rdg and

pol ypr opyl ene, and pol ytetrafl ugroet hyl ene. Acrylic nonaoners are generally
di scl osed tweeasantadoy;sWhile nobaffeqtiag pesermance. the qder mey disgouragaiaree | t hat

t he nost pr r i . | ecul ar | agryl ate
esters suc hséfg’ "‘n@&ﬁﬁﬂg {}%Eqﬁél%cag 9?455?%%8% ﬁﬁ“’%@“t ﬁg%:“r‘;% 1°§ %t, °%néé%ﬁ%5?§§%€syﬁ“

met hacryl at giditiont] feraephinyditnaBdiia & mydybecdesivaBleqy YillliePadhe STREBEI Bevet €,

cycl ohexyl nethacrylate, tetrahydrofurfuryl nethacrylate, and bl ends

t her eof . ~ | t d¢cgeasedioritatign-guotantial (egg- otkin andirespinatoey igritatien)b e generalf ldvower

nol ecul wei ght. al kyl, et hacryl.ate ester e.qg.,. nethyl net hacryl ate) and
G Co B oy Poliplaf el . Rlely R B ghlscaty i esoLpy MbMRnsicth e ¢

di scl osed i phRRcidte pdtentiallyahRRingN® theufelb, 796 and U. S. Patent No.
5,621,143). Wile the foregoing pol ynerizabl e conpositions Uug8 ~~f~ Z003
WD 99/ 64528 PCTNBOBhik?izétomadyethyenisall yindaturated mebromerois wallrkneea. diver gy
substrates, one disadvantage thereof is the relatively high odor of the

exenpl i fi ed ¥BRRORIEDLHSS. Patenidie-o- 15, Hdidiselnses singlsriompaBentaNXEBapesi ti ons
that are pO%%rgﬁééﬁﬁ%?ﬁi%g%aﬂps%e'stc'ogtgﬁliﬁga(tl) Bc?lgml%?’lza%slee glehgicgﬁ)ﬂd low surface

ener gy subs
30  unsaturated compounds having a molecular weight of between 63 and 10,000; (2) at
least one organoboron compound capable of initiating the polymerization thereof in

the presence of oxygen; and (3) at least one compound capable of inhibiting and/or
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preferably, it would be desirable to provide conpositions that have
relatively | ow odor, as conpared to conventional conpositions. Summry of

the | nventW@ﬂ9/F"(§¥3yner| zabl e conpositions for use with an adi W3 “??P‘f i at or
conprise a 1o nononer blend conprising: a first ethylenically unsat ur at ed

nmononer; and % second . et Ienlcall unsgturated ntoner wher ei

mononer bl &3biliging a&wna%ﬁ’ g@ﬂsﬂqu ﬁ@ ePetivesrargpseful fax b mgig @00 and an
average mg%@?%eiahﬂé)ﬁx%ge{?ial | fk asﬂf;s at vJeﬁ%%Fin §ex§§z andls M‘g ein the nonomer

| 5 bl end pol'yneri za ymer having a gf ass't sition

tenperature of Wd—@ﬁﬁimt&b@tﬁysteﬁﬁﬁseﬁhﬁhpx@pﬁftt@saci'ylﬂnﬁlhas”l@e eshivsusitgeousl| y
| ess odorous than nononer bl ends previ ouzlu?/%exe nmplified for used when

bondi ng | owresalscf kenoavie fiar gyamples seecikoyltchi Rateat Needtd86.82 he Sk@ultchvf t he
conposi tions ref er t he avera Qi nt he. nononmer 2o bl end
is at |2as 8‘6’8‘3’(” QWé Xm%‘?r Sy&ﬁg}sgwg@?t}) Bgﬁcrgﬁ‘bﬂéheﬂv@c Thi s enabl es
mor & user - iy ?Gghé(nsaq"}féss'yyt%ﬁrs idQuded &Bﬁe ?%Hﬁ%ﬁ&%nldﬁﬁﬁeédmﬁ@ﬂhﬂdﬁﬁﬁs it is
preferred tha | east One, nore preferably both, of the ethylenically

unsat ur at edldebydendestbilizer. aTiesdimsivyg camposibomsare reposted]f pattitubachyywisefibin

nononers are us uch co ositi ns typi cally enabl e adequate bonding to
| ow surfac é"léﬁléﬁagi'/“d? ?‘é’?p érséﬂﬁli‘ i %/H?a-‘éﬁr MagRELS, }'Eﬂef erent |ow

surface en A I e different
ow surf ace? 8%*3?S@é@@é\%ﬁﬁ%ﬁ%é@éﬁ%ﬁ%ﬁéjE‘%"%v%g’éaa% Poftimg, R0 HBAEC, 1 oo
i ncl udap pebinposy bending ReectedPlastiets afetalpglast Wpbd,ad Rtk mornd

hi gh-density pol yet hyl ene (HDPE). Mbst pref erably, a part I cul ar adhesi ve
prepar ed t heagaptsomhpas piBsticsthat apycheshandyd Brsrnot Burer describedy S8eelsoap shear 30

bond stren b an overl ap
shear bondggé‘tol"'g%teﬁaloﬁ?% PT?I st a%g fﬁﬁ){f’%é% E@eé@dﬁ?d"gﬁ PP with an
overlap shear bgylyHitdR2BE ddbnosttionk @S¢t M@Hﬁdlﬁ@ﬂ)vpﬂrfa(cée Wﬁ)strateso 8 JAN
2003 WO 99/ 64528 PCT/ US98/ 12260 To enhance such bondi ng perfornmance, S
preferred thase bedngepestashanly dagndy, rfase@mrdv,éwya?g@mm@hdu §./Ratendiai | i ci ty of
at Ieast ab 0, Also, it is noner blend is

pol ynmer'? za 53;9?@03 GBROXE! alh§9'?‘ﬁ@lpya 1@&8% p(fl?”gﬁré?‘aﬁ’reoa}?nqé%ﬁg?%{?ﬂre of about
20C. to ab% goanfaﬁe m&%&m&&aﬁgﬁ %gsftén’ﬁs Baehi Bh rof#n%&%ﬂ@&nﬁﬁ”po nents,

t he nononer bl'end conprises: 10-90 wt. % M., 25-70 . %M, and 0-65 wt. %
MB based orcongtiadeswBantiktladfy préferrad momemets wcl skatedhe beblenddvif alkyl acrylates

R A L RN R e A B 1 DA
l1gPgyYYry P(Lexyl Ys\ﬁagagt}@cffsydsﬁtw éé’dré?n‘b‘bx}aﬁfs g%m%ehyl hexyl

acryl ate) 2-ethyl ate I soborn acry nd MB is one
or nor e20mo neomeplex metiaort sydtehrsmmdtm@mmablemnmosmmmmaf ares:a]bnbﬂg/bf forming
nmet hacryl at e,

th | at , h |
met hacr yl at®9! yvrs'g%m)%%taaﬁ w@ﬁﬁ%%ve%éﬁ%}qﬁag%a@gﬁnﬁ maes? 91ﬂ§ﬂXS§m todew,
Tt t | 5
e il By BEISHET SET IR ABHD BBEBIchy e 4y 1= OF Tore 15

polytetrafluoroethylene. Acrylic monomers are generally disclosed therein as useful

for the reaction. It is stated, however, that the most preferred monomers include lower

25  molecular weight methacrylate esters such as methyl methacrylate, ethyl methacrylate,
methoxyethyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate,
cyclohexyl methacrylate, tetrahydrofurfuryl methacrylate, and blends thereof. Itis
also stated that preferred monomers are blends of lower molecular weight alkyl
methacrylate esters (e.g., methylmethacrylate) and C,-C,, alkyl acrylates (e.g.,

30  butylacrylate). Similar systems are disclosed in Pocius (U.S. Patent No. 5,616,796
and U.S. Patent No. 5,621,143). While the foregoing polymerizable compositions
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cycl ohexyl nethacryl ate, isooctyl acrylate, 2-ethyl hexyl acrylate,
2- et hyl hex net hacrylate, and isobornyl acrylate, and M3 |s one re
MONONer s s‘épe"c?ﬁéﬁsfromthe group consisting of n-hexyl methEc %{‘?132&0

i sobornyl nethacrylate, and isodecyl nethacryl ate. Most preferably, M is
one or nore NDAONBLS Se ed fromthe Q con5|st 2- et oxyethyl
et hacry1 acRey PEOREn B adrbEloy SBbe Fre it et Hgnahabisde sierddst

met hacryl atige rédthelysRigAoa%} oﬁﬁwtaﬁ;ﬂlﬁe@rt@nt}%smanpne or nore nononers

sel ected fromthe dgroup consisting of isobornyl methacrylateand isodecyl
met hacryl at e. Thi¢ woold/pedésirable ¢o prowviplesiew comspoaitions thaf are polyrhérizablelrtat

t he 25 | t d t t t f
ol e 1 21 HGMETRERIOBN I P47 B M0 S0 RIRLIOM BCuRTEr ! FHEEFRes Mofat or _conponent
conpr i S§S efibdn ?f Wb dtﬂea&egtable gnnpaﬁﬁglegﬁgbﬂugdsqftﬁrha(@t ttve%ﬂlow

or ganobdr arte i ni unc exe rco exed ts are
useful for dm,achsmgrﬂp@waaurcf)mUeﬁtﬂrcgmpagthsﬁg ates. For ease of application,
the kits can further conprise a nulti-part dispenser. 30 Once the parts of
the kit are m xed together, bonding conpositions are obtained. The

conpositi org can be[ateievas&. garti ally coated onto a substrate,

particul arl y substrates. 0 8 J~f~ 2003 WO 99/ 64528

PC f NS98/ 12260 Qﬂﬁ?nﬂ%m&éxﬁs&mﬁms%} uwmzﬁﬂa&mmétbp&mﬁls%t ai ned. The
pol yneri zed conposition can be, for exanple, at |least partially coated on a
subst r ae cmomammtidemhecdnpmn@here a first and second substrate together.

For exanpl e, methods of bondi ng at | east one | ow surface energy substrate

conprise the steps of 2 ipit&thydsmgslly uesaturtedfpenamesetndapove, providing a | ow
surface energy substr i ition with the
initiator conponent tg gpﬁeglf%léhﬁﬁg%%ﬁ@rﬁerc‘%%}gﬁg at least a
portion of the | thy medoniedlaiddiagin audrage Boiting\poifit it 1dastabony1605apamidt i on;
and adhering the coated | ow surface energy substrate to_a second substrat e.
Advant ageousl y, ama\sqaes? meneipersiuorephilicint ofat dnastchh ané mhersimthsaneno’y i n an

anount that prov % it Ot al
wei ght of t he boh I ng ol HEM‘L on. fﬁ@%&%ﬁ%&séﬁ%ﬁ?@%@‘gﬁ% eferred
Enbodi nents in gwagra@bm.tjoms i nvention pertal ns to polymerizabl e

conposi tions conprising nononer bl ends conprising at |east two
et hyl eni cal Sycmmwrtmrv@@rw@n@gQOUSWrIQ$Se¢ ug thqmmymwzta@nd@ profioushe at

I h d |
*er obi o1 PR B0 el g 1RSSR ey s, RSt A s .

preferred ifletddat of th%%%h‘l%‘éltlbﬂ& %&P{aﬁtﬁh@ E%Egéb&f Rl OFTRE h\%ﬁ&fn‘éf‘
initiator systenms. Advantageously, thé present invention provid

pol ymer 2oz abblend anadeast alpng 100U:., mavecpreterally otdeast hbwut 3HOTC. Tlhxeﬂmd:tlar

conpositions are thagse,that have. at |east. 25 | ess..odqr
ot haor y1 of Boret Togrly Abesias: Ta Ve haRe Hra S, AOMFEREAE  such

as, for exagpless: ofie ibldicRrably botﬁt@mﬁéléﬁilgl %&Enﬁfﬁhéﬁﬁﬁ'at%@!indﬂ%ﬁfﬁsf@“ on of
the Odor of Adhesi ves." "By usi'ng nononer bl ends’ havi ng average boiling
poi nts of ahmtihactyfifie ommermhen (mlam)mrplamrmbgomdramrmﬂed:onpom tions are | ess

odorous than nonaoner bl ends exenpljfied for use previously when bonding | ow
30 surface ener gyushpempagidens tP-‘B‘FPII'ﬁeF'P?é’F“ea capate perdingto IoW AFREHINSFEY Vi des

pol yrer B}abkﬁtow SUSHFFeré‘J]g 3 Qz%as?ﬁgsgfrige}éeﬂg,lm GurPRRhOgy Qs AEmSReT 9Y

substrates ace ener
preferably to at least three different low surface energy substrates. Exemplary low

surface energy substrates include: polypropylene (PP), polytetrafluoroethylene
(PTFE), and high-density polyethylene (HDPE). Most preferably, a particular
adhesive prepared therefrom is able to adequately bond PTFE with an overlap shear

30  bond strength of at Jeast about 300 psi (4.14 MPa), HDPE with an overlap shear bond
strength of at least about 700 psi (4.83 MPa), and PP with an overlap shear bond
strength of at least about 800 psi (5.52 MPa).
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~ 8 .1 ~~l 2003 WO 99/ 64528 PCT/ US98l 12260 are those that have a surface

energy of less than 45 md/n2, nore typically less than 40 mJ/nR2' or |ess
than 35 miWAPY64538| uded anong such materials are pol yet hyl eRel/US98/12260
pol ypropyl ene, acrylonitrile-butadi ene-styrene, polyanm de, and fluorinated

I h tetrafl hyl rciall | abl e f .
Bopont. de Nemoureinek iR bambink el el N prdme e s Hargmer SEhT oy
whi ch has @584 5@&5‘%&3%&%%@6 1idityaoY ot featV4ubhr 3 6b! msopﬂliyﬁi%fe%reﬁf

h
sonmewhat hi gher surtface energy that rmay be usefully bonded with the
conposi t i onisat dfe mbheromenigand trpdlyrérimiblepo layolmerhaymgarglass transition

pol ynmet hyl net hacryl at e. er, the lnvention is not so limted; the
conposi t i onEMPRIGLY O@Hw&%dﬂab% Otélrerm)pl astic, as well as wood,
ceram cg, concr ' =Telo} i f the
i nventi ?)n, t he ;Ic\)/ 95%?’ ?ggglséegggg%grﬁdon [ éﬁ %S:P t"lpgﬁenatté’qrr}ﬁefo@lgr}%g?t% Gf%(nld? Such
Kits conpricempéibes: @00 wat. b ML, 2800twi( Vo B12, ad@-65 Glty MEM3 2akddeonaeraposi t i on)
and a second part (i.e., an initiator conponent) for initiating

pol yner i zatwaightef thenmopemprielend.apfieeeionposi ti on. Mbst preferably, for ease

be readi Iy conbitibas BB fuBR LmtiRrBile Ma Sty of BuemoReRer slfeber " x
ratio of 1:gf, Qf 488 c%ﬁ@itﬁlgqutéﬁ@%kbhyihﬂthaéiy:i‘ate,lri-ge@'l adrylhte, SHtGhehpt t hey

can be easily used with nufti-part dispensers.” Such di'spensers” are Shown in
U. S. Pabentmdtoarryidtes 88o0@Dacamtites 268y 11eky] agrglagy, @-alvdhéxyb etifacytatCandr oTec,
Inc. (Salem _NH) und?r t he trade designati on, 20 M C. The Barts of the

kit can be PRemY\RCRHIatEANAMP d5 ARGATROTS gRNamsSS PlF et oMt ok adi | y

pol ymeri ze : 1 Ibd Qr i )l e,

Do vesy . e BELbEA0 REFRATIL A mnacr B BRiGnod PherfiTR

pol yner i zalHeeynmethaeryiaté rishboriiylanetioaeptiave eahd isodec ol ethacrylaged, at | east one
deconpl exer. As 25 described previously, polynerizable conpositions of the
present inventi oWIthdeEPeckioRVep drgre PEiFrERdgnongme soptpoaents.AMe s @f msie

conposi ti o I er-fii. |V, Tjnitiator
coggonelr?t " qﬁ?/rbl C‘Lf;rlls P%e%tg%ﬂg%e%% ‘é"é‘é{dlﬁglf?"ﬁﬁ}%?g%g fm%tg%lgkéd (e.g., an
or ganobor angchilieRyl methpdrglate, ddoootyt actplaces 2ctiiydhékyl acriladd) 2QstigyaRexypr ane) , and

an optional diluent. Wien mxed with the polynerizable conposition,
pol ymer i zathehaerylats andvsaberd apmylate @%M£ﬁﬂﬂﬁ PEBI0se pwnposistselgeied foBhabl ed.

~a~ 2003 _\W\D 99| 64528 / 8 y ' it . th
compos t 1 orlbe B GRRRs SEHIFRTI DR s BEPOAEL P BRT e, 8BSl and the
initiator cpspaneite. Nioat PeiGhbly, MONPeE drifere Méomis sdléctédfroi@diregpa W de
vari ety of substrates, including polyners, wood, ceramcs, concrete, and

met al s. 20Thecdpsisting gf 2-ethpoyethyb msthaewylate psnochil Rgrylataf2aethylbexyb eemilatey 2-

| ow surface r supstrates. ., Ppl rized co sitions" (also referred to
ae ool yer <5 TRRER R BRI R Rod ioRBEl H4TRE: GOV s GBEPERPIIPRPrISRt “of 1 he
MONOMET' S i Neel e PRONTRE g?@?‘&nﬁgﬁwiEd%ﬂlﬁﬁﬁ‘etﬁﬁrﬂﬁlirdné@s%deﬁﬂcept for a
typically unpol yneri zed anbunt as Tecogni Zable to one of ordinary skill in
the art. Pomgthaciyiael conpositions according to the invention nay be used in

a wde variety of ways, incJuding as adhesives, .bonding material s,

seal ants, coati nég? Péﬁ&’qr’r‘?ﬁ@@t‘f’ OStHPRA ?Tﬁ“?‘écgf‘l’?é‘.“smfgm?seaqhgo be used as
mat ri x Si in. j } ] - fihher mats, such
as thosﬁeseusgcgy%nr%n%eusif E%&’gﬂg? }g"raﬁ&r"maxﬁ I ngoro%zﬁrﬂ;)t%?%tnfg?g q]ﬁgl%ﬂ%rlgélt urt her be
used as encpgigtesirilsie aoghppsitibh Nghereinmloyinitiatorsiontponsnt doniphices @ udfobid ur e of
electrical ~ 5 conponents, printed circuit boards, and the like. Initiator
Conponent THetigtas.  The aprokis ipibiaton (c.g-nan prgareboranednitiagtnry may benyeamplexedi on of

the ethylenically_un ur at.ed n to.forma paolymer that can.be useful
as, for 20 8&%\9%%‘8’,‘“2%%&%3% aifggse?%qqé‘;‘t’%n%"& _8%%“5{93?3%%“%?‘[ |S{§?t8‘°}’ ri7c‘3rrponent s
are preferrgghe JPupplictyion Uihe s @a filr®et Sorhptise! AhAki-FATHRpERREr, OF

conbi nations thereof, nmay be utilized. Due to its availability and

wi despréad use, neevlss partshaf thekit aeetroixeditdgdettes, bomdingf aokdppsitiescare bed bel ow

with reference. to ndi ng conposi tjons havi ng. organpoborane initiators.
obtained. %e com%osmrgx)\s can be at least pamglly C((S:]ated onto a substrate,

particularly low surface energy substrates.



25 Adhesion to |ow surface energy substrates is promoted by usin§ AN 2003 -
ef fective anount of the organoborane initiator. The organoborane ilg'%gi at or
may be colBPEVEH®r unconpl exed. Surprisingly, a |ower wei git"898%f %48 on,

based on the total weight of the bonding conposition, can be used in
conmbi nation wth the .clai.ned c Si.thon s conpared taq.those typi.cally
used for bondin “?%W‘%‘E?P‘f%%dg agﬁ%?fzg%g%rﬁ%ogsgt}o&xégg{w ig@lelp?,?y rﬂ?ﬁ,‘%}df ective

amount of ¢ AapQieRANARYeafoR ekithple 2dt Wast Sarfidlly2d0AA ot I'@tibsP4te B BaSb@dsdd tt 1 e
as about 0.01 weight % boron to about 1.5 weight % boron, nore preferably

about 0. Oltorsihgieta fitsbardmecomsd substmate Ggéthenel artexafiphe methodswo$ bonding 8 JAN 2003
WO 991 64528 PCT/ hJ8981 2260 prefﬁrabl%/ about. 0. 02 V}ei ght % boron to about
0.50 wei ghlcastans 1oy surkace saergy suhstralg,comprise thasterstoti he bondi ng conpositi on,

| ess thse wei ght of fLJH ?c{iﬁ MANs easibly Sbqlle! uents, and ot her non-reactive
conponents. Unconpl e ed e i ator vari ety of unconpl exed organoborane
initiators may be usgfbviding Bdow Buifateicaergaabsitacee, f ol | owi ng structure (1) is
representative of those that are suitable: R~ R? \B R3/ (I) wherein: 1o B
is boron; R is an abiyngdhopyymauzable compesiiipauvit thednitibion compement to
preferably haviE l1to abOL{t S carbon atons (e.g., ethyl or butyl); R - and
R3 are i ndEPBHYRONGINE COMRISIUNf ¢ om al kyl groups having 1 to about 10 carbon

atons, preferably haypdithglati€sPPRMioR of B MW s Eent Ry GubstBhdWithQhe ~ S
butyl ), and phenyl -cont aigni ng Sgrgﬂgg. OCorrpl e>§ed [ I’lintl tgrsTo stlablﬁ?i ze the

or ganobor abending torapasiti@gandst prenature oxi dation, the organoborane

initiator may be conpl exed th a conpl exer (e.qg., wth an am ne
conmponent). In such Pﬂ%‘i“a{’ﬂc‘gg cogtefblogr pfachencamesybsirate Ap aseqerd sHBsUA S er at ed
fromthe 2 y; ' 3 ' ' j
reactive t %‘éﬁ’ gﬁv?%%ﬁf l?'.’ lé{s,%@g%dég%) o&nbhﬁ%g@g?b%ﬁﬁ%%qﬁgr%@"%&%g%ﬁ 5'% I(J)Hiat:r st ood

by one of eialipravides2kiliktle dsmabohe0.ar tveight Yebaroh badedion toabwdightabethesal t for med
by association of a Lewis acid (e.g., organoborane) and a Lewi s base (e.g.,
ani ne) . SubRnéipapemResitiohy be represented by the fol | owing 25 gener al
structgée (I'): R4 R \B *AmR6/ v (I1) 9 0 a ~a~ 2003 WD 99/ 64528

PCT/ US98/ 1 Z260 wherein R is an al kyl group having 1 to about 10 carbon

atons; Rs IdaiRkdDecripiivROLERE Pyefefrled Eibodiidital Kyl groups having 1 to
about 10 carbon atons and phenyl-containing groups; and Amrepresents an
am ne. Pref er ablly genRral, thés uxvantg partains el pplymesizable cempesitiens domprisingy |
groups havin R4, RS and R6 are

the sane. m@*%%ﬁtf 35’%3? géf“?’é’g‘gé %@g?sg&‘g%ngﬂlﬁg&)’ls%"g @ggﬂ%@‘%ﬁﬁmﬁ ve ratio of
primary Or preferably, polymerization of the at least two ethylenically unsaturated monomers is
20 initiated aerobically.
“Aerobic initiators” operate in the presence of air or oxygen. Accordingly,
preferred initiator systems incorporate organoborane polymerization initiator systems.
Advantageously, the present invention provides polymerizable compositions
that have relatively low odor. “Low odor” compositions are those that have at least
25  less odor than methyl methacrylate. Odor can be quantitatively measured using
known methods, such as, for example, ASTM D4339-95, “Standard Test Method for
Determination of the Odor of Adhesives.” By using monomer blends having average
boiling points of about 160 C. or more, the presently claimed compositions are less
odorous than monomer blends exemplified for use previously when bonding low
30  surface energy substrates.
Furthermore, the present invention provides polymerizable compositions that

are useful for bonding low surface energy substrates. “Low surface energy substrates”



. secondary am ne nitrogen atons to boron atons in the conpl ex. Thel BatAN 2003
primary or secondary am ne nitrogen atons to boron atons in the conpl ex

" shoul d br o%@I99/64528 about 0.5:1 to 4:1, preferably about 1:1PCTA'SPHE224hi ne,
Am may conprise a variety of structures, for exanple, any primary or

secondary am ne, l%‘;I yam ne cont ai ni n[% a pripmary or secondary amne, or
anmoni a.  WaEEihews that hiave a surdacs saerey Af lepsthan 9 mila’, seare pameal bidessthyn 4@

conposi tion 4. i, ek I ri am ne.
Spoci i c i MM -PaRs Gt IR inc ERLREEIE AN oG RER S BT RDRAY
tri - n- pr opybliprepyRne, ackyibhitrils-GRfadiMé-B9 R Epolyarhide; dHd fihdiadddolymers
triisobutylborane, and tri-sec-butylborane. Specific am nes include

ammoni a, n-skehpalyetrafinoresthylene{commefoiadly avadatie franelil alitPent deiNsnirsimi ne,

di et hyl enety.i anm ne, d di ajn napol ypr oxj de. Organobor ane am ne
Conpl axso Bt D by tee o0 Ba e SENL B55 Fhichinegh SRR [y, the
amne is c J t he i i r 1 sl ow
stirring. %ﬁ@giﬁ?ﬂgp?ﬁ@ 'o?%ﬁﬁ%lg@g{s?ggogn H%:l(y(l) I néu@%&ﬁgﬁﬁitg%t%{ghi S

t her ef or e beussfobytlestied| ittt the cornpositibng pff thehiaventivnihdbde palgcarbsetsarid, it is

desirabl e to keep the reaction tenperature bel ow about 70C. to 80C. Once

t he mat eri Pymespdmehaprylade.| Howeven the nyentionds agt soslimitedsithe eempesidensl t o
room t enper I . 1 ' t 25C ).. No _special. storage
condi tions nga eubr eﬁléééjfogﬂé(a‘%aﬁn?' %’ge%hpllggﬁl’ gé %F@? ée)g’ro 8%’ c[%ﬁ%{uc?,ﬁ ngrgﬁ?’ppré?ege kept

i n a cappedneatslssml thelike.cool , dark |ocation. Advantageously, the conpl exes
can be prepared in the absence of organic solvents that would |later have to
be renoved, al t Anophasngetofdlrinderdionpihe pelyauerizable sbmpasitiph ispartefs r ed.

Sol t N h tion of . t I houl d, . f bly b
ones 30"t haRSpa OISR ditn traiie et R BarEh e Dy RRHPHSS or an or
nexane. - confbodabh 0% seY A G528 RETAHISARILAGR) (ihiillhe The ini L at or

component nay al so contai n any suifable diluent, of combi na%i ons t hereof,
such as an pehimérizanen d6fithe tpolymeerizaitd¢ eornpdsitidio rMestangfiemblys doheade bfraset s ar e

descri bed i{; ECT Publ i cati on No. )pé) 98/ 1769(3_. q{li te idvan ,@geo sly,. when
used, t'e JPYETOIAIRIIE CBRY MO RAFRpT A% WPy itheikip jnay begeadily; IR n or
diluted by)s @ivafid! Briifelchiy @R WHBRI AR nfk rficdb 10 6f 1kWandte MTor e
different aziridine-functional materials 1n the initiator conponent.

Gener al | y, préferablyi I:#d1:8e1:00ct iloneh thatley cah beleasilydhsed twithemuhipdrt ve t owar d

the conpl ex,.,and functions as an extender for the conplex. Al so

advant ageoUt$RENSarh eSUch; GiSnEnsees a6 ShQW Y -Sphiptent Nes. ﬁ@%@ﬁeﬂn&m’%% W ease

t he sponta ' t WAy c onent . An

agi 1 i me- Pk SANEE A OB Esilim, NA) RGN ShacRRAREIY: " 1
-N- , |®astMOXPAGZ i The@afe of the ¢it@an B fapily mixed todoenbbadingcomppsifbnsphi ch may
optionally be substituted by short chain alkyl groups (e. g*.j) groups havi ng
1 to about Whick segidy palysnesize o palymenized compagitionstigy [Pobimess.deyeyample, as to
form for emgm,ees met hyl , ethyl or propyl aziridine noieties. Exanples of
useful, connerC|aVIy avai |l abl e pol yaziridines include those 20 avail abl e
under the foll oty polyrferiAbleicompbsias’ coniipest ANKIsRIWS pdtherizakle Zeneca
Resins; WIlmngton, MA), XAVA-2 (fromEIT, Inc.; Lake Wlie, SC), XANA-7
(from EI' T, masomers ard ify complesd initiatnt igmged, gtileast oge decomplexeny Ay aziri di nyl |

hosphi ne oxi d from Acet o, Chenm cal Corporati : Fl ushi ng,. . The

D P B st PG G o so o S B it pesett Aruhtioh B mar s 25 30
i ncl uded in i P 3l : : the kit
can be r eadrle?@ﬁ%l?)c(ig\)é’@%Ef‘éﬂgfpuagﬁagﬁgﬁg\?é#ggml%tﬁ t0 glﬂghséﬁé f;Jr%frH %rf 0ss phase

separ at i on ader-friendiy sdhesivat ure (i.e., about 22C. to about 25C. ) is visible

to the unaided eye. Simlarly, the organoborane am ne cqnplex shoul d al so
be sol ubl e in th&h&zpKiagensempapent] Yhicrlly,gemaprisgs at lepstppgdnitidiarght | y war mi ng

> Har Conal neteri al b
helprul i n ToPPEE R Rpc b flne R PRl B iRl ¥ "o "abou
22C. t 03@bobigarserane),And@h@ptighal dilgene! WirbInyixed WvithaBélpolyRRrizable

aziridine-functional material is a liquid at or near room tenperature
(i.e., w thrompasitian, polymerizatigin-of the shonomers in the polymerizable composition is

enabled.
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10C. of roomtenperature) or forns a liquid solution with the organobor
_am ne conplex at or near roomtenperature. The aziridi ne-functional

mat eri al | swolsesisisn an effective amount. Generally, this is PaOT/ESA02R60Of
not nore than about 50 weight % preferably not nore than about 25 wei ght
% nore preferably not nore than about 10 wei ght % based on the total
wei ght of the bothBomding osmpassitionsi are@hoseccomappritiong egsuking, frdm weix g, of the
substantial anobunts (e.g., .nore than about 75 weight % up to about 100
wei ght % opolymerigghip Fempemiomanddhe ditigter compensat. aPhe banding sampasitinnsl

mat erial, which ilitat . [LQVi i ufti-part. kits that can be
conbi ned i n?% ‘%?8{?23 cblogﬁllngsay‘;s'@? dﬁrlﬁyf?rs‘g%t%{eS%C%&'&rﬂ?ﬁxggﬁ’l ‘33 nposi tion
Advant ageougtpiimidsheorepdty, HRa nfetdlh. e TROBBRERE EGfositidhsafe Spdaany bsdfaintor al |y
free of non-reactive, volatile organic solvents (i.e., the conpositions

i ncl ude $uchosdbhy bw-sutfacegnengmisubsteates. t han about 15% by wei ght, preferably
| ess than about 5% by 15 i ght, . ang st .preferably 0%Db ight of the
pol yneri zabl e conﬁ%‘é’?"’(ef‘_& ‘.’O"I%EQS PP eET° Wefep'?%éB%Pg&qu)ﬁ}/‘iﬁ\"\'g?%{;o'}dé“&used, a
deconp! exer obapBli SR Whrl sitieanfigly B oF ARhGn ARk pBimdafbRUl tab1 €
deconpl exer, of conbi nations thereof, can be used, such as [ower nol ecul ar
wei ght car besmbbsitiat id pdpamaetrided xexceptdesa tygiedlynpSlymerizehimetntads. 20 (U. S.

Patent Nos. 5, 310,835 and 5, 106, 928), al dehydes descri bed by Skoult chi
(U. S. Pat enteqqgnizable ssompaf ordingry skithyn therarto Holmeriged camipasishneaqegedingf

Fuj i sa | may,, .and Nashuhar Reports of the Institute for,Mdical and
bent o Bhoi rode REERAB IR IR et BER BAdGerd St el e hanbi et

conpri sing |b‘éﬂﬂi)i%‘ﬂ?ét&iaﬂl§,@éﬁ?&ltﬁl,%ﬁtﬁﬁé%,eﬁh&)hhj_ ¥h &xbmiRggsmblmﬁa?tmﬁrmwbe
W97/07171 ), anhydride deconpl exers described by Deviny 25 (P

Publ i cat i on uskd asapaTix178asin copiungbey With glassdeadeans apd metal fibdewatsi Hish aby
Deviny et al. (PCT, Publ.ication . WO 9 9/ 4 7 .. fi.led the sane date
herewi t h, eﬁ‘B‘?5§|“é%d iny 5ip FAPET @N&"éﬁrﬁpﬂﬂ‘a‘“ﬁdﬁ'i\sy \‘/‘Eyéﬂ%ﬂaet‘iss 8 \mde
Therew th"), nﬁdgﬂul%f&ta‘dﬁ?ﬁ?fn?% undy, sud as'il FREMRMILLGAL U 138

i ncor porate rein by referencé. The deconplexer Is enployed In an

ef fecti ve arompbnérts,rintedrieniiboardscanefthetikeve t o pronote pol yneri zation by
| i berating organoborane fromits am ne conplex, but without materially
adversely affecting the properties of the ultinmte polynerized
conposi ti on)poiksok | le to one of ordinary skill in the art, |arger
a UUlaiv LU CT/ US98112260 anmounts of deconpl exer nay permt
pol yneri zati on t dlriaitaed componetit dhitigtea fike-radicdllpelyewearizanén afithesi ves, the
resulting materials nmay denonstrate ingdequate adhesion to | ow energy
surfaces. HeMexlepically uﬂ%@’%%@@ﬁ%é@dﬁg?@&époly@% dhay can heusefilasfor

pol ynerigzati S be .of
Paenuat ol SAnPRY ofSaleifler T80 SrtdiBobERY g SRR ol Rileg: Bul
amount of deg@rEpitehie aerdbic ibigiatte lchinpbnéni, 61 Mbigatione tHeddof, Mhy PO uiliRyd. zat i on
if it is otherwise too fast. Thus, within these Earar_ret ers, the deconpl exer
i s typical | yDpe wvitscvailabilirandwidaspreadowset hewevenhdhe initialonwilbips more fdiyt i ve

00U GRS Shediet o3 B985 AORIHLIBIERE), 10,

that the nunpgfatgk. am ne groups includes both prinmary and secondary am ne
groups when the amne is a polyam ne. For better performance, preferably
the ratiz of am nAdhesamt todewgnrfagesenergyt substiacnismrbmrted (by)using @andffeetiye oups
isin the range of 0.5:1.0 to 1.0;1.0. _~ 5 Mononers, Broadly, the

pol yner i zabl ¥NeYH9E therqraznobgrane intiator, The graapobgransyinitiater ’P%&P‘EIEI%’EP‘&I‘C‘* east
two et hyl eni u . d /€ ' .

pol yreri zat i gﬁmcm#e@gﬂsg%ﬁ%gg%g%?l al |ﬁé’ %ﬁ?ﬁr{é%ﬁ%&ﬁ;&? llﬁ?tglt\ygﬁhtcan be
used in the pothysehdiagbbpesinpyah bensedincdoaibifdiion willetheeEasdt i on i ncl udes
at |east one zo (net h?acryl ic nmononmer, nost preferably a nethacrylic
nononer. Par e¢rapdsiiong ag cempared do those tyrseatlyatsed fardonding lenshnfage engrgy such as

th i ncl udi t angd/ i.d i des. i tabl v .l I th
(mot hy acy 1| SHBEER < Top i gh AR VRS oL P rpeioBafar Fyigior B ndisi ng
from1 to 124£apRQMed b Rle a%%@uﬂﬁoﬂ%@fh%H&Toh)télﬁ&}dtqt.sewef;hh% boron,
(nmeth)acryl ate, butyl (nmeth)acrylate, ethyl hexyl (nmeth)acrylate, 25 and

bl ends t her eafore prefdralslgabyutrtotiowerght & Borea teathcan 0fG0omeiginesdoeary nafst nononer s
illustrated in Table I, infra.

2003

n



.In.addition, vinyl acetate; vinyl halides, such as vinyl chloride}]§iﬁeN 2003
. fluoride, vinyl brom de; styrene; divinyl-benzene; crotonic acid esters and
mal efi c acWP ¥88s or the so-called, if desired, styreni zeBCTRLA22005¢ ed
pol yester resins, and bl ends thereof, 30 can also be utilized as |ong as

t he bl ends satisfy the clai

et R T 2B o S b S ™
iti i . i JaN, 2003
g L onal N5 OIRE ULk Bl BP0 2009,

presence cagihleddatdotBebhidr-fdattie: Wmponentol yneri zed conposi ti ons. Wien nore
than one ethylenically unsaturated monomer is utilized, tailorability

(e.g., fornlheamplexedaimitiatele) of the conpositions is pronoted. In this
manner, a w der numnber et hyl eni, cal | y, unsat yr at ed noners gcan

botent | a1 1y be uBEiehy T reames beRendbatrs plBirs e ey et Fup) e

conposi ti ongyERRn Adehé §RfoWing Sirudt@RANHNG rdppi¥estdfi T RSALERAhDarS liBbleat es.
That is, changes in the bondi hg performance of the resulting adhesives and
odor of the polynerizable conposition cgl be effectuated, for exanple, by
varying the ratio of individual nononers Nn the 1 o polymerizable
conmposi tion. Yet another advantage of BtiiBzing blends is cost

ef fecti veness. For exanple, |ess expensiye nonomers can be utilized in the
bl ends as "extenders" for nore expensive, usually |ower odor, nononers. In
this manner, a bal ance between cost and pdor can be achieved. Mre
specifically, the ethylenically unsaturé ed nononer bl ends of the present
15 inventi ohBeRue: (1) a certain average fluorocarbon mscibility,
hereinafter referred to as fluorophilicity; (2) a certain glass transition
tenperattére (Tg) for Bhiebesdymer formed by pol ymerization of the nononer

bl end; and (3 t aj, boi . int. Criteri 1 d (2
enabl e adequat e bondi 1o 1t 8 A5G Eobp betPgALs apbu 1 BlepteBpabrispreba®ly, (W ohi ng
to be boundphkying Yo BBAtISCdarsdn AtBRS(Yg., bthyl & tigylh;eved that highly 2o

f1 uorophilic nonomer bl ends nore ably penetrate solid, |ow surface energy
substrates, affording Rieng Rérare ndependentinsplestadfromatkyd grappahaving 1 ko t he

i nterphase regiqns (i.e., thosg regjons conprising,elements fr both the
adhesi ve andbotid OLatRoLiras, RIEIETARYY BAIQAL 1 Boqur 8 SrboR SIRBEC geielh B ossi bl e
the stryet uhalyoRdhRGhyRbohdfin@Y¥oaps.f ace energy substrates. Criteria (3)
enabl es preparation of "I ow odor polynerizabl e 25 conpositions. Average

Fl uor ophi | i Gamplexeddnaipergl ass transition tenperature, and average boiling

poi nt can be cal cul ated usi ng an, i ndi vi.dual npnoner's fluorophilicity,
gl ass transiti ongrtoe?%é‘“aﬁtﬁ‘Fé’?gaé‘ﬁBmﬁB? fnitjoragamst prematine pxdaUOH I  nononer

properties : | (RN i C can be
Found i n br Srere gorafe RSy Hab 1y BREIKER R RRACHT (G, WRH A akifi 72"
Criteria ( Tompohnpnigrsubh éistimces, ¢hesorgaradbogant diitiatoe may behiberatedli froml the

i nvention, so | onqmas the clai ned average nongmer fluorophilicity criterion
i s sati $Pi eOmMPiX R BadIng A sAmPlexe Wi 3 materigl that isreagtive therewith (€-rfononer ' s
mscibility cie@ox%éllé%rycar bon 14 0 8 J~I~I Q03 WO 99164528 PCTNS98I 12260
bl ends conprising various ratios of perfluorinated octanes (such as those
comrercial ly avaiAabchﬁgléﬂ’dfsrreﬁdmr vifidegktooders greasfiopdininty IR Mkl arktfo beba  f rom
M nnesota M ning and Manufacturing Conpany; St. Paul, Mnnesota) and 1 H, |
Hper f | uor oodightly geetdinated %atlfefopﬁcs%/gy agsopiption poa Lowis\agid (gigl..eorganoherane)

Pol ysci ence, I.nc.; Marrington,. PA) noner fluorophilicity can .

ot or i ned. TR TG (kg LPuFRaTPIGs maY o EPressnusmoRE ol ving
mllilitgr f%éd@fa?&ﬂié?ﬁ@-(llghe blend is prepared and allowed to sit at room
tenperature {1.e., about 22 C. to about 25 C.) for about two hours.
"Mscibility" is determ ned by whet her gr oss phase separation visible to

t he unai ded eye occurs at roomtenp ragu\e (i.e., about 22C. to about
25C.). 1 o Representative nononer flluBropBil*Amty assi gnnents have been

determned for a number of nononers,| asef|fustrated in Table 11, infra.
Aver age nononer fluorophilicity nmay ‘be™cal cul ated for a nonomer bl end by
the follow ng equation: blend - ~(X n ~ ~ n) 15 wherein blend is the

average nononer fluorophilicity, X nis {1 wei ght fraction of a



gi ven individual nmononer based on total weight of the nonomner corrpuorQerJf‘ts‘N 2003

and ~ nis the fluorophilicity of that individual nononmer (see Tables | and
11, infra)WORY$E nonomer bl ends of the invention have an BGEVSEZ¢honer
fluorophilicity of 3.25 or 20 greater. Mre preferably, nononer bl ends of

t he present invenijon have an average noner f.l uor ophil,i ci of at | east
about 3. 50.“&?5%‘%& ﬁaefﬁsy?m%r‘/m&%e&?@%ﬁg’ @m%ﬁ’fg&f‘%ﬁnﬁg A% t he
clainmed inv ' t ' ; [ j ' atisfied.
The. gl ass { FaR et s B Ao L B TRy & Bl 0ol A om of o
nmonomer bl ephlenyiyofeinirgd groliss; end Asi reprdstras @barhidlel PeéfegbbgRAIR amd Riqrdl end -

(~(xn i(273_+Tgn)l%j% 1 - 273 wherein Tg blend is the glass transition
t enper at ur eindiepensiepilvaaleated Gpmajkyd greups havung Ade abait feartiop atsms idoptzat i on of

t he mongnmer _bl.en js e l.gh raction of 15 0 8 J~1IN 2003 WO

99/ 6452 P&ﬁ%ﬁéﬁ?@&%ﬁag e}ééﬁk?ﬁ%P%i dual nononer, and Tgn is the glass
transition tenpermyhRebf D ifQIEcRRISso@R IS ptbvidein dffetiiorine oF yARGaN & med by
pol ymeri zati on of that individual nononer. Mononer bl ends of the invention

have aver agseapndary amisesitiogematpmspe beronratsnsisttheecomplexauThe R0IG.of grichaspout
80C, preferably between ahout -10C. _and about .80C., re preferably between
Shout "oe < nAmschoBd Boens Mahger 10T i Beah A0S IS LlnL B uIbeadi N Sbout
80C. Criter'hgoét?@s.ll}g)@q of ;ﬂg 950 ne suitable for use in the clai ned

g 1 Eglrc ai 2ed ‘goi"'

invention, so long as t ing point criterion is satisfied.

VWi | e mponer boiThe agipgiAm, sy cohprisei 4 vatialy dfetrub@res] fot examsle, dnye i nventi on
Wi th respect to adhesion to |ow energy 1 o surfaces, polynerizable

conposi t i onPrIEHTYPT SSCARAARY amitie, BIIYRMHY GeBlaining,» REMERSOrgesmidan amisecRfuce

| ess of fensiye, qdor ﬁ’h@ﬂ%l@&?‘t r?gigt%rgJeriEQhe 51?1%%@0%5@2&8 rggt&#lg 'cgﬁ,ﬂ%siﬁéx £

aver age boiﬁlng poi nt's greate n abou T nore preferabfy greater

than | 90C. degifel, iB®évep) Amairafetablypccnpitves & palyadRC. BPblend - ~(x n  BPn)
15 wherein BP blend is the boiling point (in degrees Celsius) of the

nmonomer bl end, X Speeifichgitigloryinelufe trametbypiborane, trjethylborandi wi-ntprdpythomaneer , and
BPn is the boilin oi nt (.in, deqgrees Cel si of the individual nonomer.
Based ubon EisoRTavBoBet-GaRSHOPER. isdtuldMorde, i usiPreagy | 1y,
toxicity, a!Sﬂ)e@ﬁﬁtamiﬁéSQHBb@émﬁﬁxoﬂﬁ?ﬁlﬂutm%%thﬁbﬁéﬂ%ih@ﬁ,6|-de the follow ng
20 conbi nations: I n one conbination, thHe nononers can be generally sel ected
from 10- 90 haxasédMining, Sicthylaming, Methydenttriante.wnd %08 based on total wei ght

of the nmonongr blend, wherein, M1 is tetrahydrofurfuryl nethacrylate; M
is one or FHORANBROPY EBFXIM%d from the group consisting of 2 25

e L ek o e USSR LS
i sobor ngb acegtnadques. &Applcally, the amine is combined with the organoborane in an inert
atmosphere with slow stirring. An exotherm is often observed and cooling of the
mixture is therefore recommended. If the ingredients have a high vapor pressure, it is
desirable to keep the reaction temperature below about 70°C. to 80°C. Once the
materials have been well mixed, the complex is permitted to cool to room temperature
25  (i.e., about 22°C. to about 25°C.). No special storage conditions are required although
it is preferred that the complex be kept in a capped vessel in a cool, dark location.
Advantageously, the complexes can be prepared in the absence of organic solvents
that would later have to be removed, although they could be prepared in solvent if so

desired. Solvents used in the preparation of the complexes should, preferably be ones

30  that do not coordinate amines, for example, tetrahydofuran or hexane.



»M3.is one or nore nononers selected fromthe group consisting of isobut
~nmethacrylate, n-butyl nethacrylate, cyclohexyl acrylate, n-hexyl

net hacryl a0 9Y48Hony| met hacryl ate, and i sodecyl methacryl 5?52.651861226% 8
JAN 2003 WD 991 64528 PCTIl US98I| 12260 Due to the relatively higher

irritation-IB tential of acrylate nononers, preferably at |east one of M
and MB is a—ﬁ%ﬂgﬁ%late nonomner . Nbé’ﬁt CTp())ref,erabl ,,.both of M2 and M3 are
net hacryl ate non H1atqr FOMPRBFIE MAY A0 COBERINANGIERDIE SHBEMaPE ons conpri se
nononer bl e : €, L s L | 1 e C. For
xanpl ¢, s RgE e LERS, BEBg TRy hag I SR ERAMp BT )TE5
% M3 based diluehRtand devetibdd indfCT Peblivatiois6. W0/ 1 7694 iite: adVlaﬁtaFébusly,
tetrahydrofurfuryl net hacréllate; M2 is one or nore nononers selected from
)¢

t htehgr odlo ;:wh@i_ @rednttge lergaao wgﬁxz}r@itnhym;]mbﬁh&@jryccbbk(le-gt;ydiss;hmdﬁnlo; |
net nacr a 1 S0QC .agr ate -ern e X C at e - ex
net hacr §I at cg}ut?icﬁlayc}iagﬁéﬁg}cﬁgﬁf&g&p?}}aipéerélﬂr e?‘goé)%'é’ %Fh%ldé}f?%ﬂtone?/s
sel ected f r%idih@fﬂfcﬂ%ﬁal%ﬁﬁ&‘iaﬁ imMfle fitiAloN&pontRt TRAEMIF! fie a2 RARRLNY
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nmet hacryl ate, and i sodecyl nethacrylate. 15 Even nore preferred nononer
conbi nat i onSinciperal maeerabsteult ndilbe nekstivh byard thercamgldxaindifonctjons as an ar e
greater than 210C. Most pref eM?%d nononmer bl ends .¢onprise 10-90 wt % ML,

25-70 wt 9% Bpendshiprdbgermplex,, fiso aduaniagegpsly ghe pziidingunciionalmatsrial ey

bl end, ergln; ' e IS one or nore
nononer iégns egéengfa(lalﬁ q?%ﬁeﬁ %%%E‘%&g%%%g{bg# Farﬂgtegiﬁglg&lg% %%@%/ Z‘?lﬁgﬁ% et hacr yl at e,

| sooctyl ac¢othgdnent. 2- et hyl hexyl acryl ate, 2-ethyl hexyl nethacrylate, and

i sobornyl acrylate; and M3 is one or npre nononers selected fromthe group
consi sting of i sdBopayidingsfupgtignabmoteriale refes 1p b Qegapic compeund Prving at

Addi tives Bondi ng conpositions of the present invention may al so conprise
further optional additives. Generally; {such additives are present in the

pol ymeri zab It he kN . 0 ' | e

conpositi Onieﬁg&%%@?ﬁ%ﬁe rid(%?r%r%qéu ’a vari ’etg‘gra%@%%{&ﬁg%a‘*f%%@% es. m 038
J~fV ~~03 Vptshafig be SubiliEPBy dhvtiéhalndk ylpréups Yé.a); bdoups Bavihg addhbdutqoi s a
t hi ckener, such as nedi um : about 40, 000) nol ecul ar wel ght pol ybut yl

met hacr 14 at earbpmatomsyprg ymeghybeethyl ©0 prspy bt scasito ferm, demenampdd, mgthylp about

50 weight % .based on the.total .weight of the polynerizable conposition.
Thi ckeners %ﬁvﬁ%?‘gﬂ%a&ﬁd&‘%’&%eﬂssrease the viscosity of the resulting

2822: 2 ?eﬁg ;joosi t EQEmpRs 3f (38, EiinkiaARRivhiRbIY pAFLHEdiIAYS Bk fose
available under the following trade designations: CROSSLINKER CX-100 (from
Zeneca Resins; Wilmington, MA), XAMA-2 (from EIT, Inc.; Lake Wylie, SC),

20  XAMA-7 (from EIT, Inc.; Lake Wylie, SC), and MAPO (tris [1-(2-methyl) aziridinyl}
phosphine oxide (from Aceto Chemical Corporation; Flushing, NY).

The aziridine-functional material should be generally soluble in monomers
included in the polymerizable composition, such that the parts of the kit can be readily
mixed. By “soluble” is meant that no evidence of gross phase separation at room

25  temperature (i.e., about 22°C. to about 25°C.) is visible to the unaided eye. Similarly,
the organoborane amine complex should also be soluble in the aziridine-functional
material, although slightly warming a mixture of the complex and the aziridine-
functional material may be helpful in forming a solution of the two at room

temperature (i.c., about 22°C. to about 25°C.). Accordingly, preferably, if used, the

30  aziridine-functional material is a liquid at or near room temperature (i.e., within about
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Another particularly useful additive is an elastoneric material. These
materials can inprove the fracture toughness of bondi ng conpositions nade
therewi th, which can be beneficial when, for exanple, bonding stiff, high
yield strength materials (e.g., nmetal substrates that do not nechanically
absorb ener ' ~i f.l exi Teric
subst r at og) 6ok Pl s B RE 6 BBl FioBl ol MRS e PRl el
up to aboutg kDYt dieghioomamperaqitet he total weight of the pol ynerizable
conposi tion. re-shel |l polyners can al so be added to the pol ynerizable
conposi tion to i Fheaziridnhdwmrsignalpnatenialrig useddnfaneffepti vpameunts Geoerele, bondi ng
conposition,,K These ~ s enhanced  properties . be ifested by a reduced
Lendency 1 oihi% &R BEIRIARY OGS o 3Rowo> | Welghr Yn Prsfkiely gbnare bem AbO |pon
di spensing I = Py , : I vi ng
been app ie%gggiggt%rﬁé}ggf&%ggyg@e. 0%%%%&3?%”3?‘93 %‘%’f%‘}gﬂ{“ﬁe&ﬁ gbout 20%
by wei ght, Waeightlofthebohdihg eehpbiitiaf. Qbite pdiayitapedushnheweoerpibstantial, of a
core-shell polynmer additive may be desigable for 20 achieving inproved

sag- sl unp r ¥BPWA (RS, MOFHIhAN Ak 1P weaght Yanamtoraboyt 100 weights®oh 9fitequi none

nmononet hyl et her e k.nat he. Il I 0S4 { i-0F far
xanpl e, t oS PPEGS A R iRe s iR Al B R ERh Bt oo age.
I nhi bitors pRyidxh SOEeE-pdi 1A tAARUA be (BAbIAGH anmme@tiany atdfil hadues. t he
rate of polynerization or the ultimte properties of 25 pol yners nmade

t herewi th. Accordingly, inhibitors are generally useful in amounts of about
100- 10, 000 Pp{n based.on the total weight of the nonomers in the

pol yrrer i zabF 8ty ¢ -8mMPOBIAR, possible additives include non-reactive '
colorants) fillengg iR ) bl R s ﬁeeth ] silica,
titani um di oxi defq%s\’oﬁageoélflz’ss/ %gr}gllln(?c 33 sp erés, gaa;t{j C %ﬁb@%ﬁﬂﬁ%yhe i ke.
The vari ous frepbf nmakeaativk, vblatk arganie sqlivents @.6. thaoymaositiods, intlutle gieher al |y
anounts that do not significantly a ely, affect the polynerization

process or PHY¥ERHEH ?‘88‘9‘15? [95%&‘?‘?@ 0‘53\%%%’/%}&“%8 rabhylegs,fhiap abous 5% By g j~f ~
203 WQ 99 ' gggg i 1l f the kits
(i.e., ﬁ]e B%@ﬁe%ﬁﬁggﬁtg&gonp ?lﬁ/% %%ﬁ%@%%%%ggt&gy{o%&%ﬁ ) are -
bl ended as D[eobsipleaenal |y be done when working with such materials. The
initiator conmponent is added to the polymerizabl e conposition shortl

before it is desilf@gomplexedinitipforispefdng deeprmppiskeriparesan dntherpolyraerizably t he
kit have been c | e . i t he i ti
Shoul d be. uSBHPaLToR (b SuleBiRdoBIiRer pHBERbh el & STRREL AT 1 pon

t he nonomer gs 1dwie mdtecilir wdighitarboryli¢ atidrdecaipleRersdescribed bg SReuledh e€alat
which 1 o the bondi n% is to be perforne t he presence or absence of
&

d

crossl i ARi ngUsy Patent Nop. b, 3Met33andzs, 16,9283 alfehydes descpbed by Skowltcht @J.Sapr ove
t he degree A 100 kL i | e. ke .fe rat ure bel ow
about d0c., ToIBPEPabresRel Ot EniBRES B Rk SyeRas ol Fut S TaBL e s
(A_ccor di ngl yiMazggghQ‘tarqﬂb sltcumceemc Stitufe fob 81€H¢d] af€l DRYial Bh ihgam t,_ean?s,rﬁ.ltqurg t

i.e., abou . to a%ou 25C.). 15 The bonding conposition is applied to
one OL bot h (é?ﬁ%l,rbéltee@ivtede?lmﬁemwomndsmgée;'_mcb’hgt@gﬂggps detseribeat by ]f)gi?ir]wdb .
together wt r ure t ss_bo ng conposi ti on.o t he bon
i ne. The uégcgfﬁ’g’?‘éé%‘ﬂ‘r@“h@?%? w?‘iﬁxyaﬂf&f;@eﬁcwgﬁme F‘ﬁifﬂbsénjhy g’&""‘y
ol 6z B P o R . Al e TR ARACICSERBE B 11 g
conposi ti on Dadnperal. (PCTapyblicetibrt Not herosubstis at e(,J)led the atune dhieyheyéwilth,n

about 10 mi nutes. The tyé)i cal bond |ine thickpess is about 0.1 to 0.3
m | |i met er s.entitled “Initiator Systems and Adhesive Compositions Made Therewith”), and

mixtures thereof. All of these publications are incorporated herein by reference.
The decomplexer is employed in an effective amount (i.e., an amount
30 effective to promote polymerization by liberating organoborane from its amine
complex, but without materially adversely affecting the properties of the ultimate

polymerized composition). As recognizable to one of ordinary skill in the art, larger
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. The bonds may cure (i.e., polynerize) to a reasonable green strength, i.e.,
~to permt handling of such bonded articles wthin about 2-3 hours. Full

bond strenWOP96#328 general |y be reached in about 24 hours uREEVSEIZ?UNnt
conditions. However, post 25 curing with heat may be used, if desired. In

one preferred enbqdi nent, the bonding conpositions are coated on a | ow
surface en@Fwngs&ggﬁ%@?xqrm%&ﬁrw&rp%bpe@o&aﬂ@a @ RS HOR QUK B AN Tar ¢ ol es

conprise afd 521%& oP&H?&%iRr@é,‘%h@:%gulﬁn%O ?é}f%lsshﬁgigéﬁbﬁst W@Bﬁerqu%éd)ﬂ}é%%rﬁg“ one

of which is a l'ow surface energy ymeric teria ed

t oget her Dbyow ehérggsudices. Bloweoadift@t enogehsdetompierercio isid)chetratetdfe i nventi on.
The invention wll be nore fully appreciated with reference to the
fol | owi ng rRehimerizatioymay beeesownnd dke rerulipe @olymass may apibe ofradeqyaiest r at i ve

| | d 19 8 ~~N 2Q03.\WO / 64528 PCT/ US98/ 1 0 t
e 8 Dandiediér wejety, 1Ot Ferab B AT O & oW B B BT par 15
per cent age%ecéxﬂfﬂ:e%mgt Be hdlpfd k}?slswmgnhsﬁatéafiﬁ/%@gﬁaﬁbm itid&heRgsd fication

are by wei ght unless i'ndicated ot herw se. EXA erl ap Shear Bond

St rengt h Taeo¢ favkt Hlo, Within thesedhangmetenspibs idecampleas isipypidaliyl peividast inyanont o an
untreated 2.5 cmx, 10 cmx .0.3 cm( 1 inch x 4 ipch x 0. 125 jnch).test
panel {0.2 3Hqup} 1°'f-l$F‘é'Pa‘(‘g‘1 W‘P)O}&Fﬁ?Féf"é?%q %FQE%'@&B“‘ 8??88@@“’—6@@%&9 to the
bondi ng co [t : i i I | aced
agai nst { nengct ARy dofit) o SERERONRAL PR et 0 B VAL, B

over | apped shveld bsamtell. tHatahe xumbér effantifle graups inctudks bothprimaky ahdsgronday
applied to the overl apped area. The test panels were_ either
pol yt et r af | ARG STWpE ahen thermgne ing pelyaming: ther betteraerprasnseneferblythe

Vi nneapol | SangRt ahingEpinE R Shpla MRS R bR iRty AL o

t he over | apgags.amnaa 1antowas all owed to renmain. The bonds were allowed to
cure for at |east 48 hours at 22C. The clanps were then renoved, and the
overlap bonds were tested in shear (OLS) on a tensile tester at a crosshead
speed o& 1.27 cnimnute (0.5 inch/mnute). The overl ap shear val ues were
recorded i and converted into pounds per square inch (psi) and 20

megapascal s ( MPagroalifye iR N teriZable cmsbdRion OaHsEda RRASBENBBSPhat Ne OLS
val ues were at | east "about 150 psi (1.03 MPa), nore preferably at |east

about 300 pwicludds dtdedsPayo étbylenivallpPufdaturated nearomenh capabB@d fiee radidal 45 MPa) ,
nore preferahly at | east about 700 i (4.83 MPa), f.or the HDPE; and at

enat " about bapPEREtoEa NSRS compnpBin peitaiping Jrenif e IO L R 8D psi
(5.52 MPa) i‘n%eé_ GrieRzati §6e’mE>$é?fior§i.'P’x%fe?@ol&’tﬂhk:'ngxPo%i{ioﬁ fhcRided 18k Bnd hat a

particul ar adhesive 1s abl o adequat ely” bon east two different types
of | ow 2ur f Goethanyligmaneoesry abstprefémblyr alinetiagryliconenoprezf Bartibhilarly a

Vost | pr ef er BS1Ged oe pech BETAE 25U posss sukfh s these AR BHSBONAT B (o
o G o Vel S e i, SR el MBSl o g Lo
about 800 pparticGlafy alk@Agls having from 1 to 12 carbon atoms, such as methyl
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, ethylhexyl (meth)acrylate,
25  and blends thereof. Preferably monomers are selected from the group of monomers
illustrated in Table II, infra.
In addition, vinyl acetate; vinyl halides, such as vinyl chloride, vinyl fluoride,
vinyl bromide; styrene; divinyl-benzene; crotonic acid esters and maleic acid esters or
the so-called, if desired, styrenized, unsaturated polyester resins, and blends thereof,
30 can also be utilized as long as the blends satisfy the claimed criteria.
In general, the emphasis is on monomers with one or two olefinic double

bonds in the molecule. The additional use of higher unsaturated components is not

13
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nmononmer fluorophilicity was nmeasured by nononmer miscibility in fluorocarbon
bl ends conmpro s9/éug28/ari ous ratios of perfluorinated octaves PSHBI$%E226hose
comerci ally avail abl e under the trade designati on FLUORI NERT FC-75 from

M nnesota M ning and Manufacturing Co.; St. Paul, M\) and 1 H 1

H- per f | uor oexlydednybutHaomgt b kepf Fonmd thatrtheir pieagriop cav kead sh¢rabriittling of the

Pol ysci ence, Inc.. %\arri ngt on, PA). Mnoner fluorophilicity was determ ned
usi ng a bl eRRtygerige c‘?ﬁ‘P?ﬁ?‘I‘(?riser monomer and 1 nmiliiliter fluorocarbon. The

bl end vs br epar Seeiiotdish shd AMAEhiL Al PhisaRak SRBRLRERS LAk (1 e . about

22C. to about 25 for about two hours. Ity was then

det er mi ned f{aplorstdlity (blgefdrmuthisan lhiituide ySf the calapesitions édproynovdde tiheliis gr oss
phase separation visible to the unajded eye occurs at roomtenperature
(i.e., aboumapner, amidepysimbep gEethylenically, ypsaturated sjoppmersicen PRCORINERT FC- 75

was. assi gnelo P BpRr ARy p8b dotfipertzarfs BN onk BH SE L B 0 o

f 1 uor ocar boBoAdinpiee stfadeleneMISubsifatedN ethabis, éuahgésrm@;ea&dhdmgtﬁemah&kdeci ty,
as tabulated in Table I. TABLEI Mnoner Fl uorophilicityMaxi mum FLUORI NERT

FC- 75: FOVA obHtherresulting adhesivemanshoden 0 therpalymerizable composition can be

m sci bl e9100;,0887. g:f'l.Z. 5775%. 25662..5. 37. 5550; 507457. 5:62.5325:,75212.5:87.510
£ 100i mi sci BffECtted-for pXAMRlS. PeyAruRe Menang of maiydval MonPReE RS gnient s f or
I ndi vi dyal Fgﬂ@ r = a0 I [ o Lahle i h

appr oxi %tegg ass[ztatr)lgrg:g’l ?gltrt]x@f[?.e%&%tﬁgﬂﬁ%ﬂt%eﬁﬁ%%%glb?ﬁgé‘%téﬁ%tﬁ eof and

boi | i ng poi effectiteness2 For eRample tessdaxpeivOMondmas cii\Bt ttilided RETHIA&IIE2R60
Mononer Fl uorophi licityTg (C.)BP (C. )nethyl nethacryl ate5105100t - butyl

acryl at e641['o¥iengass yior mare sEpepsiye-cruaily loyer gdery moaemerse di fusmanngrsahut y|

nmet hacr yl at ' ' : but yl
met hacryl at §g%g%%§§%[3€§§§éba g%‘?rﬁag?ég?ﬂlgi%Z met hoxyet hyl
met hacr yl at e4161N6rewpeyificalty, theodthylediod1DPdnsakutatk prRhbmerdsiemdstofithe present

met hacryl at e960200cycl ohexyl net hacryl at e4662l On- hexyl )
net hacr V3 at énventiopihgwidl )2 Ctain pyarage-ihmracyban miscibility, hereinafter referred to

SUERE T E e e o
acryl at e162384n&d %#&9&&&%&@3&’ mdh6her BIeRPRANATY) a certain average boiling

nmet hacryl at e15423 cyanoet hyl acryl at e04235i sobornyl
acryl at e494pti@- (Critetin ORyaad (penpble ladequaty Yordinglto 10w 5eifsnstenrgy|substrates.

e SRR R 2 S
met hacr yhat uctepiafie mehex Bﬁh&%’ﬂnoﬁcﬁlﬁ& ﬁ&ﬁ‘etﬁa‘&-s%ﬂéﬁé_u?%rﬁ@er%&?gy Sbeghtes ed

fromTable Il, many of the individual honomers provide i nadequate
conposi t i onsaffordingobignerahaimentdng lesnent end/oBgrefithg inthetinterphassegions vent i on,

pol yiror | z bl BOKEIES CPORESTREITSTD ARG HEASHEN BRSO Grige
2T ey QA ORISRt s
met hacryl at eergpnosibstratyb.r €ritéfia (3) enables preparation of low odor polymerizable
25  compositions. Average Fluorophilicity, average glass transition temperature, and
average boiling point can be calculated using an individual monomer’s fluorophilicity,
glass transition temperature, and boiling point. These individual monomer properties
can be measured using any known technique or found they can be found in Brandrup,
J. et al., ed., Polymer Handbook, 2™ Ed. (1975).
30 Criteria (1): Monomer blends are suitable for use in the claimed invention, so

long as the claimed average monomer fluorophilicity criterion is satisfied. Individual

monomer fluorophilicity is measured by a monomer’s miscibility in fluorocarbon

14



0 8 JAN Q003 WO 99164528 PCT/ U5981 12260 preferably, at |east two 3f8 AN 2003
nononers in the blends are nethacryl ate nononers. Most prefer%?ég}/y }[ad,l of
" the mononeW® P#%4%28e bl ends are nethacryl ate nmononers. 11 at or
Conmponent A triethyl borane- hexanet hyl enedi am ne conpl ex (1 52 grans) at a

ti | ol
Frio0a (o bERHE ot Raj s it T ePhRpSEY b dnd IR b ) ava 1 abi
under the thagRrelgsy Mb@mnmhmx grdtidPPL DORINER TR 7BEfbMS |

W I mngton, MA). 10 Pol yneri zabl e Conposi t| on A slurry cont ai ni ng a
core-shel | Mmugﬁmbiml(lg@nd)magnmrmg ya$t 9aldemralsrbt&)anddlé1l 1Hre trade

desi gnati on ENDER 360, fr cialt em c r sbur and

t et rghydr oPEHHIergactyY R WP‘&?EO% f&%@y %ﬁh@rfm PfySilsn%ﬁ? q\/}gb e

f Al 5C. f
rom Al dri %e : gg}ﬁ’??é RionoiMet f‘lﬁ%{%@ﬁhc }an"}?csde?é é)tr%xa% us?ﬁn%lQ or

17 hours. opaque ersion was a to c shear ed

aggr essi velbyendi dfto. Smslfiliter ainbadr hhdau mililiter ﬂuatmaﬂ;bﬁr Thelbiepe s priepared
commercially available fromPremer MII Eoratl on; Readi ng, PA. Then,

2- et hyl hexynd nﬂowa«&mlmtéoqrs tggpqgatarﬁe(,l eeébmdé éiCalte gbom/aﬁ Cabﬁoeabmmwm drich

Chem cal ke an rvl o thyl nal ea 73 gr ans,
conmmer ci alcﬁ\?ugvaw 3‘3‘5\24{ Sr(‘?f" mﬁjagﬁ%fh%gleyﬁﬁ#? g‘;‘% c?:ééal’lé)g VISt ‘e added
to the di spphRle@Ry@HEtuRd %Qﬂorﬂ@érh?erﬂ-thft n@usmrt 2b¢@ngl aba 2§°@ql cul at ed
fluorophilicity o¥ 3.25, a calcul ated ling point of 226C., and the

cal cul aded l@lpwsntaumwmpnomnr ﬂwpdnhcltbr@sxgmnmélgm bqengiemﬂnmedrfoms 39C. 25
Adhesi ve The i zabl e ¢ osi i tiator component were
packaged i mﬁ%&%@ﬁm@% ‘{l’n\?]?ﬂbm ‘P§?| o dual syringe applicator
(Kit No. MP-CBO RIS ARl AnAPR ExddiQE fRRRhOTfer bRHaam NH)
the larger cyli n%gerQ%o ho iang thﬂe poﬁflﬁr}e}?l zabl e COITDOSdI:)(?? oneralﬁﬁ1 ﬁ?e

smal | er cylthefidlowing equagiohhe initiator conponent. The two parts were

conbi ned by sinultaneous extrusion through a 4 inch long (10 cn), 17-stage
static mx nozzle (Part No. MX 4-085304=2(CC FrﬂE,{)m ally 23 o0 a ~a~ Q03 WO
99/ 64528 PG'1' | U S98! 12260 avail able from nProTec, Salem NH). ~'he

bondi ng conposition was tested according to the Q/erl ap Shear Bond Strength

Test Met hodwbkrsior®gge iawayerage monemer fluoraphilicity,d6y issthe weight Trabtien ofia
TABLE 11 SubstrateOverlap Shear, psi

e o, AR R ofie? ARl b I Ve i o BEHBhGRe Ao MNP T e

prepared a usi ng vari ous “nmonorre ends in
pl ace of the tetrahydr.of ur nmet hacryl at e/ 2-et hyl he ryl ate
bl end. “The S PEEOHRCY bR ne AR FolpRt oy Fanies TR, infha)UseR
monomer blends of the invention have an average monomer fluorophilicity of 3.25 or
20  greater. More preferably, monomer blends of the present invention have an average

monomer fluorophilicity of at least about 3.50.

Criteria (2): Monomer blends are suitable for use in the claimed invention, so
long as the claimed Tg yenq Criterion is satisfied. The glass transition temperature of a

polymer formed by polymerization of a monomer blend may be calculated using the

25  following equation:

-
T8 blend = (X, /(273+Tgy))  — 273
wherein Tg pjend is the glass transition temperature (in degrees Celsius) of the

polymer formed by polymerization of the monomer blend, X, is the weight fraction of

15
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TABLE 1V

Ex. 2Ex. 3Ex. 4Ex. SEx. 6Ex. 72- et hyl hexyl - ------- 11. 6411. b4net hacryl at eo
Aisooctyl WWE4E28--8. 32-----C-- i sobonyl PCT/US98/12260
acrylate8.32---------- i sobutyl ----16.6410. 6513. 318. 32net hacryl at et etrahydro

furfuryl 24.9524. 9516. 6422. 628. 3114. 97net hacryl ate ~

bl end3. 253.a25derbiddividithl hiooer] and TN thEp)EStrakdidiBRaBRAMegHdegrees
(C~) 2302221902031982200ver | ap Shear  PTFE,

PP, psi 75500060, b ASLay i PR Ry BRI B BRRNSRSTT, o T ey

Shear PP, psi 87 MNadmdr3fénds o9 thednveddion beeg a¢erfde glass transition temperatures
) (6.06){7.99)(7.99)(6.54)(7.51 ) 24 08 ~aN 2003 WD 99/ 64528 Exanpl e 8
I nitiator CSAYSHARPUPEY] 59@/"%‘2’2@% G, prefegatly bplsyesn abow ARG rapf @hedti ani ne

I 6. ' I ' ; ' | ved i
ri et gt oS, SHARdE prettrafty ESREEHEYR O°F, B B0 0%, BadpolfiRefhably 0570, s
comrer ci al Ipetwaeal dbatid Z0°anaet adolieggecade desi gnati on CROSSLI NKER CX-100 from

Zeneca Resins; WImngton, MA). Pol ynerizabl e Conposition A nononer bl end
cont ai ni ng a corritstiel3): tMonpmeanblendy arecsujtabledor eserineghalainigd iavaitioabse under
the trade designati on BLENDER 360 fraom GE Spgci Chem cal s;. Par kersbur g,
W, 1 soborink Tl STAmEY POBTE PPhSAEnCS fatne. 1 i ZMABICE boRBRPRITY | oh
Chem cal ; of Giali rey| 5 grans,
conmer ci alclq;sl “8945.1‘1%215@%? ?t\c()ﬁr}}’ I\%ﬁec}ﬁv n{a@ﬁﬁ f%ﬁ%ﬁt?‘g F%}i:e.s R’%éﬁ il‘%;ég’éérél) , and
met hacril i csuafabssdpolgmetizablelcgnpositions compeisingigiadr lbyilmgapoimhendniem Al dri ch

Chem cal Co.; M| waukee W% was prepared as in ExarTFI e 1. The nonomer
bl end had ageasradyipaeduge fassoifensive qdors ndore preferred, Rrsfestedanenpmsiblends poi nt

pol ymor ey s ELaIhEPGhFraag TR 1B G PARE B B, 120

Exanpl e 1. 9eCr eaddst @I&&réﬂl% Eif:‘ehfeat}ﬁﬂ a1pedabl e V TABLE V Substrat eQverl ap
Shear, psi (MPa) PTFE164 (I|.13)HDPE845 (5.83)[Ppl - -g21 (5.66) 25 Exanpl es
9-12 Adhesives were prepared ancbpelﬁal L@m a.sBjnlg, Exanpl e 1, but using | ower
proportions of the triethyl borane- %'BE’amet hyl eneli ani ne conpl ex ( TEB- HVDA)

in 25 0 8 ~a~ 2003 WD 99/ 4528 PCTNS98I 12260 the initiator conponent, as
not ed it Tawhereip BP prne icdhe biling peint (i degress slsius) ehthermaenames blend, Xined
fluorophilicity of 3.25, a calculated boiling point of 226C., and the

is the weight fraction of a given individual monomer, and BP,, is the boiling point (in
degrees Celsius) of the individual monomer.
Based upon the above noted selection criteria, commercial availability,
toxicity, and cost, examples of useful monomer blends include the following
20  combinations: In one combination, the monomers can be generally selected from:
10-90 wt % M1, 25-70 wt % M2, and 0-65 wt % M3 based on total weight of
the monomer blend, wherein:
M1 is tetrahydrofurfuryl methacrylate;
M2 is one or more monomers selected from the group consisting of 2-
25  ethoxyethyl methacrylate, n-hexyl acrylate, cyclohexyl methacrylate, isooctyl
acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, and isobornyl acrylate; and
M3 is one or more monomers selected from the group consisting of isobutyl
methacrylate, n-butyl methacrylate, cyclohexyl acrylate, n-hexyl methacrylate,

isobornyl methacrylate, and isodecyl methacrylate.

16



calcul ated glass transition tenperature of a resulting polymer wal BI&N 2003
TABLE VI Ex.9Ex.| Oex. || Ex. | 2TEB-1. 000.520. 250. 120 ~ "HVDAOCX- 10%4“96(848 44
754 88. ... Y904P8 Shear PTFE, PCT/USI%/

psi 359362353139( MPa) ( 2. 48) (2. 50) (2. 43) (0. 96) Over | ap Shear HDPE,

B:: ?Sﬁ?igigg?@y%&%ﬁg&}%@y 3%{“{"7'“2%% pé%%’ﬁéle&}tl&% gerg%{ngmfgs Initiator

Conponent pref&@hBly abRbd¥Ae 6 MIOarid'MIBYs a fRFRRATAR MohomeR! Myl Sreferaly Akzo
Chem cal Inc. icago, IL) was dissolved in trimethylol propane tris

(3-(2- et hj»bthzfoZjand)W ape methacrylate onOMery ans, commercial ly avail abl e
under the trade des nati on SLI NKER CX-.100 from Zeneca Si.ns;
W mington, M) EYf)Y reaprﬁfe{r,e GETOREREYP ’@Pgonﬁ‘?’mﬁ?rﬁé‘?'}% g W8S t i on

Z-1ight W : I
Indlugtrl es%ﬁq ‘%ﬁ%ﬁ@?ﬁ%‘é‘@?‘g‘%ﬁ?fﬁq“ﬁws ormgene S glnurry

cont ai ni ngcampﬁsree shel | toughener ( 10.00 granms, commercially available
under the trade desi gnatl on BLENDER 360 from GE Specialty Cheni cal s;
Par ker sbur g, W 0-90avt"add birder I whvaM2oand -6 3 %M e (26. 08 grans,

conmerci al | M | waukee, W),

2- et hyl hex Seﬁe?ﬁé@ﬂ"ﬁ&ﬁ &Wb%%%grm@agg]%mgoal |y available fromAldrich
Chem cal Co.; MMy\@u&% dﬁé@rfmﬁﬂﬂxeﬁmé\@la{é .oyl oxyethyl maleate (5.22 grans,
comercially avail abl e rom Rohm Tech (now Hils); Somerset, NJ.) 26 0%

JAN 2008 WO 99/ MBB)HA@thmeMﬁILSSQEﬁEQZKMﬂcﬁgrsupe@lsmmgo&epar ed and
evaluateda in a e 1, t that the assbad acger re omtted.
TABLE VI | gﬁé’%‘i“ii‘ﬂ‘ ﬁ’é‘&ﬁ} ex Q‘?‘e @EYY;@S RrsheeyT

(5.12) PP~8Jaé a'§ Bleg mametwa%rﬁmmd% tg-n hoflesines conpri sing

2-acryl oyl oxr;yetehy ﬁr‘g | eate wer € prepar e%l and a(g@q%‘uat ed as in Exanple 1, but

usi ng vari ous novidisemelor erole menbinersaselzetedtfemn 1k group copsisting of hikesyland/ or
glass transitjon tenperatures that do pot sa |sfy Dﬁe clainmed criteria.

Reduced ovénsthasrdpigaiso nagth 1¢s P’A‘P@Qi’ fneF*H‘C #@€e Exanpl es, as
conmpar elq to thoggeRindd ﬁre'fé}}’e%%bmner?czmbinatlons comprise monomer blends whose

average boiling points are greater than 210°C. Most preferred monomer blends
comprise

10-90 wt % M1, 25-70 wt % M2, and 0-65 wt % M3,
based on total weight of the monomer blend, wherein:

20 M1 is tetrahydrofurfuryl methacrylate;

M2 is one or more monomers selected from the group consisting of 2-
ethoxyethyl methacrylate, isooctyl acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, and isobornyl acrylate; and

M3 is one or more monomers selected from the group consisting of isobornyl

25  methacrylate, and isodecyl methacrylate.

Additives
Bonding compositions of the present invention may also comprise further

optional additives. Generally, such additives are present in the polymerizable
30  composition of the kit. Thus, the polymerizable composition may further comprise a

variety of optional additives.

17



0 8 JAN 2003 WO 99/ 64528 TABLE V1| PCTNSO8/ 12260 08 JAN 7003
Ex. Ex. Ex. Ex. Ex. Cl C2C3CACSC6CY7i sobor nyl

acryl at e24"@39’§4—5-2§ ------- t et rahydrofurfuryl 8.328.32------ 11PGFP88E8Lt hacry

| at ei sooctyl

acrylate--24.95~-----.- - - hac I at e

acryl ate----24. %%ei Pwlgglﬁlg%%in%é@ét hggwﬁ?ﬁ@iﬁm == g?]‘g%h)b(?%l at e02-
phenoxyet hybrecular werglaﬂ-p&?butyi ﬁﬁﬁx‘z&&@la@é ﬁ‘th ﬁhby gedrtlly be Mborporated inkh. 09----~ c~
nacryl ate3 isobornyl” -- -- -- -- --

14. 26met haaangunab€ap ¢u alydun dQyveight %,-basedqh the totabwhigbt of the pdlyeetigdthhexy!| - - - - - -
------ 7.13acryl ate =.biend3. 753. 755.,000. 000. 333. 213. 2| Tg bl.end
(C~) 85- 75- Bt987 BSIB{eRRR P %@3@9&‘82%&%2@%&%@6}% PF reflting pTFE,

pS' 561932%%ﬁgﬁét;@%g@%&)(a%&%)e(ﬁglfébp}lé@Vl]sé%\fsosy?&p-m(eoco%gx)s{egcﬁ7) (

1.92) Overlap

psi 405344309426A33Mhébpdr(iMayly Asefol)4dditi3é)i§ 2n aidytotheid haterfal) These 1

) (3. 66) Overl ap Shear PP,

psi 40015733&@119};935119365(:m;requméyl(gbneﬁ)qf?osémg@ogmquowpqd; 57) (4. 59)
Corrparatlv 1 p a ted as in
Exanpl e 8. ﬁpm%%& E@%ﬂp‘?’ pf EVP@’P& %ﬁ%ﬁmg@r bl ends had
cal cul at edst?énﬁmm@hmsge g, eﬁetmqwfataltae&&iotmmecharﬁ&uyeam%% tg?%st hat did
not satisfy t clainmed criteria. Reduced overlap shear bond stfength is

evi dento i neasiyaeothcanplerin]s, asclwrﬂwrbédpwlmmehosebmfatdsheSuch\addmvemcanZS ~ 8

JAfV 2003 WO 9 4528 TABLE, | X PCTI U S98/ 12260 Ex, C 10Ex. C
11Ex. C genera%ytsbe incorporated in an amount of up to a%out Edi’/o by wexght c@ased on the

12i sobor ”y{otalé%hght of‘tl?] }’meﬁhﬁiﬁ%&m&" 5--22.522.5--net hacryl at e2- (2- 22.

5--7.5----0n xyet oet
acryl at e02- cyan@eteastiell pblpmers.can alio by hddeeltotthd pdlymerizable composition to

12net hacry] atei sobuty] -------- 12net hacry] atenmet hyl -------- 6net hacryl ate ~
bl end1. 503impart grnoxbspeepding,pdiipw ampm@eemwmmgwp@msmon These

(C) 250203250 050 AROURIL 0 i RHER b, R ASERASBRARL o BRaRR) (0- 40) (0. 61

) (0. 37

psi 39684558q1836446X i ledve?an/Bndebirdbly {strird) pbniBydedsidg Irohed SyaihgSligsy PP,
psi 305122181200613( MPa) (2. 10)(0.84)(1.25)(1.38)(4.23) Various nodifications

and al t er agpRlisgtass onsae I shipmaties having Pe%\e@?&*ﬁdé\‘bpaﬁ@ﬁﬂ suefagehose skil | ed in
(1 1 o RGPS I 76988y AR ot DR ARTRE O, L e
embodi nent poRRter{zablekoRposition, ¢t% cor@s&ll%rﬁ@pﬁidmve may be desirable for
20  achieving improved sag-slump resistance.
Small amounts of inhibitors, such as hydroquinone monomethyl ether may be
used in the polymerizable compositions, for example, to prevent or reduce
degradation of the monomers during storage. Inhibitors may be added in an amount
that does not materially reduce the rate of polymerization or the ultimate properties of
25  polymers made therewith. Accordingly, inhibitors are generally useful in amounts of
about 100-10,000 ppm based on the total weight of the monomers in the
polymerizable composition.
Other possible additives include non-reactive colorants, fillers (e.g., carbon
black, hollow glass/ceramic beads, silica, titanium dioxide, solid glass/ceramic
30  spheres, and chalk), and the like. The various optional additives are employed in any
amount, but generally amounts that do not significantly adversely affect the

polymerization process or the desired properties of polymers made therewith.



ClAAIMB What |s Clainmed Is: 1. A kit useful for bonding | ow surfadk8et&Na3t03

substrates) conprising; 5 a polynerizable conposition conprisi nomer
bl end conp%’ps"?/ﬁés.zsa first ethylenically unsaturated nononer‘);CTéUnsgﬁli%}g@

et hyl eni cal | y unsaturated nononmer, wherein the nonomer bl end has an average
boiling point of at |east about I 60"C, and an average nonomner
fluorophilicity of at |east 3.25) and wherein the nononer blend | o is

pol yrer i t alpgdi @oRo¥itons Naving a gl aSS transition tenperature of about
-20C t0 shout 80" C, and an initiator conponent for polynerizing the

pol yneri zabl e cdileqarts ofthe kith €icesjithe pblenienizéblatanpasitiqnamednhe mitiger ses do

aerobic initiator. Is_ 2. The kit _of claim], erein the first
et hyl eni calCPIPAR) e bigrdedaiyapld npgn%l?x%&}w%w&rbngawtwhki t of claim

(it ) acry et e B A EERRon R B ARE Uk N e B IIBIRITR! Ca 1
unsat ur at ethefdreati®desiedao s thabonding compositidie kit of claim 1, wherein the

first and second ethylenically unsaturated 25 nononers are methacryl ates.
6. The kit of clQnomthe pargnfiks kit have been epmbingd enformadonding\compgsitipni | i ng

poi nt of at, |east about 190C 3n 7. .The kit of, clai.m1, erein the nmonomner
bl end has. di SoRPas PRtk Rt vaf oy S e e o Rl R apehdige s Son
2003 R Th%(g%h&h&agﬁéraem tht a¥REHVIfhd RRIARERonEH SRE diRerfred WRIE
nmononer fluorophilicity of at |east about 3.SU s 9. The kit of claim1l)

wher ei not heherboralimeg istkib degherfornmd) the peesercbdraabsance ofaboystimkingagemnts, andgl ass
transition tenperajure of ut 2 t o, about SQC. 10, The kit K of claim1l)
wher ei n th@%%ﬁéﬁluspmasgfﬁﬁ'ﬁfﬁe?g& t%n@fsvwheglgm obpolygefigatignip!s and 0- 65

W lu M3 b%@i?atﬂ@f& %?hgéé‘f‘c fauté bEIBS &o@%,%%&ﬁ&n bell\G 366 add 1S

tetrahydrofurtury yl'ate; M2 is ono or noners sefected from
t he group anosipsdferablydbel@wabdon2§¥E.hpkcordinghc the nmding prévexsy tander sakréddc
cycl ohexyl nethacryl ate) isqgoctyl acrél ate, 2-ethyl hexyl acrylutc,

2- et hy| hexylut getorpttelnsiature Sty 4beBhdr fyto 3bot2%Ed: and' s M3 iy ~nc nr nore

nononer,g sel ect f : 1Sk ' t
n- but yIl§ nmet hacry ﬁ%@@%&%&g@ngﬁlg@é&,lgﬁg re%??? %%ﬁtggg)y&gf%n}%?éﬁdbor nyl
met hacr yl attBen teGubstRtiéecatt joridd tbgethet! witlepredshire tbfordsiekcedt behdihgn 10) wherein:
z M is one or nore nononers selected fromthe %goup consi sting of

I

2- et hnxyet rsampasitioncony phthe)boad inghEhe nserpfipressirg has the afvantage,df displaging e)

2- et hyl hexyil lale, .2 | hexyl | d.i | | ate;
and Ve 1< Sierite ofusiifonohhe BEP PR a6 it By BRSO BARAS o, 1 ©
n- hexyl netipaghilaite boriRRAGUIN be hagt Bicrtly lafbethe BosUiNS SiRpoYiticERARdeEY | at €.

25 1?. The kit of claim 10, wherein: M2 Is one or nore nononers selected
from t R granpbied ththesubsitate(s), prefarapdy sitiimghout 10 minutes. The typical bond line

thickness is about 0.1 to 0.3 millimeters.

The bonds may cure (i.e., polymerize) to a reasonable green strength, i.e., to
permit handling of such bonded articles within about 2-3 hours. Full bond strength
will generally be reached in about 24 hours under ambient conditions. However, post-

25  curing with heat may be used, if desired.

In one preferred embodiment, the bonding compositions are coated on a low
surface energy substrate. In another preferred embodiment, bonded articles comprise
a first substrate and a second substrate (preferably at least one of which is a low
surface energy polymeric material) adhesively bonded together by a layer of a

30  bonding composition according to the invention.
The invention will be more fully appreciated with reference to the following

nonlimiting examples. These examples are merely for illustrative purposes only and
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met hacryl ate, isooctyl acrylate, 2-ethyl hexyl acrylate, 2-ethyl hexyl

nmet hacryl ate, and i sobornyl acrylate; and 30 M3 is one or S

sel ected f‘P’Qr?P’tﬁfllsésgroup consi sting of isobornyl methacryl agg&gwgpgfs}g‘g‘recyl
met hucrylate. 31 0 8 JAN 2003 13. The kit of claim1) wherein the aerobic

initiator | b I l.al m 4 rein _the aerobic
initiator F§° @g%{%ﬁ(@ﬁﬂqgn %fég OEF% .Jﬁ.lb{)e gﬁthglagp ﬁdfd)c{/%@rgelgrl}l Raﬁfé’ aer obi c
initiator 'pérc@ﬁ'tagésg 211RRA AL tHeltixhmpled bnd {2 resthf thd dpebificalich He by Weélghiher
conprising a nulti-part di~pencer. |10 17. The kit of claim11, wherein the
initiator wuslessjditated atherwissunt that provides aS little as about 0.01

wei ght !'o boron based on total weight of the initiator conponent and

pol ymeri zt zbl e conposition. 18. A bondi ng conposition, conprising the

pol yner g zabl e conposition in any OfEXR‘MllﬁEFi ts according to clainms 1-17
mxed with the initiator conponent I1n any of the kits according to clains
1-17. 19. vl Skdae Bund Steaigth Testi Mlethodcoat ed with the conposition of
claim18. 20 20._ The ;substrate_of claim19) wherein the substrate is a | ow
surface energy disshbpndiag amperition waganplied dHesthyome an agtreatpd d.Sam yillnp. 21.

The | ow surface -ener, bsir . i rein the t.r IS
adhered to % égt;ocr{’g(gﬁ}ggg( r4;'t (cﬁkgsﬁéé&hitér?teg %%%Y@? “?PHH%‘S@“‘Z‘%?‘S@C He | ow
surface englay beaPsiaterk VerEaided kthe Bohdifg ToRIPSsifibn) MOV b Bebod ést
according to claim'1l) providi 23 a |l ow surface energy substrate having a

sur f acaoengragsl wds imesedidelytplaced againsl thethor@ling comBsitmN GOhS fwstiest gandle

Bomost ¢ 1 oo WH RFHIapPREaER WaS b e B S (s TG ik & SAEP gSsubst r ot o
Yo' secondibipgiByROalpefarcA IhEENTNER UG SR A RRORRR S UDST T a1 €
A AL AH. A(RTFBY,highidéidith poRethilept AHBPEApr folyprop@che AFR), Bom\RimmbiEialh2. Anl )
} >~< flrrt??"\‘/e Y‘?T@é(?ﬁ%ﬂlé foent-adiliacBlipstic Minpeapelis. MNc £} smplt agpuny ofhepding] ca] caj cal ¢

?8 |U]w(r: I Sl]gf ?(}Cc gip%git@g]sygfeg gﬁ@%}ﬂ‘:& a @Q%%%e?]cag?%% d(z:»g}@gio;: a Ct/g];r%rg i(r:l a)l cal ca] ca] ca
]lf:alil]I ;:ﬂ ?ﬁl Ica] E ?] ’{:13% Bci;ﬂd@ &.lé}?ﬂ]o]@\'ieﬂ}tc e fot aAbHYABUSds aM22°C. The clamps
INURLL upkfal\Wc] ca] ca] ca] ca] ca) ca
U] c”a] ca] ca\}'gf&]thq] r@a]oyaci,@am}faeaqwlaq L@}@ﬂ@a}@éﬁdda]sh@qr&@}éaPe atensilea] ca] caj c
FK" " " HUR#EV 9 A Ao 2 ) B ZE** Ok, N
Ea ca bal CayieuitArohea e of 2] emphinhisab b hvfipad] The SYSABSHAC] Lo aT
ca] ca] ca] calfadsaadre dcorded-in pbunikis ah&E&WErtéd into pounds per square inch (psi) and

1112022233f 33341 44445N5556| wpkf a\ W c] ca] ca] caJ ca] ca
Ul c”*a] ] cahegdresdatu(MBa)ca] ca] ca] ca] ca] ca] ca] cal] ca] ¢c"a] ca] ca] ca] ca] ca] ca] ¢

]
16° §6607388P9T9 9k9z9b =f ==>\WP 27 AUAAA1BB | gb
h] o8] on] on] ca] cLIFIGITOA] A MEH GO DA PEUP ERER) PRI PAVEAYBPL e oal o
alc about 150 psi (1.03 MPa). more preferably at least about 300 psi K&g 14 MPa) for the

a] ca] ca] ca] ca] ca] ca] ca] ca! BBBBCDe DDDPEEFGLGy GGHI mlJ KUKKKKLLLPMYM MaM My M-xs
ni d_ZU] ] ca] PEFEadtdedst ajap feaps L ApE MRa) ahore preferably at least about 700 psi (4.83

VoRNNNGa GO D HESE el SR AL Pl B 08t ] Cal ca
| o] ool 6] CRGREG B abR I8 67 el 05 951 ok phiahe Hie phaasrlialee ol oal

“j o m p’cc! chartibatak MHebivaid 4bid naddeqiately dahd af leadt ewd differajagpsadfdewcal caj caj ¢

~a] ca] cal] ca] ca] ¢ a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca!!csccceee7fff/g;

ggg2hhh#i | #pUrface epengy isrbstiass ACFordmalys innare wrefeiablye a padicokir edhesivjecapblg] ca] ca

N N N |

Jcal cal cral eol £alsakoophanlorarie] fdpeaked PO RS psalel oabeskank ool cal cal bo

uhuuuuuuBY\ Yypeagweyy ¥ig W kdeahiibly] voall PaFEabGal RS vake dF salksa dheadopalst

aJ cal ca] ca] ca] ca]cal ca]ca]calca]ca]ca]ca]ca]calc”alcalcalcalcalcal'yRz{{D}}~

l~J]~t l\/iﬂ Fiwql ¢h] KMRcHDEE]to ah €4 Scedlwadfca Jera] abmhic 0@ pdi 488 Y Ba)] and PRlicaj ca] ca
cajc .

a] ca] ca] ca] Svaleeof atdgashabost 800 rsifT 3¢ MBa)svUNDpVawz upkf a\ W] ] ca] ca] ca] cal

ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal]

cal] c"a] ca] ca] ca! wha#, [ &dI S~} xsni d*Y]]]] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

a] ca]ca] ca]ca]ca! usS41l” JI JK>| wnhc”Y]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ] caU] ca] c"a] ca] ca] ca] ca! >DR t| C'sE

<i[)||wmhc]W] U] calU] ca]c"a]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]calca
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7 75:25

6 62.5:37.5

5 50:50

4 37.5:62.5

3 25:75

2 12.5:87.5

1 0:100

0 immiscible at all ratios

Representative fluorophilicity assignments for individual monomers are
20 tabulated below in Table II along with approximate glass transition temperature of the

homopolymer thereof and boiling point data.
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L310% & () - [10% & f-heSPRE e DX Y- / 10T T IQ76& ()| T07@& T~ TR0 7R & ()-
1H,1H-perfluorooctyl 9 60 200
methacrylate
cyclohexyl methacrylate 4 66 210
n-hexyl methacrylate 3 -5 210
isooctyl acrylate 4 -99 215
2-ethylhexyl acrylate 4 -50 217
2-hydroxyethyl methacrylate 0 55 220
tetrahydrofurfuryl acrylate 1 -12 220
tetrahydrofurfuryl methacrylate 3 60 225
benzyl acrylate 1 6 228
2-ethylhexyl methacrylate 4 -10 229
benzyl methacrylate 1 54 230
2-cyanoethyl acrylate 0 4 235
isobornyl acrylate 4 94 245
2-(2-ethoxyethoxy)ethy! acrylate 1 -70 250
isobornyl methacrylate 3 110 255
2-phenoxyethyl methacrylate 0 54 270
isodecyl methacrylate 3 -30 275
lauryl acrylate 1 -3 310
lauryl methacrylate 1 -55 320
2-phenoxyethyl acrylate 0 -22 325

As can be recognized from Table II, many of the individual monomers provide
inadequate compositions and adhesives by themselves. Blends of the present
5  invention, however, allow many otherwise unusable monomers to be used in the
claimed polymerizable compositions. As long as the monomer blends satisfy the
claimed criteria, any combination of monomers can be used. It is preferable, however,

that at least one of the monomers in the blends is a methacrylate monomer. More
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10% & ()-810% &4 Qluﬁr? eefdinirptblord- ShedldUbBerlet (10.00 grams, commercially
available under the trade designation BLENDEX 360 from GE Specialty Chemicals;
Parkersburg, WV) and tetrahydrofurfuryl methacrylate (24.95 grams, commercially

15 available from Aldrich Chemical Co.; Milwaukee, WI) was allowed to stand at 65°C.
for 17 hours. The resultant, opaque dispersion was allowed to cool and sheared
aggressively with a saw-toothed blade of a laboratory dispersator, commercially
available from Premier Mill Corporation; Reading, PA. Then, 2-ethylhexyl
methacrylate (8.32 grams, commercially available from Aldrich Chemical Co.;

20  Milwaukee, WI) and 2-acryloyloxyethyl maleate (6.73 grams, commercially available
from RohmTech (now Hiils); Somerset, NJ were added to the dispersion and mixed
well. The monomer blend had a calculated fluorophilicity of 3.25, a calculated
boiling point of 226°C., and the calculated glass transition temperature of a resulting
polymer was 39°C.

25
Adhesive

The polymerizable composition and initiator component were packaged in a
MIXPAC SYSTEM 50 10:1 volume ratio dual syringe applicator (Kit No. MP-050-
10-09, commercially available from ConProTec, Salem, NH), the larger cylinder

30  holding the polymerizable composition and the smaller cylinder holding the initiator

component. The two parts were combined by simultaneous extrusion through a 4 inch

long (10 cm), 17-stage static mix nozzle (Part No. MX 4-0-17-5, commercially
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Examples 2-7
Adhesives were prepared and evaluated as in Example 1, but using various
monomer blends in place of the tetrahydrofurfuryl methacrylate/2-ethylhexyl
10 methacrylate blend. The results are illustrated in Table IV.

TABLE IV
Ex. 2 Ex. 3 Ex.4 | Ex.5 Ex. 6 Ex. 7
- 2-ethylhexyl -- -- - -- 11.64 |11.64
g methacrylate
% | isooctyl acrylate - 8.32 -- -- - --
= ‘é isobornyl acrylate 8.32 - - -- - -
R isobutyl - - 16.64 | 10.65 | 1331 | 832
= methacrylate
'g) tetrahydrofurfuryl 24.95 2495 | 16.64 | 22.62 8.31 14.97
methacrylate
Dy 3.25 3.25 4.50 3.96 4.55 4,05
end
Tg plend (°C.) 68 -2 66 64 36 35
BP pjeng (°C) 230 222 190 203 198 220
Overlap Shear PTFE, psi 172 216 402 399 420 381
(MPa) (1.19) (149) | 27D | 275 | (290) | (2.63)
Overlap Shear HDPE, psi 789 800 957 752 855 953
(MPa) (5.44) (5.52) | (6.60) | (5.18) | (5.90) | (6.57)
Overlap Shear PP, psi 871 879 1,159 | 1,159 949 1,089
(MPa) (6.01) (6.06) | (7.99) | (7.99) | (6.54) | (7.51)
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Polymerizable Composition

A monomer blend containing a core-shell toughener (7.76 grams,

10 commercially available under the trade designation BLENDEX 360 from GE
Specialty Chemicals; Parkersburg, WV), isobornyl acrylate (22.5 grams,
commercially available from Aldrich Chemical Co.; Milwaukee, WI), 2-(2-
ethoxyethoxy)ethyl acrylate (7.5 grams, commercially available from Morton
International, Inc.; Chicago IL), and methacrylic anhydride (2.24 grams,

15 commercially available from Aldrich Chemical Co.; Milwaukee, WY) was prepared as
in Example 1. The monomer blend had a calculated fluorophilicity of 3.25, a
calculated boiling point of 246°C., and the calculated glass transition temperature of a

resulting polymer was 32°C.

20 Adhesive

The adhesive was prepared and evaluated as in Example 1. The results are

illustrated in Table V

TABLE V
Substrate Overlap Shear, psi
(MPa)
PTFE 164 (1.13)
HDPE 845 (5.83)
PP 821 (5.66)

25
Examples 9-12
Adhesives were prepared and evaluated as in Example 1, but using lower

proportions of the triethylborane-hexamethylenediamine complex (TEB-HMDA) in

25
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Example 13
Initiator Component
Triethylborane (1.00 grams, commercially available from Akzo Chemical Inc.;
10 Chicago, IL) was dissolved in trimethylolpropane tris (3-(2-methylaziridino))
propionate (4.00 grams, commercially available under the trade designation

CROSSLINKER CX-100 from Zeneca Resins; Wilmington, MA) under a nitrogen

atmosphere.

15  Polymerizable Composition
Z-light W-1600 ceramic spheres (2.50 grams, 150-350 micron, Zeelan
Industries, Inc.; St. Paul, MN) were dispersed in a homogeneous slurry containing a
core-shell toughener (10.00 grams, commercially available under the trade designation
BLENDEX 360 from GE Specialty Chemicals; Parkersburg, WV), tetrahydrofurfuryl
20  methacrylate (26.08 grams, commercially available from Aldrich Chemical Co.;
Milwaukee, WI), 2-ethylhexyl methacrylate (8.70 grams, commercially available from
Aldrich Chemical Co.; Milwaukee, WI), and 2-acryloyloxyethyl maleate (5.22 grams,

commercially available from Rohm Tech (now Hills); Somerset, NJ.)
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I t-butyl - - - n 12
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'g isobutyl - -- - - 12
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methyl -- -- -- - 6
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D bjend 1.50 3.00 2.50 2.25 5.80
T8 blend °C.) -43 66 41 77 92
BP pjeng (°C.) 251 243 254 250 148
Overlap Shear PTFE, psi 75 58 88 53 274
(MPa) (0.52) | (0.40) | (0.61) | (037) | (1.89)
Overlap Shear HDPE, psi 396 845 507 635 496
(MPa) (2.73) | (5.83) | (3.50) | (4.38) | (3.42)
Overlap Shear PP, psi 305 122 181 200 613
(MPa) (2.10) | (0.84) | (125 | (1.38) | (4.23)

Various modifications and alterations of this invention will become apparent
5  to those skilled in the art without departing from the scope and spirit of the invention.
It should be understood that this invention is not limited to the illustrative

embodiments set forth herein.
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E10%4 X&L & g;‘lﬁig}o%x L& ()-# ELO%X&L& () - #% E10%X&LE () - # K|

B] de} ~wWWr HNGIEXLLE () -# EL10%X8L& ()-# EL0%XAL& ()-#
E10%.X&L& ()-#(/ K| BB EL0%X&LE& () - #SWNA4Ff #10 E109A.X&L& () - #
1, A kit usefu} for bonding low surface energy substrates, comprising:
5 a polymerizable composition comprising a monomer blend comprising:

a first ethylenically unsaturated monomer;
a second ethylenically unsaturated monomer, wherein
the monomer blend has an average boiling point of at least about 160°C, and an
average monomer fluorophilicity of at least 3.25, and wherein the monomer blend
10 is polymerizable to a polymer having a glass transition temperature of about ~20°C
to about 80°C; and
an initiator component for polymerizing the polymerizable composition,

wherein the initiator component comprises an aerobic initiator.

15 2. The kit of claim 1, wherein the first ethylenically unsaturated monomer is a
(meth)acrylate.
3. The kit of claim 1, wherein the first and second ethylenically unsaturated

monomers are (meth)acrylates.

20
4, The kit of claim 1, wherein the first ethylenically unsaturated monomer is a
methacrylate.
S. The kit of claim 1, wherein the first and sccond ethylenically unsaturated

25 monomers are methacrylates,
6. The kit of claim 1, wherein the monomer blend has an average boiling point of at
least about 190°C.

30 7. The kit of claim I, wherein the monomer blend has an average boiling point of at

least ubout 210°C,
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21.  The low surface cnergy substrate of claim 20, whercin the substrate is adhered to a
second substrate.
23
22, A method of bonding at least one low surface energy substrate, comprising the
steps of:
providing a kit according to claim 1,
providing a low surface energy substrate having a surface energy of less

30 than 45 mJ/m?,
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