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METHOD FOR JO NI NG SUBSTRATES AND OBJECTS The present
invention relates generally to a nethod for joining a
weubstnawe having a first surface to an obj ect POBNISHEY4/826275
second surface. The nethod is especially effective for
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ot:i for prot ec%_iFton of sensitive conponents, such as
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ngnempranes.  Articlessugh agpipesangd pi ing$, yyhich require good
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such as fusion bondi ng Mechani cal joints general .
reqppielcopRgtiopp petwieen layers, pipestandor othek bbiditamBiegpimihgetarticles

- ' ' .hut, .t h ar.e .not cos
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s widely utilized for sonme thernoplastics, for

Or@g}?ﬁm@l ‘%BqnsﬁB?l}/?ﬁ fsionboadinge pi pe and fittings.
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Pipgh dndngmbiessitre applizationsy butehet drahocant ainysctisiob vetchsipally

an elc,in iN c%m' uncti,on with an.interference fit
iy ag?%{o?f &3¢ (lame eEJ@HE ORRIFSHEC PSR SHSEABut priners or

cl e30BEAt ceRMNENETs WileRtutilRbE W isbM s
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Polgfgwm%idy pipgyanshfittingre Pipirallsolventitondipg upilizera savent-
bac P ek DR AR TS B bR & 6 P BRI st parege
systaml thah b@rtains @l dent(s) and resin in conjunction with an interference fit joint.
Solvent cements may be used without primers or cleaners, however joint integrity
may be compromised. However, interference fit joints limit the ability to accurately
lay out the pipe and fittings prior to cementing. Adhesive primers are widely used
with solvent-based cement systems for poly(vinylchloride) and chlorinated
poly(vinylchloride) piping systems to insure acceptable joint bonding. However,
primers release as much as 650 grams per liter of volatile organic compounds (VOCs)
into the environment. Moreover, the bonding strength can be inconsistent and
solvent-based systems do not work well with many thermoplastic pipes and fitting

materials, for example polyolefins.
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pol y(vi nyl chl ori de) piping systens to insure

acceptabl e joint bondi ng. However, priners rel ease as
waonels/ax0850 grans per liter of volatile organPCT/US2004/026275

compounds (VQOCs) into the environment. Moreover, the

bondizpirobting Setding a1k BichcaTabtt mg/% R ﬁ&krvl%?kht&‘ﬁi@d

systens do not work ermopl astic pipes
(PYK9 ahd polyelpiimat Ehe massor bbodlne yoﬁﬂqglpélepm the r@fﬁngs\n@mtry is
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oes not wo ated areas,
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pol ypropyl ene (surface energies fromi16 to 30
usgd @)r seam peihing die ol o Inyerblpaak inktellationerrowd dsflaskingepipes and

| h hat cl d. h
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codlPimitovd shinfe@rity) rdiRiSe pRhikY SR clRSiAeRTi08s Ad réRice

Havi ng an adhesi ve system such as that clai ned herein

labaaisoetsi Ape adhesiye gy steitod g inyentiop @ifiies Igh srengthn fepghness and

AGRES: DRboROR S, st R GRP by SRR} IpinktR do
mi1ﬁt®gh1ﬁt£§&1ch11ﬂcl<f le@ssi insthildtion in hemﬂlﬁ@bmfpdaercﬁ)ﬁag plies B npl e

ique joint integrity, mniml long term
COH%H ’l‘ff‘@ﬁgﬁ%‘@ and quick, easy installation in bonding

Si ”pA@co'E(ﬁﬁél'y NBeRlHa8 %eérpa FQUARL? é:gi'o@éjsfs k&Rt extensive, continuous
Accordi ngly, there has been or a process to

ecbmpnnceb;aed]strm Jommbatwmemmm,mpecm}ywoéyqleﬁtg articles

nt s ween, ther eci.al l efin
wigf|eF 385G AR i ahd DR b S BRECTGon iy ot prdbent
inGamMea TGNk tandeconom cal . The pr esent i nventi on
fulfills this need. The present invention discloses a

met hodh¢ presqud itpiepgomdiselpses ﬁaﬁ@ wafpir injniag fjspbstraiyhevaeea
ﬁlgfsu?ﬂcé)@ a%cc;h} &?Kéﬂgg 4 se&ondy @%s@%’%ﬂ{ ét%;lf'snc% the

an e ect XY
cu r(ﬁ) b:hp;alﬁd@ aﬁ effa:tnze rainmmnt ofencurablé héhekive sbmpuosifiaw & the first
t he subst t he Eecond surface of the object or to

Do CH 4G5 AR Ibser B HECORS SUHSEOF U bifizh Py Wewth surfaces,

wherein the adhesive comprises
(a) an effective amount of a organoborane amine complex initiator
and
(b) one or more monomers, oligomers, polymers or mixtures thereof
having olefinic unsaturation which is capable of polymerization by free
radical polymerization

and

(i)  contacting the first surface of the substrate with the second surface of

the object.
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(a) an effective anount of a organoborane am ne
conplex initiator and (b) one or nore nononers,
wohkigorens, pol yners or m xtures thereof havi ngCT/US2004/026275
ol efinic unsaturation which is capabl e of

pol yner i zatdie& ibolifent bﬁﬁieqj’i\ésemw&ﬁfohm RehANE réﬁaﬁr)a
contacting the first surface of the substrate with

neseQiondbting stlksitatep pbjeeteonibsteate/objetteint bating Paee mofe swfece

nvent i hod to repair a new or
mg&?i?ﬂﬁﬁmgu%%?rlsa?%%héggjpggf or substrate/object joint
havi) ngppdyifg aii effevtiee atHolACES d duratde Bnddr thveRktradhesive
conprising the steps of (i) applying an effective

amsempogtiontathe a'ﬂfaée@h & pRedofsensEy o1 BikpRais pgleh or both the
CONRQRIe tﬂeegsﬁg Qel:ﬁagean%% RAp&E %tch Nie&d 10f adh8RL Eom ése@

repal r pat e su ace needing repair a
t he reg8ian qifectvy aminent of a ofdaaobuthesanine complex dnisialoa)
an effective anmount of a organoborane ani ne conpl ex
initi af® and (b) one or nore nonomers, oligomners,

pol ynegs) Oéndrihéte @fonohREE efighas r}ﬂ)lﬁh@lfs loB hfixtures thereof
unsaturation which is capabl e of polynerization

free rhavisgpleficoymsatiuation svhichein gagablo ofinohherization gp dilee

pat ch in need of repair. Yet another
enbodi Eﬁl({ay@?ﬁ%ﬁh%‘:@&ent i nvention is a substrate

hawhttg a first surface bonded to an object having a

second. surface, wherein the first surface is bonded to
t héils e boRding arerak algnie hesuspredmesd obfpait of a

cur ab{égt S0heP EmbYRRAL bf t?g Ffeg%lﬁz?vceﬂﬂpﬁ R guﬁagtrat@’ﬁ%ﬁ 9 first

t he adhesive conpri ses: fective anount
or garfaizdroaded @ranmd)ed hyvieg a isen'ond atfaceantierety) the ﬂest (surface is

R NTTT TR T, E AN TR R T
polpyiRbhdsHd @ha¥itiohRhdraiithahdReivY dBipASsi on.
(a) an effective amount of a organoborane amine complex initiator
and
(b) one or more monomers, oligomers, polymers or mixtures thereof having
olefinic unsaturation which is capable of polymerization by free radical
polymerization. \
The organoborane amine complex initiator can be represented by the

formula

B—(R2 )3

wherein B represents Boron; and R? is separately in each occurrence a Cy.jgalkyl,
Cs.10 cycloalkyl, or two or more of R? may combine to form a cycloaliphatic ring.
Preferably R?is Cia alkyl, even more preferably C,.4 alkyl, and most preferably Cs.4
alkyl. Among preferred organoboranes are tri-ethyl borane, tri-isopropyl borane and
tri-n-butylborane.

The amine can be a primary amine; a secondary amine; a polyamine having

primary or secondary amines or both; ammonia; polyoxyalkylene amines; the reaction

-3-
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The organoborane am ne conplex initiator can be
represented by the formula B (R) 3 wherein B

_woeprsgganss Boron; and R is separately in eachPCT/US2004/026275

occurrence a alkyl, cycloalkyl, or two or nore of R2
prodict BPQ’HiaE;ﬁnﬁS ghd £8iRR 6 ORbbRLARdvind hBRtie S WRLR R With

R2 is Cl.4 alkyl, even nore preferabl’y C2-4 alkyl, and
anrppgine, prlefrein dli pa@®npreducyhas temoingl gmieé graupet aryl amines;

rganobor.anes are tri,-ethyl barane, tri-isopropyl .. .
el AHECS: P oORDRYA e RS Sipctis! bRy, aliphatic
heRirddIRISY hatinB @t ledst DRAE Sdvdadsty alttdiRn iR tHedleyasdydRc Hay whgrein

primary or secondary am nes_ or both; anmoni a;
the)betorogyelidapeneand mak also coplainy egcaringip edditienal gpcogdary or

1 . n es
e S o hO U LA P IBRN G, QRHI AP
heproditts;, aliaglit eompoalds having bgualfasthe aligyiclianing ese or more

Eeterocyliq am nes;. a conpound haying an am di ne
SuBTHHRNiY FONtIBBH38 FEHRe MQieh KIUHEatRS {aist Ot WL Hhetgotht

| east 1,008 ;8 QREAGHMirRddt LPERBréRnt PAGeltRheReMadsiw 1 Ng

wherei i the heterocyclic conpound may af so contain one
copposiios Tartltir comprises o cliadiveanaunt ef an wogyanate cogfeming

atons, oxygen ato sul f.ur ato r doubl e bon i n
corR U B R S bRy ra et 0 pB BT naB R becwating ethe
rifgl$pedlrigteedrbyclit RDiRE afd opiunall$ Il 2tiis ARDtRalgSthpatlé B
_an amine noiety; conjugated inmnes or a mxture,
initigting pelymenizgtian of n ¢ranpaung Gemtaing pterpenclis maietips; one or

| : : I : es
meR SR, o9EmB ATy OROR, dBRale b anfIORA S
maietigsainnit; backimne capableso fipohahgrivatior;enie or nae tormpdund, oligomer

ol ri zed, coppound havi.n i openi het erocycli c.
o bl YR PR PESHPF B AFPUPE0 fis hrk Doy wbichtapipts o Reppgich
with dxBbiddab nEstBR! f¥ARY drzalid Sdpable dfiBcHERNBAHA the organoborane

containing heterocyclic noieties; one or nore
angperpopléx; o migtures thereopr epol yner havi ng si | oxane

groups and. reactiye noieties, i.n its backhb apabl e

o poRy REPraEERA RbiCe B e REvale i RES PR BRER Bafoent
inPfipal WiEhbhas jbides tdgehene. ) @ofisg hiEnibrsnebR edcathignes joined

whi ch contain a _noiety which when exposed to noi sture

to pphgrain(cai arooipaniaErial). ecripesoed hegethes oblagaipe BEngs are

Pagﬁ@%lﬁm@%r tmr; pggéé{tlfﬁ\?eitiwer eof . Any substrate and

capable o Ing Joined are suitable for the
pr e ddambianes tichoss. robnh mandsanesicar domprist vaetou§ thegmoplastic

poli}s)n(%ef:rls,negs cg?cn ed a gge’, anr?g%rbaenrggdé f%nr;%?ends of such polymers.
Examples of such membranes are shown in WO 03/033585 (PCT/US02/27968) and in
WO 00/69965 (PCT/US00/13359).

Polyethylene is particularly suitable for use in the present invention,

preferably low density polyethylene (LDPE), linear low density polyethylene
(LLDPE), medium density polyethylene (MDPE), high density polyethylene (HDPE),
crossed-linked polyethylene (PEX). The polyethylene can be a homopolymer, a
copolymer with an alpha-olefin or a mixture thereof. Mixtures of polyethylene can
include a mixture of a Ziegler-Natta polymerized poyethylene and a metallocene
polyethylene, such as that disclosed in USP 5,844,045. Preferable alpha-olefins are
Cs5 to Cyp alpha-olefins, more preferably propylene, 1-butene, methyl-4-pentene, 1-

4.



10

15

20

25

30

to a substrate (e.g., a roofing material), or pipes

joined together or to pipe fittings are particularly
weubisantwesf or the present invention. MenbranespCsmwskooas26275

roofi ng menbranes, can conprise various thernoplastic

heik@he/ ABA $-0cBhed %ﬁflé&%@t{ﬁ&?n/dﬁﬂg pbf Hleiu%ecﬁgﬁﬁs ub&lth the
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prad:qsm sdleiﬁomprocesaesmlmm Ipﬁ)ohhses exad gasMhﬁﬁdeSrGSes@és Solutlon

G hant BT S o SR LG b Peiebies ISP £1076.308 7
diRP £ hé¥tRBReousy HatBed PRty RAL H§s§1qg h Pelé’fﬁ% }5?1‘%5(4 nfeRular

Preferabl e al pha-olefins are to C20 ns, nore

W@g@f@vﬁabu@mp@\@m)e estalyst systemefor st va,riouapplemea-monl - -

t / al pha-.ol ef i n/ di
o1 20t NORLEN Gy T NHERS) SRR it 1596
4,(The698, bukalsoitoRidb ¥ingRf sttt cadlysOtednoiiyMbuchhs ekt aReloséin
Ué?ﬁaﬁlﬂé which is effectively interpol éims“ zed with the

A2 4Ad S QOHRE2 rosstrHnedgeomstigieatalysy ioriraiesy). The
tecﬂﬁ'bp%‘y th?srl‘?o st& iPUSP 8IS @9% MO ehdiRo %@E@s&%r&%ﬂ%ﬁ W08

are wel known and T ncl'ude using vario
poylwltly}rima paritigonvarg olmo g 0EWD. | Tod exthilyg tévhgblopy eS BiSPe

s et Btes SaadiR i eRB BB G R rest d el sdstantialy

lino@! PV Ry IBAOGRS T8I %J&Ja Asrahdhdle B LOSAH 1 N1oHSRhai
14 01%66ly g}é argﬁsu?t% uUSI% 4, dg76 698 di scl os?egc am

branches begelr@@a gaibpns bahelbeavies ¥ ketiylaney MEDher
oS R CR PSR Bl T L RS P VR

5 (pﬂsqms @&mpmsl dfdlaa szibetghm1yl\1hiemapcq§émylmé cadn€fe TOOhDPBYISP
such as that shown in USP 4 but al so incl ude

s PSaice S aTS e 2ol S e bP g cﬂ%@nﬁ%ﬁsSfﬁWaPatents e
hefgbg%&y?g&afeﬁ by $Efernlé %ntg?%gy . t}?rh LB ef%g%i Oéogg{/{ﬁ}tl&?é {3€

catalyst tec
dlsetikzsedi ospehding USRAD]i6atonIepial Nembers] (/2022Gnhgebe eslporated
b nched |inear polyethylene having a very narrow MAD.
yfﬁ T®@4Pal yst technol ogy of USP

Lower viscosity polyethylene may preferably be employed, for example, for
injection molding. The melt flow rate (MFR) of the lower viscosity polyethylene
useful in the present invention is generally equal to or greater than 1 gram/10 minutes
(g/10 min.), preferably equal to or greater than 2 g/10 min., more preferably equal to
or greater than 5 g/10 min., and most preferably equal to or greater than 10 g/10 min.
The melt flow rate for lower viscosity polyethylene useful for the present invention is
generally equal to or less than 1000 g/10 min., preferably equal to or less than 500

g/10 min., and most preferably equal to or less than 50 g/10 min. Unless otherwise
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5, 064, 802, when used in a continuous polynerization

process, results in substantially |inear polyethyl ene
woOheosingosong chain branching | evel s of 0.01 - PBT/USE®4/026275

chain branches per 000 carbons, but also having a very

st184 A HMPkate RBlvek PSSR PEGES)s ks §3RbY3hd bechRabWNSTY

i n¢l udes that disclosed in USP
D328%8t UB8C afd anpbplieddbad 6. kﬁjbﬂ;(bgialhl(hg) y linear

pol yet hyl ene ¢ be found i 5,272,236; 5,278, 272;

and tgft%}é% N0, %lpefa{fscwwpe ey TSl E ARl

foREnRRE S8 bloRCRb RMA LRSI h%fa?ﬁg%}ﬁﬁeﬁtﬂﬁmbﬁe%e ER of the
entlrety A preferred pol yethyl ene is di scl ose

hlg@ﬁdfmgSlUS)QWhylcm ussfil Sethe @tresmwnmntm@/lszgez@veslmuehy or

op by ref ence. Wer Vi .Scosi .
e BORRRDRAL Ry FeBrEf ey RSl R b s Lppippere
préﬁfablly‘lbcﬁial thdSt dredteli theh 0.3kel oid., dndowest picgerbbll Ryudifio bhe
| ower viscosity p olyetﬂéﬁene useful. in the present

epfethen B 9/ 50 gemel bt mglt dqwapterad thy mgh@a@@psmmthylene
/ f t
SRR ) O U0y TSGR, B9l s
eqgaldatoetess ban 15g/¢0 bin minore prafetabip squapteedrdessithah @§@gdl0 thin.,
t th 1 t f
eoflont PR BB o lshra s gErir. Mot favert Gegi higher
v1bJé¥i%§‘PE9§‘dét§mSiﬁ&?5&Hd{n %éTMq) 9932%1%315905@ Al !ng Q%)l%/d]lgad

mn.,, preferably equal o or | ess than 500 g/1
Oﬂﬁkgrmst preferably equal to or |less than 50 g/ 10 m n.
te for, | ower

Unl t.h
ors SRy Rt AR Moy an hERonB StrRre P Siony These

fuﬂ&ﬁﬁmﬁiedl[ﬂ@yrﬁe@ Reclade Iﬁa@iclaaﬂydrmcgrme&polﬁowﬁﬁso BdrBHylic acid
(kg). Alternativel a_hi gher viscosity pol yethylene

fu &Dnﬂh@fdenoéﬂwrsmwgﬁwbybae/acfrmhc asid apd ethyfepe/msthparylic acid,
rq#nqgﬁn{aﬁg?ﬁer&? nol di ng and extrusion. The MR of
R T .

er viscosity polyethylene useful in the

pr e%pdlmepylemsulﬁbmmarsa lith thietpvahtidnds Wellgmeazheﬁ the
than 0.1 g/.10 mn preferably equal to or gr eat

litergpe embcagl/ lmrﬁwred byrspevipteghiinugst yn gepraal, s pekypropylenc is
1ngﬁee1§$t§flc Y(Hﬁ'p aﬁh(ﬁl / o]cl%r s’caﬁﬁgorﬂé%tseda fﬁlré{a?‘g)hé/ sﬁ?df@tja c or

to or greatér t 10 mn. The w’rate o
atadtie). T lggheoly miopplesé tlsy:drfmi tyeptfysbretnmvamseﬁ il proferabiyna f or

extr S|on i S, gene to.or Ies than 2 g/.10
b oIS O B LTI oF S QPO S8 TR gl fplock
coEiBFyﬁleB reffpReRadne &G%ﬁ'alﬁlﬁ-&éﬁﬂ PecFerbbig @, &r 0 @oOC%’J' g)ha-
nost preferably equal to or |ess t han
01‘i>ﬁfh Prferredfalpdw-alefins oeonshating @}mromlmdta}pha@mﬁn
cogglé/ﬁ{emcfﬁflgd 2&?1@&% Tgouie?le %&Mk@lﬂe%?e%e gt he;zglg)e gncﬁ] doc?ene The
alpha-olefin is present in the polypropylene of the present invention in an amount
equal to or less than 20 percent by mole, preferably equal to or less than 15 percent,
even more preferably equal to or less than 10 percent and most preferably equal to or
less than 5 percent by mole.
A preferred polypropylene is an isotactic polypropylene having a high degree
of crystallinity. A preferable method of determining the degree of crystallinity in
polypropylene is by differential scanning calorimetry (DSC). As defined herein, a

high degree of crystallinity, as determined by DSC, is at least 40 weight percent, more
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Simlarly, functionalized polyners can be bonded using
the invention. These functionalized pol ynmers include

~woabwsioa7mnhydri de grafted pol yol ef ns, car boxyl PCTas2a4/026275

functionalized polyners, such as ethylene/acrylic acid

p1ré‘f'éi;iab13}I MLRRSH %ﬁé}ﬁ‘faéﬁékﬁtce\%ﬁ'n‘i’ore ?fb@erhﬁl@%ma& Rl ghtfﬁeécent,

therefrom The pol ypropylene su le’for use in
evpn m@ preferplelywi ldasticdousightrpetdent dnidinaesh praferablycht demst dfeweight
kno ni.ques
R ORLS o inc VRl SRR BOTRER et PET e ot rgmlinion Gy the
pdiﬂfrﬁiﬁyl@r&"hs&ieﬁ@mh@dll@ﬁﬁsc filessak@ad Ruaby N0ttt Hefent,

atacti c The %? %doyl ene used for the present
prefeabl legnthpa Ob?@r yeig 1%%@% .pre(frragbn lossritbpyoreaqaal

to %@ %ﬂn@g{&éﬂﬁ bnd I‘rR)[s R kess""thguﬁl Bﬂ&ma fo 1) \leéh‘% peerc%llt

copo propy ene and an a efn1 pre
bagedon B4 weaigldlof thenpolfrrepdeneed al pha ol efins for

cons | ene an ha- ol ef m copo r

e habeletry et S decotniodr i aHERNe FOF Rk Bigose of
coaplingl- tﬁ@tﬁiﬁﬁ)roﬂ—ﬁ@n@ﬁ@tﬁcﬁh e 'asp&?ﬁﬁqgmna'l tohdpBund which is

polypropylene of the present invention in an anount

caE@hJalof tipsegfion e@gtwwamtcz@m]bem«hednogby brndse, Cprrenben@bhwng at

ess than cent .. even e
R el E8Tot ATROBEVCER R AT CFeBRE Bign bonds of
CIEI,q@HE draCI9f glo@pss bbﬂﬁdhpﬁatﬁkﬁzﬁr{deaﬁ}bmbﬂc lw|a€poly‘ind§ircﬁﬁﬁirafr@ geferred
pol ypropyl ene 1s an |sotact|c polypropglene havi ng

to megqm @& gPeRing aganisst Al PEisIE] compl Blge*F B @ pﬁb'(wé@nﬁlf azide),
m&%tﬁéfg} Jng bﬁﬂ?ulﬂﬁ&[ gﬁ%@er ena%[rlﬁ)tall ot n%?éuff@n 1|a21des useful for

pol'ypropyl ene i's orinetry
th¢ DSeEhtion\sre dlesérited 1111 aveia9/104a24hi ﬁfefdmglrmﬂy(&sﬁlfonyl azide)s include

tall b _is. at least 40
o S ittty 2P Bl 2ot Patens, BisiylRE b eido), 4.4
blﬂgﬁlf(ﬁm aZIQU)%IthHj?le4Pr’-ﬁ¥1ﬂiE1%h|eihe§b1s SifShylG2ides hﬂ(mns@ sulfonyl

percent, even nore preferdbly at |east” 64 weig
&p@ph@nd)nmﬁhan%@tdrpr@ﬁremmeyfat | east 68 wei ght percent

bas h h ro The. de e
o S B S e S
deb@‘nd@ﬁfon &eb@ﬁphﬁé‘@&nﬂiel@tvdaﬂnd 3013 a]v@fhg%@icﬁ@dulﬁ&ﬁdigiﬁbf the

eferably | ess than or equal to 90 me@%
pobgrerydens chpially) s dowerdhe wplegganveight hswplgafopylene the

méte. gﬁ[%ﬁnlgeé}’éﬂt HER3Ed. p%ﬁoﬁ&fq eMoﬁﬁﬁoﬁ%ﬁﬁltl%ag%ﬂ‘c@ antathol Qe

ent base e wei
suffadig toephilk meadefupe enieév stleﬂgthcfbryﬁormmgl pepeearidéordittingsy betdess

ol l.ene. For ur po f coupling,, th .
thfics UBrSBYER dinout (St ifeste FPP Gl ol tony! azide
fo@&ﬂ%ﬁﬂ@ ¢ uardd dr%ré‘a@&@ﬁ’in%@arﬂs ?‘éfeﬁm@ﬂ (ﬁ;ﬁﬁ‘)c bte@sabll RERal to

car bon- hydr ogen bonds. npounds havi
or greater than 75 ppm, more preferably equal to or greater than 100 ppm and most
preferably equal to or greater than 150 ppm by weight based on the weight of the
polypropylene. Formation of cross-linked polypropylene is to be avoided, therefore
the amount of bis (sulfonyl azide) is limited to equal to or less than 2000 ppm,
preferably equal to or less than 1500 ppm and more preferably equal to or less than
1300 ppm by weight based on the weight of the polypropylene.

Lower viscosity polypropylene may preferably be employed, for example, for
injection molding. The MFR of the lower viscosity polypropylene useful in the
present is generally equal to or greater than 1 g/10 min., preferably equal to or greater
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| east two functional groups capable of insertion into

t he carbon- hydrogen bonds of CH, or CH3 groups, both
wabighatios and aromatic, of a pol yner chai n ar 8CT/US2004/026275

referred to herein as coupling agents. A preferred

tha@YR/1 1'Or}ﬁl[na 980mds gfélft%}gl!r)]% Qﬁﬁ'&h ftcg g%/ é.re%élia %‘pg% g (S) E@;o%m. The melt

preferably a bis(
ﬂcpm) raté ﬁulth@}wmr azspds;sf)pqlmcbpmerfeomeﬁlhhemim\fenmj auion mmldmg is

eSS e o Prle B30 20 Llymiy, el b RO R S B 10

m#h., Zmd 30t PRIEGASLY l@q&&l%‘ bf REVtha@35 gﬂb m#h, 4less otherwise stated,
b|s(sulfonyl a2|do bi phenyl, 4,4 phenyl et her

mplt §owiktednipolspronriEnersdletsmined §g¢drdmg to ASTM D 1238 at 230°C
zi do and m xtures thereof. One skilled
alﬁ% antall?gfqeacr%l) éng%\ggtkﬁat an effective anount of coupling
ageniltérBattene ek vﬁ%iﬂ?%o%ﬁfﬁg’ldﬁ@ n@@ﬁﬁéfeﬁ@ﬂﬁ% 8HpRYE, for

t he_average nol ecul ar. wei ght o

t he ypropyl ene.
ewwﬂec fryjow mpddingypofationgl m@d@@@m ﬁxméilght Tl 1%;Icﬂi?eof the higher
Vlg(%]@iéfg ??lgé}ogggne EEE?FHH% géé?l inrxllgn tgeﬁb?ﬁgggqhutam or greater

unt coupl I'ng agen |s an a
thaw0fligt1 (emin. § prefeeahlly bquah tcaatemeradrehared.p gbllrairgtdndfrosst

et Pk rraben b sbiapiny Themel v eRs ot dechisker
v1§gosi@§9b6ﬂ§'?ﬂéb§fféﬁ¥ bsedgl Igz?ém ﬁs%en@ﬁﬂ? Ehﬁﬂ tb 8r l%géjt"ﬁlcm 19 gﬁr() min.,

greater parts per mllion (ppm, prefera
prefgeably eqvabto qyrlesstthan § E/giﬁ nyis., ppdrmostyrefepblf @[tabtcyorelepsahan
éﬁo%‘h greater than 100 ppm and nost preferably equal
O Or greater than 150 ppnmby wei ght based on the

wei dhife athedihefapgoiningahy bibsgate bad thetobpet 6f the Hesent ihvdeidn
% ypropylene_ is to be avoided, therefore the anmount
Caa ef3iQnie PATHCPEARA comRagEion;os atvabaE quipblesgumositign @ those s

09n BPHe P g g@f@rvacﬁlg 1A c&ﬁ ud %ﬁhémgggﬁ

ppn1an more pref equal fo o ess t
ef&ytweargmm lofis sthbdized bezanehginte amfiing bemplek yrntiatoy hehe.

vts7ble T am BRSTB PR B SEiP B R Pl FymP#Rn R par

ancécffet:fi‘*?e :Lrﬁéi@ft of 'a%ﬁﬂ%ﬁiz%& oRRhYREARNEAE coaflel initiftob Qt‘fd 1n
present is generally equal to or greater than 1 g/

angther patpp pplymenizgble qnemomen  Jchgudbest eastabakn@vginitbe mt,rsee USsP
R e TR

5 @m 198: 652l an8; 5168f.910; 5%86!%41‘9718@7!76&1799657@,686&441 &nd
enerall e uaI to or less than

Brefaaibys SeaiNaio0usesds A Re R0 bPaH A shd 10437440,
t
vt R
cyplohikyt bapwhe Nerefesaldy seshrboned cacesroddnty the foxBiilA D 1238
at 230 C and an applied |load of 2.16 kg.

B )3

wherein B represents Boron; and R? is separately in each occurrence a Cj.19 alkyl,
C3.10 cycloalkyl, or two or more of R* may combine to form a cycloaliphatic ring.
Preferably R is C,.4 alkyl, even more preferably C,.4 alkyl, and most preferably Cs4
alkyl. Among preferred organoboranes are tri-ethyl borane, tri-isopropyl borane and

tri-n-butylborane.
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Al ternatively, higher viscosity pol ypropyl ene may
preferably be enpl oyed, for exanple, for bl ow nolding,

woab@toiznal nol di ng and extrusi on. The MFR of PO®/US2004/026275
hi gher viscosity pol ypropyl ene useful in the present

l nv eI‘He' DRinksSusee 'ﬂ@é(ﬁhﬂ)])éx 8RURbadoBofhe Géﬁﬁélﬁ{d éahfbe aQy affirde or
preferably equa to or greater t .

mmtlﬁe of amineppdichoaniexnthe ybrg@qgmram%amlrwlgpb a@rebe d¢mmp®e>®d
it
ol g 16U g A

in Iaﬁamlmdﬁaga@bbfhrm complepr aah e abllculaedlfﬁim thm dmérgy&ﬁﬁ“eﬁehw
to or less than

509/1 in,, d nost preferably egua
beiW%ﬂfge fr]?WS 2pisbasg ﬁ%@?@é apd the syphphigetaies of iheisplated Lavds
actd@ %ﬁb@&%né)fana REsPAERIR inb WY §8bindh %ﬁ@rlg?e The Wte B@%attlve
curabl e conposition or a two part ¢ Grab conposi tion
th@blrﬂhlg%eltgefﬁh%mamestkbi@m dompldze art. A one part

t ffect t
"Prebet ATBES G BB REe R At PO D AT
haanfg pRinRRY YIRIcoAERY amifR @ B6th; éinfri&ﬁw??éltyoﬁsﬁﬂl‘l@ﬁéﬁéeammes the

onposition will conprise in one part an effective
re%ﬁﬁa@a oyt of asdiaminG and ¢ dfugatiensbeemeovadihasingongirtiss which
I n
redgh oo RO Do R SE R B PR oS R
anfinds) ﬁ¢@%y116alﬁﬁﬁ&kbmpﬁ>nﬁdﬂ1a83@ ananddine 646¢tutal DSAPONEDL;

5 6%%1 780; ze? 91, 065; 5, 616, 798 5,621, 143 5, 681, 910;
alighgicgiessracyciss favigg Al legstpgs seappdany nfpegenn tefitprogyolic ring
wH¥REh 't%étéi‘ﬂ@yoﬁ% lcbpotiRPmaf Asd 86RAZik ond O AbeO 2 Ritional

10/ 095326; dand 10/ 377440.” The or ganoborane used In the

seandBtycor thrsiary nltrpaetn@bmbmxag@ atommu&hk grtlomsy«m ctmablqidonds in
e e A B B RAE0D B I8 or o
sub&fradntd &Hn}lalmﬁg @ﬁ@lﬁllﬁ&l@lufefﬁ REE ugatéd K‘Mhes SYLin@ahie\there sl

two or nore of conbine to forma cycloaliphatic

rin dWOﬁiﬁvéeff@nr%qtrynm anessel@m@ frometlie growmr & apHeesdrayizigan
an%n? s@hé{t\\éllal C(gg}gm%&? tah ARG ?&&&c@ R;‘/'Ylﬁ% g‘ér/lgﬁsééﬂg Bfro gen in

preferre ranes are
th¢ héterosygicaimg witreiarke Meirotydhc mohmbwcbmaﬁ aBo thetamonees
used to conpl ex the or orane C an be any
MGRTHOEGR AR GRLETAICTT, ABLTARER OF 33%%5 an the heterdoycle;

ancaulgmfa%ﬁ@ean@mwglb&mdqa% dgdaga%ﬁdu ffiqﬁviﬁ%% £XRORREty

to a deconpl exi ng agent. The irability o he use
Wlmfrela t@ al@mclmqm@qund arayahai e e Sanogd SaistiteEntwhishshe xomain one
culated fromthe ene

or ByF B oBed omMrEaBER W REbRs f 5P BrBBorai e
anlifé valiielel in f\ditfon to a primary amine have one or more hydrogen bond
accepting groups of an ether, polyether, thioether or halogen wherein there is an
alkylene chain of at least two carbon atoms between the primary amine and the
hydrogen bond accepting group, and conjugated imines. For example, the complex of

the organoborane and the primary amine corresponds to the formula
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15

acid (organoborane) and base (am ne) known as bi ndi ng
energy. The nore negative the binding energy the nore

werealsioa7wbhe conpl ex. Preferred am nes include pCTmSeop4/026275

am nes; secondary am nes; pol yam nes having primary or
secondary am nes or both; anmoni a; pol yoxyal kyl ene
am nes; the reaction product of a diamne and a
di f uncti onal und havi {i react with
an am ne, gﬁg%ggt he reab:\ﬁ%c(g%p%o_&(e @{Vﬂzﬁ— Zr m nal
am ne groups; aryl am nes; heterocylic am nes;
conpounds havi ng an anidine structural conponent;
th@bigRheHordnel1Rt26RUE h@dsne Wik rresSARl tOR foeaadary
nitrogen in the heterocyclic ring wherein the
het er ocyclic conmpound may al so contain one or nore
addi tional secondary or tertia i trogen atons,
oxygen atoms, sul fur atons, Quil e bonds in the
het er ocycl e; allg oJaaels bavi ng bound to the
alicyclic ring nor e/§ fflent;s contai ning an
am ne noi ety; conjugatedégﬁi spgPya m xture thereof.
Most preferred am nes are sel ected¥romthe group of
am nes having an am dine structural conponent;
al i phatic heterocycles having at | east one nitrogen in
the heterocyclic ring wherein the heterocyclic
the GiFRACHEaNTRYNi@ing QoMmPIEkdoitesidRdPlo tHB F&mitld r 0gen at ons,
oxygen atons, sulfur atons, or double bonds in the
het erocycle; an alicyclic conpound havi ng bound to the
ring a substituent having an am ne noiety wherein the
alicyclic conpound may ha$e a substituent which
can contain one or nore nPbLogegﬁ xAfgen or sul fur
atoms and/or one or two doubfe bonds; primary anines
which in addition to a pri mafly am ne have one or nore
hydr ogen bond qfﬁ g arou of an ether, polyether,
thi oether or ha mhereln Nefe is an alkylene
chain of at |east tmo carbon atBns between the primary
am ne and the hydrogen bond accepti ng group, and
conjugated i m nes. For exanple, the conplex of the
theyprg sngrenjageted freingcomalex canespondstortbs fommida t o t he
formul aNH (CH t he organoborane heterocyclic am ne
conpl ex corresponds to the fornmula the organoborane
anm di ne conplex corresponds to the fornula - R the
or ganobor conj ugat e |n1 ec ex c rresponds to
the fornul ég B<——NR @ @ &55; 9 ;

and the amine substituted alicyclic compound complex corresponds to the formula

2
®%);—B <——NR>), —(Cl— —{(CHp)py—
R? 3) R3

wherein

-10-
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-NR 7= CR9- - CR:CR Y and the am ne substituted

alicyclic conpound conpl ex corresponds to the fornul a
WOR0Q5/478B5N(R*) (CH ) whereinB is boron; Rl i SPCT/US2004/026275

separately in each occurrence hydrogen, a al kyl or
B §sokn;cycl oal kyl; R is separately in each occurrence a

aI kyl,” C3-10 cycl oal kyl or twoor nore of may conbine to
Rig ISmaaat@lyon oahi q@hmﬂ:m;e thiydig get, rauCit 19 akey] 623Cai15 cpodqrdkyds el y

3.0 each occurrence h By
R o eF s E e R i 5 5w o HEa gt ppra g R
madi@slsing tafoanla d?éloaﬁ maafngts&wturm each OCCU”enCG

fiydrogen, al kyl, cycloal kyl, 6-1 lor C-lo al karyl;
RHS SeRATAELY 47 eachsayrEense )thilngéla@rClac é%vh éncecyRlpaliale forms a

doﬂbi@ﬂomd%ﬂéﬁ@é’ﬂk‘o&{ Ky éc}JaceM Kol Wherein R7 is

separa ely 1 n each occurrence ydrogen al kyl, C3-10
R" ay sépmadtédylm eachtosouroencathyérogén, RS, o ﬂﬁyla@ﬂm%?clbﬁllkﬁh Ys.10aryl or
?tlon can conbine to forma ring structure whi c?;
Cﬁd& ffdba single ring or a multiple ring structure and

RBAE RF bRGepirhidBil i eBelfSdbut Bl RIS, @{ ﬁgﬁ(ﬁrf @} cycloalkyl

ni trogen xygen or unsat uratiion i n

N& hueherein: Rg s $Qpanatedbepwemh otéurrenpe balrbgeng Cuwadiqdeca 10

RN LA N A AT R

ringtstiuCtud Whichlca®Bbea @ihgm}*h% &fa HALIpR i OdticAiré AftPthe rin
g
structure with Y provided the ring structure is

STRgHFUaBHUd Qe o @agse of nitipgeh O XsBUIaIsHTtion in He ring
strh fbe nitrogen; R10 is separately in each occurrence
C3-10 cycloalkylor - (C(R) -W Wis separately

R’ |m 1miap¢nden1r]:5um<ﬂnlm ecduyetncgleydrogenk ¢ oailkyXor K3 oyCisalkyl, Y,

2R, 75t DEEBERSSR e S s, r

onbat RBENOOR° SR f@frﬁﬁ'rﬁ@%tﬂétﬁ%ﬂﬁ‘ 0{7195&%GQI Vb rd 519
with R7 or R9; Zis sibggrate y |n each occurrence

comgeen waih resprIo the doy @mdalféﬂlqnmme piogelyccur rence an
am 1tg 10, par a

R ARy R SRR AR v,
W adiskpbrately in each occurrence hydrogen, Cy.19 alkyl or X;
X is OR! SR%or a halogen;
Y is independently in each occurrence hydrogen, SR?, N(R*),, ORY, C(O)OR4, a
halogen or an alkylene group which forms a cyclic ring with R’ or R®;
Z is separately in each occurrence oxygen or -NR*;
a is separately in each occurrence an integer of from 1 to 10;
b is separately in each occurrence 0 or 1, with the proviso that the sum of a and b
should be from 2 to 10;
c is separately in each occurrence an integer of from 1 to 10;
d is separately in each occurrence an integer of 1 to 4;
X is separately in each occurrence an integer of 1 to 10, with the proviso that the total
of all occurrences of x is from 2 to 10; and
y is separately in each occurrence 0 or 1.
In another preferred embodiment the amine further contains siloxane, that is

an amino siloxane. Any compound with both amine and siloxane units wherein the
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should be from2 to 10; c is separately in each

occurrence an integer of from1l to 10; d is separately
wonowsaetnosccurrence an integer of 1 to 4; X i SPCT/US2004/026275

separately in each occurrence an integer of 1 to 10,

an¥th¢ ha§ REAALA PirkEn Og Bge:r]%?ﬁ DeqdsOhida Heteua%elfore GRHN the Bpgedﬁoeérane

Xxis from2 to 1 I's separately in each
maycloemsedn Pecferably the $llpxan@tmmty pmlépm‘eﬂilse:mwlﬁmmo ptttieipate

. ine furth ai ns si oxa t hat

in B et n SR R e ioriate et 2n B0k abhe

silurdriesconta@iing mohb@en] slézdass, aufl ok Ebl@ﬁfershiaﬂ(ﬂie ragly @8@be¥nd
as descri bed herei nbefore with the organoborane, may

wiyeh gentains sitigpns: diseiprabhisthe isiloxann éomp@tckhamrq:acﬂﬁ@ fyrictionality.
Pr&fakau&l%ga%%ﬁc&ogam% lhaw@ﬁﬁrfd@,d@%gmpgmaﬁem 43&&0&

oxane NDNOMErs
and |hbfdpod1ylz€abke0mlaﬁ1¢s| that hydnﬁ:ymrts formd & glml moiedydTky adhesive

ners can. be an ch _contai.n i cone.
coBt BRAER, R T AGT LR Ns PRALRFRASDh phthe ohe of more
cofﬂ-ﬂ)ﬁﬁﬁdlso Bﬁéérﬁé&s oP) ﬁl%F@l?fﬁﬁksehd'v?r%q éllbﬁaﬁé%hb&fé%ﬂtrb&%ve

i ncl udeé m c unsaturation ydroxyl, and
InMyU@HMyddbbépﬁﬁﬁ@ﬂl%smthat hydrol yze to forma silano

cat dr¥eres SR E R R R AT o et o b Bty o °
conmpounds, ol igoners or prepolyners havi ng a S|onane
backbone and reactive i eties gapabl e of

pol )@F)ﬁﬂ%ﬁf |Wﬁ2(cﬁﬁbf(€ﬂ?\eh)aa$ﬁ(ﬂ& s(@bkanes are
represented by one of the fornmulas: (R) -B NH (CH)

-(C(R) )-Si-((R()Q )-or () B(RVSO(SSOQR1n-
ori -C wherein B represents Boron; R2 is separately in
each occurrence al kyl, cycloal kyl, or two or nore of
R2 may conbine to faorma cycloaliphatic ring; Qis a
hydr ol yzabl e nnietyQpRll i s indegendently in each
occurrence hydrogen, aIkyI al koky, al kenyl, al kyl

A 798 £OLICXRONCSIOSIAIR DEIHRIG(CR WO - (IR 4)

-NH with VISO

wherein

B represents Boron;

R%is separately in each occurrence C;.jg alkyl,

Cs.10 cycloalkyl, or two or more of R may combine to form a cycloaliphatic ring;

Q is a hydrolyzable moiety;

R s independently in each occurrence hydrogen, alkyl, alkoxy, alkenyl, alkyl amino
or corresponds to the formula ((CR*H)0),-(NR*) -(CH,)o-NH, with the proviso that
at least (R'')’ is a primary amine leave this as is;

R* is independently in each occurrence hydrogen, alkyl, aryl, alkoxy, and may further
contain one or more primary, secondary or tertiary amines;

R" is separately in each occurrence hydrogen or alkyl;

R*is hydrogen, Cj.jo alkyl, C ¢.10 aryl or C7.jp alkaryl,;

a is a number of form 1 to 10;

b is a number of from 0 to 1;

-12-



10

15

20

25

30

at least (R)' is a primary amne |eave this as is;

R12 is independently in each occurrence hydrogen,
wabkbosloi7msyl , al koxy, and may further contain BA®/US2004/026275

nore primary, secondary or tertiary amnes; Rl4 is

SERPRALSY Ih dallh BEGRrAECH W C@E{Bé I kyl; R4 is

m'hy%?ogeni,]. alakyl, CGG- 10 orgiéa argl{)?qgﬂiggéag&hunber of

P 18 gepardtekydn each gecimencequmvpdrer of fromanto®;to ; mi s
Sseparatel.y inp each occurrence. a ol,e ,nunber of 1. or

a 3SR i ndh BT RE M PRG e 100 e SeRETR Bt afistind o

onGdach sidigdbd atom i8:3; g 1S separately in each occurrence an
integer from1l to 2 wherein the sumof p and q on each

n i§ sepaEPplydn gash eccurrenceiag infegriohtdp ¢09:n each occurrence
ialked il ateky in each

Olggec%a?%tgﬁgg e%%l cfﬁﬁ%l@gﬁ%@%gﬁﬁfé%g%éﬁ?%ﬁhr IS separately

1 i§ sepastdly aceachoeaueenae an itteggeof Dbr 2. or 4. Pol yneri zabl e

co nds.whj ch ma e used in the, adhesj.ve, ..
comgureileGomPR b ERE Py be e Adba PR GA@pesitions of

thinveRTBH BcluB® by RbRorRErs NBLEoHRS pb AR Mg @RRLAWRIch
ol ef m ¢ unsaturation which can polymerize by free

contaty} @lafinigansarertiomwhish caspelymsoiapby fids ratical pelymekiaativn.
SR IBRE UL LEE 0 e R L

3,27606141 Amengprefeiridtl ¢ladss f U aboeills @bRaiMpOdTEfiSic unsaturation
ol i goners,  polynmers and m xtures thereof derived from

arg MEnerars;| eligoacsh gohgtarnendnatess BistrobAerived frsm éhe acrylates
Rt AR o AR b ekt U R SHARe o
silearerbaeltbope efid comdainmgragtydate fantons midetios] dhe nostpeincts
R b e T T —
hy@rokgétaoKace1am] 4 ﬁydrmkfemﬂ a@{]ﬁaﬁé,@n@ﬁb&sfemm&yiate@t her

acrylate, 2,2,2 trifluorethyl acryl ate,
ethydaneglyeelmeslod gther acrylate, ﬁl%vﬁhl@re}ﬁsdtaerylate, methylmethacrylate,

I |.SO | pethacr.yl at e,
UL ARY SRR R e RPN RIS
teteshgtolietylyhmethutiykid) agd yydslexyinetbylfRlaoitds.nent s t he

adhesi ve caonpositiogns of the invention may further

comprPEY Epodimett thyedbsrbirromprsitioaneiybe iyentien mpy further
cofn?ﬁgé Ay BB aABuABFA% oftfpoftid 3t 1sirOREFE Kith M amine so as to

or ganoborane so as to inrtirate polynerizati onant a
libehraisotnp loegannigoraigestt Js.to initiate polymerization (a decomplexing agent).
The amine reactive compound liberates organoborane by reacting with the amine,
thereby removing the organoborane from chemical attachment with the amine.
Desirable amine reactive compounds are those materials that can readily form
reaction products with amines at or below and more preferably at room temperature,
20°C to 22°C, so as to provide a composition that can be generally easily used and
cured under ambient conditions. General classes of such compounds include acids,
aldehydes, isocyanates, acid chlorides, sulphonyl chlorides, mixtures thereof. In one

embodiment preferred amine reactive compounds are acids. Both Bronstead and

Lewis acids may be used. Pocius, US Patent Number 5,718,977 describes the
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The ami ne reactive conpound |i berates organoborane by

reacting wwth the am ne, thereby renoving the
wonrganetos ane from chem cal attachnent with thecamSzm4/026275

Desirabl e am ne reactive conpounds are those materials

r 0] t

préf3fthd B cLRRBldk ot QU SRR, P B O bRt BrBTa0asR
actydicZe{d arskmaﬁadrsahqoamd/l de a conposition that can be

generally easily used and cured under anbient

condintanother profiied @inbolmsae theaidhssiedcampisiions o1 the@reidat
. aci ds, al dehydes, isgcyanates, acid chlorides,
mgqntl@ﬁéwlper@ﬁmaﬁ%@gef e AnEUNtaf @p dspeyanaif eoagaining compound

o R e L R AN B Jrate the
orPowmbuosne bfd Reingiate palydnerizaBipid.1 The i(ﬂnmbetsmtlvb @smpound liberates
the referred acid ounds, at .colum 9 to 15.
e bisrerchie SabaEy GUier Ry rhiag i axfgpobotate Foin
dﬁﬁﬁ&@ﬁﬁ&%h&nﬁ@nﬂﬂxhﬁmﬁ@OTﬂﬁﬁoQﬁ@ﬁ@&bﬁ@uﬁﬂ?&ﬁm&ﬁﬁhskﬁ&
adhesi ve conpositions of the present invention further
witlothsranziae preset i theicompasibomto grmalnlrﬁss velyaregtas

po‘fﬁl%tﬁal!?é/&t%a %ﬁe@@o l’nge a%] eq(gg g 'E? s% é?lgteac%gpaﬁamé Q@%P&fhd is

reactive w exe SO as

ustdlditie gane fes aﬁmeamplresem inihe |r@duﬁ1r;gqirwmjt | Baeliminatihgehe
am ne reactiyve corrpound | i berate 151 or ganobor ane b%(
Preseaes phigesimine theaplagticrang ingeeieefythe ampgiihgreyeged. Further the

m%%aézgg%gﬁ&séﬂt gﬂhﬁ,@@mh% @leat%élétﬁﬁegw hé’\fetsﬁuﬁ?ﬁrotﬂﬁbetne

ate tai ni ng conpounds react
am riEhepisesyandte k:mtmlnmgommgmsnd (ibnsedd ceirnlvenara/ israyanate

ur, hane/ rea phase. excess of
cobGasbl iR Bl T B S fRa R omPle BERET R,
isédy8fata ﬁﬁolyﬁo@faﬁﬁe Rhvih g nbﬁ%aﬂl?&lﬂrtgréwerﬁédb%&&e mBi/etles per
ellimnating the presence of free amne

cogippynd.c Isppyeglaterqgampu@ds uspi] arel digelosed it HSB rwa, 19y Arpeiig
m&‘éjo é{f{eﬁ%‘d %rocfa%?%%foﬁt%ﬁ\ﬁ%?é&ﬂ odndR LRV %ﬁ:hé}ﬁ: Wedbns of

ance resu product’. e | socyanate
meé@nleas ﬂiéjhgl%}d@ﬁmnyad ﬁhtf |1§ophsnﬁh)s déisstybeatehexamethylenat e
.compound that deconpl exes the organoborane
disprsate; tobrae dHanoyynain ésq%%g)ralﬁa?sgw%w@nﬁmﬁ nge%ﬁﬁ?»e
teﬂ?éﬁétﬂglxg}gmdﬂ%clyé(na@e or greater isocyanate noieties per

conmpound.” I socyanat e conpounds useful are disclosed in
USP Befrahly gie. anfounhgf wrox er ]pnlygtﬂrea p@dentgmd;eanaﬂtmg polymerized

PR3 S RO B A5 S e Bl SRR st anc
mQétlpiaﬁﬁaenatseperw anBlehit. PasfefblySe Yabahef pbglub@qﬁesem in

di i socyanate, isonmers or bis isocyanatonethyl
the yeshbingnahencrized praduetis 59 pﬁsﬂpn@rul%clyamréferably 45 percent or

less and most preferably 40 percent or less. Percent urea means the percent by weight
of the urea/urethane phase in the final product. This can be generally determined by
adding the weight of the isocyanate and amine (and any other isocyanate reactive
compounds present) and dividing this sum by the total weight of the ingredients.

In another embodiment the adhesive is a two part curable adhesive comprising
a first part comprising a polymerizable compound capable of free radical
polymerization and a second part comprising the organoborane amine complex and

one or more unpolymerized or partially polymerized compounds having ring opening
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Preferably the anmpbunt of urea or polyurea present in
the resulting polynerized product is 5 percent by
woeb@ht7oos greater, nore preferably percent or PQraaR®n/026275
and nost preferably percent or greater. Preferably the
hefBMRLic RloiRRLY H £areRirRAMboknd A 8hd ﬁ%‘é&ﬁe‘nﬁ% polymerization of
pol yneri zed product is 50 percent or ss, nore
hepsredyelia boppaBidp és indiateddry dostasting thertetroqych¢ eorapdyndd Qvith a
rcent Q0 s...Percent urea neans the percent by
LRk G Caflvph ol e R sl B8 RUREPR. PR RGP o
impiisgible! In 4 Piefereaineniibdgaadrtnd polysetigbe atbditicaddhdises two

the wei ght of the isocyanate and ami ne (and any. ot her
phasssconsizped ?%@EFPV‘@%WH%EO%F’@%%WOWI%ﬁW? Bendg and a

LAY BET P ee ! s Glod R f AN Bl 1o
cusdivesipoeitioospf ths imgntorf prefiralgpconteimrtpoirsgings that in many cases

I | le co dc ble of .free radica
an S aFP D i SHTA R OHCSBBNAE i (B EPiigtahases or ar
intefRARRNAREVARE Bt dTHERNt ﬁ(ﬂ?m@ﬁ.e T t#B rébions can be
unpol yneri zed or partially polynerized conpounds

chpmigaHy) bendagl to pan prihestibthe epaippsitim instudes a crasslinking
Cog{p%ﬁg{red enbodi nent the ring opening polynerization

0 et'erocyclic conpounds is initiated by contacting

t he Trt@hgoyad tentginigaRtSomiclib riag lopiifig awidy cat bd Hst .

The twg, portions can be miscible, partially mscible.
MRAON}HPLEIIT OF PleROIYMSF eIniRinENG ahaRIarYAkiataifiy capable of ring

: e ! .
BB OR AT T S Ay Wy
nitpdgehi oxygeh onsigfuayatitia ngegem dndvbkygen peing meefezedattloxygen

rin pend ng, reacti.on  of het erocyclic iety. .The
befg B e BIBC (Bt LEHEFVET MOIETH I DRIy dHiEai n
Préféfred BeleRRGclidBbictisl AFBBYir&RSAY a2 RliMOhotisS WithexitaRe

some enbodi ments the two regions are separate phases

mejetieprheingnmestpesfamedat Fxrginien siotrls oxirane woniginingmatsrials are
ARl A B ARy B B SORAE
glyidyletiad polf’&(;ﬁeﬁ}d@}&ﬂdhﬂeth@ﬂtc&fdﬂﬂ&@ieﬁy«{t@l mlg@iedyic ring
0 moi.ety can he any nononer, oliganer, or
glﬁ%ﬁéﬂ%ﬁa—dw PRTHA eaar?ﬁev@} %wrpeaq?gxlgkyyldah?}am &%t
otler 3% cRR% %J&Qﬁeﬁ%gﬁ%&&ifab@ gbhi@fhing GRSt €r 0atomin the
heterocyclic noiety is preferably nitrogen, oxygen or

tetsagil¥aidty Imgihiytennartiting gly catydetoorygethifiedpoly(dpnethgisilexhna) dnd

bej f d., Preferably .t .
an, OHR DT B e P ETG & siblBtine : AgtidBectrappdherein is
refRf t81aQRME Inhin BERd Blih EBavdiLa AtlobaNF AP GingZ BkhfpRE of useful

nojeties, with oxirane noi eties being nost preferred.

azibdipgptoatnining smedeculpgiareimenctiodelaropang trisht-methalld - ar e
aziridinepropionate], pentaerythritol tris[3-(1-aziridinyl)propionate], 2,4,6-Tris-

aziridin-1-yl-(1,3,5)triazine, 2,3 diphenylaziridine, and 1-butyrylaziridine.

The adhesive compositions of the present invention may comprise one or more
compounds, oligomers or prepolymers having a siloxane backbone and reactive
moieties capable of polymerization and optionally a catalyst for the polymerization of
the one or more compounds, oligomers or prepolymers having a siloxane backbone

and reactive moieties capable of polymerization.
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di gl yci dyl et her of bi sphenol A tris
2- 3- epoxypropyl i socyanurate, tetraphenyl ol et hane

waqbyasiodydoet her, pol y(phenyl PCT/US2004/026275

gl yci dyl et her - co-f or mal dehyde), pol y(phenyl

gl ycAithahRE/, urudb GV R t@fk&.’ invention i

trimet hyl oprB{)par]e tri g% yc?%y est%ﬁgﬂl,qugsfntoltnﬁeer}tmn 1saone
pagjlopuipdyitiomoadinprigitg am drganebararexintian eoroplekaone axgnore of

material. tetraglycidyl nethyl eneaniline i.dyl et her
m AR QEpORy PRE O S TERERE adon Shns Yapable ot
polinyéizdiibn BY hee rad&ia]lﬁd)l@fﬁileriﬁﬁ_kﬁﬁ a] a BdrSdudlwiBen R siloxane
Aziridine, as used herein, is refers to a three
eronnie e agkbage Ml sanipine smpietyehichvhenexpesed to meisipres
rel@fsel SE %&ﬂd c?}gdb'ié Gt o mPIRk et IR R MG AL fomplex. This
trinmet hyl ol ‘propane
cotposifidn vt bypolymetizdddiynaposing drajboaiposifien tegmaisplidricol
o G AT L o G L
theloMthobo¥aRZntihdlbdiBpled REdiRAREIAY 8né Hfﬁﬁ)é%ﬁgél fiz&{ont he
preésent invention nmay conprise one or re conmpounds,
ol i r ' '
and T aee o S e b BB e MRS PR and
reagfivé owadtley capablet &l ppdtmdrimatioin esefiall iy ihes inzahtic@ninofudé hey

one o re conmpounds, oliganers or prepol rs. havin
oG QLR B G Rt PlsiRg SoxeB BREGS e backbanasnd
wHICH NaVR Tk ik %fbuﬁ's Glidhalah Y8ly¥nerfzB enddhesioNis it Al ©

for use in the present invention is a one part

copditipas | Qligmne eapedddiengin areans g favo ilsntafidblachenscd omps dixked
[ £ NOREr S»: Ol I goner s.,or pnol.yners havjn

oGty ol el OV et SUEBR et G e X shall ol
hapiak ABra fat i, foy idstadee b dtheatrinid] wieheZat pefiman Ve is

compound whi ch. has. sj | oxane %oups inits backbone and
ushiRtiaich & enaitht Yasigiden iiahnchenpen saity of mweligompr er polymer

. | a) . .

e ARRE o 1R AR find br SRANTRLCHEAR O he oliggmer or
polyotey nedérived. Biepekypuws inregns bempgmmds batingseverl basio giehtfiatde

noi st ur. nder conditions such that rt deco ses to
chBioR] U AP S the bR, e i s Shcamavingl s have
rede Q0P bXips FhibhSASHARE 6BpAids kdfikihal RaROILY PRLligati on.

The conpounds, ol g}ggésr S or prepolyners having a
prepol et a Busiiroraobaerp badng verymsi rembses efdyaislidengifiable

] [ O ly i his_ inventi i-ncl ude a
chBRATRIG T HADITE 4t il Sl G OMERRO IR o A5 g e
havinp tasilbxarehackiaak peass Racinwhitehe BakBoreadahd SEnBIRURS
which can pol ymerize under reasonable reaction
oligeyners anges polomegsioptainsbasisdderiidiable shamigalunitsthaying silicone
and 8 e!nfa'tcﬁﬁé fn tﬁ@ kaﬁgle. %fe?aﬂlﬂf fﬂé%qsik (?&%iﬂ?lgle %ﬁélﬁﬁgﬂmits of
reactive noieti es. I goner can be thought of as a
sileaak lcopedppnedto the formula

!
(SliO)
R

wherein R is separately in each occurrence hydrogen, alkyl, alkenyl, aryl, alkaryl, or

aralkyl having up to 20, preferably up to 8, carbon atoms and where R is not equal to
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having only a few units, for instance a diner, trinmer,
tetranmer or pentanmer. Mer is used to refer to one of
woheoslmazios i dentifiable chem cal units of a ol PQDMIS2008N026275
polymer and often is the residue of the conpound or
[
iR R, bl S SR Sl Btanleer
Oﬂlﬁﬁéﬁzdtldﬁ NThé teddaireactife moidles vapabte dﬁpoﬁ:}hnermmm aeah hey
t hat ﬁ several ners, which al sg have
m lsg%w igh gragLFEh RRF erPtrop Wl‘ihtféh‘?fdﬁ%biﬁ 015155 £, R
olfg%ﬁfdfs plepoRhfes b1 GfolyBerRr ERQﬂn}fﬁ? bf ?I%Béi‘reﬁlré&cﬁ"v@ nﬂ)?etleg capable
pol yners havi ng varying nbers o asic Identi
of (phéimqrmatlmmmhld@ fvirtyh elomiey,de'dr@mblm;wmtwﬁt, hydroxsalnametles
unt_of The term havi . Si.1 oxane .
BERD bR B SSRGS i af e SRRl B bR the reactive
end GTRAESHNObPeABTER Mo ik forre PRIy Bole A8 @ipisle RAST C
identifiable chem cal units having silicone and oxygen
podyraerizafipn {edids adn ctiosylafdselipabie mpietiny diydroxyl moieties,

I

hy'dﬂggsé oVhE t%&%?ﬁ@r f’éawr%l&eﬁ% csa?Lll‘ﬁé ap ?ol g{egg?tgo%e@nag% hpesent
peocautiveesiieonhyrdum dleey, may ke the sainken yiifferemtyl aI kar yI or

aral kyl havi.ng up to, 20, er abl .. car

o orfgestoniSHetRe pIvAES BHGARS Ry b G pradtics ghibis
1n‘$éiﬁ1‘bﬁ%clﬁwﬁylsfﬁn&fb%al@ied@%ﬁan'é?%ﬁdh\&ﬁam Rlih8SpAFR e{?&&i

of polynerization. The termreactive roi eties capabl e
vmfreptﬂdm i adlitianmeshanisasy Vimayl dtiasionglived lsiloxsaes cavprise

COH}pO HgOIBé)I'ré,p%\A]]dg)E%)? hrg?rr S ng?%vg S1 (Elg?g%r%ﬁl\i%lnqpe 8acrEbone
anfl mafz@pmlgﬂleﬁm& béfinidahEitiias TheRabil GuRfioRiz¢asild:zatd @ay
i ncl ude V|nyI noi eti es, hydrolyzable noieties,

copipd Bydppeareylens angd/ oriflpgrqcgdhylene yuty Hrthe Bagkbpee.i es,
am NeFotfRer c'l% #)Pﬁl c&ftalﬁﬁﬁﬁlcbﬁl 8ﬁﬁcﬁxﬂ%‘%>§11ér§ 0 Q@Polamers

reactive en orne y ring-ope |ng
usefd ot thisanvaitehiaessilbbapads having tqsrnimarksrlmgrcm!ps bnhydrdiyzable

e ) e S R Bl e o sl
gr&WsVnl EISxHRAARING aHf)Wﬁﬁé doMBsduAal, iof 01%&1% R pRPBIImd?EFeact via
reactive silicon group, they may be the saie "or

cogddrsatiamwherpagalyzeds These tohdtonapreocped gireers tethperhtueg as either
a‘qse%ﬁ_ i,n th acth%ﬁg§$® hi s |nven ion include viny

Skl ca Aol ik THR Y BuC B 166

ternpémm inztael presalcfe o€ 6ildndtl t Grallengition dﬁitatyvst@n Sitesdl 2b6h&eMBation
Vin functlonallzed si | oxanes conpri se conpounds,

catgly mell knawndp 818y ner s whi ch have sil oxane units
in tfig Jﬂ’ﬁgﬁp@gﬁnpositions may further comprise additional additives such as

thickeners, preferably a medium to high (10,000 to 1,000,000) molecular weight

polymethyl methacrylate; an elastomeric material, such as chlorinated or
chlorosulphonated polyethylenes, block copolymers of styrene and conjugated dienes
and certain graft copolymer resins such as particles that comprise rubber or rubber-
like cores or networks that are surrounded by relatively hard shells, these materials
often being referred to as “core-shell” polymers; cross-linking agents; peroxides;
inhibitors; colorants; fillers; solvents, etc. The adhesive composition may also
contain a reactive or nonreactive diluent to balance the volumes of the two parts of the
composition so as to achieve a commercially acceptable volumetric ratio of the two
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and have polynerizable olefinic noieties. The vinyl
functionalized sil oxanes may contai n hydrocar byl ene
wanasmn7dos uor ocar byl ene units in the backbone. PEm@iSk®A/026275
cl ass of sil oxane contai ni ng conpounds ol i goners or
coﬁ{;ﬁ—)ﬁ@ﬂt&’ nBrn@athﬁﬂ Bél de'sfﬂaﬁl@ bSad FROPRNLEOBL 1%3 )éﬁ'gl‘f‘ Retone,
havi ng term nal l anol groups or hydr roups
ethy |ae¢tat9p1@rﬁp)é>qg@t§t9ra@dtrmthcd¢m thmdeo rmmrdeﬂ ’ra nmhar@fle oupsng
[ rQups.on sil oxane chai.ns, all ow_t he
anZirFO [E%E% 2! tﬁ?a'{)cﬁatﬂ% % cgm thgrr %’88?%9 (& Orpélgﬁ% Wléhout the

mﬂ&i’wﬁbﬁﬁgbwlw\&mm’at al yzed. These reactions proceed
at roomtenperature as either a one part or two-part

pol yni9TAa{IBRE Sypubdrate A @ ohiestitheipiniog eurdaces magy bmtreated
bytlﬁé'%g %Hﬁsecokd}lat fi P,rsﬁ %Iascfhé aﬁ e Qndensal ﬁelﬁﬁ?nrt]

cat al ysts. | 'ahol con ensa n cata s’are
inventiom sinfiace hea‘mdnt offthe jaidmgsuifaces mmp/amt lbe Bdtfiid@ Yrior to

further conprise additional additives such as
jolpfier keners, preferably a nediumto high (10, 000 to

1, 000ARY6D; T4 QEMbRIwNEH Efbtvufé@ |aMéH%1ta{éY§Ller€é DRIV IR for

an el astoneric material, such as chlorinated or

jointedhe ebiegitio e sebistst e theyhethedof the ptdSemiomﬂnymn r Boof
exAhYle g sﬂ&‘?raf;ec}ﬂ%spggg E(%ngle e&??{h@#‘ gag&?)%ag]?log 8 rspéatch which

co oiyner resi ns suc
may Hetjeinedto & voatfén hdaeld&)f eEraRS 105hotkd WoiirddRrstdbalt that Baterials may

roun by relatively hard shells, these materials
int 6‘14‘ g‘ﬁg’a chrsidarecie heeither the opisckordhe subsipipmad a0

sighffR9fcd sk nl'ftbﬁ&dqgesﬂ&l? desiEHa0%h ARS: eﬂaﬁ{%ﬁp Lbt8 fsfnay be considered

col orants : ent s,
to b@ﬁqﬂt@s ithe :mbstero:aﬂls obp:ohwhembcmdeda act mﬁmqurnenonr eactive

th f the t t f th
corp 50 BEp S e sOREROE of Bomsart i HeRomede bl o
em‘{S%idﬁ%‘f Bdfal fAdH l@ssQflarI 65 $rRG 98&101%16@9 pré}{era'gﬁy ecﬁaﬁﬁ Hess

desirabl e to add sol vents, such as ntt
thapex28edl, morhpefegady aqual tfp‘f?fdp§BI that éIQag/ & eacrdmmaet Ibrycfeeatéy equal

o G190y 28 kBN LR B 45 evenmor

predgtiblyiezeal toot lessithah D85 GAf Gich ahdie Efﬂfﬁ@blg\éq{lél)to or less than 270
of f ensi ve. or tg joining a substrate and an object,
8/4 ¢ygn juggqrs PF?ée%@%’feaE%léo ﬁﬁiﬁs%%la{l P e rndymors araferablytequal to or
les§B2QN2.g/f | ane, sul fonation, plasma. However, in the
present I nvention surface treatnment of the joining
s u r ﬁae @Bthmed’]ﬂlat the smltstmterxeuﬂ rpmamrbdnded Gienihiage wililye no

a3 EThnleg) By S ehoT A S e e oS B ot
prebanittimeentieh. NPek @Bﬁﬁ@@fstbhﬁsstﬁﬁtméaﬁih’ Bk iR Mmeri®tane is expected to
be bonded to the roof for at least 30 years under atmospheric conditions (temperature
range of —40°C to 90°C and relative humidity from 0-100 percent).

While specific embodiments of the invention have been shown and described
in detail to illustrate the inventive principles, it will be understood that the invention

may be embodied otherwise without departing from such principles.
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exanpl e, the substrate nmay be a conplete roofing
menbrane or a repair patch which nay be joined to a

woaods/oimoneed of repair. It shoul d be under st oedTiusa104/026275

mat eri al s may i nterchangeabl e be considered to be

either the object or the substrate and no significance

is intended by such designation. For exanple, a roof
ClnAlMBe considered to be either the substrate or the

obj ect wh onded to Preferably the .

o ches PVECEEH B SriEimg A B B s Bt SHFBqE MoHOSkhaving a
seM%sQﬂa%b&ﬁﬁns% @dyRbs bp or less than 650 grams per

liter (g/1), %era bly equalto or | ess than 520 g/ 1,

mor(é gprdyiag a@pﬁe@b(aaimoynmf 4 auable hdhresiyegomgpesitieny tnthe first

a /

o R R B socBnd e ihbitor &)t BB

norvéhepdia filer alhbyivecpiapride®s or | ess than 285 g/l even

nore preferably equal to or less than 270 g/ 1, even

more ph¥f eFBHHSFRE AmOuRLPL, &rorgaé?ioﬁaﬁéﬁmmo ex igiiptor

most ppgjerably equalto or less than 17 g/l It IS

antici pated that the substrate will renain bonded

(i.e. (berenawd mommmnwaﬂq ebigomersgpdlymers oirmikﬂmeesdb@re@ﬁ
for at,|east hlr n. usi n e nmet ho the
br s entiVAG Bl nspRo8 oYt s cobablal o Berrang by ke

t he ﬁem(ﬂjpgollyﬁleﬁéﬁﬁﬁt ed to be bonded to the roof for
at | east 30 years under atnospheric conditions
é’ﬁéerature range of 40C to 90 C and rel ative
T A B AR SRELES e bl £ RRREL Kt e ot e
tgiascrlbed in detail to illustrate the inventive

et ol L A e e
p@' ncirpd ﬁ%thgh%k @l% AneRINRE s &Eraieoa!na iRGotde g&g:feﬁtly

aV|ng a first sur e to an obj ect aV|ng a sec

cosaprisaeenaanpmivdtilager phestis taapsltitdyer ¢ompasppl a/thagnaeniastic, a
cur abl e adhesi ve conposition to

ffecti f
th?erllféoes%' :og?orgﬁ?l?téo@é?%efreq he substrate, the second surface

of 41 hghOhie@ol P Cldifh DEhbrefilthe 861 Srate\ng 0Bjelt 41D @hermoplastlc
adhesi ve con'pr ses (a) an effective anmount of

or §a nﬁb@m@ﬂp@ @ﬁicrh@mcbwbﬁr@m the pehsheisrand flee giget @%‘pmdenﬂy
f
o5 TP aSH1 AR SpliOhy LBt ILBER eLER

chpariderreliloziadtedpolipying I @oride; chlorinated/sulfonated polyethylene;
ethylene/alpha-olefin/diene terpolymers; or blends thereof.

6. The method of Claim 1 wherein the substrate and the object comprise
propylene polymers.

7. The method of Claim 1 wherein the substrate and the object comprise
ethylene polymers.

8. The method of Claim 1 wherein the substrate is a first thermoplastic and the
object is a second thermoplastic different from the first thermoplastic.

9. The method of Claim 1 wherein the organoborane amine complex includes

an organoborane which has the structure
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15

radi cal polynerization and (ii) contacting the first
surface of the substrate with the second surface of
woheosgbjest . 2. The nmethod of C aim 1l wherein PO®US2004/026275
substrate is a roofing nenbrane. . The nethod of C aim
1 wherein the substrate and the object independently
conprise a netal, a nultilayer plastic, a nmultilayer
conposite, a thernopl asti %?Er noset; or
conbi nations thereof. 4. The‘nethod of Caim1l wherein
the substrate and object are thernoplastic. 5. The
e I ' t
e B e A P G P e
C3hu cacbaky, antvestyneref Bémw qomé:ine todbyw b oy¢loaliphatit ciag.
chj or.i ate 0 1. Nyl hlor ri nat.ed/ sul f onate
oy T Efhal SR wRcte Bk Siears toriecune oBBIcy dariges
anQﬁmﬁé Wﬂﬁﬁn it herigat arﬁlneTi‘ %cﬁﬁ&ﬁ?gnﬁ)ﬁe Qp@lyﬁinl-né"ﬁbﬁﬂiﬁg Primary
the substrate and the object conprise propyl ene
ot sefopdaymines orrb@ﬂrr@trmml@fa rolwixyelkylshe a@m, @ eaction product

BBy LGPy O BELSPE § i
wifer¢if thd Ree¢tivngiradict hastetminbleandipp @Rtuph;andirgleatinel a heterocylic

t.her nopl ast i g di ffereni fromthe first therpoplastic.
amyne; ALOMROUAG BAURE i AiAIRe HHIcHER r?ofrﬂ’@n%ﬂig?d’r%lfi@?%ﬁ Beterocycle
e 1da SRAG the
A e T R e
he@e«prafphc mmpmwdeamhalmwmle noe omnatekqddmo@m seOondary or tertiary
to forma

o e 3Ry oy i 4ty SR ondoutTE poRIR RS héifor G

alit @i cUoBHOAROhARRs BHinAGo SRNANcH¥lid 16 SEkEST rAdte BTbIIRuMH Ch
IS a primary amne; a secondary am ne; a p0| am ne

COREIIRg alp IS OBty %é%ﬁ%?é@@/m@mﬁ pea mpEutsGhereonmoni a; a
pe| Y
? gf%@#g%%? Bg gga%qe\’vh&ef’ngﬁ‘% Bf\%gﬁoﬂ%'i&%éﬁmg E vﬁ?@% %nl &

strnetanet wi th an am ne, vvherel n the reaction product has
term nal am ne groups; an aryl am ne; a heterocylic
am ne; a( R Bund_hau i/cdi me\strugt ural
conponeng é}ﬁﬁ al i phatic é‘Plér Sjcqﬁe%ﬁy‘%g at | east
one secondary nitrogen in the heterocyclic ring

wherein the
. 3)X
<R293—B——»®y
& N,

(RO B«—NR'=CR—(CR"=CR} Y

>
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het er ocycl i c conmpound may al so contain one or nore
addi tional secondary or tertiary nitrogen atons,
woxyg@rmsons, sul fur atons, or doubl e bonds i RCThS2004/026275
het erocycl e; an alicyclic conmpound having bound to the
alicyclic ring one or nore substituents containing an
am ne noiety; a conjugated imne or a m xture thereof.
The nethod of Caiml mhgrein t ganoborane am ne
conpl ex has the structure™~{ ; ; -NR7= CRO-
-(CR9 :CRYCNor )x (R) £3 N(R) ((CH) - wherein B
IS boron Rl is separately i each occurrence
hydrogen, a algﬁg}'ﬁkc cloa R is;separately in
each occurrenc gycloalkyl or two or
nore of R may conbine to forn1 cycl oal i phatic ring
orstructure; R3 is separately in each occurrence
hydrogen, a al kyl, C3-10 cycloal kyl or forns a doubl e
bond with a R3 or R4 on an adj acent ajom R4 is
separately in each occurrence hydtegBnx al kyl, C3-10
cycl oal kyl, arylor C - o alka and R6 are

sepasately in each;occurrence L\, G3-10
oy ORI RB <N RGO ok GTom T aTE
kyl or two or

occurrence hydrogen, aIkyI
more of R5, R6 and R7 in any coabipgiFpn tan conbi ne
to forma ring structure which can be 4 single ring or
a multiple ring structure and the ring structure can
whi&lude one or nore of nitrogen, oxygen or
Unsaturation in the ring structure; R9 is
Biislgpendent |y in each occurrence hydrogen, al kyl or

pycloalkyL,Y,
R is separately in each occurrence hydrogen, a C;_j alkyl or Cs.j9 cycloalkyl;

R? is separately in each occurrence a Cj.jg alkyl, Cs.1p cycloalkyl or two or more of R?
may combine to form a cycloaliphatic ring structure;

R? is separately in each occurrence hydrogen, a Cy.1o alkyl, Cs.19 cycloalkyl or forms a
double bond with a R? or R* on an adjacent atom;

R*is separately in each occurrence hydrogen, Cj.jo alkyl, Cs.10 cycloalkyl, Ce.19 aryl or
Ce-10 alkaryl;

R’ and R® are separately in each occurrence hydrogen, Ci. alkyl, Cs.19 cycloalkyl ,
N(R4)2 wherein R’ is separately in each occurrence hydrogen, Cy.jp alkyl, Cs_j9
cycloalkyl or two or more of R>, R® and R” in any combination can combine to form a
ring structure which can be a single ring or a multiple ring structure and the ring
structure can include one or more of nitrogen, oxygen or unsaturation in the ring
structure,

R’ is independently in each occurrence hydrogen, Ci.19 alkyl or Cs.1o cycloalkyl, Y,
—(C(Rg)z-(CR9=CR9)c-Y or two or more of R’ can combine to form a ring structure, or
one or more of R can form a ring structure with Y provided the ring structure is
conjugated with respect to the double bond of the imine nitrogen;

R is separately in each occurrence Cj.19alkyl, Cs.1o cycloalkyl or —(C(Rl)z)d-W;

W is separately in each occurrence hydrogen, Ci.j alkyl or X;
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-(C(R)2-(CRCR)c-Y or two or nore of RO can conbi ne
to forma ring structure, or one or nore of RO can
wobansa7aosng structure with Y provided the ri ngCT/US2004/026275
structure is conjugated with respect to the double

X ROBR I OERINE A dpen i trogen; R10 is separ atel y in each
occurfence al kyl”, C3. 10- cycl oal kyl or S - Wis

Ympdcméerylm in ee@tchccuucmerm’du@ehﬁﬂ o@hé )2,aﬂ)lk‘§g |C(6pox1,>a
Y | h
helhefoT B B Ry W R ke TR G B,

ztsade ﬁ@t@l;oﬁleaaaa&dmeﬁwo@g@uarmRth forms a cycli c ring
R7 or R9; is separately in each occurrence

a @ﬁ?@éﬁeldrm BathchuﬁemC@ a@éptag%rt@ﬁgwm hteHbh occurrence an
S%%ﬁ‘g%élﬁg %&Pg@c%’rgﬁ)ce or vsht% thE ?1%%?5%%:%{ tfimﬂs&fi‘ &Pa apd b

e provtso th e sum
shauid He fedmwAltol 16 from 2 to 10; c is separately in each

occurrence a |nte er of, from 10; d is separately
¢ IS SRARRURIY AR € %fﬁ%nﬁ%@g%wf%so Loll x is

dﬁ%@ﬁd’rﬁ&@hﬂ ehéh@&ﬁﬁe&é‘e%ﬁﬁt% GOfanolsnt eger of 1 to 10,
proviso that the Total of all occurrences of

X 38 sppardtelyrin 2a¢hpocrorrengecinyiniegergdddp dewith ihre rraiso that the total
currence 0. o0r thod of Cdaim1l1 where in
aﬁoc%‘i‘rﬁ%ﬁ%%ﬁ)éﬁéﬁ%{ﬂ‘?ﬁ%-{@b%grex has the structure (R)
yrsBeMrhtél@hh)aa&ﬂdRuﬁreﬂceﬁ 01(1( R(Q )p)- or () B (R
VSIO (SIQR N--SSii--( wherein B represents

Bb#-onThermptiod @ Silaitrel V’h?fﬁ i thetprernobpreap aming qepplex has the
stﬁtM é)a| kyl, or two or nore of R2 may combine to forma
oal i phatl c ring; Qis a hydrolyzable nmoiety; Ris
independently |n each occurrence hydrogen, alkyl,

Formi & (FRION L P R MG e o e,
that at |east (R) is a primary am ne |l eave this as
is;

or

Qp Qp

(R%);B «—— (Rll)q-SiO-(SiO(Rll)z)m-ii—(R”)q

wherein

B represents Boron;

R?is separately in each occurrence Cy-jg alkyl,

Cs.10 cycloalkyl, or two or more of R> may combine to form a cycloaliphatic ring;

Q is a hydrolyzable moiety;

R is independently in each occurrence hydrogen, alkyl, alkoxy, alkenyl, alkyl amino
or corresponds to the formula ((CRMH)rO)n-(NR4) -(CHz)o-NH; with the proviso that
at least R') isa primary amine leave this as is;

RZis independently in each occurrence hydrogen, alkyl, aryl, alkoxy, and may further
contain one or more primary, secondary or tertiary amines;

R is separately in each occurrence hydrogen or alkyl;
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R12 is independently in each occurrence hydrogen,

al kyl, aryl, alkoxy, and may further contain one or
waonos/priosar y, secondary or tertiary am nes; RRETIUS2004/026275

separately in each occurrence hydrogen or alkyl;R4 is

| k - ryhor alkaryl; ais a
Rﬁﬁﬁgglgﬁg?’ QSPﬁle’t%oé'lfgfﬁgyl %'logﬁr?%er of fromo0 to 1;
a imaimsmsbepaf forml lytoi 19; each occurrence a whol e nunber of 1
or greater: | s separately in each occurrence a
bﬁﬁﬂ%@ﬁ”BP%ﬁpgﬂ?E’ﬁo 3; qis separately in each
m QECEPEFRINE &1 @RhioRE@EREe b WBlelnntbe? o e §rdhrd e sum of p

and gq on each silicon atomis 3; n is separately in
D saeprrgelyuncasiceccarrengstaagmbepbf ool #WA); o0 i s

AV ccur.rence. an.integer .of. 1 to ;
a SRR oih SRUNLREMINBRET B0 18 B iR o wigTfnd
ondacK silit3n atbheiset hod of Claim 1 wherein the adhesive

further conprises: an effective ampunt of an

N IS SERAYHRB CRANSHHERG Bdniseentd 4 tert0or nore

1 i.als fol. conmpound havi ng
Oilrg?ﬁ%l%tg@mlﬁg&}lg{cg?g%{/ec@illé%igr%iqlef%iir{gsg ’Z‘?ﬁ optionally a
1 i$ eapasately gl earhtmbystnce apadibger of 2ionidt i at i ng

poly I zagign .th onpound_cont ai ni ng het.erocycl. c.

oot TESEeRRg o6 Ciriby v BRI n AT JuR ComPErne SHsve
anftAvt BfarSishH4aRe cBh@MS @MthouR@CIe\? nti2k GhpASmbfizddict

backbone capabl e of pol ynerization; one or nore
pa&ﬁﬁﬁdﬂ@bﬂper&eﬁg@m@pumf hayingying eneninghetaecysiic oxaeties and

fndts: i cont aj ety i ch

orfiRB41R%s Lowls i AP RS I AR bl e o W hpouna
coflaitnghetsioogclid@oitigl 0ador Abe @mpdand ®HgbeXi oOfrepolymer

m xtures thereof. 14.  The_ nethod of Caim1l1 wherein
hayiig SHA¥S; SFRURSGRAIPasEe molEiey Heits baskbencsapshla pk

L ; . . .
polffiaRfion; ohe of Aty TRORASNEY ofdeBicTol plBBicE b Ep siloxgpe
graups imets badkbohe @haibmottanhemeiaty whishadieasixpesddas nwisfe
fOlgl’rlTS]n%s\fllcg(? c%gpgcfstsrgﬁg haﬂlg{%}?lglt /o]i*gﬂ}]b Q{aﬁe g%ug]eogongp e>£;eo ?Ai}rctures
th&udst rat e/ obj ect

14.  The method of Claim 1 wherein the adhesive comprises a polymerizable
acrylate monomer.
15. The method of Claim 1 wherein the adhesive has a VOC emission of less
than 650 g/l1.
16. The method of Claim 1 wherein the adhesive has a VOC emission of less
than 270 g/1.
17. A method to repair a new or existing substrate, object, or substrate/object
joint having one or more surface in need of repair comprising the steps of
(i) applying an effective amount of a curable adhesive composition to the
surface(s) in need of repair, a repair patch or both the surface in need of repair
and the repair patch, wherein the adhesive comprises
(a) an effective amount of a organoborane amine complex initiator

and
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joint having one or nore surface in need of repair
conprising the steps of (i) applying an effective
wansii7oof a curabl e adhesi ve conposition to tRET/US2004/026275
surface(s) in need of repair, a repair patch or both
t he surfyace. i s ¢
whor o 10 he s GG A niet P EoiP, bilmE g ol
of a ohgeingbtafaeursatiuration oviptlels capati¢ of wulymad{dnipn bpdree
or nore ongers,. oligoners, polymersor m xtures
t her eofacﬂ%ipgg'n&ﬂr@?tfﬂnc unsaturation which is capable
of sgal yneri zationby free radi cal polynerization and
(iii) bonding a repair patchto the surface in need of
5 r egébr bonding Thepairpatabdo die sirfarerinnes of eipairt he adhesi ve
further conprises a liquid. . The nmethod of claim
wherein the liquid conprises water. 20. A substrate
hagj ntheaméthod bf St & edelednthe ddhesivanfuahbingiayd H0qéd.
second surface, wherein the bond conprjses: (i) an
efife cjf}}evrée@ﬂ% ghelaig 18 waeteinihe lighid comprises Yaler adhesive
c 0gi & . [ f f .t he
cobna SbApt B i ShoiHo R Bl apchftel gt £idtond
10 suvfhes, evherdih¢hedutindsomprisssnpri ses (a) an effective anount

of or ganobor ane am ne lex initiator and (b).one

or (For IS ReREin e Grmbre boess Yaet HoRes S o abion o the
t hetraahiriiey binbe ShigtHeCthb BERhY sAAQRDMM Shedt D EARAR kB faces,
of polynerizationby free radical polynerization. 2 .

Thevhesdin dep asthegiveromnrisesr t her conprising the step of
appl yi a i 2 the. ...
S0bst r 1P SHebiak BT g onBiaR® S defbal i niiar

15 to cureand22. The nethod of claim21 further conprising

t he st of exposing the adhesive tq air for, a
suffi c(iag)nt 0 9redgoqqn}?és=1o SORGIS) Ry P nuKuEsshereos

Qa0 m 1 hee S QAR GOLY sareblc SO RfoRby frec
part radical polymerization.
21. The method of claim 1 further comprising the step of applying an effective
20 amount of pressure to the substrate /adhesive/object in order for the adhesive
to cure.
22. The method of claim 1 further comprising the step of exposing the adhesive
to air for a sufficient amount of time to develop green strength of the adhesive

prior to step (ii).

25
23. The method of Claim 1 wherein the curable adhesive compound is a one part
compound.
24. The method of Claim 1 wherein the curable adhesive compound is a two part
30 compound.

25. The method of claim 1, further comprising the step of ensuring that the first

and second surfaces contain substantially no water prior to step (i).
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conmpound. 24. The nmethod of Claim1l wherein the

cur abl e adhesi ve conpound is a two part conpound. 25.
woheosrmetdosd of claiml, further conprising thePeTaS20#/026275

ensuring that the first and second surfaces contain

SE@ﬁfl‘%@x%tﬂl){l ¥t ARV RUEFh A R rltsfﬁ ﬁ@& glg b%er%ﬁrmggﬁl% the first

nmet hod o aim 1, further

ens undsgedndatirfades afe w@staamﬂllysnbﬂmjpﬁmrtb appgiar e

substantially oil-free prior to step (i).
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