;e3el 1zz{~",6T o a J,~~J ~a~3 WD 99/ 64475 PCT/ US98112296 | NI TI ﬂﬁ@ SYRTHND
AND ADHES| VE COMPOSI TI ONS MADE THEREW TH Fiel d of the Invention T

i nvention r neraIIy to systens capable of initiating
polynerizatﬁgﬁggﬁﬁ?e specifically, the invention relates to iNGYYSIB/4$296
systens conprising ( 1 ) a conplexed initiator and (2) deconpl exers. The
invention further relates to the use of these systens for initiating

pol ymeri zation. as well as kits, bonding conpositions, and polynerized
conposi tions made YRGTEATOR s?@?ﬁﬁfs Aﬂzwummvwemsmdﬂsemlmm
bonded articles prepared therefrom and thods of preparing such bonded
articles. Background of the Inventlon'EﬂERéhﬁrrHr initiating the

pol ymeri zati on of nononers to make adhesive 15 conpositions are known in
the art. U S. Patent Nos. a 106.928, i.286.821, and 5, 310.83 to Skoultch

et al., for exa . L RGnt WO- part initiator systens for initiating the
pol yneri zati on gﬁggg%9e599é 1oners The first part of these two-part
systens incl ddes a stTaly ievantigandines gererallyi o eyseomgdapablasftinitiaéngecond part

i ncludes an activator, The activat | i berates the organoborane conpound by
~0 renoving the pgﬂﬂm@zgﬁl%%terte?eﬁgﬂlm thsWRYEBURE atss 43 R EE®S pound t o

Lo as |1 ber at or <oRPiyREHALORRERS drin bt IAaPERobfEx s T8 BV EInhE 1 o0
descri bes that swuiateald the acd df\thésoisgstéms fdriificatbig pofyridiizativng anwblbaakies, compound

i ncl ude al dehydes having the general 25 structure: R -~CHO ~ wherein Ris
an al kyl group Hopfing Cﬁmf"?ﬁltl%’scadtdtﬂ%yfaﬁr&?é C@)‘F‘P%ﬁﬁ’%ﬁwad@mﬁﬁd"ﬁa%w 6 to 10

carbon at ons;@an g,gﬁgm eEmﬂ p-

ni t robenzal deoﬁygsu%s%%ejjpdépgﬁﬁ ro enzaﬁgh@%lmgp{%g%é%ﬁ* % Znd g’ﬁgmm of

3- net hoxy-4 30 hyrelyanixy behdehdehardeles.- 1- *166166* *GOOOOZ* oa ~h;~ ~~~-=3
WD 991 64475 PCT/ US98/ 12296 U.S. Patent Nos. 5,310,835 and 5, |106.928
describes that suitable activators for |iberating the organoborane conpound
al so include or gmkgmaﬁ,udq,?dp@yﬂ‘ng"me structure: R-COOH wherein Ris H, an
al kyl group, or an alkenyl group having 1 to 8 carbon atons. Exanpl es
include acrylic acid,Sysetnsderipltagngtiecholymeerizatian dcmd),omm:tomaketadhbsyvbenzoi c

acid. Fujis | mai ,..and shuhara al s scrl m i.nitiating

t he polynerll\ggtl‘tﬂ’t‘?’p(?tsmﬂ’est%‘%\//ﬁ“?ﬂﬁ‘a? F?T‘a?’eéj SE’B‘ dig?’g’f :ttsr?eszlln dtute
for Medical 10 anghdesstgi&ilEhn&asl. i exXfple, d%scr%%o-@ﬂn Qmﬁ%@tggyktem-grf& system
conprises a trialkyl borane am ne conpl ex and an activator such as the

chl ori de of net hiagwryihg &lemplvmebl@atmneofmtﬁmnmcmomm Thteémrphtthéﬂme BRIt
chloride, benzoy| chl orll de. _él uene, sul fonic acid ch &rF bgrnzene
sul fonic aci d chPSFPadclyds ﬁg‘ﬁ COFPSRPEGAPIRE SAPBIFK AR Sfcogﬂg

dii socyanate, adinpiuGesaiadidroMhd@ctivitérdibétadsIRcoraiiberan@e@hydunddychl ori de,
and acetic acid anhydride. The initiator systemis reportedly useful in

provi di ng fask ctqmori@erﬂpstnnge BEAuPdbatehy abpising thetreaneborencaindnd it age of
o of Lre a1 o SR heRSH BEHR LA R NRURNRES arl 5od W BAALELY 0D odor
of the activators and ron 1n ki IR erm)re,
anot her di sadvanmﬁbgao;@fora@mpwxetshese act| vators is the relatively high 20
| evel of nobile activator-amne reaction roduct s (i activator-am ne

constituents) in resuVSi PrjerddireSi2pe$2119 8 Mﬂchwesﬁ sthatweblnaﬁtéta&tréfqrhe
or ganobor ane_compaititholte HONHHBMNE EhhBEin RUBEAIN d& hal BRI Fkdnttay L O the
amine to forman ac oram ne cons ent. aCtiva m ne

consti tuent s23 ematueturd t he adhesi ve conposition as nobile constituents that
are not incorporated into the 25 polynerized adhesive per se. In general,

nobi | e constituents i n adhesi ve conposi R-offHARy cause performance probl ens

when, for exanple re‘%/ mgrate to the surface of the adhesive t er,ebg
di srupting the bwhﬁet“ rap 2ty exoypibering die P cerbam atoms or an aiy! ETQUR ARYINGPe to

attack by sol venjsio &gp el JUNG 1109, SUERIeY i SATROSIdeRl 6555y 12Dl e

for applications where exp osure@o solvent tnavor d 8 ~P, ~d
~~~3 WD 99J 64475m|963énld£9&{\112.2243-dRﬂfmﬁBbémtaldhﬁydbﬁﬁtdbﬁﬂﬁc@d&.céxﬂ%ﬂeﬂtbﬁy-4
certain activators are useful for reducing the | evel of nobil e constituents
i n adhesi ve 3&npbyirexyberzalsghydteri zed therewi th. For exanpl
Publ i cati on No. W97107171 di scl oses bireactive deconpl exer
conprising at |east one free-radically polynerizable group and lLeast one
am ne-reactive group, preferably an isocyaniste group, in_the sarre rml ecul e.
The bireactive deconpl exers are capable of form ng a coval e

both acrylic monomers and the am ne portion of the organobo:\mmmw ““‘
conpl ex. Accordingly, the deconplexer is capable of covalent

the liberated anine in the systemand also reacting into the adid€¥%%e per
se. 10 PCT PubI | catl on No W97/ 17383 d| scI oses decorrpl exers corrprl 5| ng at

o, -~ .




nonocar boxylic acid deconpl exers (preferably those conprising an aJA ¥In533
group having at |east nine carbon atons for | ow odor conpositi n@) ¥
useful in ”{)‘f %fﬂ;@ﬂ“ I nvention. In one enbodinent, an initiator system of
the present | Avé n, conprises: 15 a conpl exed initiator; BREUSI8/N2296
deconpl exer having a structure represented by (1) or (Il): OOR O-R~CHn
~~0OR3 OO MRCOH (1) (I'l') 20 wherein: Rl is selected fromthe group

consi sting of hydrogen, a nonoval ent organic group, and a nul tival ent
organic group: R2 is [ yal I s e . ed,. t he
group consi sting of %%g@lkmgsﬁgr@O%%%&%ﬁ’é%%deg%%ﬁ?hﬁg‘%’%&%:a%y%tgm ~ 8
, ~~, i ~ LL n~ VO§O|tefAinp tﬁ@é&%@&aﬂ@?&@pdﬁnh§1s@irimﬂ@\é?éaﬁi&tacml§ﬁaﬂhg tgr oup
conprising an al kyl group having at |east nine carbon atonms, preferably at
| east 15 carbonsutdn®; mis an integer of 0-2; and n is an integer greater
than or equal to one. S In another enbolg_i_r@&{) an initiator systemof the
present invention conprises: a conplexed I Hator; a carboxylic acid
deconpl exer; sandyiRr$€RANH. SLARAY 612 br anlblkell Sro8FRAIKL HRFOERbEX/bMIRY be.
for exanple, another carboxylic acid deconplexer. or it may be. for

exanpl e, an anhybGkaingtes iretusiepreykie acid methaarylicacidy benzefcaacidedndiprhy dr i de

deconpl exers are nethacrylic. anhydride. succinic anhydride, malefic

anhydri de, and d?‘ﬁ}i‘(ﬁ‘ryg‘éméﬁiﬁ?@ri de. The deconpl exers are useful in kits that
conprise a pol yneri zahligwholntA AN hshORark WRb 8ciiRcd YRR R diGRmRRE exer (s)
and at | east one pol ynerizable nononer) and an initi'ator conponent (which

i ncl udes the comolyexegtation dfinztioy]l neetithcarate (Ree rtel of the st or 1eabri zi ng

t he pol yneri zabl e ,co i t.ion. Su Kits a seful for bonding | ow surface |,
ener gy substl_ at éé‘.i—&v;gﬁg%%—%@&ﬂg' ‘ﬁ’EI ’B%Qe'!%rﬁ,rlsﬂli)ee%etsgﬂﬁﬁ_ﬁomf‘f% conprise a
nul ti-part di speRgiRYyiborife AnifRLERPIeRfand B hiRhloPELcARS HERNIFAEL bPMheffacAlic | east

one pol yneri zabl e nononer conprises the steps of: providing at | east one
mononer ; bl endi reg nttheangsulferasacidnerephihalicacidmhtonidarbenmivi cllbode. pytotuene of t he
present invention:;. and .25 initiatin | ynerj zation of the.at. | east one
mononer. Once t HEUREF A Splopifle bﬁﬁe"g?@%ﬁ%’%&l {]‘iod'@?hrgf, albeosrﬁlﬁﬂlﬁ %Smposi tions
are obtained. ThaldePORkhd ARScyanite PAIFE ati@ AWbrida bitbBl sYcyanat oftedNt 0
substrate, particularly |ow surface energy substrates. Once polynerized. a
pol yneri zed Bonpbiiride andiagetisiacisd anbydriden d he dnipaspysystenvis teposedipsiseftbin can be,
for exanple, at Ie\gat Qagti al | .csofat gg qn al.-5 0 a ~~,~J ~as3 WD 991 64475
PCT/ US98/ 12296 SUBSEPE{HE! S1NeRs BLiol SR 28PN a first and second
substrate together irom di9aceEagRf sstheof e hfdtkdnRshti DRGCACtiPitbRNhdWevieN §s the
Preferred Enbodi nents 5 This inventjon provides initiator systens capable
of initiating poelprEsly highijoger ofithe ectiyprers andha qoppositien imvhbish they a8 wsedes
"initiator syst o risi : I it . :

or ganobor ane. am e LSAaE i Badiuadt R GG Ml GE T ne Folfivel fhcn
utilizing catboxyvdlof mobilk dctingtor-amade repctop products (ie., dedanplamine S, as
conpared to previously disclosed anhydride and 1Q isocyanat r oups,
deconpl exers of Wé“tﬂg’%@éﬁf“?]ﬂ(}%ﬁﬁ}e@ﬁ“ﬂ 2] HY@&PY%}OY%'%@E‘&‘E%%J@ €
exposed to hydroxys i (=1 : -avention,
The ini th ator sy ergeREb) Aing TRl cBlaienh e AiftaRS A The Bhink RELIRVALL! 01

| east a first paactivtor-emine aonpsaluene rviasalatbvarongpsd ddanstithems cbnaais acthnd part
(i.e., an initiatgr conponent) for jnitiating polynerization of thel S

pol yneri zabl e coAIEHYE SHPOSINA fS BrBHEFoRsIIfents Yint 25 get igforparatedipa 1 t 5
conprise onlag t . an t he.:Ki r i conbi ned
in a conveni'esnt \,A&é%}ﬁnérizr%giaghfkﬁvguse%nh? E%fﬁgilémﬁod%g?%?%gta?g&g\%yl: 10 or

| ess, nore pref ecomyogitibngdmaycalise pertbrmanck: groblems hérh dbr dxample ehey Inggmaaestol y
used with nufti -ﬁart di sPensers. Such dispensers are shown in U S. Patent

Nos. 4,538,920 at@ swizsgs! the adbgsiyehezetydisruptinedhs bond igierieempyighidt, 1 nc

Sal N d - i i h .
bo readi 1y i e et AEaIA SHCERRh Qhiabl 8 Groonts el il P Bafeslve C21

pol ymers, for exesnpdositiontd3esiitaR. forlaplicivny Whére 2RFdsareq6 RPI@ents ison” typi cal |y
conprises at | east one deconpl exer and at | east one pol yneri zabl e nononer.
As descri bed3br eyayoigeBle. at 2~ | east one deconpl exer is a carboxylic acid
deconpl exer. Most preferably, the deconplexer is a relatively | ow odor
deconpl exer. ' Low odor deconpl exers" are those that have at |east |ess
odor than nethyl nethacrylate. Odor can be.-gmguantitatively neasured using
known met hods, such as. for exanple. ASTM D4339-95, "Standard Test Method
for Determ nation of the 30 Odor of Adhesives.'' -6 oa~~~~ ~—~~3 W
991 64475 PCT/ US98/ 12296 The "initiator conponent” typically conprises at

| east one conplexed initiator (e.g., organoborane am ne conplex) and an
optional diluent. Wien m xed with the pol ynerizabl e conposition, the

S " oy -, o



10 especially useful for bonding | ow- surface energy substrates. P’Jnr 2003
surface energy substrates" are those that have a surface energy of

t han 45 mi/ %gﬁnﬁ typically less than 40 ml/nz or |ess than 35 ml/

I ncl uded andhy &R naterials are pol yet hyl ene, polypropylenBCT/US%l12296
acrylonitrile-butadi enestyrene, and pol yam de. O her polynmers of sonewhat
hi gher surface energy that 15 nay be usefully bonded with the conpositions
of the invention include polycarbonate and pol ynet hyl met hacryl ate. However,
the invention is not ﬁ%@en‘ﬂb”ﬁhéd%d&eeh Bﬁclsﬁ’émﬁeﬁ'c%hmﬁctmi/or?ﬁ-eH&?H 0 bond any
thernDpIastrc, as we as”Wwood, ceramcs, concrete, prined nmetals, and the
li ke. "Polyneri zeidcingnipoisvdliof psobiie adnsammr&arasc&rdsxt/@cc&npq@mloyﬂmly&mmé t hose
20 bondi ng conpositions where substantially a noners in the

pol yneri zabl e cHwepysth ik eé@‘éplﬁo?gTrBPli’ltcéﬂméN@eng’ﬁ@ﬂ1H 19‘;5956%113%?0“‘/3
unpol yner i zed aHP””tpr&%rsrp%&%% d‘; ;fr nga?&%stoneg’rkgréb"r‘éa}’rvggfvlden et he art.

Pol yneri zed conpos I ons accor I nven i a wi de
variety of waysgrdup@htidi l8gstage aﬂh@.%acﬁse gxleﬂCbrEfEraBB’t@rxk@b'&)atchi Al the
coatings, and injection 25 nolding resins. They may also be used as matrix
resins in conj upbtng Bwleghich Tk hisactive desomplexarg aragapible phlormipgesovalenth as
those used in resi f 0 r be used
as encapsulants%aﬁgwﬁ%??§ﬁ§EQQQ%%ﬁh rsﬁﬂ ﬁ%&gﬁgPthﬁ%f J%H %ﬁ%ﬁ of
el ectrical conpemeitcdmpix. M@drcﬁnglyuhé debempri&enﬁeﬁbabla%t tovatentlBBondingto8 J~;
~J 2C3 WD 991 64475 Deconpl exer PCTNS98/ 12296 The term "deconpl exer" neans a
conmpound capabl éledfberatwezmmp rrgﬂxerséstrrnm alporeagngdgnto thy ABHORARR) fromits
conpl exes ( , zatlon
?% ! eX er é‘rPeutblrl;lI 10n %b?/?%%%stc;o%%g tfe@or%éle%}? tf'cpn\% rising ¢ a,'r

process. FEOSotiet I mes 1oar e

“liberators."” Aseastsh@d aARjRIdR. gre@s [Préferrtd @59 dfi &% Kavd @R df iR fERGEngE AN ng. I'n
the present invention, the deconpl exer has a carboxylic acid group that 10
15 i s capabl e ofU'f@m®fng an ionic bond with the ami ne portion of the

or ganoborane anore conplex to |iberate the organoborane conpound.

Herei nafter, such deconplexers will be referrgd to as carboxylic acid
deconpl exers. Exanpl es of such car boRryH-HG—ae+0—dwconpl exers i ncl ude

di carboxylic acid deconpl exers. carboxylic acid ester deconpl exers. and
nonocar boxylic aei d deconpl exers (preferably those conprising a al kyl group
having at | east nine carbon atons for |ow @gor conpositions). Carboxylic
aci d deconpl exers of the present |nvent|oné?referably have the foll ow ng
general structure (I) or are a nonocarbo c acid deconpl exer of structure
(Ir)y: OOR- O-R~~OH n ~OR3 O O m or 30 wherein: Rl is hydrogen. a
nonoval ent organic group (preferably havr ,about 18 atons or fewer, nore
preferably about 8 atons or fewer) excludi hydr ogen), or a nultival ent
organi c group (preferably having about 30 ons or fewer, nore preferable
about 10 atdgs or fewer, excluding hydrogen); _g_ o a Jh~~ L-a3 WO

99/ 64475 PCT/ Us%ﬂeﬂe?xzaﬁimw R}, fnadt imdepérded by anCilighii cCor@lig W R vélpdl phatcabl y
havi ng about 8 atons or fewer, nore preferably about 4 atons or fewer,

excl udi ng hydr ogesup; ofn arsmhydgmganQrs aadiveden vedaaietradic) amt Corgyletea
(preferably having about 18 atons or fewer. nore preferably about 8 atons
or fewer, excl udvelif Sﬁlyldtumgwn)! ’thGSaHRY«iirgierﬂpr dt uﬂﬁ\mhﬁabmfmredrﬂgﬁarhec group

(preferably for reI tlve group

havi ng at | east B’fﬁﬁ cﬁ%BHﬁes aﬁ%la%t OB? g(f”g&g%?@ g?lyﬁngﬁ?tbfiea% WT car bon

atons, and mpst cRpMiesRABHNingta doeash: bbRd Gah AR Bcli®A®nomed suchemetleevel s. | ow
odor conpositions nmay be obtained); mis an integer of 0-2; and | 0O n is an

i nt eger greater degemploxeraming reacilcmrmodqgr sicepablsi of fqnmng compleat ponds withbl y | -2

I n general, advantageousl th onpl exers of cture and t he
preferred deconpf iig F?éé@}ﬂ@tqﬁpg’ ?cf”}pof:ﬁ’eéi PG ymeW%d%qsg/]egF Tty, m
is 0 and carboxylic agbfpRQfRERY KRS ﬁo@éve?trﬁ%céxﬁéﬁen@é )nsﬂaﬁlr@,r@hénee%@s%ent ed
by the foll ow ng general structure (Il [11) wherein
Rl R2and n are as hyldrbxvrédrcpom)mmia}s. sﬁk‘:heasmrensnd Immmarﬁryﬂ mﬂgemlane group
and "mul tival ent or anrc r ? nean, an qrgani c nnieh wherein t

avail able v encF°é§ }&E ‘B'B ngignal Wﬁﬁaelgr@artre%r YHA e 13cRLe 3y ve one
avai |l abl e val ency. Accordlngly) mul tival ent organi c groups have nore than
one avail abl e val ency. The "organi ¢ groups” can be aliphatic groups or
cyclic groups. In the context of the preses invention, the term"aliphatic
group” means a saturated or 5 unsaturated. |inear or branched, hydrocarbon
group. This termis used to enconpass al kyl ene, al kenyl ene, al kynyl ene,

al kyl , al kenyl, and al kynyl groups, for exanple. The term "al kyl group"
means a nonoval ent. saturated, |inear or branched, hydrocarbon group (e.g.,
a nethyl) et hyl , |sopropyl t butyI heptyl, -9_ 0 a -~~~ zaa3 WO

NN SN OA AT O FNANT R IS N ] A NN\ N __‘.____..l I 1 o ~ T T I T 1 o N 1



"alicyclic group” means a cyclic hydrocarbon group having propertigaa JAN 7003
resenbling those of aliphatic groups. The term "aromatic group" or 'ary1 '
group" means Sé?ﬁ ‘ggnonucl ear aromati c hydrocarbon group or poli(nucl ear
aromatic hydPOCAPBER group. Organic groups or organic |inki ngPgHYSH¥12286
used herein. can include heteroatons (e.g., O N, or S atons), such as in
the case of heterocyclic groups, as well as functional groups (e.g.,
carbonyl groups). 20 Deconpl exers of structures (I and II11) are preferred
due to their genghohfide fhalahl SB8LA YN the dechMpRYBR! reeAMRORATeSuRH afd8nt of

pol yneri zabl e conposition. For structure (I f when, R is an aliphatic
group, n is one.demouipiexersavaidabde for laetivdaugiimp iresiatos systemse dihas. aaecedisxifts fer. |

carboxylic acid gster. deconpl exers). anpl es of, useful ester acids

ol a1 o ot MG BRI TR G bR Froado By e e G drssp o Sl

?. 2" - di et hyl eneglyinolnibs RITPIPat 6f mébite colbROARY A RRa so A TR &AL, 1and
trimethyl ol propane trishal eate. When. R 1s hydrogen, mis zero, and nis
one, the decdnpl sxkpdesrabledb peovide ihitiatr systhintsahbtchayt ratatavelydoeexlonpl exer s) .
Exanpl es of useful diacids include: oxalic acid) malonic acid, succinic
acid, glutaric acid, adipic acid. malefic acid, fumaric -10_ ~ 8 JH-J

2n@B WO 99/ 6447551?&%21%%(&%39@3@_@ d) phthalic acid, isophthalic acid and
terephthalic acid. 1 d, fumaric acid, and malefic acid are nost
preferred. Wien bot h IRitiazordydRemaoftht prasong @rventih inclubie bothndomplkexed drigiot he

deconpl exers are triacids (i.e., tricarboxylic acjd deconplexers_ ~. An
exanpl e of a usefed FEINREPIANG AnineicHBPlex) and agarhpxyligaqq decgmplexer diff and

pol ymeri zabl g, co i : ! Lan NGl o] type
b Hoconpl excy - EARAS WRAboRlliq R MKRBIek e & B N S R TR B liSs Pl
conposi ti ons canmomstarboxelicani®dédoapleace (mefetdibdy tosv@ntesogianedkvd geappl exer s
and/ or ot her deconpl exers, such as those conprising at |east e 10

anhydri de group EPé(é‘lﬁfa}tE%aat R SEQOHNS @ég‘?"bgg 0 @V?‘ﬁé‘gé{se@ﬂi%‘%ei s

i ncor por at ed her%&np)ﬁ\,@ﬁf&rence. O those deconpl exers described in PCT
Publ i cati on No. 97/ 17383) particularly useful anhydrides include

met hacryl i ¢ anhydri deln @wembndimean lhy driialern) sysinaffithe prasepdmivelsionacmmpylises:ar i ¢
anhydri de. PLSeferabI y. sutih %ng%/.dri_de deconpl exers further conprise at

| east one free 1 S rZUFVBNFXFASRTBEANd abl e group that is capable of form ng
a coval ent bond wi th }8&oHBRREEKAvinY)a stinb@featplehted V&'(11):.t he carboxylic
aci d deconpl exer conprises at |east about ~0 weight "% of the deconpl exers
used in the present invention. Mst preferably'. the carboxylic acid
deconpl exer conprises at |east about 80 wei ght of the deconpl exers used in

t he present invention. 20 ‘henG he iyitiator systemincludes an
or ganobor ane am ne conpl ex, the(cigcorrp exer |iberates organoborane fromits
am ne conpl ex by reaRt4 W TR.the G e, thereby renoving the organoborane

fromchem cal attachnent wrththe am ne. Accordingly, the deconpl exer is
enpl oyed in an effective \{ d}y[}é, an amount effective toypronote

pol yneri zation by |iberati ”g) or gan rane fromits ?5 am ne @uiex, but

wi thout materially adversely affecting the properties of the ultimte

pol vireti zed conposition). As regpgnizable to one of ordinary ¢§kyl1 in the
art, larger gount s of deconpl exer may permt polynerization to proceed too
qui ckly and.*Yn PR¥eEase of adhesives. the resulting materials may

denonstrat e i nadequat g1 adhesi to,l ow 30 ener ces. ver. 1f not
enough deconpl exer isﬁu!ssgal,wte%gmfnat %gr(())fl P coﬁlﬁngﬁfﬁ&r%gwkgw%ﬁﬁ%mm

PCTNS98/ 12296 poF%qﬁra{n@a&t,},‘gnvm Qo). 0w and the resulting polyners may
not be of adequate nol ecular weight for certain applications. However, a
reduced amount of decRAaxelkivaey ddeantedrplpyl in sl owing the rate of
polynerization if it is otherwise too fast. Thus, within these paraneters,
t he deconpl exer is tyRF sakleyted fiov e group codistiip b hydrogdh dnbatmdroealeat i 0 of
am ne-reactive groups in the deconpl exer(s) (e.g., acid groups or anhydride
groups) to a@dneorgamiagsotips i n the range of 0a:1.0 to 3.0:1.0. For better
performance, e.g., overlap shear adhesion, after bonding with open tines of
about five mnutes, preferably the ratio of am ne-reactive groups in the
deconpl exer(s) to amne groups is in the range of 0.5:1.0 to 1.0:1.0. It
shoul d 10 be noted that the nunber of am ne groups includes both primary
and secondary am ne groups when the am ne & a pol yam ne. Com pl exed
Initiator In general, preferred conplexed initiators of the invention are
conpl exes of 15 organoborane and am ne, wherein the organoborane is the
initiator. Any known conpl exed initiator, or conbinations thereof, my be
used, however. as long as the conpl exing agent (e.g., the amne) is
reactive with the deconpl exer. A "conpiex" is readily understood by one of

oy I e



Specific initiators include trimethylborane. triethylborane, tri-{ gaAN 700
propyl borane, triisopropyl borane, tri-n-butyl borane) triisobutyl borane, an
tri-sec butwgosges Specific am nes include amonia, n-butylbaiigs12296

et hyl enedi am ne, 1, 6- hexanedi am ne. diethyl am ne, diethylenetriamne, and
a. ca di am nopol ypropyl eneoxi de. Organoborane am ne conpl exes may be readily
prepared using known 15 techniques. Typically, the amne is conbined with

t he organoborane in an inert atnosphere with slow stirring. An exothermis
of ten observed and cd®okiamgpnotaleiterganict drow dotnpriomp ah atke! proap haengletdeast f  t he
i ngredi ents have a high vapor pressure, it is desirable to keep the
reaction tenper d¥Rf I9BIaMsa PYsiRrablp gt legsy | Beprbonaiemdsit he naterial s have been
wel I m xed, the conpl ' Fhie o cool to room 20 tenperature (i.e.
about 22C, to about f§§?¥inﬁ%§ggggfgrfstorage conditions are required

al though it is prefemriegh infgtr iro@ecipbredqudleo kgpt in a capped vessel in a
cool, dark location. Advantageously, the conplexes can be prepared in the
absence of oPganic sdh geaikes embadimgalpe initgiersysiem of ths nsesepdRvRAEEN al t hough

t hey coul d be pr%gﬁﬁgg_in solvent if so desired. Solvents used in the
preparation of the cofpl exes 2~ should, preferably be ones that do not
coordi nate am nes, farcogyrR®d @itidi@! r ahydof uran or hexane. The organoborane
am ne conplex is enployed in an effective anount, which is an anount |arge
enough to permt pol yeaipzdidasif desomplgrgeri 3ndoccur to obtain a pol yner
(preferably, an acrylli lyner). Typically, an effective anobunt 30 of the
or ganobor ane am ne cgﬁﬁF§§d¥§m§am§ﬁnunt t hat provi des about 0.0l weight -13
0 8 J~; N 2009 WOHIOIOtiidechhglekir ity be2R6 e R ahSthékattoxHibadi@i ght % bor on,
nore preferably about 0.01 weight % boron to about 0.60 wei ght % boron,

nost pref er abl y dpouRiexsror e foresampla, angnhydide decasuplioxsr g Rarticylpdy on.
based on the tot i i Lt ..l ess .t j ght of
fillers, non-re c%fleé\?gd %‘?P%@%t%?&gﬁ‘gg%% erns: e%&?lgtgéﬁbygeb%ﬁ%}é‘?gﬂ%@rﬁg’

Di | uent The i ni trhaléioanidAdrpamad glukaic aahgdrideont ai n any suitabl e diluent, or
conbi nati on thereof, such as an aziridine-functional material. For exanple,
such diluents are deddfdpeamnigrerscare Bighiir kits e cREPTIGYS pEYymeBEPle Quite 10
advant ageousjs~~. : ol i i j.ed by
o g o ssarved e e e R o o A i P P e,

bl end of two or muromed) dnfi@n @rtiataz¢ampebnere(Which frichinial theabmipiexkd inithatériand
initiator conponent., erally, the aziridine-fuynctional paterial should
not be reactive atncfwapfeeif Bﬁ'éﬁné)cfﬁbl"?é&m‘éﬁ‘?d“& {5 ol B 2ahle SHPROSISAASHC K e
conpl ex. Al so adyaf A98ekHEAY ow diffadZireledi siBstrhRs ! POCLEOHRIopIBL RN BE KITRY
general ly increase the spontaneous conbUstion tenperature of the initiator
conponent . An " azhfirtheneonfiprise minprtiparteispensal. ' refers to an organi ¢ conpound
having at -N | east ong aziridine ring or .group t he carbon.at pns) of

Wit chomay opid onal | v Eeghs of HreRa PRy RerH B B s I PRs o gPgi Rt 6. g
groups having 1 thénoafer abaptised theGippop atons, preferably nethyl, ethyl or
propyl), so as to form for exanple. methyl. ethyl or propyl aziridine

noi eti es. Exanpl es offresdingpt lezgspavemenarndry avai | abl e pol yaziri di nes include
t hose avail abl e under_;the foll qw trade designat.i.ons; (IKI%% | N KER CX- 100
(from Zeneca Resins: l H’igr%@%‘ ca %e,mwf ?’“b%%’ﬁ#’ﬁf“l’?ys}eﬂh‘?: h?_B eée'W/I ie,
SC); 25 XAMA-7 (ihventolelakd | nc.; Lake Wlie, SC)) and MAPO (tris
[1-(2-methyl) aziridinyl] phosphine oxide (from Aceto Chenical Corporation:
Fl ushi ng, 5. The azhitipwhiguelfroerizatiomel therattieast ene momnmeat. be general |y

sol uble in nmononers included in.the.polynerizabl e, conposition, such that
the parts of the kit c%ﬁ%@?&%ﬁ?ltﬁ&é&edE%Feg"e%(?m%%corpgo M hat no
evi dence of gr OSShrfHRAIS ThE @BAPEitiSH i be & least pddtidllyddatld oRke BsubQrR9/ 64475
PCT/ US98/ 1 2296 room tenperature (i.e., about 22C° to about 25C.) is visible

to the unai ded egasticulSirkyilpwisiufacetehergy supstiateor ane ani ne conpl ex shoul d al so
be soluble in the azitidi nefunctjonal mmat e({fjr?al altho %P?‘Jai htly warm ng a
I

m xture of the conpl &P°ERAVMTEZEE B PPYMyEZed SomPOSgN | y be hel pfu
i n formng a0l shyitizl clifost A ah bE OIBGERRCEALA BarfibliPeomadiitd 22C to
about 25C.). Accordingly, preferably, if used. the aziridine-functional
material is aliquid at or near roomtenperature (i.e.. wthin about 10C.

of roomtenperature) or forns a |liquid solgtion wi th the organoborane am ne
conplex at or near roomtenperature. The aziridine-functional material is
used in an effective anobunt. Generally. 10 this is an anount of not nore

t han about 50 weight % preferably not nore than about 25 weight % nore
preferably not nore than about 10 eight % based on the total weight of the
bondi ng conposition. Mnoners 15 As stated previously, the initiator system
of the invention can be used to initiate the polynerization of any suitable
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hi gher unsaturated conponents is not excluded) but it nust be kep § AN 1853
that ?0 their presence can lead to enbrittling of the polynerized

conpositio -t i ves Bondi ng conpositions of the present | i y
al so conprpgggﬁg??%er optional additives. Generally, such adhE¥ﬁE%@E§?QB
present in the polynerizable 2~ conposition of the kit. Thus, the

pol yneri zabl e conposition may further conprise a variety of optional
additives. One particularly useful additive is a thickener, such as medi um
(about 40, 000) sopduaeWratn behgdto poRerd b fiyd: andidtand yiirfe tdpatheniya aded al |y
be incorporated in an anount of up to about 50 wei ght % based on the total
wei ght of 30 tH&i%%| ynerizabl e conposition. Thickeners may be enployed to

i ncrease the -16 ~ 8 J~~J 203 WD 991 64475 PCT/ US98/ 12296 vi scosity of the
resul ting bonding conposition to a nore easily applied viscous syrup-Ilike

consi stency. Athieid D&ckipGioh of the Rietdrvéd Befbolliménts S an el astoneric -
material. These materials can Inprove the fracture toughness of bonding
conposi ti ons nade t Héwsaavention prividesdaitiatoe systanes ¢apable ofvmaialing or  exanpl e)
bondi ng stiff, hjigh yield,strengt. teri.als .(e.qg..,nmetal substrates that
o ot “echani GATRPERLE: Mefrargyelbe e nyrabt pftyise AT AP Sl ch as
f1exi bl e pol yrr%h@riﬁﬁgﬁ)raaéo%ﬁﬂexe&%ha@ﬂ@é.%! MESrgatibofiRP 8nlel ¥nBfex) and
incorporated in an anmount of up to about 50% by wei ght, based on the total
wei ght of the (8] yershbixytibraddeequmexdroBy uidizogrearbokplid acpbfuperiang! grampsal so be
added to the pol yjrenzabl e conposition to nodi .spreadi.ng_.and fl ow
properties of tqr?etgfg%%am *E5 océ)ﬂplaf)%tofﬁeé’é‘ﬂlsgﬂﬁcﬁ%sgﬁaﬁygﬁg??ri‘ s may be
mani f ested oy asdcpshaeestolR)didaipidx@ts dffife PR ﬂQeﬁW@b’blc@W hidrd @€ an
undesirable "string" upon dispensing froma syringe-type applicator. or sag
or slunp after wepienpossemhybspny-Bacuenah magarialscal surface. 1 ~ Accordingly,
use of nore than abqut 20% hy ight .. based.on total weight of the ..

pol ymeri zabl e conpo PP P%?Fpe%fo%}%clg?{%@lé)ﬁeﬁ’le ’%B%Wﬁe&’b‘éipﬂgega W"B%n kit.
desirabl e for agith®is Bgnprise2Pleast afagr B., h @slysiedREe compdsitioAlaiy s of

i nhibitors. such as hydroqui none nononet hyl ether may be used In the

pol yneri zabl e ceeRIdFatti(bhsan iniatescamppaent} for pridatmgtposmeanigatinneoi2ie
degradatio f - | 0 | i bit ~:. D din an
amount t hat' dodisFRABR EbaRHibL RhBRBow, 7 lhd B TR kB BRRET | 1

ul timate properdniesvoofario Therews paradst théIRit @ialy b reatiflo @okibingd In a combediedtor s are
general ly useful in anpunts of about 100-10, 000 pgm based on the total

wei ght of the rRoAuRREFally psefileWhole pHEbEL B Blie 9hbdfior fesh mopspreiasallly hdssi bl e
addi tives incl NOR- 1. I AF ; : b K,
hol | ow gl ass/ cgg gn%'c&b{agzsggﬁ }sﬁ%f ﬁ‘gggé‘ﬂ%ﬁ gaﬁflgkrﬁkéﬂﬁ? &g?tggaor} (?lgﬁegl?‘ggs#%g‘r am ¢
spheres. and chdi$fgehsersarel shidven ini k8. Pdibst Naw. # 538,90pndH682. bifdindiavees ar e

enpl oyed in any a nt, but eral | no s that do not significantly
adversely af% ecatva’trlrﬁ’g? %8‘?‘3}#@??01 i 9 (éagé‘ég@'&)df‘“dfh e ffads ¥ P Uberties of
polyners nede t(yexexet fpe ans:chKhe kif c&h Be rehd TP mpkeled Pothishtdimg BORAbGGons.
Conposi tions PCT1US98/ 12296 The parts of the kits (1.e.. the polynenzable
conposi ti on andwhiblereadily pelymerizoiopoiendty, far exanlpdn ddiksaves.woul d nornmal |y be

done when working wi.th such materials. .The init{ator Cco nent is added to
the pol ynmerizabl e corfio8P¥MsHZRAIG FAmposian, tepirally; ompoisesal fafiPngse t he

bondi ng conposi id ; i WefYe forma
bondi ng comosi%?%?lesﬂgﬂg%%ggs’? |& g%"}g%eté‘?r?" Agglteon!a@eég %‘%Ei%%s tﬁépﬁtsef ul
pot |ife ne3s beleashond dateppledemiy awpboxy headiddenvarpicxet. dostpoefetablyf thehe
initiator conponent, the tenper turedat whi ch the bonding is to be
perforned, the FFRRBISEY 117 relgfiehciavsrdorge 1% nki ng agents, and whet her a
di luent is used. Pref i \/ i Lty i eep

t he tenperature bel ovlﬁ%mg%{di%%dlé%gégf%? g@%ehggrag\%vta%%%t %gg{ij&%@t&lah%
preferably bel ometaboyiate? DXdor Aacior gliangtayivelly mecaburnad usigg provaemsthods) sich asar ri ed
out at roomtenperature (i.e..  about 22C to about 2~C ). The bonding
Composi tion i s BRI AS VDB 8S: i Stawsed Test Sletbos BEDesaaUamOLAG t nen

t he substrateges j¢QI eget her with pressure to force excess bonding
conposi ti onﬁ(gutégfrdf%‘éﬂg%\r'\%' line. This also has the advantage of displacing
bondi ng conposition that has been exposed to air and that nay have begun to
oxidize. In general, the bonds should be nade shortly after the bondi ng
conposition has been applied to the substré&te(s), preferably within about
10 ?0 mnutes. The n~pical bond line thickness is about 0.1 to 0.3
mllimeters. The bonds may cure (i.e., polynerize) to a reasonabl e green
strength, i.e., to permt handling of such bonded articles within about 2-3
hours. Full bond strength will generally be reached in about 24 hours under
anbi ent conditions. However, post-curing with heat may be used, if desired.
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Peel Bond Strength Test Method Each formulation was tested on two @ fJARr g1
polyoleftn fdm substrates: 0.8 nm (30 m|)-thick high-density polyethylene
(HDPE), comrercially available 30 from Cadillac Plastics; Mnneapolis. I

and 0.4 mm wologrsagfisl 1-thick skived -19 0 8 J~~~ ~Q-3 VWO 994446912296
PCT/ US98/ 12296 ul trahi gh nol ecul ar wei ght pol yet hyl ene (UHWN, commrercial ly

avai l abl e from De kndustries; Saunderstown) RI. ither of the,ftlns had
any surface treat xgjﬁ‘f’ ) mfﬁ%tobgqrg}%epgggp ga@%ﬁ%ﬁgﬁxﬁs Bﬁﬁﬁﬂsonﬁﬁﬂ%’ipf%ad with the
initiator co > O hStdish hXicH j 10 i ne
ol ox i S50 (o A Sl LA W,
spatul a for oméththepdlynesizebit @bmpasitiondhe decompest in the.polneertmabldi ng

conposition was then aiqgl ied to a ~ 1 cm (2 inch)-wide, 15.2 cm gG
i nch) -1 ong se&eMaASIHEN HARalsS RGBT (£ig-rAreayeberane)dresp il sRMRIEXA56%84 i on was

applied tocthe finRs [« : j [ Si e sane substrate
was eased (5)nt %’rilr}lueg’ n&‘ﬁ%b%o@(ﬁggl |(§)fntlhlgj1§’§bgl8&ap%?ll?g%f¥)7 | b) wei ghted
glass plate. One 3|“Q@n@ifngtclaﬁlp@Eiﬁ%ﬁs’mra&l%s%@mﬁ@ﬁiid)r%cfeﬁtﬂti?ﬁ"oﬁi ARig oft he
second filmat an angle of about 30 degrees and then gradually lowered to a
hori zont al poghe padymsnzabhecompesittacanddht initintansorappient dThenbordment al |y to
the first to avoid f.ornmati ogf F{ gub&}aes in the bo?di n(t;r conposi.tion.

Suf fi ci ent bofEMRESIIOR HEIFTYT 19T SA™ gaa\ﬁﬁpivgraety(g syhstiptes.gpelpding, t o provi de
m ni mum bond ] i C [ ' ' : i nch)
in | ength. Thgbgong%ﬁéﬁ&%rﬁ?’ \%\T‘ér&(reé% Elﬂgjv\h/)é%}hl{g b"P'(t:\gE:gn ﬁggcﬁ%pﬁgondénss]aﬁs room
t enper at une (iesgeciallyghseful Z&@Gontmgdbetdur2bEenergyisitbsirias. t he bondi ng
conposition cured to an adhesive. The sapples were then tested for bond
strength in the T-p&eW surfagegRergy suRstratase A theseithaithaye g surfage egergy o€ M4s6ad

speed of 10.% (LI f )yt Rt b?&%%éamﬂ‘%ss tﬂ%@z{d’%ﬁ?. 220 P8 Sheln’ B .Slr?cflu&ege.
sanple were clanped intd thejaws”of the tenSile teSter,”one tiree end in
the upper | awaaifig@ach faeiabyule bﬁlybﬂ@lérﬁy\lpdslﬁjn@)‘)yleﬂ'é]chﬁ&ﬁtrﬂ@-‘bﬁtaﬂf&:ﬂﬂ pul | ed
apart until at least 2.5 cm/( | _inch) of adhesive was exposed or until
adherend fail @t)@erwagnéagldﬂmaéf: Qther pRlxmgsreoffsomewhpidiighgraurfacaenergy thete run

25 after the adhesive ind Liall sed wa ecorded as, t.he peel
strength ilE péﬁwggeﬂlsﬁgh%\?\? (H{aﬁa %Aﬁéhv:% ¢ gﬁl%%ggﬁerésr?sfe YRR lélﬁls}‘fjsm (Nicm. The
tensile strengohgaffonhiendiidymdHymdtmdylhis Hiieed, heidveidpbs 46t ¥ cm wi dt h
(2~ pound/inch wdth) and 189 N cm w dth (108 pounds/inch w dt hg,
respectivel y. limiedds thettompasieonsaady berysed go hondsanyaberpioplastic sastreel] asaxood,
approximated -2 0. 0 8 Jh~J %53 X\Q 99/d6t§4fg PCT/ US98/ 12296 t hese tensile
strength val ue§™mNfFs: SGNCIPls, BIPSE MERF- {08 "% of substrate. as opposed to
adhesive, failure. ‘@olypaizdBeshiodifiens (R reReeH tGATpAPREEs) hRShostPeCi MENs
were prepared, the mxing vial with the remai ning bonding conposition in it
was wei ghéd arhntimgsomsioghiongamertosnbstantialy sl of thd moneimgrs ingbe capped and t he

bondi ng conposi tion. allowed to cure for .24 hours at. roomt erature
(e Dabout . PSYmEAR mpastton sre Rl perizeq axceph i Befipicdly finolyhenize
tetrahydr of ur apnduhhs ree8hNieMie #6hPbf FIBMAR kil iR aHOPoTRUS 2y days at 10
roomtenperature (i.e.. about 22C. to about 25C ) until the contents | ooked
t hor oughl y swodongpositibhe ascunding o thessventonsmipsexused tin ¥ widanaiay ofoays) a 118

mlliliter (~4 ounce) glass jar and broken up into spall chunla with a
spatul a. The dhglugingas adheivazsRORMNEMAETIAlY SAIANLS, GRALHIRE: MEINGENON ed as V2.

Suf fi ci enty<THF S . a Lal: ] t 5
conpri sed %Ses smbm %glglg'r f@g’gi}}a &ealiégﬁoteq%sgéZaah%gﬁé%m&gﬁg%cfbﬁ%cﬁ@%ﬂg’na 5%’ parts
by wei ght THF. caftitsh, hitd mbed fibeppts, ant 2&'tﬁ@ﬁdxs@dﬁrﬁreﬁiﬁ'dan@fei‘ﬁfoldiﬁ% at least 3
days at roomtenperature (i.e., about 22C. to about 25C ). The fluid

m xture was t hepergioms.edheymaydudheribeaised asiervapsents pad pettifg compowrdsi ng a
wei ght denot ed bﬁl ow as W3 ?nd th r%g’glq rinsed with %{HF. .The filter was
dried at 71 CSYDREBHENCMAMIGBMESY SHEHER CUPRMCRL, PrpfeRSEFY! bagds 0d the
filter was allgwed to equilibrate for 6 hours at roomtenperature (i.e.,
about ' ''"'C. to about 35C. ) before being weighed to give the val ue denoted
bel ow as WO Percent of insol uble adhesive solids was then cal cul ated for
each sanple as follows: 2~ Percent Insoluble Solids = W-WB + 0.0089 X 100
W1-W It is noted that a correction factor of 89 mlligrans was added to

W-WB in the equation above to account for . that portion of the filter that
was | ost by virtue of the process conditions. A |arger percent insoluble

solids is generally indicative of 30 better solvent resistance. 0 8 JH~~
EO03 WD 991 64475 Deconpl exers PCT/ US98/ 12296 The following Tables IA-IB
illustrate the nonocarbot~~lic and di carboxylic acid deconpl exers utilized

in the follow ng exanples, along with their equivalent 5 weight and source.
Simlarly, Table Il illustrates the carbor~~lic acid ester deconplexers.

T



: 0 8 JAIV 2003 WD 99/ 64475 Table |11 TypeEquiv. W . SourceSucci nj@§ JAN 2003
Anhydri de~0Al drich Chem cal Co.: M| waukee. W Exanples 1-6 Decorrpl exer
"PCT/ US98112 arboxylic acid was used as the deconpl exe

i ndi cat ed |§&?9§2§4g‘,ﬁc Initiator Conuonent A 2:1 nole ratio SFT/US”’”Z%
triethyl borane: hexarret hyl enedi am ne conpl ex (TEB HVDA) in the anmount of
1.52 grans was dissolved in 3.48 crans 10 tri nethyl ol propane
tris(3-(2-nethyiaziridino))propionate, conmercially avail abl e under the
trade designati %C&@ bl NKER CX-100 from Zeneca Resins: W/l mngton. MA
(hereinafter re as "CX-100"). Polvmerizable Conposition 1 ~ In
each case, a slurry qastainnidegpnifleXsd)’ geayn compeurihepablt ofiljeening the
comercially available from GE Specialty Chem cals; Parkershurg, W under
the trade desi gnditiptoh(cEl-ENBINRDIBOC) fHem “éC%TBPlG’Eqré‘F}B@F‘mm% thrsetyABRRIAE i n

t et rahydr of urfur. { ﬁggg; i i rom

Al drich Cheni cal Mt’fbt% Wﬁ%‘llzﬁ‘gﬂé THEIX\;QvanSSa owegl ?(J:rLX Shﬁ%ﬁg for 3
hours. The 28 r esfrédidtasopaidedrdics PEbGAOR. "WAS uedd Hevasl etaax sfabdse ddiths thhen
sheared aggressively with a sawtoothed bl ade of a |aboratory dispersator,
comrerci al i v avahd ¥Bleaneandig Prenier M| Corporation; Reading, PA Then.

2- et hyl hex~~l net hacr, te H i vail [ d h
Chem cal Co.; MI vvaul?eﬂeh% FWS(:E[ mn’naﬁotgy? & Pﬁlex\é//\fak?am% ag)%le(ﬁécraoch% p{haf:
well. _2d 0 §s dapable 2@ BorihOR 1641 Bond Ak khd %ﬂé?};bMSQ%fﬂr@%annoborane

Exanpl eDeconpl exer Wi ght Deconpl exer, granms (mll1equiv)Wieht THFMA,

gr ams\\ei ght EHMamngermwwdrhetat%ie@rgaesbqrw c&meurrkgliggwgﬁmsalﬁhc aci d2. 07

(15.7) 29 3030 7ogrenap BrE b ety hel A SR Ao 05 Kty of

15.7) 39. 379. 77 Adbiesiriéxylio agia eBeomRefr Sinc e dibabykiici aé iltleCorf Sl BRDS | tl on and
initiator conponent were packaged in a 10:1 volunme ratio dual syringe

applicator. Kit CRPOXKIL @Fbestqy dgepmplexgie ad mpngﬂaehpawhwlédmommrﬁpr oTec;
Sal em NH, under XP, e

cyl i nder hol di nép}eﬁ?agl %ﬁ%gﬁgﬁ@%%%l 3 pﬁ‘%ﬁ’%é%gﬁt tenqr%ematnf é‘ra cy {Oﬁder
hol di ng the i ni tibwiodor eapositiens). 10 The two parts were conbi ned by
swmltaneous extrusiaon through a 10 cm (4 inch) long, 17-stage static m X
nozzl e, Part!®No. MX Eaebwhtameéﬁﬁ?@m%rw t%ﬁf%meabwemwarwz%rﬁwmé%theSa| em
NH. Overl ap she t he
Overl ap Shear Bg%lé&%?gegﬁﬁ S“{I'igléttg r %@%ﬂt@ ﬁ& b§§g O%%&ﬁ&rom Shﬁ)&ghear

val ues are gi venstuctukall)e V bel ow and represent the average 15 val ue of
three replicates. -25 0 8 J~EI 2003 WD 99164475 TABLE V PCT/ US98/ 12296
Exanpl eOLS, PP (i medi ate bond)) MPa (psi)OLS, HDPE (i medi ate bond). MrPa
(psi)OLS. HDPE (bonded after. 5 mnputes), MPa (psi)l4.52 (656)6.03

(875)0.785 (114)27. 45 ( , 08 )6 65, (966)?.82 (410)37.41 (1,075)5.82
(845)1.74 (253)44. 22 gé 9 (637)6.33 (919)6.04 (876)5.98
(869)67.56 ( 1,097)6. 0)| H) Mhese Exanpl es denonstrate the
excel | ent bond perfornanceJ; DPE ahd PP for adhesives conprpsing dibasic
ris é&a&p s 7-15 Pol yneri zabl e conpositions and

carboxylic acid deconpl exe

initiator conponents were epared mng the materpal s of ExBFPIE 2, except
that the anounts of the conponents were 10 varied. -26 0 S yaw Q)OS WO
99/ 64475 TARBRIE VI PCT/ US98/ | 2298 (11)

Exanpl eWet ght Wei ght V\ei ght Wi ght Wei ght QLS. OLS. TEB- CX- G ut art c THFMA, EHVA. HDPE
PPHVDA. | 00, Aci d)Wherein:

MPaMP | | 24. 88| 239. 740
gzggs%?rgg;?(m;) ( i5) 3%181?5 Ygg%l( ranmozei% ﬁééapl r(ggp fOra%I Zhavmg abo %%8

''4.97].89(31.4)] .

| (665) 100(504 ?SM%%‘%% %%%_Br 4%%%%%‘.?% {"%Eg‘??é%) ?’%8@2’%”?%%?@%%?459. 4
85. 336. 39~( 31. 4)r@mma1(e9:2cﬂgdm@gxﬁﬁp (@ ORrabl v g AbAR0-a26m 6 féWer Lot 73) (8231 |
31 503.501 .0439.23

745.337. 39( 18, 7)!{r7f?29}°€‘1&h9?3)q atems g fesvsn epqipding Bydragen)z26. 22(31. 4) (772) (903)
| 51 . SOB. 503. 1 127. 679. 225. 046. 52(47. | ) (731 )(946) These Exanpl es
denonstrate the excellent bond performance on HDPE and 5 PP.
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Exanpl es 16-19 Deconpl exer A carboxylic acid ester (Ex. 16-17) anﬂ/gnry‘vN 7003
di carbox~~lic acid (Ex. 18-19) 10 was used as the deconpl exer.

car boxyl i c r was prepared as follows: Preparation of Iene
bi smal eat e yég9fgfz§l ne aa~?,ent First, 15.50 grans (0.25 m)lpf'}@fq%

gl ycol (conmerci aI |y available fromJT Baker: Phillipsburg, NJ), 49. 00
grans (0.50 nol) malefic anhydri de (comrerci ally available fromAldrich
Chem cal Co.: M I waukee, and 0.04 1 ~ ;ram benzvltriethyl ammoni um

b i d iall I I k W
orom e (somert a1 k6l AT i R
colorl ess sol ut g, J&}ep&%yeny%omsat&ﬁmfarverm&mdf,gh\%?og@@ws t hen

al l onwed to cool roomtenperature .e., about to about 25C.) The
product, as det er m nRiskydpized ena mﬁb\a&m orReaie plotp (B ferbhCitavizebbriokc opy,
08 ~~. ~I Q003 WD 99/ 64475 PCT/ US98/ 12296 cont ai ned 86 nol % 1, 2- et hyl ene

bi smal eate, 12 awnsyr &Mh:ydnmpeefhlytblyrahme&tammmde@emmcl%rrgdsidmm et hyl ene
glycol. This_product _i.s hereinafter referred to_as I nitiator

Corponent To> pr epar eRthE %€ BRRIRYAEN BB &PUmiPISiEa WVUEH 13(5%@610“’ odor
commerci ally avgh ﬂ%&egnﬁ?gaﬁglﬁvltér&%adﬁg a0k bQRrobh BldRE. RBRMLELME |
DuPont de Nenours; ton, Dg,~ was persed in a solution contdini ng
?0.00 granms (17?8t sk hboaqul vabmammMnde)ostTpﬁﬁeHVDﬁat 15t Oi0cagfyomrmsonfisl 2t
mlliequivalents 10 a | r| di CX-100, and 5. OQ ans pol yester adipate,
comercial |y avieFalsres-deme O&Wé“ﬁols‘éfa’és ARshRPR ?5{% PARAPLEX &40 from C. P.
Hal |- Chicago. IL. PpliyneriZabbeo.90saosition A di spersion containing 177.10
granms BLENDEX 360 and 38.50 grans of 15 a solution of poly(methyl

met hacryl at @), commend alihygavaedtattha aregenl td dre. preflabldési goet proferablyVACI TE
2010 from1C Aﬁr lics; WImngton. DE. 411.35 granms THFMA, and 137. 11
grans EHVA was héated for four hours at 70C., sheared aggressively with a
saw t oot hed bl agg e&ﬂ@&d%ﬁde%uﬁ?@é &E%S'm)é\!eké?s SstrR T @NEdGRE ?ﬂ@fe@red

m cr ospher es. com*rerm al Iy avai |l abl e under the trade designation of Z ?0
LI GHT W1 600. 1@690®$(De>qgmaﬂ|smner(ll)ﬁne¢owzﬁsl an I ndustries Inc. Paul .
MN. This pol ynerizab ition di,vi ded a ined.with t

vari ous deconpl exerskﬁ’i"'s]f’r& r V'I’Hbﬁ@,am%lcﬁrbﬁéﬁ' o iat €ﬂmﬁF§TT5PgS‘W§§’r%agt ed
with stirring fafe opro@uied blthe Howhny RASHI GubQrOUENeity. _?g_  ~ 8 J~PJ
Z003 WD 99/ 64475 TA%LE Vi I PCT/ US98/ 12296 Exanpl eDeconpl exer Wi ght

Deconpl exer. granms (mlliequiv)Wight Pd ynerdzabl e Conposition.

grans16Bi snal eat €e0. 91 (7.0)49. 0917Bi smal|jeat e)lJ! 81 (\ 14.0)48.1918d utaric

aci d0. 46 (7.0)49.5419G utaric aci dghogd of7| Adhesive I n each

Exanpl e, the polymerizabl e conpositipn and ini t| at@r conponent were

conbi ned and tested as in Exanples 1-6, except that glass beads were
omtted fromthe wet adhesive during bond(Imepar ation. 10 TABLE VII|

Exanpl eQLS, PP (i nmedi ate bond), MPa_ (psi)OS, HDPE (i mediate bond), MPa
(psi ) OLS, HDPE ("BGFR&FEEI & rad rsarmaﬁdff'é@wrewpasl(/psu)165 62 (816)5. 27

(765) 3. 44 (500)176. 956) 2. 00 43)18j. 3 5.09 (739)4.47
(649) 194. 65 (675)5. 4 % % SQOJa%Tgé')g”E% “ﬁo“@d%ﬂ%&?@? f%"ﬂ Ph'this
Exanmpl e, D 1062 gaa mig@mermmsy WA the avéllaareq;raleﬁaieme@m:aﬁbleaﬂomst i ator
conponent of Exanple 1 was used. -29 8 J~,~J Q083 WD 99/ 64475

PCT/ US98/ 12296 Pdonavelentioaganic Zxonpokave pmanAllwlwalyncao Acaprdingly. molp@iept ams

BLENDEX 360 and 3- 1C9~ ‘g%r‘g\lﬁ THEMA st o oc‘j/ gtbe&% for 17 hours. The
resul tant opaque Hi"EFE? ve MOre A e FVROIE0EICSHd shear ed aggr essi vel y

with a sawtoothed birgeesrgddi€Brouds’Scin & alighakEMdupNSr Gyche gr%ufb’ dnshe 31. 4

mllinol) D 1062 were added to the di spersi on and m xed wel Adhesi ve The
pol yneri zabl e cooplextiafitherpressdt inNentioni the teror‘aliphapo gronp wetns aratkaieker and

then tested after |mTe|atebnd|n s.in a | e 10 TABLE | X
Substrat eQLS, % msitwése?ﬁmsw cé‘g%%ﬁ?c"’é “(&.B‘i%?f}“s fefm 16\ Red o
encompass alkylene. alkenylene, alkynylene, alkyl, alkenyl, and alkynyl groups,

for example. The term “alkyl group” means a monovalent. saturated, linear or

branched. hvdrocarbon group (e.g., 2 methyl, ethyl, isopropyl. t-butyl. heptyl,

-9-



Exanpl es 21-30 Adhesives were prepared and tested as in Exanple {l §nJAN 2003

usi ng various 15 nononers in place of the THFMA EHMA bl end. The nononers

“used, and tiadyaaunts are liven in Table X . -30 MfV b QaNdefBe&~ 2

HUO. aa 03

(680°1)(6b6) (6SI 1) (6SIi)(LOO 1) (LI 1)(8I8)(zZIl" 1)(6L8)(ilL8)I

S' LbS 966' L66' L9' Lb8' Lb9' SL9' L90' 9t 0' 9(csd) EdW "dd "~ SAO

. (S6) (SS8) (ZSL) (LS6) (8C8) (S68) (ZL) (808) (008) (68L) LS-906' S8l ' S09-9S0' 9Li ' 986

'bLS SZS' Sbb' S( idedgcyt dvades# dmy§ of Q-etipAhexdyl p#p. dnd the like). The term
Z'89'91S6'bZ9l' b swei~ " (dflt) a~El~aE p~ng-1 |y~laMZ' 8l

9" 01 b9~91 Z' 89 alkylegg ™ ipeans agnultivalgnt, fatuggtediHineyia® branchegghygrocarbon group.

I

'S5

| V) aVBVIE-~L6" bl 3 2Ry k82! ROk sa B30 RA e A¥Nindl Gl GARAACH
|

Cyal U ~y~~a~
y~~aMSCl | El r ~_ hydrocarbon group with ofte 8r frofeiédrbon-adrbdn {dudke HonddielgOOGhy!
| y~t aMBLI 1E1 i ~ , Z' $--"(dl]l) al El ~~E i ~(~~00sI” ~yi ~l a~0' x36Z
' x38Z ' x3LZ 5x3@pupx3Ere tepnp@kenylene’ gwams a poujtivaleng aingatgaedliggarar M > 0 8
JH~d f03 WD 99/ 6447 amples 31-36 PCT/ US98/ 1 2296 Adhesj ves . wer e -prepar ed
and cval uat ed adHRnsS RATPET e Brae i Lokt ok SRR o BE 505 e
replaced at var 'télﬂﬁ"aﬂili\ﬁhgp;&}b?;ﬂ%édn@% morovhignQ LRkurgRd D! or Granehdd, est er
deconpl exers: A-SA and SAT TABLE Xl Ex.31Ex. 32Ex. 33Ex. 3- 1Ex. 35Ex. 36Wei ght
THFMA, 24. 91 28. 613@rogarban gtoRp with| o 96 grozgreAngogbarbon triple bonds. The term
(E?'IV:AI, ?m??)g ( 2F94§‘%@yéﬁ€n%§§eaﬁs %%ﬂ?v\é\f%'n@?fneé oSrAb'rz?ricKegd. hydrocarbon &ggg&ith one
grans- - 1. 773055 br k0 f8dfeatSrtribleiypaliy.( 7. 7) (15. 4) (31 . 3) (46. 31(61. 7) Equi v.
Ratiol:10.25:10.5:11:11.5:12: 1Aci d: Total Ni troeen vHDPE, MPa )
OLS. 6. 543. 516. 685. 73iThe 1m3ByPisi growpi on¢anrs @)cled yipg Bydrpeging) grourothpds S, PP.
MPa6. 90----7.49- ;- -. 1)(1.001) (1 08 anmples 37-41 A.sol uti ont ai ni ng
5001 grams M, UESE g aiERcHe e Slori RO ER ophidbelanh oth! Hhe (MR
met hacryl at e- co-afidi¢lic afup! Aletds.a GelitBydrbadrbon @éap halhepbpaiiedYetinhiiihg
Chenical Co.; M ]waukee. W, under catal og #18224-9, was di vi ded. conbi ned
with various carthesgyf pliphai¢ groups. eFheden ngnoaiaie srougAor ArggroupS.meany@i 300.

d D-1062 (;31.4 il iip! , i i ' id 1o equi tal
it ogen) . dnd duaienit 88 xR tylleRlefh Bibub BB ok B T tarch) °
991 64475 TABLE grbupPCT/ US98/ 12296 Ex. 37Ex. 38Ex. 39Ex. 40Ex. 41\ii ght Bondi ng

Conpositiond2. 81 43.2141. 16 ~34. 7543. 27\¢i sht SA, crang7.19--------Wight
A-SA. grams-- 6, 79- - - Qr2gQs gIPuPTH-ofgani¢ Haking grapg.As used Asreimtcaxichi

rans------ | 5. 25-.: \\&j e @ AR 2 2070 = Siy) 3. 27
?475) 2.37 (344) g’.e%e (%%Se?éfgq%é’ilg @%’6%@?&)‘@@%&“5@&(3% g}q%‘.g‘%e ab
E)g?S) 2|. 98 (' 43%\)%10&3 f(xﬁcf%ﬁ)l&g?@gs ((.;546&)%0:@0 g(ou’(?s})l ﬂ] E>C<Iarrpl els 42-47 t

coO exer car | C, aCl ester S as e eco exer. was
prepgf ed as %%m | ows: P5CRBRIEXErs BESIBF“E‘?%\A@&H‘Z??\/?%W%%%FO 1rés'eeéally

Deconpl exer Fi r sfighe? 00ufii8! i ehef Corfpdi2hls dTYEY SotyRLAbIRIHpRGIYh 2E&-
commercially aval%abl e fromAlcolac: Baltinore,”MD. 196.0 grans (2.0 nol)
nal ef i ¢ anhydri deqcthf &) miver,®'as hyalfphatit ghiug, f [scone M ddvethend cal Co. ;

M | waukee. W. and 0.16 gram benzvltriethvl ammoni um brom de were conbi ned
under nitrogen adedomplaxessiargicstar anidsr(k.e-nsarboxylisrasidestar deqompdexers).| Examples

solution. The soluti was .hel d at .70C. for 42 hours.then .allowed to cool
at room t enper at ruéerﬁ]etsg.r act %%lflgﬁzlcg'efrg{eélﬁ&ﬁmai?%‘)ﬁ:2'3‘93"15‘?‘3015?}8%@‘%5 _
determ ned bys protodiedyeh@colBigRalche, 7. 8581NR5 R enbalyeRafifASEORNd Ccont ai ned
93 mol % 2- et hacryl oyl oxyet hyl mal eate. Initiator "conmponent Three
initiator conport@ntthwepreparsddsmaledttiese Exanpl es: the initiator conponent

of Exanple 20 and two_addi tional initiator conponents that were 20 prepared

as in Exanple 20, exc¥pen-&t 19 byHEecREB IR BEENedhe ecempigrersggdiacids

8 Jr~~d 2003 WO 99/ 64475 PCT/ 8/ 12296 prepared Wei, ght, per cent
TEB VDA i 1 OX 1 68: LR Ar R TP RS PRt upe s B CHae
é‘X’QﬁSI \e/es 5 Adhegid/ efioiid Rids6RAMIE 8IS BGrE RSdPRYITREZARER LRIMARSr on of
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20, except that the 2-methacryl oyl oxyet hyl mal eate deconpl exer wasuLﬂse]é\NaﬁU%
various stoichionetries in place of D-1062. Table Xl Il Ex.42Ex. 43Ex. 44

~Ex. 45 ~Ex. i ght THFMA, 27.3227.3227. 3224. 6324. 6324. 6 i ght
EHMA) 9. 1 09. @Tg§¥$18 218. 21gr ans\Wei ght pChOSEAS
2-:3.583.583.5R7.167.167. 16ntt hacryluyloxy-( f 5.7)( 15.7)( 15.7)(3 | .4)(3

| .4)(31.4)ethyl maieate,grans (mllinmol)W. % TEB-30102. 530102. SHVDA in

CX- 100Equi v. Rati00.5:10.S:10.5:11:11:11: 1Aci d: Total Ni trogenQLS)

HOPE, 6. 225 394. L0 AR3icE0R: 26MERal(Rid 4ROSLIBANS RAE) CAkBLGOAZHER) OLS

PP. MPa6. 855. 342. O 5.626.052. 60(psi) |(994) ~(920) 1(290) 1(815) J(878)
~(378) 10 Exanpices amBmsRicAcii apmosti pefeeht ai ning | 78. 23 grans THFMA, 59. 41

grans EHVA, and Gb.0 ams BLENDEX 360 was prepared as in Exanple 20,
except that the cart%g‘iﬂt?%hg anddleetéydre%m@h@%m%sla&@teuaed Thi s

di spersion was divi ined wth vario car aC| est er
deconpl exers: é%cmﬁp gHrs feﬁré*t"@étf/l WF%’%QWF PER eée% tieas

42- 47), D-1Q62,u5@ﬁﬂm%c,gtlbmnlq@pﬁyd aci®-1 0 8 JAPJ Q003 WO 99/ 64475

PCT/ US98/ 12296 nal eate ( ~. 7 mllinol each, providing 0.5 equiv. acid to
equi ~~. total ni trogem)atoamtmnda}pédnmablncaxlamjm@swxhe‘mmﬁon(ban Ex. 48Ex.
49Ex. ~OEx. ~ 1

di sper si on, 46. IBNIETIR e RS A SR Gt XeRPlq g ipigiate] systems andys g
A-SA, grams--3. 'rfxe'rfz'aleébﬂB&su?on‘S can gomgﬁs'e'rﬁ&@ttmq{n)é |0?W6Q58€etﬁ%t:nbed

mal eat e, crans\Wei ght D-106?, grans------ 6--Wei ght 2-et hyl hexyl

mal eate, ------- de:eomﬁlcxtasrar@(s otikdDREcomiexers, such as those compnsmg at least one

(psi) 6. 635. 966

(el 532 . Bheessras reled 1) S liotepoir Wb Eiahswhi s

Deconpl exer A CIRER Pl herdf e&t&kemtmege&%ﬂaersdemaﬁ%ﬁm It was
prepared as follows: 10 Preparation of Acrviovl oxvpropvl Ml eate

Deconpl exer Fi r%ttbllcaiwnmccr\&@%w('(ﬁ% nmlyulhmjus;iqlpmbp%ddeamlcguldanethacryhc

|1 I f h I Kk 49. 0
(0.5 ol ). mal of vy HeF e SRR G 0 By gt FLAF R ARSI um b ot

wer e conbi ned UF’}GQFabN Tsuéh%ﬂy@fmé d&&ﬂ’ixﬁ xhh Flihet | bdxﬁpm at Radi@héYee Cl €ar,
colorl ess solution. The solution was held 15 at 70C. for 17 hours then

al l oved to bool ragicaliorshymesivgblegrenpcthat is gapabletns fermipea covsleabbend waiTthe) . The
product, as deter b eal. n gscop’ ~.
contai ned 86 no Oﬁ}:)“?e?gs)/l gr)e/: "6“2"%@88@?&@ Q}[%% ﬁféacccl{(g or%@g%pcgpngﬁsgs

8 JA-J Q03 WO 9@hdH 4ol 5EPWEIgHEIEI (1RZ Séxobripleiers ﬁe@ughapr&se(nB&venﬁdn equstval ent S
anore) TEB-H-t DA was dissolved a mxture of 4~.0 grams .

mi |1 i equi val ent Bretsabh. dherfasborpicastd derempbexgr gtrawewlseétl&m 8 wstehe”
commercially av on PAR APLEX (40 from C. P.
Hal | ; Chi cago, G hERPralas ubdiin AEs v, O PIT 0 grans ELVACI TE
2010 was dizxsol ved iWheén thegiitanr shisfeliinatuddO4n orgmabofint/Bmarel cotripbex. was

di vi ded, conbi ned seque tially wt h addi ti gnal THFMA,, BLENDEX 360) EHVA.
and 3.49 grans ?efsms ex§1 hefﬂms OggARAt Ora%tfpe.'ﬁ@ntee QOMBRIEY O reaeking Wk B§ui v
total nit rogen)mﬂﬁtxhext%@mgxt &% n@rftg}?@f:ﬁe%né‘ét%é‘cmﬁeﬂl WRlhig the
general procedure of esl ves hesi ves were prepared and
eval uated as |narEi>na,rqAIcear&lﬁglybﬂnb decinmglexdn és élrﬁplpyﬁcymmmeﬂ‘ahive aumupo(set. hmn and

initiator conponent apove. The anmounts of PI\/g/A ution.
BLENDEX 360 andXPit PHESVE thRrompls alymenizatipn by i %‘é“%ﬁ %”’@'E F fot’h't’ﬁ e XV.

TABLE XV EXxj 3

orame 12, 5055 oirbing sahplEtlout Sid, rmANEIG oy EAMD ofLdtis @Epropertics of the
. 513. 63Wei ght ikiviate p@ﬂm&&ed&&nﬁ@&uﬁﬂ? 88Wei ght BLENDEX 360,

grams? 507. 501 0. 0010, 00OLS, HDPE )5.15 %48)5 0> (733)]

(729)-1. ~6 (662) OLS. Apcogpizab %@P})?Ogerdmamalgblan aptylppgep amguats (’578)| 30

(770) 20 Exanpl Y/

pCTI US98/ 12296 fidomplede: '@gﬁépﬁ?’e‘?&?};m%rg‘%%%%t’§8%&gf& HEES ‘?g{fg?% Tos
used: a carboxyhdhesiags. theessubtingdanenigé mgﬁa@&@@namda@qualh&m:odeodﬁ@onpl exer
(succinic anhydride). Initiator Conponent To prepare this corrponent 20.0
grams (128 91| FREGEHN VEfiaesst Sloeverel nPEENqQuRindesRaRpleres i1se@dhs Fteofni xt ure of
25.0 granms ( 152 mlliequivatents aziridine) CX-100 and > >.0 grans

pol yester adi pate, comrercially avail able under the trade designation
PARAPLEX (40 from C.P. Hall; Chicago, IL.-1® Poivmerizable Conposition A
di spersion containing 177. 10 granms BLENDEX 360 and a sol ution of 38.50
granms ELVACI TE 201 0, 411.35 grans THFMA, and 137.1 1 grans EHMA was heated
for four hours at 70C, sheared aggressively with a sawtoothed bl ade, 15
then gently conbined with 38.50 grams Z-LIGHT W1600. This nonomer m xture
was d| VI ded and conbl ned W|th the car boxyl iC aC| d ester decorrpl exers at

o o o, = - . o o v N 1



i nitiator conponent and pol ynerizabl e conposition specified abovg} IJ‘m j
addition to testing the conpositions for overlap shear, peel bon gt 'JMEH
“was determ HMWV t est panel s using the Peel Strength T,

descri bed aﬁlg\(}gw‘ﬁg?_ 0 8 JA-J 2Q03 WD 991 64475 TABLE XVI %@’%&@%2296
Ex. 57Ex. 58Ex. 59Ex. 60Ex. 61Ex. 62Ex. 63Wei eht

nonomer 49. 4049. 0S48. 8148. 34a7. 6=49. 0649. 32m xture, cransWetght SA,

gans0. 540. 851. 071. 492. 1=0. 750. 55(m I linol ) (2.3)(3.7)(4.7)(6.5)(9.31(3.3)(2.
4) \\éi eht anhvar EQ?Q&eQ;@Qio%QQa 1%:Qod f18wimd theZ @ ZOSAPHRE 849 holbe of adequate
1.2)(2.0)(2.4)(3.4)(4.8l (4. g)(4. 6)crams (m|liequiVv)Equrv.

Rati 00.' ' 5:10. soi@ubr #8ight for cdtrisapmiciobs Atlovererhy thdue) -afotiat| of

N L oeentéi ght Bavosy: 1090; 109 1990, 1000:) 080 207F: 308 o AT degt s

405. 37~. -1 -t 5. 3¢ 36( AR, (Wikd théd aé%ﬁ&éré}_ﬁé’&&%&%le&?ﬁ%&ﬁe%ﬁ% FideBh
MPa( 0) (771) (933) (986) (879) (1, | 62) A, 064) (psi ) 05. 316. 436.796. 068. 017. 33Peel ,

UHMW 0. 359. 0¥. 96n 2me6ntGScibiiacthe (apiev)f aMir)re&ctivy ghoup} (r3hé ii¢cdmplekS(D)e.Exanpl e
64 Deconplexer 5.1n this anple, a conbination of two dec le,ters was
sed: & Lar boxy Reit BIRURG OBSHBARCHE SS.ERNE BIDE e IHATBRHea Yot h) 1

succi nate) and an.aghygry SRR kil rd idipat or
Conponent |0 Thg%l’lﬁ(?'t rg{l%)e%grconponenc??(ﬁ" @%F%@P i(g{agléﬁv?/aﬁgp%ogggl'f olpfat hi s
Exanpl e. Pol vireoparatirthes afabpotstivei minutds. gpref@rablyitiisraco ot animeaepctii grougyians
BLENDEX 360. '?i.36 grans THFMA. 8.4~ granms EHVA, |.07 gr ans (4.7
millinol), 2-methSderynBlsresis) & yine grpupsiisan Hisrangsi 019 1ol -fil dndt hould

m | 1iequivakgnt i i i f oC.,
hear od aggr 2os VaTy urt L PR BRnL BRERLGes Bl pilln IRYLROMad °C L
?.~0 grans Z- L| @ine\@ra6fi0vhen;thggamine ¢ Bpalydndine:8~3 WO 99/ 64475 PCT/ US98112296
Adhesi ves Adhesi ves were prepared and eval uated as m Exanpl e ?0. except
usi ng the above initiator conmponent and pol yneri zabl e conposition. TABLE
XVl OLS, HDPE, 1ReIiRadd ( 7801 OLS, PP. MPa (psi)6.46(937)Peel ) UHWN
N cm (piw)9.~0(5 anpl es 6~-78 Decom-l exer In these Exanples, a
conbi nati on of two démempraxeefsrredsomectd imtidtorsoefitiinydntion aricdmpizixes of
deconpl exer and an anhydri de deconpl exer (succinic gnhydride). Initiator
Conponent | A al PTERARFRANG A7ES, A{RETel G otEBRAREIvS DG ARILP A - KNS ght
16% TEB 1 ~ HVDRomBreXed {nidtC bl @ndinatidiowbRbf, tialy &l uddd, hdWRE a)odiolad Blee
under the trade designation XAMA-2 from EIT I'nc.: Lake Wlie. SC. 3%
treated, funed spinpleaingeagehtdpe theragdne)iheeactivacdthdtbe depespiaxar. CAB- O- Sl L

TS-720 from Cabot Corporation. Tuscola. JL. .and 16%,.surf ~-trea

(loated gl ass bubbl o<t v b iR eniooy plate GEe e Rifmad ettt re

A16/ 500 from M nighsptéorliinaict @alefedmed biVasaodi @fdnlfiall @ wideib(e),, obianoberdhe) MN.
The TEB- HVDA ~as di ssolved in the XAMA-?. Then the CAB-O-SIL TS-720 was
stirt-ed i n2By BahaLeyny bare k- Hyamige) t Sush complenes BaOrapIeTRAy BO0 gl ass
bubbl es. No att t. . ve any entrapped air. -39 0 8 JACI
2003 WO 99164473%&@%%?@%%@83%& Sition PCT/ US98/ 12296 A slurry was
prepared from~0 grans of a prem x and 0,30+ gram Z LI GHT W 1600 ceram c

m crospheres (comrercially avail abl e fro}ﬁ\z el an I ndustries Inc.; St. Paul)
M\). The premix contained 37.5% N. N di, nig atAml ami de (conmmercially

avail able from Al drich Chem cal Co.; | welukee. W), 37.5% et hoxyet hyl

met hacryl ate (commercially avail abl e f'rom At'firi ch Chemical Co., M |waukee.
W), and 25% BLENDEX 360 core-shell toughener (commercially available from
GE Specialty Chem cal s; Parkersburg, W), (H3sed on total wei ght of the

prem x. A 50 gram.batch.was .pr.epared in 237 cubic centi netgr (8 ounce)
gl ass jar cont ai“r’neﬁean%‘slss%@%l '?(ulpﬁnga\ﬁlgllﬁg,ag,%uéglﬁ CS#’O ?ngshféhﬁgi%rﬁg{ er.

After an ininki al; ! i . | g f | east
16 hours unt"lgl tlﬁéﬁgﬁ%ﬁggie%%gdfvr\g@a‘él%?nﬁll%g%%I%E%e{bgg[dl.o%dgnf@{{?@% W 1600
ceram ¢ m cr osphaeRA-daataehibd Eousd ded A mSiepresddes daYankiad dprerably, @) RTind RAY Was
resuned for at |east another 16 hours. 1 ~ The resulting slurry contained
37.13% N, N- di metadnyindepenidentydseleciad fibdPalktippoupe hiyihg red ot y caben atdrms.74%
BLENDER 360) and 1.00% Z-LI GAT W1 600 ceram c mcrospheres. The slurry was
added to a 4-dr advirsjipaeferapiyxRndqt vand R” arsrtheisamieng t he deconpl exers. The
contents were then thoroughly m xed by hand to provide the polynerizable
conposition. 20 The proportion of each subs$i-ituent in the polynerizable
conposition is presented in Table XI X, where values are reported in weight
% based on total weight of the bonding conposition fromwhich the adhesive
is prepared. -40 0 8 JAEd Q003 WD 991 64475 Tabl e Xl X PCT/ US98/ 12296

Ex. Di net hyl Acryl am de (DVAc) Et hoxyet hyl et hacryl at eBLENDEX 360Succi ni ¢
Anhydri deCar boxylic Acid Decornpl exer (AlWei ght % of (A)Z- LIGHT
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16006~36. 8336. 8324. 550. 3214Acr vhc0. 4790. 99| 86636. 7936. 7924. 530. 321 I\gt‘mﬂrw
1ic0.5730.9 s 436. 5424. 370. 3219Undecanoi cl . 2390. 984368 4 4. 3Z
0. 52000 20600 BRI 3905000 4750, 4724, 31 0. 3006A. SAI 4540, o8 LS HLRINER 1454
. 290. 3205SA1. 5400. 98127136. 3936. 3924. 260. 3206AS- M4l . 6590. 98007236. 3l 36. 3124
. 200. 3203CB- 11. 8910. 97787336. 1936. |9Z4. 130. 3204AS- CL

12.1970.97477436. 1236. 1224.080. 3204S-CL

| Z. 3950. 97287536. 213 3 I : : :

| 200, 97527655 o1 35 of Bvi a0 St slasdE misviss ap stfgstivg rauo of primary or

i 35. 91 23. 940. 326&ondiry amfhe hitréper 3ibaR 50 86D3n afidIn &HeCcotpYIX T3 0Mt &590. 9642
Adhesi ves The pol yneri zabl e conposition was hand-m xed with the initjator
component in a RNFRBMNSPENJAEAEHNG HYPLRAMINEO COINAITBYINGpOFRIRRsaUA 4. 873
grans pol yneriz intd. ram.{nitiator conponent.

Speci fi ¢ anmount gp%‘ ly&%%&@g%gnfbeﬂ?,dpé?fg%éﬂv%ﬁgﬁ lr'1i’TabI e XX. -41 0 8 JA~~
2003 WD 99/ 68475 TablTRe #%inPCIM|SABLARRANGE aFariety of stlcturBY fotrexamprDAey
Conmposition ' (grans)W. Initiator Conmponent ' (granps)6~4.861 ~0.27766
~4.8600. 277 | 67 Primagsyf seqpngdary @ghine pgtyaming comziggz-aprayagy opsepondayyamine,

0277 17~ 4 676679 3Ryg iR Sglyl it n Be Rl RAyBIRRANSHEL T 2577

Each sanpl e was coinysésitidnds desived riowsv &, Anchbrefaciblyegapiprisek d polgasiuence to UHMWV
peel adherends, HDPE peel adherends, and HDPE overl ap shear S adherends.
Upon conpl etion of t AeecHifinigiorg inekude yrimeshylperaee. sigtisfaraneaiinsol vent

resi stance re r.m - A~ 0 . T . XX

PCT] Usog 12586 BB EERErE RSP RRRp s E i gtine RSt S re! A S

Resi st anceT- PeelbilityReednel 8pdcific Hhipas inxlugpé whinenin] mwdie psnd/efyichadamiiz| e

Sol i ds652951 . 04579, 2846i . 8366662340, 54477. 49676. 66676729~

1. 04477. 48185, 6410bBouimming distindamipe sty onetramingspd o.o-

(T)89.8(T) 1. 008G; A ? 99996. 8866712544, 04477. 49856. 7974722238. 7
4273. 99616. 62787&%‘:}%’. gﬁ’g‘f"%ﬁ@’é %) 8255. 6879742646. 84884. 58255. 6871752646, 8
5088. 08l 45. 616876284 OrgntBRadBafihe ¢GARIZXR tdhy. te46l1ly @8pared ni8ing kBA4A 2. 23866. 9
6794. 6875 (T% = Adherend. tore Various, nodifi ﬁat,i ops and alterations of this
i nvention wilPl BedBIREesagyRIcaY. RGATRIAG iscrombiner 3t the pganehiorangjin ayirert
departing fromt, PSR Riddihd, 2% ekdiferinV 6] GRervbd ariWdlifle BEh

under st ood t hat Pﬁ?s?ﬁﬁn\%tﬁ?ﬁonairéhénot Iei m trgld to theel}vl | ust rat]i %e e

enbodi ment s set nfientdis erefom recodBnended. 8If aNngedigntChaiveM 18gWhaptor peesfirestii ntd

Is; 51 . An initiatar stem capable of initiati nerj.sation,

eornprising: a d%éw?%%g)él‘%mei‘ cgpo te&WGTEémﬁhElBW&gg’i‘%LcﬁéQ/?hdzfabg‘iertﬁ%t ure

represented by (ghdierfdls Hatd been@véd MRixed 't E&Hrﬂ%l@xisgem{b&o&lﬂ)réérh) wher ei n:
o)

R is selected fromthe group consisting hydrogen, a nonoval ent organic

group) and &0nulempesttanst(i-orapani B°grio@poutR3°G.5 Mo ppectal statagheongiiipngiate gr oup;

15 R3 is ~elected from.the aroup.consisting of hydr n and,a nonoval cnt
organi ¢ group; e alr%’ﬁgk’/gll%ﬁl{%f%rregzk}#%heﬁg%%xgggﬁ&ggﬁﬁ%’pgﬁVSSSF&?IE‘ group

having at |east cabl)8ark &chidh. I OBiagfOusly, B8 chipleg@cafbe Breare@flthd@bsents an
i nteger greater than or equal to one. 2. The Initiator systemof claiml,

wherei n the decoiprasrissolventsthat wawld daten haye chedemevashplthoueh they sowld brhe
initiator systemof claim1l, .wherei h ec lexer 1S carhoxylic acid
ester decornpl efé??mfaéﬂforﬁenﬁl%wafﬁﬁfegoggﬁﬁf%?%gq?ﬁi%t ' a(r)ar[%g;;)g ée%]og)}éllec Aim 1,
wherein P. 25 a sHBIQVR¢EablyWe@aBd BiaGicitR c6ctdiphte ainivfesfor atakiple, gr oup havi ng
at least 15 carhop atons. S. An initiator systemcapable of initiating

pol yneri sati on, tewahydefutangr hexage.conpl exed initiator; a carboxylic acid
deconpl exer; and a szﬁlond d&coar}gl exer . 6l The i pi tiator fs{\gxsteem oftcl aim 6,
wherein the second delbRIFPASROFANEAINTS Complex s fRploved AN FLe Ve M Bher , 7.
The initiator sygiens@h ambaitTirge enoldB iEpeimitBlyeRERMbNAS GRANY BX&Ir td S

Sel ected fromthe group consisting of nethacrylic anhf/drl de) succinie
anhydri de, mal efdbtaimahgigmenipreferably canacaricobmey)d riypesally. s ftegtivei amaunat or

system of any one of clajns 1 to 7 erein the conmplexed,initliator. js an
o ganabor aneVan HabuppRine aripe SmiRE <Arhaions e Profes oamh Al v o
conposition) wherein the polynerirable conposition conprises: at |eaxt one
pol ynmeri zabl e nononer, and at | east one carboxylic acid deconpl exer having

a structure represented by (1) or (Il1); OIB-R~- OR"OHnNn 2 OR's O O m RCOH
(1) (In -45



0 8 JAI ~O~.3 wherein: R~ is selected fromthe group consisting cﬂ& JAMU%
hydrogen, a nonoval ent organic group, and a nultivalent organic group;

‘is amltiv ganic group; S R3 is selected fromthe group consisting
of hydr ogen@gﬁdé%& fonoval ent organic group; Ris tt nonoval ePrFE1p’H$ AR?%
group conprising an al kyl group having at lcast 9 carbon atons; mis an
integer of 0-2, and 10 n is an integer greater than or equal to one; and an
initiator conponent, wherein the initiator conmponent conprises: a conplexed

initiator, and an opt F%Q@Ht 18 \Lé“i'gr{?t% P%rg rlrg?reﬁsegf'ertab OJpR1y! Osbln\gexgﬂ‘t % boron

polynerlzable composi ti on, Wher rrza Ie corfposr ion conpri ses:

at | east one qu)éBMtIOZ@b;l/eﬁ’gH’{%Bdeﬁ m@dﬂﬂre@erﬁbl&%boxﬂmrméxﬁﬁ% bofoANPhabst Ng a
carboxylic acid decor’rEI exer having a structure represented by (1) or (T1):
lﬂ

20 O O R~ O'R '0.5@ne; Q’Abommmgd@1thpm@wyghr(qf)thm\mmarcomosmgn dessect ed
fromthe group on5| ogen | ent 2S organi c oup, and a
mul ti val ent or dt Fn ek {}g‘m ﬂ%‘}/rea%g' djl}!'fms carl PR TCACT S WSP%H? organi c
group; R~ ig selected fromthe group consisting of hydrogen and a

nonoval ent organi c group; R is a nonoval ent organic group; 5 mis an

i nt eger of O-Z,Dﬁmm_n is an integer great er than or equal to one; a second
deconpl exer; and an |t| atloor conp lﬁ wherein the %1 dt| at or conponent
conprises: a conpl ex AT S gen r%fiyl%s EPRR psitable dUSE O1) 1 T The kit

according tv C'(ﬁinm:ﬂé?xonm%o‘?'sﬂcﬁﬂ%n%@ﬁﬁm fagunal RARHaC FIPELBRSe,3lch
anhydri de deconplexer. 15 12. The kit according to clai m10, wherein the

second deconpl edibrentsBresishasibed i FCD Rublieation dlop W0 AY/il 2634nquste et hacrylic

13 The I 1 Cho iR AR oo LR ERBP S A OER FrEed BaRE.

di spenser. 20 1dissofveldane diBitedByPasairidife-rGRUBAA Phdidtial Bea H@de’@ﬁ"u&ozcﬁlm €
conposition of the kit of claim9 or 10 m xed with the respective initiator
conmponent of t heotei ctlffgtm@zmdmegumlpgal nlaerlais substmamer @tnnoqut Geagraiibal | y
coated with the bondi.n Malepte o§ ta]e 1als The s hstr te of

claim 15, wherells2PREMST sf PFécaé‘“ en‘Q?V&V“E%B%'P 5t & having a

surface ener gy RinclidSss hrhéﬁlen@ér fmr]{hm&ompﬂle Als®PadvamA¥éoutl9 thd 4ziridineonded
article, rising a first substrate, a second substrate, and a

pol yreri zed onfinpigPnabmAERSNayi ERerally idersa the spapsaneaerosIbUalian bonds t he
tir~t and secon 18. A nethod of initiating

pol ymeri sation %fn%ggﬁ]& tﬁ?mﬂt‘?ago'? Iar%herrm?“'t he method conprising the steps of;
provi ding at |east oag* mmﬂ@functhinehdhuagalt’hefe@tto laf dfganieREmpONGITRAvingat h ~t rt
initiator systemof clainms 1 to 8, and initiating polynerization of the at
| east tine nonomer, -48 .AS3.AQ@y. A, . 3.4 .ASh . AA A { . Aly. AOn

CACACAY. AL Ay. AR A. Ae A ;&

AAA A AD AR S‘R@/a&\“%“e DO BPUPASe . Ay, AEE FARON ARFURST XN A An. AS. A
e. A5. AE. A9. AsU* [ g|dRaPbe fibstituted by short chain alkyl groups (e.g., groups having 1 to
Y| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] cOa] caU] ca] ca]ca] ca] caJca]ca]ca ﬁ ca] caj] ca] ca
Ul c*a] ca] calta] glaa]uc&@]:acgqrxmmsgatg]fqmqm meethyrl, etlyl or propyl). so as to form. for

"ma#37F 4 | gb $
] gg] ca] ca] \ég] ga}%%] ?%]rrg:h] ileﬁ]v] g@,]l '}@H} ]ca ;;Z%ceggi]v’c a] ca] ca] ca] ca] ca
B| wr mhc”Y] ] ca] ca] ca] gadned S@Lgﬁ]lc&]ﬁﬁ]@ﬁ]l %lrﬁi?db@eaﬂ& u?e%]lﬁéﬂld‘eat}x%] cha] ca]

ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] caj cal BDFUp<% #IUSSS

9884 w mhc” XU] c Oajatlable ahdsathedplayiogirads das)analions} (Qﬁ@&yda]liﬂ] 6%] t3{) e a] ca] c

o U 54555 AREEYBFU B0 R A BhY X AN r 0aftec b 0o B ca) ca o

2] cal cal cal s C?dAM]\Cﬁ(]ﬁ‘éﬁi gal g2l s walic 3 CRLAD M AR5 BEOPREkEIN/T 778R99999

.t.ros:

- | wr | gb] V\X/] ca] ea]ldmyk](pmsphmapmdq (fejnt Al eta] Creehoed! Coppoxitoca} EhkkiagddYva] ca] ca]
iflii‘]?(ii]:ialgﬂii]eg R s R Rt elesopidibe esprrelly AAYRle LEPRNTS] cal cO
el fELEEL?@&’E@%“EW%F‘?]@E%?%% ARt Rl fRprtd cnhegheploal onl oal o

] ca] ca] ca] ca] catfadary anjed! BlyC'adlictid’tia eahctahicn] ©ddanad obgros| phajceparalicrajtca) cal
ca] ca] ca] ca] cal MMVNO,

PPQR6R} RRSk Sz SSST' UnVVVVLWAM XXX" YDYYY] YYZ| wr mhc”YV] ] ca] ca] ca] ca] ca]ca]ca] c
a] ca] ca] ca] ca] c"a] caj ca] ca] ca] ca] ca] ca] c"alca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal zQzzzzzzK[ [ [\ "\\\=]]] & e " _R "a;

bUbbb7ccccc} xsni d_ZV]]] ca] c"a] 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! ccddeEeee*f oggg+hrhhiliii & o) j kWkkkkkkPnnn<oi o] wmhc”~YV]]ca]c
ajcalcalca]ca]calc
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N b  Kv~N] scjuzupkfa\W]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalc 4§ JAN 003
aJ calcalcalca]ca]ca]ca]ca]lca]lcalca]lc aJ]ca]ca]ca]ca]cal]c”a]ca!{/CF%
(Tc}xsnid Z‘&

]ca]calca]c ggf@gﬁ ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] FFTEAEA3E4] ca] ¢
a]J ca] ca] ca]ca] ca]ca]ca] ca!")2u6Wi3J”*Y6?| whc”Y]]] ca] ca] ca] ca] ca] ca]ca]ca]c
aJ calcalca]calcalca]calcalcalcalcalcalc"al c"a]ca]ca]ca]ca]c"a]ca]ca]ca]cal
cal ?LXq !

6WI3J7Y6? mh "
o oo el of aup erad bR G IR CALGEIAE] 3G SPETH FRbEIL HRLERERL YR col cal €
@O%&' ()- 10%& inilkedy. 10 &einobthAYE&nine-OHRIK shbuld&BbA¥RoIbre iMihéfakikidine-
1109& ()-1 109& ()-| O%&'as 3f 109%&' (1)- S109&' ()-ySg 10%& () -
g)oT/«::izOg/ q)& . ?u) i K duncoogesa¢rjal yalthoggh glightly n@mng)&mmmw&h( yompla084gd thy -
vy 10% () - @.! 1@%“% r)(e)-%‘ww@ fvsne%a‘mﬁt& fqu(fhhmfa%n%fse}mowaﬁwoaiu

10%& ()- s1O%& hhm ter&&(ﬁ?sm(e) (1.4 SAIUELTL- 1o abBUBD 1°L:). %%@8@116 efer lxlfW di! |
"109%& ()- 9!'s10%& ()-y 10%& (5- 109 ()-fylOo& () f 10% dEuv7d1!
1s109&' () -y/ 10%&ed.the @)q@mfu@ynqnal mgtmaa iya l)&g@b,m'o( )u:ar room temperature (i.e..

$100& () - #34567F =dd!1: o1 109 KL FR310% 10 10:
109! ()()@wty&"t")‘“mﬁ@ ut 497G. o Wé}é?e(’?e‘?am ff@‘ﬁf%%a qui 6%&%") wigh he
MLOYE () - @ 10985 oo ORIk bompk: B 5icHebd roo@-@HBeiahare,* 3109& () - (109 () - 0S

mlO%&' ()-!pPS nl0%DD& ()-!'\S mMOW0& ()-j GdE_=dl!! 6S109%&' ()-Y 4MLO%&' () -
9310%& ()- 110%& () -Tierewigding)functional material is used in an effective amount. Generally,

3. 310%& 1. &$510% 0%&: 0% 109& S@S
109%&' () - fyi #@Eb@fiﬁ ﬂsam%t?g/:é ‘{‘3][ m%i%?%-‘%F ot ﬁd‘gféﬁ% %1 pre i‘ag) '%l’ § Mty ()
S10%& () - \ odEbfpdid 25 Wa A% rhore lpyekefdly (ot mbR¥ak About 10 weight %. based on

the total weight of the bonding composition.

Monomers

15 As stated previously, the initiator system of the invention can be used to
initiate the polymerization of any suitable monomer(s). Broadly. the
polymerizable composition includes at ieast one ethylenically unsaturated
monomer capable of free radical polymerization. Numerous compounds
containing ethylenic unsaturation can be used in the polymerizable composition.

20  Preferably. the composition includes at least one (meth)acrylic monomer. most
preferably a methacrylic monomer. Particularly preferred are (meth)acrylic acid
derivatives. such as those including esters and/or acid amides. Suitable are, for
example. the (meth)acrylic esters of monohydric alcohols, particularly alkanols
having from 1 to 12 carbon atoms, such as methyl (meth)acrylate. ethyl

25 (meth)acrylate, butyl (meth)acrylate, and ethylhexyl (meth)acrylate: the
(meth)acrylic acid esters of polyhydric alcohols, such as ethylene glycol,
diethylene glycol, polyethylene glycol. and trimethylol propane: the di- and
mono(meth)acrylic acid esters of glycerin: the di(meth)acrylic acid esters of
triethylene glycol and tetraethylene glycol; the di(meth)acrylic acid esters of

30  dipropylene glycol, tripropylene glycol, tetrapropylene giycol and pentapropylene
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Y10%& ()- 10% ()- g10% ()-' BAMABOCA1!! Oy10%& ()- . 10% ()- *- 180N 7003
+ 109 ()-!  $GLOYEEE ()-' $GLOYW& ()-'); ?@BUxnbCdl!!3 110%& ()- 10 10
10y; 10%&'( ()- 14-109& ()-4 y2MLOY& () - 3Up<dEnbCd1! ! 10%& ()-Y
MLOY&. ( ‘?’??f%‘(%)s 10% ()-Y 10%& ()- Ss& 10%&' ()-% t dErrch‘iT’US@‘é%()-y
109 () Y ~109%& ()-Y 10%& ()-F 10%& ()- 109%& ()-t

111" " dEnbCd1! 1 £ 9' 10%&' ()- ~109%&' ()-y 109& ()-Y '10%& ()- 10%&' () -

@LOY%& ()-" #- #WHHH#SIENDCL! 1Y 1109%& () - yy/le%&' ()- -10% ()-Y ,,10%& ()-Y
s*109& ()- (10% dYNCdL! | Y: 1098 ().-y710%& () - |
6910% ()- | 4: 1@%‘31( %“%%%SW B S AR o PP i & ()- 910%

h& ()- , MLO% h&d ),e,m& 9 1d)-110% h& ()-&10% h& ()-3%&H ' ' (q( dEYNCd1! !

10% h&' () -f 10% h 0% h& ()- 10% h& ()- ' 10% h& ()- @10%

h& ()-q(()Ur**- +dEYNBd$tallv suﬂau@%era&O(p))Lyme)'izal@)/@h&n@ner‘s @ﬁ)%‘ﬁ&yl(a):etate L10%

h& () - FY10% hé& % h& ( _dEYNCd1! ! % 210% h& () -3
| Fll(()‘)J/o h& ()-/ 10&“%18!“32{5 cs. S”‘i iy 69‘°%§IWYH&°TS‘6 V‘%% eEst Qeeﬁ B! ! I()
Y109 (& () #SrARYER b Tr0 Sl 1B L% sk 0% ' () -3 9610%
h& ()--..0KO12}[9b@I1! ! X | Y" 1098 SHTL T Y T0% () (& () -2 #

| Y 109K &' () - - #! subloxdinDeeuh@uifty in the wymmb@ compaBitions.

| Y 109&' () - - #2' 3Z445555) 724

10% & () (?=710% & ()- g‘i‘éé/?{ &u@ﬂ%&% AGid gpnidep,)sueh ag: aFryipgRifie Nomethy} acrylamide,

1'Y"109%66& () - - #Rogemyb& amb @/ BEN dmét hyl %Q@&e(ﬁl I\ﬁ&@n@@l ()-
y1l09B&' ()-109B& () -f 10‘%8& ) 4 10( 10(p667! 7l 707" 7aBnN/

. 10981098 () - Sm0s@&/1dnyide: M—tome@aervmﬁﬂﬁ&%(bl-qxamwmme N.N-diethyl

OO 0B i L OO
methacrylamide. N-t-butyl acrylamide, N.N-dibutyl methacrvlamide. N-pheny!
acrylamide. N-(acryloyl)morpholine, N-(acryloyl)piperidine. N-
(methacrylovl)piperidine. N-(1.1-dimethyl-3-oxobutyl)-acrylamide. N-1.1.3.3-
tetramethylbutyl acrylamide, dimethylene-bis-(meth)acrylamide, tetramethylene-

15 bis-(meth)acryvlamide, trimethylhexamethylene-bis-(meth)acrvlamide,
triimeth)acryloyldiethylenetriamine and similar compounds.
In general. the emphasis is on monomers with one or two olefinic double

bonds in the molecule, preferably one olefinic double bond. The additional use of
higher unsaturated components is not excluded, but it must be kept in mind that

20  their presence can lead to embrittling of the polymerized compositions.

Additives

Bonding compositions of the present invention may also comprise further

optional additives. Generally, such additives are present in the polymerizable

[
w

composition of the kit. Thus. the polymerizable composition may further comprise
a variety of optional additives.

One particularly useful additive is a thickener. such as medium (about
40,000) molecular weight polybutyl methacrylate that may generally be
incorporated in an amount of up to about 50 weight %. based on the total weight of

30  the polymerizable composition. Thickeners may be employed to increase the
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0109B& ()- S: 10%3&' ()-S-109B& ()-! S& 109 ()-s S& 109%& ()-
S& 109%65& ()-sr: "M N, O P, dYNC , 10 10B 10B 10B; 1098& ()- L6 10(0@%"1»‘5#4 2003

410988 fL6109B& ()-P:~:y: : <L<<dEYNC , 10 |
: 1098 (§ ) %’1 %@27 ()- SF109%&' 8 3SM {0%&' ()-y& 10%& ()- <<8‘f€7¥g;3${}%%ﬁ\|c
, 10 @100/&'() FlO%&'()-I 109& ()-1 @O%& ()-I

@O0%&: ()-310%& ()-.>2>>>>6?F?dBYNC , 10! ! 10%<& ()- S 109%& ()-3 10%& ()-
109 ()- & 109%& ()- 10%& ()-F?H?| 2?@ @3 ~?YNC , 10 .1 109 () -

10700 SRR T P R o | sl @anppsemaEne

OMLO% () - eBi Bj BiBbBkBBBMIGenck0 10% & () - #10% & ()-s10% & ()-&10% & ()- 10
10 10Fy; 10%& () - CDI EpEEFXFAELC , 10 &10% & ()- S10% & ()-F - 10%&'() f s$10%J
& ()- 110% & () - - 1094@other pEpreEhcets @ddiige ma@%la&mmencwam%

adova () - 1guies bt e it Ryslac b ol ooyt ’r@d?%?ﬁﬁém

, 10 10/ 10/ 30/ YierehOi. Suidlr caﬁzﬁ@%&icﬁa)l wh@n P& )f: borﬁiuﬂg%%ﬁhz(eh fl1d
1210% & ()-JJJIIBKCKKAEYNC , 10 10% U& () - 10% - @0% U& () #10%
strength materials (e. g., metal substrates that do not mechamcally absorb energy as

easily as other materials, such as flexible polymeric substrates). Such additives can
generally be incorporated in an amount of up to about 50% by weight, based on the
total weight of the polymerizable composition.

10 Core-shell polymers can also be added to the polymenzable composition to
modify spreading and flow properties of the bonding composition. These
enhanced properties may be manifested by a reduced tendency for the bonding
composition to leave an undesirable “string” upon dispensing from a syringe-type
applicator. or sag or siump after having been applied to a vertical surface.

15 Accordingly, use of more than about 20% by weight. based on total weight of the
polymerizable composition, of a core-shell polymer additive may be desirable for
achieving improved sag-siump resistance.

Small amounts of inhibitors. such as hydroquinone monomethy| ether may
be used in the polymerizable compositions, for example, to prevent or reduce

20  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 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.

25 Other possible additives include non-reactive colorants. fillers (e.g.. carbon
black, hollow glass/ceramic beads, silica. titanium dioxide. solid glass/ceramic
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.

30
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5  shortly before it is desired to use the bonding composition.

Once the parts of the kit have been combined to form a bonding
composition. the composition should be used quickly, as the useful pot life may be
short depending upon the monomers. the amount of the initiator component, the
temperature at which the bonding is to be performed. the presence or absence of

10 crosslinking agents, and whether a diluent is used. Preferably. to improve bonding,
it is desirable to keep the temperature below about 40°C.. preferably below 30°C..
and most preferably below about 25°C. Accordingly. the bonding process can be
carried out at room temperature (i.e., about 22°C. to about 25°C.).

The bonding composition is applied to one or both substrates to be bonded

15 and then the substrates are joined together with pressure to force excess bonding
composition out of the bond line. This also has the advantage of displacing
bonding composition that has been exposed to air and that may have begun to
oxidize. In general, the bonds shouid be made shortly after the bonding
composition has been applied to the substrate(s), preferably within about 10

20  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-curing with heat may be used, if desired.

[
wh

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 bonding composition according to the invention.

30 The invention will be more fully appreciated with reference to the
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Each bonding composition was applied directly onto an untreated 2.5 cm x
10 cm x 0.3 em (1 inch x 4 inch x 0.125 inch) test panel (for Examples 1-64, 0.2

10 millimeter (8 mil)-diameter glass bead spacers were added to the bonding
composition. except as otherwise indicated) and a bare second test panel was either
immediately (or after 5 minutes elapsed time. as noted in select examples) placed
against the bonding composition on the first test panel so that the overlapped area
was 1.3 cm x 2.5 cm (0.5 inch x 1 inch). A clamp was applied to the overlapped

15  area for Examples 1-64. A 454-gram weight was applied to the overlapped area for
Examples 65-78. The test panels were either high-density polyethylene (HDPE) or
polypropylene (PP), both commercially available from Cadillac Plastic;
Minneapolis. MN. A small amount of bonding composition squeezed out of the
overlapped area and was allowed to remain.

20 The bonds were allowed to cure for at least 48 hours at 22°C.. for Examples
1-64 or for 24 hours at 22° C. for Examples 65-78. The clamps/weights were then
removed. and the overlap bonds were tested in shear (OLS) on a tensile tester at a
crosshead speed of 1.27 cm/minute (0.5 inch/minute). The overlap shear values
were recorded in pounds and converted into pounds per square inch (psi) and

25  megapascals (MPa).

Peel Bond Strength Test Method
Each formulation was tested on two different polyolefin film substrates: 0.8
mm (30 mil)-thick high-density polyethylene (HDPE), commercially available
30 from Cadillac Plastics; Minneapolis. MN. and 0.4 mm (13 mil)-thick skived
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f,10%& () - 10% fidie-functional diluent) and mixed with a spatula for one minute to obtain a
bonding composition. The bonding composition was then applied to a 5.1 cm (2
inch)-wide, 15.2 cm (6 inch)-long section of the polyolefin film.

Once the bonding composition was applied to the first film. a second film

10 comprising the same substrate was eased onto the bonding composition using a 1.2
kg (2.7 Ib) weighted glass plate. One side of the glass plate was applied to one side
of the second film at an angle of about 30 degrees and then gradually lowered to a
horizontal position so that the second film was applied incrementally to the first to
avoid formation of bubbles in the bonding composition. Sufficient bonding

15  composition was applied to the first film to provide minimum bond dimensions of
2.5 cm (1 inch) in width by 3.8 cm (1.5 inch) in length.

The bonded adherends were allowed to cure for 24 hours at room
temperature (i.e.. about 22°C. to about 25°C.) such that the bonding composition
cured to an adhesive. The samples were then tested for bond strength in the T-peel

20  mode using a tensile tester set at a crosshead speed of 10.2 crmvmin (4 inches/min).
Two overlapping free ends of the sample were clamped into the jaws of the tensile
tester, one free end in the upper jaw and one free end in the lower jaw. The jaws
were then pulled apart until at least 2.5 cm (1 inch) of adhesive was exposed or
until adherend failure was observed. The average force per width during the run

25  after the adhesive was initially exposed was recorded as the peel strength in
pounds/inch width (piw) and converted to Newtons/cm (N/cm).

The tensile strengths of the UHMW and HDPE films were found to be 44
N/cm width (25 pound/inch width) and 189 N/cm width (108 pounds/inch width),

respectively. Preferably. the peel strength values of the adhesives approximated
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5 After peel and shear test specimens were prepared. the mixing vial with the
remaining bonding composition in it was weighed and this weight was denoted as
W1. The vial was capped and the bonding composition was allowed to cure for 24
hours at room temperature (i.e., about 22°C. to about 25°C.). The vial was then
filled with tetrahydrofuran (THF) solvent and allowed to stand for several days at
10 room temperature (i.e.. about 22°C. to about 25°C.) until the contents looked
thoroughly swollen. The swollen mass was subsequently transferred toa 118
milliliter (4 ounce) glass jar and broken up into small chunks with a spatula. The
dry glass vial was weighed and this weight was denoted as W2.
Sufficient THF then was added to the glass jar so that the contents
15 comprised less than 5 parts by weight cured adhesive and more than 95 parts by
weight THF. The jar was capped and placed on a roll mixer for at least 3 days at
room temperature (i.e., about 22°C. to about 25°C.). Thc fluid mixture was then
poured into a conical gauze/paper paint filter having a weight denoted below as W3
and thoroughly rinsed with THF. The filter was dried at 71°C. (160°F) in a forced
20  air oven for 20 hours.
Then. the filter was allowed to equilibrate for 6 hours at room temperature
(i.e.. about 22°C. to about 25°C.) before being weighed to give the value denoted
below as W4. Percent of insoluble adhesive solids was then calculated for each
sample as follows:

Percent Insoluble Solids = W4-W3 + 0.0089 X 100
W1-W2

It is noted that a correction factor of 89 milligrams was added to W4-W3 in the

ro
wn

equation above to account for that portion of the filter that was lost by virtue of the
process conditions. A larger percent insoluble solids is generally indicative of

30 better solvent resistance.
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Acid Equiv. Source City/State
Wt.

Acrylic 72 Aldrich Chemical Co. Milwaukee. WI
Methacrylic 86 Aldrich Chemical Co. Milwaukee. WI
Undecanoic 186 Aldrich Chemical Co. Milwaukee. WI

10
Table IB: Dicarboxylic Acid Decomplexers
Acid Equiv. Source City/State
Wit.

Malonic 52 Aldrich Chemical Co. Milwaukee, WI

Glutaric 66 Aldrich Chemical Co. Milwaukee, W1

Maleic 58 Aldrich Chemical Co. Milwaukee. WI
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109RBE&E ()- A 109RMBE&E ()- A 109RMBE&E ()-& ?p A 109RMBE&E ()- A

109&BE&E () - mexy{yYovU4"10 A 109&CBE&E (ThbleNIL0YRBEE ()- A

1098QB&&' ()-&) ?p A 109%8QB&& () - A 10Y%RGE&& () -zY8vUA" 10 syF 10%X%B& ()- 3
S10%B& ()- A 109%RQ& ()} &) Tppe A 10EQIBIE: ()- A FOUREHS&S ()- Cd| [: vU4" 10

F #10%B& ()- ! 10%BE& () ButoiMokBE& (50 F &1084dPeh Ohemical 0%6B& () - F
810%B&' () - J| [ NA4" 1010Q8 1D Girk@Sde ;| LO%BE ())- cy) MWK )W F ' 10%B& ()- F
@L0%BE ()- F $SL0%UBE (r=tr<NAF-1OT0"

Examples 1-6
Decomplexer

n

A dicarboxylic acid was used as the decomplexer. as indicated in Table IV.

Initiator Component
A 2:1 mole ratio of triethylborane:hexamethylenediamine complex (TEB-
HMDA) in the amount of 1.52 grams was dissolved in 3.48 grams
10 trimethylolpropane tris(3-(2-methylaziridino))propionate, commercially available
under the trade designation CROSSLINKER CX-100 from Zeneca Resins:
Wilmington. MA (hereinafter referred to as “CX-100").

Polvmerizable Composition

13 In each case, a slurry containing 10.00 grams core-shell toughener.
commercially avatlable from GE Specialty Chemicals; Parkersburg, WV under the
trade designation BLENDEX 360. and a solution of the decomplexer in
tetrahydrofurfury! methacrylate (THFMA), commercially available from Aldrich
Chemical Co.: Milwaukee, WI, was allowed to stand at 70°C. for 3 hours. The

20  resultant opaque dispersion was allowed to cool and then sheared aggressively with
a saw-tootﬁcd blade of a laboratory dispersator, commercially available from
Premier Mill Corporation; Reading, PA. Then, 2-ethylhexy! methacrylate
(EHMA), commercially available from Aldrich Chemical Co.: Milwaukee, W1,

was added to the warm dispersion and mixed well.

12
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& 10% $: & ()- (3> ?NA4"1010. v 10% $: & ()-. v 10%$: & ()-. v 10%$: & ()-. v
10% $: & () -wookefsS: & ()-. v 10%$: & ()->D\'I rs_; NA4" 1010#

10% $: & ()-. Vv SRS, & ()-. v 10%$ & ()-. v 10% $: & ()-  Prnsosnzae

10% $: & ()-su’ DNAA" 1010#3. v 10% $: & ()-#3w. v 10% $: & ()-. v 10% $: & ()-.

v 10%$: & ()-. v 10% $: & ()-{_?NA4"1010#. v 10% $: & ()-. v 10% $: & () - #3w.

v 10% $: & ()-. v 10%$: & ()-. v 10% $: & ()-_?NA4"1010%. v 10% $: & ()-. v
10% $: & ()-. v 10% $: & ()-#3w. v 10% $T&BU~:—IVV 109% $: & ()- !, ?NA4" 1010#.

v 10%$: & ()-. v 10%$:& ()-. v 10%$:& ()-. v 10%$ D& ()-#3w v

10% $: & () -, -/ =HST Ty J.Bgc‘% ] 0% %y W m &UWe
10%$: & ()-. v 1000’%:9@'() e A%}}O%“ \ 068! () -
31096& ()- 3 1098& ()- sm%&'() V| TOS8BP'EXTY ! 6 y&' )-
@O QBy& ()- &|YL0% QBy&] ()- 10$10$10$ 3%(3'1‘6%&' ( ) g’ET‘ﬁO%B&' M5y 4" 10 ¢
(mi 1equ1v)
1 malonic acid 1.63 (31.4) 28.78 9.59
2 glutaric acid 2.07 (31.4) 28.45 9.48
3 maleic acid 1.82 (31.4) 28.64 0.54
4 malonic acid 0.82 (15.7) 29.39 9.79
3 glutaric acid 1.04 (15.7) 29.22 9.74
6 maleic acid 0.91 (15.7) 29.32 9.77
Adhesive
5 In each example. the polymerizable composition and initiator component
were packaged in a 10:1 volume ratio dual syringe applicator. Kit No. MP-050-10-
09, commercially available from ConProTec; Salem. NH, under the trade
designation MIXPAC SYSTEM 50, the larger cylinder holding the polymerizable
composition and the smaller cylinder holding the initiator component.
10 The two parts were combined by simultaneous extrusion through a 10 cm

(4 inch) long, 17-stage static mix nozzle, Part No. MX 4-0-17-3. commercially
available from ConProTec: Salem, NH. Overlap shear specimens were prepared
and tested according to the Overlap Shear Bond Strength Test Method outlined
above. Overlap shear values are given in Table V below and represent the average

15 value of three replicates.



210%QBy& ()-c 210%QBY& ()-c z109%QBY& ()-c 210%QBy& ()-c z10% Gyl 4N 2003
#10% QBY& ()-cG ve z10% @By& ()-c z10% @By& ()-;c7 E+we le%y@y&' ()-c

 Z10% QBYE' (Wo S jdgg/tyQ‘By& ()- _?vc z10% Qyc z10% @By& ()-c zl], %Jﬁ)c
z10% By& ()-¢ z10% BY& ()-c z10%W By&' ()-c z10% By&' () - ! : Ve

z10% QBy& ()-c z10%BY& ()-c¢ z10%By& ()-c z10%Qby& () - ¢ ZlO%ICEy&' ()-;
c7 E+w?El MNOTcG vec z10%@By& ()-¢c z10% QBy& ()-;c7 E+twe z10% QBy& () -c
zZ10% By & ()-c z10% @By &' () - TZghi ougGve z10% By& ()-c z10% @BYy& ()-c

z10% QBy& ()-c z10% QY& ()-c z10% BY&THBIE ¢l0% QY& ()-C
z10% @By & ()-uvx}hH(vc leO/(yQEBy& ()-c zZ10%WBY& ()-¢c z10% QBY& () -

e =21004 08 &

1009 @ & 1009 b 2 =R RV Y aTRVNN 1004V e
Erve 210%Qhy ()-c b 1OHRS 4 <>3&L§§,@gy@ywﬁm@e TRl

z1

z10% QBy& ()-c z10%QBy& ()-c| zL ( gtbpyded aftargvg, gy &' () - ¢
z10% QBy& ()-hH(ve z10%QBy& [) -bondn & bopdle w;yd&sx MRa !

z10% QBy& ()-c z10%QBy& () -, 7 EHpsibvc 2:10%/(@9&' Qlc ziBhyByg ()-;c7
Etwe 2100 Qby&! () -c ZTOTIBYE ()52 3381y Y 86,03 (475 C |2 LOASTE () - C

109 Qe (17 2105 oyer—crlogti ¢ =w s Cipr o) Gy -
z - VC pHO%CBy-& by-& 7% ' ‘
Zloo//g(ﬁg&' ()-c z10% (QBy&2() - - ,.\’7,-_41‘,\(,1,0(4_‘5_ /LC 1?)%&‘\52,' (hog-

4 4.22(613) 6.10 (886) | +4.39(637)
3 6.33 (919) 6.04 (876) 5.98 (869)
6 7.56 (1.097) 6.41 (930) 5.77 (837)

These Examples demonstrate the excellent bond performance on HDPE and

5 PP for adhesives comprising dibasic carboxylic acid decomplexers.

Examples 7-15

Polymerizable compositions and initiator components were prepared using
the materials of Example 2, except that the amounts of the components were

10  wvaried.
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z10% By&' ()-¢c z
z10% By& ()-c z

c7 E+wcGrve leO/(yCEy&' () c leO/(yCEy&' ()-
z10% BY&' ()-c z368

z10% By &' ()-c 2z
z10% QBy& () - hH(
z10% By&' ()-¢c z
E+twc z10% By &' (F=
z10% By&' ()-¢c z
z10% By & ()-hH(yT
z10% By& ()-¢c z
c7 E+twe z10% by
z10% By&' ()-¢c z

10% BY& ()-c z10%QBy& ()-c z10% @By& ()-yz}hH(ve
10% QBy& () -c z10% By &TUBIE PLOW By& ()-c z10% By & () -
c? E+vvc leO/(yCEy&' ()-c

-ht' YW OLS,
- %6% Qﬁﬁg%; c PP
. M/& ()I'D§ ZJAQ? s& MPa
LO%’CEy&a(a)na chraxﬁs"'q\q%h\éﬁui;)l 7 < y&ps()) 1, ¢’
Y& JgC [ 210 . ol .
ooyl ()- o 7109y - (- &P Loy e () -c
Ic ZIO B (78 41 B0 0 189 |
*O%'Q’ﬁy& ()-;c7 E+W (NagGHye () 7812 J0%redby & () -
% C Z IRy BYREs )|~ C ZR0 Ty QB¥R7( )| 0234 BSEYC | 4.58
10% QBy|&' () - c| z10% Bw&1{) - (763) | (665)
10 0.50 4.50 1.04 2922 9.74 3.34 3.94
(15.7) (485) (572)
11 0.50 4.50 2.07 28.45 9.48 5.33 6.39
(31.4) (774) (928)
12 0.50 4.30 3.1 27.67 9.22 3.32 5.67
47.1) (772) (823)
13 I 50 3.50 1.04 29.22 9 74 3.33 7.39
(157 (774) (1.073)
4 1.50 3.50 2.07 28.45 9.48 5.32 6.22
(31.4) (772) (903)
I3 [.50 3.50 3.11 27.67 9.22 5.04 6.52
(47.1) (731 (946)

These Examples demonstrate the excellent bond performance on HDPE and

5 PP

Examples 16-19
Decomplexer

10

A carboxylic acid ester (Ex. 16-17) and/or dicarboxyiic acid (Ex. 18-19)

was used as the decomplexer. The carboxylic acid ester was prepared as follows:

Preparation of 1.2-ethylene bismaleate decomplexing agent

First. 15.50 grams (0.25 mol) ethylene glycol (commercially available from

JT Baker: Phillipsburg, NJ), 49.00 grams (0.50 mol) maleic anhydride
(commercially available from Aldrich Chemical Co.: Milwaukee, WI), and 0.04
gram benzyitriethylammonium bromide (commercially available from Aldrich
Chemical Co.: Milwaukee, WI) were combined with stirring under nitrogen and
heated to form a clear. colorless solution. The solution was held at 70°C. for 22
hours, then allowed to cool at room temperature (i.e., about 22°C. to about 25°C.)

The product. as determined by proton nuclear magnetic resonance spectroscopy.

27-
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z10% Qby & () - c le‘%y@y&' ()-c z10% QBy& ()-c le%y@y&' ()-c z10% QBY& () -
‘c7 E+w e zZ10% By& ()-c z10% By& ()-; ¢c7 E+twe z109 &'a(iz-c
z10% By &' ( c z ﬁ Ny @By &' () -muvw} | Lve le%y@y& ()-c zlow%%é?-f 296
z10% Qy&' ()-c le%/Q$y& ()-c z10% Qby& ()-c z10% QBy& ()-c¢

z10% @By & () -hH(vc le‘%y@y&' ()-c z10%WQBY& ()-¢c z10% QBY& () -

zZ10% BY& ()-c z10% @BYy& ()-;c7 E+weGrve z10% @By& ()-¢c z10% By & () -

E+we z10% Qby & c@xt‘aﬁmﬁ%@%@% &,2(-91 er?eths@(@aYég‘ 1f2)mdl loy 6. h@&x%%‘m&m(léatg

z10% BYy& ()-¢c z10% B )-c z1 y-C z10% By& ()-c z10% QBy& ()-c
z10% QBy &' () - $@g&%n@%xesym&emLena@lmom&rc(a)wt 1@1&1@&@&' refesredito ds

10%B& ()-c 210 QY& ()-;¢c7 E+wWOzV|[:v @ &10% @ 010%B& ()- @/ 10%B& () -
@ s-s10%B& () - X@M& ()- @& 10%B& ()- @(, 10%B& () -5t uvwl4 &1
@L0% $° & ()- @O0% $ & ()- @L0% $ & ()-10BLOBLO® @ 410%B& () -
@f210%B& ()-?No|[:vU4 &1 @@ 10% $ & ()-@@0% $ & ()-@$ , 109D$D& () -
10% $" & () - 5@ Ihildixedh Gonfponet® 10% $" & ()-7/s|[:vU4 &1 @@0‘V$ & ()-@@3m
10% $" & () - @@10(V$&() 10% $ & ( @10% $ & () -

@0% $ & ()-sF|[:vus ceare@r € CONPRREIE 50 g@r@ltw&m@y@%yar@l@malh

G1ovse (). o BRI Gfstatib TRONE BRR ELARENTS 15 5 g
10% $° & ()-DLX ‘Ne‘méhtkﬂw&ﬂnu@fom D) %2$ 8ispdrsd i akOMEd R chnraiing 200Weh&ns ) - Q ¢

10%$& ()-Q c 10%%& ()-Qc
(128 milliequivalents amine) TEB-HMDA. 25.00 grams (152 milliequivalents

Q@

10 aziridine) CX-100, and 55.00 grams polyester adipate, commercially available

under the trade designation PARAPLEX G40 from C.P. Hall: Chicago. IL.

Polymerizable Composition
A dispersion containing 177.10 grams BLENDEX 360 and 38.50 grams of
15  asolution of poly(methyl methacrylate). commercially available under the trade
designation ELVACITE 2010 from ICI Acrylics; Wilmington. DE. 411.35 grams
THFMA, and 137.11 grams EHMA was heated for four hours at 70°C., sheared
aggressively with a saw-toothed blade, then gently combined with 38.50 grams
ceramic microspheres. commercially available under the trade designation of Z-
20 LIGHT W-1600. 100-350 um diameter. from Zeelan Industries Inc.: St. Paul. MN.
This polymerizable composition was divided and combined with the various
decomplexers listed in Table VII below. Each mixture was heated with stirring for

5 hours at 70°C. to ensure homogeneity.
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‘10%33&' ()-Q c 10%3$&' -4 _?2v4 &1 @ ¢ 10%3%& () Qc 10%3%& ()-#3n c
10%$& () - () Qc 10%$& ()-Q ?vU4 &1 c 10%$&
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10%e$& ()-Q ¢ 10%$& () Qc 10%%$& ()-Q c 10%%$& ()-H#3n ¢ 10%$& () - Q12;
AzvU4 &1 @, -10%& ()-Q, 9s1098& ()- Z109& ()- , s1098& ()- ¢
10%$& () - Q#3n!, 7~">v4 &1 @< $GLOYBE ()-% < $GLOYB& ()-% < $GLOYBE ()-% <
$GLOYB& ()-% , S1098& ()- ,f&L0YB& ()- TAERIE?vU4 &1 @< $GLOY& ()- % <
SGLOYBE () -% < $GLOYBE ()-% < $GLOYBE () -% < $GLOYBE () -% < $GLOYBE () -

e B () o shroretarsiEy, T P BRI T R Y O W
Decomplexer. | Polymerizable
grams Composition.

(milliequiv) grams

16 Bismaleate 0.91 (7.0) 49.09

17 Bismaleate 1.81 (14.0) 48.19

18 Glutaric acid 0.46 (7.0) 49.54

19 Glutaric acid 0.93 (14.0) 49.07

Adhesive

wn

In each Example, the polymerizable composition and initiator component
were combined and tested as in Examples 1-6. except that glass beads were omitted

from the wet adhesive during bond preparation.

TABLE VIII
10
Example OLS. PP OLS, HDPE OLS, HDPE
(immediate (immediate | (bonded after §
bond), MPa bond), MPa | minutes), MPa
(psi) (psi) (psi)
16 5.62 (816) 5.27 (765) 3.44 (500)
17 6.59 (956) 2.00 (290) 0.30 (43)
18 5.35(776) 5.09 (739) 4.47 (649)
| 19 4.65 (675) 5.43 (788) 1.08 (157)
Example 20
Decomplexer
15 In this Example, D-1062 decomplexer was used.

Initiator Component

The initiator component of Example 1 was used.
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Adhesives were prepared and tested as in Examp e 1. but using various
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TABLE XI

Ex.31 | Ex.32 | Ex.33 | Ex.34 | Ex.35 | Ex.36
Weight THFMA, 2461 28.67 27.34 2461 | 22.02 | 19.36
grams
Weight EHMA, 8.30 9.56 9.11 8.20 7.34 6.45
grams
Weight A-SA. 6.79 -- -- - -- --
grams (millimol) (31.4)
Weight SA, grams - 1.77 3.55 7.19 10.64 | 14.19
(millimol) (7.7) (15.4) (31.3) | (46.3) | (61.7)
Equiv. Ratio 1:1 0.25:1 0.5:1 1:1 1.5:1 2:1
Acid:Total
Nitrogen
OLS. HDPE,MPa | 6.54 3.51 6.68 5.73 591 1.36
(psi) (949) (510) (969) (831) | (858) | (197)
OLS. PP. MPa 6.90 -- -- 7.49 - --
(ps1) (1.001) (1.087)

Examples 37-41

A solution containing 351 grams MMA, 252 grams nBA. and 270 grams

poly(methyl methacrylate-co-ethyl acrylate), commercially available from Aldrich

Chemical Co.; Milwaukee. WI, under catalog #18224-9, was divided. combined

with various carboxylic acid ester decomplexers: SA. A-SA. CB-1. XM-300. and

D-1062 (31.4 millimol each, providing | equiv. acid to equiv. total nitrogen), and

evaluated as in Example 20.
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10% &&' () -3! 10%& ()-3 s10%X () - W?!L@x‘ﬂw 3@‘%&@ (Ex(40 | Ex.4l
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y) MLO% && () - 8<I>?NZWisdéhtyBadthg’ () - | SANIHE (43.2110( &L0(ES]OG&(75F;| LAKRE |() - (
f8y 10% && () - 63(})%(%0@%0@ "m{vUd/ | GLOYB& ()- (10%& (- Y I
109& ()-( | 10%&—Wé1’ght $A. grams 7.19 - -- - --
Weight A-SA. grams -- 6.79 -- = --
Weight CB-1. grams - -- 8.84 -- --
Weight XM-300. grams - -- -- 15.25 --
Weight D-1062. grams = -- - - 6.73
OLS. HDPE. MPa (psi) 3.27 2.37 5.57 1.66 5.66
(475) (344) (809) (241) (822)
OLS. PP. MPa (psi) 3.98 2.98 4.05 3.72 7.00
(578) (432) (588) (540) | (1.016)

Examples 42-47

Decomplexer

A carboxvlic acid ester was used as the decomplexer. It was prepared as
follows:

Preparation of 2-Methacrvloyloxvethvl Maleate Decomplexer

First. 260.0 grams (2.0 mol) hydroxyethyl methacrylate. commercially
available from Alcolac: Baltimore, MD. 196.0 grams (2.0 mol) maleic anhydride.
10  commercially available from Aldrich Chemical Co.; Miiwaukee. WI. and 0.16
gram benzyltriethylammonium bromide were combined under nitrogen and heated
with stirring to form a clear. colorless solution. The solution was held at 70°C. for
42 hours then allowed to cool at room temperature (i.e., about 22°C. to about
25°C.). The product. as determined by proton nuclear magnetic resonance

15  spectroscopy. contained 93 mol % 2-methacryloyloxyethy! maleate.

Initiator component
Three initiator components were used in these Examples: the initiator
component of Example 20 and two additional initiator components that were

20  prepared as in Example 20, except at lower TEB-HMDA concentrations. One was
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various stoichiometries in place of D-1062.

Table XIII
Ex. 42 Ex. 43 Ex. 44 Ex. 45 Ex. 46 | Ex. 47

Weight THFMA, | 27.32 27.32 27.32 24.63 24.63 | 24.63

grams
Weight EHMA, 9.10 9.10 9.10 8.21 8.21 8.21

grams
Weight 2- 3.58 3.58 3.58 7.16 7.16 7.16

mecthacryloyloxy- | (15.7) (15.7) (15.7) (31.4) 31.4) | 31.9)
ethyl maleate.
grams (millimol)

Wt. % TEB- 30 10 2.5 30 10 2.5
HMDA in CX-100
Equiv. Ratio 0.5:1 0.5:1 0.5:1 1:1 1:1 1:1
Acid:Total
Nitrogen
OLS, HDPE, 6.22 5.39 4.10 443 3.80 5.26
MPa (psi) (903) (782) (595) (643) (552) | (763)
OLS. PP. MPa 6.85 6.34 2.00 5.62 6.05 2.60

(psi) (994) (920) (290) (815) (878) | (378)

10
Examples 48-52
A dispersion containing 178.23 grams THFMA, 59.41 grams EHMA, and
65.0 grams BLENDEX 360 was prepared as in Example 20. except that the
carboxylic acid ester decomplexer was excluded. This dispersion was divided.,
5  combined with various carboxylic acid ester decomplexers: SA, A-SA, 2-

methacryloyloxyethyl maleate (from Examples 42-47). D-1062. and 2-ethylhexyl
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i 10% #' & ()-+i | ’ R 1935 Dot (P42
110% # & ()-+ 1 10% #' & (gtams
Weight SA, grams 3.61 - - - -
Weight A-SA, grams - 3.39 - - -
Weight 2- - -- 3.58 - -
methacryioyioxyethyl maleate,
grams
Weight D-1062. grams -- -- -- 3.36 -
Weight 2-ethylhexyl maleate, - -- - - 3.58
grams
OLS. HDPE, MPa (psi) 6.63 5.96 6.22 6.20 1.47
(962) | (865) | (903) | (900) | (213)
OLS, PP. MPa (psi) 493 2.14 6.85 6.29 0.39
(716) 311 (994) (913) (57N
5
Examples 33-56
Decomplexer
A carboxvlic acid ester was used as the decomplexer. It was prepared as
follows:
10 Preparation of Acrviovloxypropvl Maleate Decomplexer

First. 65.0 grams (0.5 mol) hydroxypropy! acrylate, commercially available from
Aldrich Chemical Co.; Milwaukee, W1. 49.0 grams (0.5 mol) maleic anhydrnde.
and 0.04 gram benzyltriethylammonium bromide were combined under nitrogen
and heated with stirring to form a clear, colorless solution. The solution was held
15 at 70°C. for 17 hours then allowed to cool at room temperature (i.e., about 22°C. to
about 25°C.). The product, as determined by proton nuclear magnetic resonance

spectroscopy. contained 86 mol % acryloyloxypropyl maleate.

Initiator component
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67 O PTRBIAMMA 46 0tigh w&h(c)wrded tﬁ@ﬂ)#te&sc(cpuemlallv with additional
THFMA, BLENDEX 360, EHMA. and 3.49 grams (15.3 millimol each, providing

10 1 equiv. acid to equiv. total nitrogen) acryloyloxypropyl maleate prepared above.
following the general procedure of Example 20.
Adhesives
Adhesives were prepared and evaluated as in Example 20. but using the
15  polymerizable composition and initiator component above. The amounts of
PMMA solution. monomer, and BLENDEX 360 and the resuiting overlap shear
values are given in Table XV.
TABLE XV
Ex.53 | Ex.54 | Ex.35 | Ex.56
Weight PMMA solution. grams 12.50 25.00 12.50 25.00
Weight additional THFMA., grams 17.38 5.51 15.51 3.63
Weight EHMA, grams 9.13 8.50 8.50 7.88
Weight BLENDEX 360, grams 7.50 7.50 10.00 10.00
OLS. HDPE. MPa (psi) 5.15 5.05 5.02 4.56
(748) (733) (729) (662)
OLS. PP, MPa (psi) 7.02 493 6.74 5.30
(1.019) | (716) (978) (770)
20

Examples 37-63
Decomplexer



ilO%#' & ()-+ i 10% #' &'()-+ i 109% #' & () - +/ K&rhPUWWus QObU4/ | quy/? Awm
), 1 "T10% & ()- 10988 ()- i 10% # & ()-+/ K&vhh i 10% #' & ()-+9[[ D

, 93f 109%8$& 10 /H& , F.109%8& () - SS) 109%4.$1&

& ()-3h , ‘%/&%f 16789(F)Rvu4/ ,@ow&'d 12&10%<$& 8 %ﬁ@f&gﬁy,

10968 ()-h . @31096& ()-h , 41096& ()-Raf|[:vU4/ , ,Y L' 109%S$& ()-, .

109x$& ()- . MOYS& ()- . 10%S$& ()-h ,Y @LOY%SE& ()-h

, $10WSB& ()-W [:vU4/ | b yl0%Wx$"& ()- , ,ylOow%s$& ()- , 10%$& ()- ,

10%<$& ()-h ,6ff 10%H&¢ ExﬂnpleW&Qe@ﬁ%&aﬁaﬁ @ﬁM&compl@xeriwasﬁQe@%& ()-
T109K$8 ()- [ L0%%S& () - [ 109%$& ()-h . ArlOWKSE () -

" 109%$& () - #) | SytRuYd acid {:Ster]@%&ﬁﬂb(e)’{&{;) anti@%aﬁﬁé’il‘)de dptonj;(b@h@&h(c)mc

109&$& () - )')np}i% %0%<$& ()-5::Z elyYovu4/ [ 100$& ()- [ 10%S& ()-

109 $&' () - ese () )?7h [ 100&$& ()-1aryYOvUs/ [ 100&$& ()-
109 $& () - 109%$& ()-"['°100x$& ()-)?*h [ 109&$& () -yYOvUA/
' 109x$8& () - [ ‘100688 ()- [ 100688 () [ 10%<$& ()-)2h
' 109x$& ( §- y Y8iviaket Con{iond@Ix$& () - [~ 109x$& () - 10%<$& () -
' 109K $E! ?2°h 109X $& ByUA/ ) 2 09 * 109
e (03 L ottt 0d T A SRS

" 109x$& () - ’ )
' ‘10‘V§$& 8 >FKQ?%V§%§?/‘%J%§ Jd)m Q‘@%ﬁ*/‘%’sﬁ gra‘ﬂ“g%/q%%@eqt’ {vaispts geiridine)

T10%$& () - [CX-109@mfRSE.P-grdrhs dddpestRadipaty/egummersibdy availatié Wi Biodady - Z(

@310% $t& () - 310#° 10#10% 004& 04t
410%&' () - 3?S<|desiguption PA P@%ﬁ/%&%o(f‘&@ﬁ%ﬁ’wﬁéé IL@10% $t& ()-
L t1000$I& (()- @BL0% $t& ()- Y LI 10%"& ()-Z<ruj|[:vW4/ . @10%$t& ()-@ @

MLO% $t & ()- @yl0% $t& ()- @10% $t& ()- @aL0% $t& () -
@0%$t&() j QHolynudgibable Ca@posaib@% $t & () - @@ 410% $t & ()- @Y40% $t & ()-

BLA0A S (1,0 o A 55 b B o

38.50 grams ELVACITE 2010 411.35 grams THFMA, and 137.11 grams EHMA

—e e e e — —

was heated for four hours at 70°C, sheared aggressively with a saw-toothed blade.
15  then gently combined with 38.50 grams Z-LIGHT W-1600. This monomer
mixture was divided and combined with the carboxylic acid ester decomplexers at

various stoichiometries and various acid to anhydride ratios as tabulated below.

Adhesives

20 Adhesives were prepared and evaluated as in Example 20. but using the
initiator component and polymerizable composition specified above. In addition to
testing the compositions for overlap shear. peel bond strength was determined on

UHMW test panels using the Peel Strength Test Method described above.
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10% #: & ()- OC vKmik@os gra®' () -:c K 10% #: & ()-K 100 #: & ()-K 10% #: & ()-K
10% #: & () - 01231 BEEIRAKer A0y #. 8K 1085 # &-7) {K 149% ¥#: &11) -|K &0% #: &5% ) { %K
10% #: & ()-K 1006 # (gillimpl K 18%?--%9: & OPVK 109 #: &6-8) - FSENTZ [dDER) 1d%3 & () - K
10% #: & () - K 1084#—&——I—1D%H—&— K
“Weight ahHvaride™ |~ '0.06 040 0.12 0.17 0.24 0.20 0.23
decomplexer. (1.2) (2.0) (2.4) (3.4) 4.8) 4.0) (4.6)
grams (milliequiv)
Equiv. Ratio 0.25:1 0.4:] 0.5:1 0.7:1 1.1 0.5:1 0.5:1
(Acid+Anhydnde):
Total Nitrogen
Weight Ratio 90:10 80:10 90:10 90:10 90:10 80:20 70:30
Acid:Anhydride
OLS. HDPE. MPa 1.65 5.34 540 5.37 5.4 5.37 5.36
(psi) (152) | (775) | (784) (780) (789N (780) (778)
OLS. PP. MPa 0) (771) (933) (986) (879} (1.162) (1,064)
(psi) 0 5.31 6.43 6.79 6.06 8.01 7.33
Peel, UHMW. 0.35 9.0 7.9 6.2 - 6.0 5.6
N/em (piw) 02) | (5.1) | (4.5 (3.5) (3.4) (3.2)
Example 64

10

15

Decompiexer

In this Example, a combination of two decomplexers was used: a

carboxylic acid ester decomplexer (2-methacryloyloxyethyl succinate) and an

anhydride decomplexer (succinic anhydride).

Initiator Component

The initiator component of Examples 57-63 was used for this Example.

Polvmerizable composition

A dispersion containing 12.50 grams BLENDEX 360. 25.36 grams
THFMA. 8.45 grams EHMA, 1.07 grams (4.7 millimol), 2-methacryloyloxyethyl

succinate and 0.12 grams (2.4 milliequivalents) succinic anhvdride was heated for

four hours at 70°C., sheared aggressively with a saw-toothed blade, then gently

combined with 2.50 grams Z-LIGHT W-1600.
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10% #: & ()-K 10% #: & ()-t XK 10% #: & ()-K 10% #K 10% #: & ()-K 10% #: & ()-K
10% #: & () - K. 10 ()-K 10% #: & ()-K 10% #: & () -1 PAK K 10% #: &

10% #: & () - 8&2’9529?‘91?&' ()-8K 10% #: & ()-&K 10% #: & ()-;cC rerOI@C:L'UUéSQ“QP -K
10% #: & ()-;¢c nK 10% #: & ()-K 10% #: & ()-K 10% #: & ()- _?K 1K 10% #: & ()-K

10% #: & ()-K 10% #: & ()-K 10% #: & ()-K 10% #: & ()-K 10% #: & () - pT8K
10% #: & () -K 10% #: & () - %K 10% #: & () -K 10% #: & () -K 10% #: & () -; ¢ npPOK
10% #: & () - K 10%Hhdivel-; C MK 10% #: & ()-K 10% #: & ()-K 10% #: & ()- #_?K 1K
10% #: & ()-K 10% F & ()-K 10% #: & ()-K 10% #: & ()-K 10% #: & ()-K
10% #: & () - #$*06<BhH(Kdll@im#w&re(p)ren&reliowsi#v&ua(tgdasmﬁmpl&_@) excentoing:tig () - K
10% #: & ()-;c NMBHNTUbf.cG K 10% #: &'533 E???f hiitiGaTK 10% #: & () - K
10% #: & ()-K 100/8‘ VR ATIIaTP} GompoREnt ARd %‘:YIEe_“L SFLORIPRYIIR™-1006 #: & () -
10% #: & ()-K 10% #: & ()-K 10% #: & ()-K 10% #: & ()-hH(K 10% #: & () -K
10% #: & ()-K 10% #: & ()-K 10% #: & ()-K 10% #: & ()-;c mcG K 10% #: & ()-K

(o)

10% #: & () -; TABLE XVII
OLS. HDPE, MPa (psi) 5.37
(780)
OLS, PP. MPa (psi) 6.46
(937)
Peel, UHMW, N/cm (piw) 9.50
5.4)

Examples 63-78

Decomplexer

In these Examples, a combination of two decomplexers was used: a
10 carboxylic acid ester decomplexer and an anhydride decompiexer (succinic

anhydride).

Initator Component

In all Examples, the initiator component contained by weight. 16% TEB-

15 HMDA. 65% trifunctional, unsubstituted aziridine available under the trade
designation XAMA-2 from EIT Inc.: Lake Wylie. SC. 3% treated, fumed silica
available under the trade designation CAB-O-SIL TS-720 from Cabot Corporation:
Tuscola. IL. and 16% surface-treated, floated glass bubbles available under the
trade designation SCOTCHLITE A16/500 from Minnesota Mining and

20  Manufacturing Company; St. Paul, MN. The TEB-HMDA was dissolved in the
XAMA-2. Then the CAB-O-SIL TS-720 was stirred in by hand followed by
addition of the SCOTCHLITE A16/500 glass bubbles. No attempt was made to

remove any entrapped air.



10% #: & ()-K 10% #: & ()-K 10% #: & ()-_?K 10% #: K 10% #: & () - K 1094048 &JAN -203
10% #: & ()-K 10% #: & ()-K 10% #: & ()-K 10% #: & ()-hH(K 10% #: & ()-K
10% #: & () - Ky ()-K 10% #: & ()-K 10% #: & () -; crmM | FZ100
10% #: & () - ,cd%‘f%ﬁ#: & ()-K 10% #: & ()-K 10% #: & () - '%]’&3@98“(2 %
@10%8& ()- | )1098& ()- | %lovs& ()- | &$Z1098& () - FlOO/GS&() |
10988 ()-=W6|[: | FZ 09610%8& ()- 410%& ()- Sy 10%&'()- 311098& ()-' 3
/1098& ()- | - 1098& ()-4vUB! ? S10%jaj & ()- $10%:& ()- yl0%& ()-

' 10%¢#& () - 103349087 a8]e com osition
10988& () - 4mx~f J () - CLO%& ()- CLO%#& ()- 109%t& () -
s109%+&' () - xX@mocy#cm%my(\yamm frym BCPBABROT) prendoss! 1. 50 taeBUCL0%4#&’ ()

,Cl0ve (- CLOWRL I e (- Clovie ()DL G Y9 J00R ()5,
4 0%R$E () - &rePe %

109R3¢& () - D. WGallnhuerésOInvé' é HM)( ﬁhe%ré‘mr&%ﬁ&u@d 37Y5V/o YHIRB& () -
y-1098%&' ()- vy, , 109%& () - -af ghi wU4C y$10% $° & ()- vy SF

10%$ & ()- ¥y, 1<ﬂ1%e$\y8ac®)lam;de&d¢ﬂ%1$rc&fll&)av&ﬁh%ﬂ.ﬁﬁ&l@lﬂﬁcky@emlcal Co.:

109R$& 4t = wC g & - 3 10% # & -y < lO‘V

10% $° &(%)- y|3[li'—4\j/_0‘@8l & 3fy§ﬁ6@?§%’%¢h){f“ah@ﬂl?ﬂ?$é@emﬁ)ﬁyfﬁ@ f‘é‘%r? y y
10% $° & & 5 Eie

?\/[LO(V$ & 8 L yg?lft@ @‘&)8‘ x@lo%tf% W}- pRa %ﬁ% 360 cortlshel

y'10% $ & ()- 1&oﬁigﬂe@neﬂi{cbﬁmﬂ‘ercxyll}yavhﬂ%l&%fr&h( Q}E Sbehidfr:v Tiemit@ko H‘ml&érék)urg
%8%34% 3(/3;& 1o %)&b?(#épn ) 0?‘ }hefprermw@ SShefs CR b bacy ygg Efre%r% ia 337
e
10% $ & ()-f. 100h Biasetgr- Afte éHmualﬁ%cﬂSm& the jar waOptaded&n(a) rofl mill for at
108 & (1L a5 ey b Hie Sl B T

W-1600 ceramic microspheres were then added, stirred by hand, and roll mixing
was resumed for at least another 16 hours.

15 The resulting slurry contained 37.13% N,N-dimethylacrylamide, 37.13%
ethoxyethyl methacrylate, 24.74% BLENDEX 360, and 1.00% Z-LIGHT W-1600
ceramic microspheres. The slurry was added to a 4-dram glass mixing vial
containing the decomplexers. The contents were then thoroughly mixed by hand to
provide the polymerizable composition.

20 The proportion of each substituent in the polymerizable composition is
presented in Table X1X. where values are reported in weight %. based on total

weight of the bonding composition from which the adhesive is prepared.
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10% $° & ()-f. 10%$ & ()-f. 10%$ & ()-f. 10%$ & ()-f;c(4HLcG v.
10% $ & ()-f. 10%$ & ()-f;c(4HL. 10%$ & ()-f. 10%$ & ()-f.
10% $° & () - tugbiead@% $ . 10% $ & ()-f. 109%$ & ()-f. 10% $ & g%mgssu .
10%$ & ()-f. 10%% & ()-f. 10%$ & ()-fhH(v. 10%$ & ()-f. 1 %2238 ¢
10% $ & ()-f. 10% $ & ()-f. 10% $° & ()-f; c(4HL$% .cC v. 10% $ & ()-f.
10% $° & ()-f;c(4HL. 10% $ & ()-f. 10% $ & ()-f. 10%$ & ()-f.4: AFLS ?v.
10%$ . 10%$° & ()-f. 10%$ & ()-f. 10%$ & ()-f. 10%$ & ()-f.
10% $ & ()-f. 10% $ & ()-fSTWci phH(v. ToSeXIE ()-f. 10%$ & ()-f.
10% $ & ()-f. 10%$ & ()-f. 10% $ & ()-f;c(4HLpsycGv. 10% $ & ()-f.
10% $° & ()-f; c(EHT Ciley® KEGDxyethyl JOSPERDEX(]) Sheeinik UP Gartixlil - [ Webht | 1075 3 -
10% $ & ()-f. 10% BAkylanidd | mdBdyded]’ ()36h. L0Uhhiride [ ) - fAcid10% B & ()LidHT
10% $° & ()-fhH(v. [10@AVReg [)-f. 10% $ & ()-f. 10% [bb&ohplerr | 1096 $ &W{)
10% $ & ()-f;c(4HLLG v. 1006$ & ()-if. 10% § & ()-f{c(4mh. 10% $ & (4oof
10%$ & ()-f. LB% I &6B)-T[ ?v36.880%|$ 24.90%|$ 0%2(4 -F. ADIES RO@)Y f.0.9918
10%$ & ()-f. 1G% B &K60y-f| 109895 & (R4.53 0% BRI [ )Mtk H[ v.573 | 0.9908
10% $° & ()-f. [0% 5 &663-T| 16964 & (Pas. L0%BIR [ )Unbecand0%h $.289 (| )0-9843
C(4HLO7=DEHNcG 8 [10%5388 & () - $6.4810% $2&37) -|f ;AL | 1MIG6S & (1421 .| 0.9825
10% $ & ()-f. 1LO% S &O6@Y-f NTZ3dv 2v. 24000 § .0.32006 B &A(OA-f . | 1094 $ 098
10% $° & ()-f. 10%% &6G%-f| 100445 & (P42 10%BOR' [) - f YAz hH( U530 | 0.9812
71 36.39 36.39 2426 0.3206 AS-M4 1.659 | 0.9800
72 36.31 36.31 24.20 0.3203 CB-1 1.891 | 0.9778
73 36.19 36.19 24.13 0.3204 AS-CL1 2.197 | 0.9747
74 36.12 36.12 24.08 0.3204 S-CLI 2395 | 0.9728
75 36.21 36.21 24.14 0.3203 FMIA 2.129 | 0.9752
76 3591 3591 23.94 0.3200 AS-CLZ | 2956 | 0.9671
77 35.91 35.01 23.94 0.3202 S-CL2 2.951 | 0.9673
78 55.80 35.80 23.87 0.3199 XM-300 | 3.259 | 0.9642
Adhesives
3 The polymerizable composition was hand-mixed with the initiator

component in a 4-dram vial. Each test sample contained approximately 4.873
grams polymerizable composition and 0.277 gram initiator component. Specific

amounts of each component are given in Table XX.
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10%$° & ()-f. 10%$ & ()-f. 10%$ & ()-f. 10%$ & ()-f. 10%$ & MJAN 2003
c(4HLcG v. 10‘V$‘&'()-f. 10% $ & ()-f;c(4HL. 10% $ & ()-f. 10(V$ & ()-f.
10% $° & () %$ . 10%6$ & ()-f. 10%$ & ()-f. 10%$ &

10% $° &'()‘;V }5’06' & ()-f. 10%$ & ()-fhH(v. 10%$ & ()-f. ‘g)%/f%"sé}z&?ﬁ
10%$° & ()-f. 10%$ & ()-f. 10%$ & ()-f;c(4HL cH v Y 10%$& () -

10% $ & ()-f:c(4HL. 10%$ & ()-f. 10%$ & ()-f. 10%$ & ()-f U#SOR] [ NA4Y
10x$10x$. 10x$& 3; 109&S$& ()- Y & 109&$& ()- | "109x$& ()-f Y 109$& () -
YL109%$& () - &4@ X~_|\ @NAAY 10x$ 3 @O%ORS& XX- 3 @0%$9& () - y#10%9$9&' () -
S1090$9& ()-f 1090%9& ()- f&10°/<9$9&'() _a_?NAdY 10x$ 3 @0%$9E ()-

@0%9$9& ()- 3 @L0YO$SE

@O0Y®$9& ()-hL, 4 3 @0%99&' ()= "_ ) 3
@0%%$9&' ()- 3 @0%$9& () - 9% ()- 3
@O0Y0$9& ()- 3 @OYD$Q& ()" 3 HagR) (). 3

@0%9$9& ()- 3 @0%9$9& S

@0Y®$9&' ()-"#(0hL, 4 3 0.277 l
67 | 4.854 Y0277 |
68 | 4.873 0277
69 ! 4.873 0.277
70 | 4.873 0.277
71 4.872 0277 |
72 | 4.877 0277 |
73 | 4.876 0277 !
74 | 4.876 0277 |
73 4.876 0.277
76 ! 4.881 0277 |
77 4.879 0277
78 4.384 0277 |

Each sample was mixed for one minute and then applied in sequence to
UHMW peel adherends, HDPE peel adherends, and HDPE overlap shear
5  adherends. Upon completion of the 24-hour cure cycle, bond strength and solvent

resistance were determined.
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@0%9$9& ()-' 2089<DLMPeGH4 3 @O%R$& ()-'? 3 @g%m?;&' (- 3 @gg@}g&' ()- 3
@L09B3$9&’ () -vy 09398 () - PX adl veE+4 3 @LOYO$9& @L0Y0$9&

@0YB$9& () - §%@E$9&- -'7- 3 @09%9%$9& ()- 3 @0%9$9&'() \P\ﬁifﬁrkﬁ %—?96
@O% & ()-° 3 @0Y9$9& () "2 3 @090$9& ()- 3 @0YR$9& ()- 3 @OYR$9& ()-

C | [ NAAN10#10#10# f; mlO%t& ()- 3 L$ 10%t& ()- S" 10%t& ()- 3
1 10%+& ()- |- 10%¢& () - | > @MANn10# ¢ 810%#& ()-3 ¢ 810%#& ()-3
#10%-#&' ()- yS10%#& ()- SnL0%-#& ()- ORABLEHS() - t XNA4N10# ¢ 810%# c

810%#& ()-3& ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 c 810%#& ()-3 ¢

810%#& () - 31 LONAA c810%+#&)—3 Bond Strength
UHMW PE HDPE Solvent
Resistance
T-Peel T-Peel Overlap Shear
Ex. | piw | N/em piw N/em psi MPa %
Insoluble
Solids
65 29 51.0 45 79.2 846 5.83 66
66 23 40.5 44 77.4 967 6.66 67
67 29 51.0 44 77.4 818 5.64 19
68 24 42.2 39 68.6 923 6.36 79
69 27 47.5 S1(T) | 89.8(T) | 1.008 6.95 75
70 24 42.2 38 66.9 999 6.88 66
71 25 44.0 44 77.4 985 6.79 74
72 22 38.7 42 73.9 961 6.62 78
73 27 47.5 48(T) | 84.5(T) | 825 5.68 79
74 26 46.8 48 84.5 825 5.68 71
75 26 46.8 50 88.0 814 5.61 68
76 28 49.3 51 89.8 836 5.76 79
77 27 47.5 46 81.0 810 5.58 65
78 24 42.2 38 66.9 679 4.68 75
(T) = Adherend tore
5 Various modifications and alterations of this invention will become

apparent 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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H 7' () LONAA ¢ 810%#& ()-3 ;c|lb H7& ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢
810%#& ()-3 ¢ 810%#& ()-3)0189GH gK/ 4 ¢ 810%#& ()-3 ¢ 810%#& ()-3 c

810%#& ()-3 c 810%#& ()-3 c 810%#& ()-3 c 810%#& () - 3(

c

810%-#8& ()-31 INRW dD$ ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢
810%#8& ()-3 ¢ 810%#& ()-3;c|b H7 dijt{|c :clb H73 c 810%#& ()-3 ¢
810%#8& ()-3 c 810%#& ()-3 c 810%ERAIMS3 c 810%#& ()-3|dD,c|b H7 ¢
810%#8& ()-3 c 810%#& ()-3 c 810%#& ()-3 c 810%#& ()-3 c 810%#& ()-3 ¢
810%#& WiBR@latn@ie%#& ()-3 ¢ 810%#& ()-3 c 810%#& ()-33;c|b H7 ¢

810%#& ()-3 C 810%#& ()-3 #:c|b H7 ¢ 810%#& ()-3

5 1, An initiator system capable of initiating polymerization, comprising:
a complexed initiator; and

a decomplexer having a structure represented by (I) or (TN):

R]—('O/[(LR;/?LOH )n

Q
m RCOH

10 4)) (m

wherein:

R'is selected from the group consisting of hydrogen, a monovalent organic group,

and a multivalent organic group;

R% s a multivalent organic group;

IS R’ is selected from the group consisting of hydrogen and a monovalent organic

group;

R is & monovalent organic group comprising an alkyl group having at least nine

carbon atoms;
m is an integer ol 0-2; and

20 n is an integer greater than or equal to one.

2. The initiator systemn of claim 1, wherein the decomplexer is a dicarboxylic acid

decomplexer.

25 3. The initiator system of claim I, wherein the decomplexcr is a carboxylic acid ester

decomplexer.
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810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 c 810%#& ()-3 ¢
810%#& ()-39G ; ¢ 810%#& ()-3 c 810%#& ()-3 c 810%#& ()-33;c|b H7 ¢
810%#& ()-3 ¢ 810%#& ()-3_#;c|b H7 c 810%#& ()-3 ¢ 810%#& ()-3 ¢
810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3dD;c|b H 7 ¢ 810%#& ()-3 ¢
810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 c 810%#& ()-3 ¢

810%-#& (4.- 3#& le-iRDIatar syst@i OVaitigh () wherein RLOUoribdiofdlerd cegaBikOfroups’ () - 33;c| b

H 7 ¢ 810%#& ()-3 ¢ 810%#& ()-325:>CFG #;c|b H7 ¢ 810%#& ()-3 ¢

810%-#& (CPUPTGINGIDk sroupharing ablpas 45 c3ban aloBs0%-#&' () - 3GIMRUZAAD; c| b H 7

c 810%#& ()-3 ¢ 810%#& ()-3 ¢

S. An initiator system capable of initiating polymerization, comprising:
5 a complexed initiator;

a carboxylic acid decomplexer; and

a second decomplexer.

6. The initiator system of claim 6, wherein the second decomplexer comprises an
10 anhydride decomplexer.
7. The initiator system of claim 6, wherein the second decomplexer is selected from

the group consisting of methacrylic anhydride, succinic anhydride, maleic anhydride, and

glutaric anhydride,

15
8. An initiator system of any one of claims 1 10 7, wherein the complexed initiator is
an organoborane amine complex.
9. A kit comprising:
20 a polymerizable composition, wherein the polymerizable composition comprises:
at least onc polymerizable monomer, and
at least one carboxylic acid decomplexer having a structure represented by
(O or ().
o 0]
R O)J\RZ/U\OH )n
[ Por] i
25 m RCOH
o (m
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810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-33.c|b H 7 ¢ 810%H#& ()-3 ¢
810%#& ()-3ruz~ #:c|b H 7 ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢
810%#& ()-3 C 810%#& ()-3dDc|b H 7 ¢ 810%#& ()-3 ¢ 810%#& ()-3 C
810%#& ()-3 ¢ 810%-#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3gG ; ¢

810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-33.¢c|b H 7 ¢ 8100#& ()-3 c
810%#& () - 3_Mhetebn:H 7 ¢ 810%#& ()-3 ¢ 8100%-#& ()-3 ¢ 810%#& ()-3 ¢
810%#& ()-3 ¢ 810%7#&'%)-3dD;c| b H7 ¢ 810%#& ()-3 ¢ 810%#& ()-3 o

810%#& ()-3 c 810%-#%s

getesl frorg Togrpwp consitipg 8f n( 3 mgpeyaleng organic

810%+#& ()-3 ¢ 810%#& (}:3 c 810%#& ()-33;c|b H 7

10

15

20

25

10.

group, and a multivalent organic group;

R?is a multivalent organic group;

R is selected from the group consisting of hydrogen and a monovalent
organic group;

R is a monovalent organic group comprising an alkyl group having at least
9 carbon atoms;

m is an integer of 0-2, and

n is an integer greater than or equal 1o one; and
an initiator component, wherein the initiator component comprises:

a complexed initiator, and

an optional diluent.

A kit comprising:

a polymerizable composition, wherein the polymerizable composition comprises:
at least one polymerizable monomer, and
a first decomplexer, comprising a carboxylic acid decomplexer haviny a

structure represented by (1) or (T1):

RJ—L oj\R/ﬁ\OH )n

0
[o OR{I I
m RCOH

M (M

wherein:
l . I3 [}
R’ is selected from the group consisting of hydrogen, a monovalent

organic group, and a multivalent organic group;



C 810%#& ()-3 c 810%#& ()-3 #iclb H7 ¢ 810%#& ()-3 ¢ 810db-RelAN -2803

c 810%#& ()-3 c 810%#& ()-3 c 810%#& ()-3 $ dDc|b H7 ¢
810%#8& ()-3 ¢ 810%#& ()-3 c 810%#& ()-3 c 810%#& ()-3 c 810%#& ()-3 ¢
810%#& ()-3$ ) , - 0 3 8 gG; c 810%#& ()-3 c 810%#& ()-3 ¢

810%#8& ()-33:c|b H7 c 810%#& ()-3 ¢ 810%#& ()-38 ; @D 1 L M _#c|b H 7
C 810%#& ()-3 c 810%#& ()-3 ¢ 810%#& ()-3 ¢ 810%#& ()-3 ¢ 8100#& ()-3M
Nb Kva@c|b H 7 S+10%#& { hulalent organic group;

R is selected from the group consisting of hydrogen and a

monovalent organic group;
R is a monovalent organic group;

5 m is an integer of 0-2, and

n is an integer greater than or equal to one;

a second decomplexer; and

an initiator component, wherein the initiator component comprises:
a complexed initiator, and

10 an optional diluent.

11.  The kit according to claim 10, wherein the second decomplexer comprises an

anhydride decomplexer.
15 12. The kit according to claim 10, wherein the second decomplexer is selected from
the group consisting of methacrylic anhydride, succinic anhydride. maleic anhydride, and

glutaric anhydride.

13, The kit according to claim 10, further comprising a multi-part dispenser.

20
14, A bonding composition, comprising the polymerizable composition of the kit of
claim 9 or 10 mixed with the respective initiator component of the kit of claim 9 or! 0.
15, A substrate at least partially coated with the bonding composition of claim 14.
25

16.  The substrate of claim 15, wherein the substrate is a low surface energy substrate

having a surface energy of less than 45 mJ/m2,
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