METHOD OF DI SSOCI ATI NG AN ORGANOBORANE- AM NE COVPLEX FI ELD OF THE | NVENTI ON
[ 0001] The present invention generally relates to a nethod of dissociating
an or ganoponrangame conplex in a coating conposition. berapspeesfoosal |y, a
carbamc zwitterion is fornmed insitu froma reaction of carbon di oxide and
free am ne groups in the coating conposition such that the

or ganobor ane- am ne conpl ex di ssociates and forns a radical which is used to
pol ymeri ze a radi cal poI ynmeri zabl e conpound. DESCRI PTION OF THE RELATED ART

[ 0002] Autonotive finishing and refinishing is a |ndustry in the
Uni ted Stat eMEHPBHeP! NG @ﬂ@&@“ﬁ% g B‘é‘g Rlufder of

vehi cl es bei ng produced. Typically, original equipnent rranuf acturing (CEM
autonotive finish coatings and afternmarket refinish autonotive coatings are
two- part conpositions that rEGlDOFgRUSINGENHIONNNg of two condensed phases.
This mxing typically limts control of curing, increases cure tines, and
makes apuii cat iThe pedscithievendad pagsallyaclaripl zemefhlaapeslsmmnﬁgqme@'a@@tﬁ)@ane-
surfaces difficult. [0003] As such, an interest in using quick cure
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autonotive finish and retinish coatings. These t echnol ogies utilize free
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fromel ectron beams to polyneri ze and cu e coatin ese
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can suffer fromfilm
DESCRIPTION OF THE RELATED ART

[0002] Automotive finishing and refinishing is a growing industry in the United States and
other countries due to an ever increasing number of vehicles being produced. Typically,
original equipment manufacturing (OEM) automotive finish coatings and aftermarket refinish
automotive coatings are two-part compositions that require physical mixing of two condensed
phases. This mixing typically limits control of curing, increases cure times, and makes
application of the coatings to complex shapes and sequestered surfaces difficult.

[0003] As such, an interest in using quick cure technology, such as UV-cure and clectron
beam technology, has arisen in automotive finish and refinish coatings. These technologies
utilize free electrons, whether as radicals formed by UV light or as electrons formed from
electron beams, to polymerize and cure the coatings. These technologies minimize the curing
times of the coatings as compared to differently cured solvent-based and water-based coatings
but require expensive equipment such as UV lamps, vacuums, filaments, etc. Thus, use of these
technologies is expensive, time consuming, and labor intensive and can suffer from film

shrinking and oxygen surface inhibition.



shrinking and oxygen surface inhibition.[0004] Alternatively, refinish
coatings can be cured using heat and |l arge ovens to initiate cross-Iinking.
Typi cal | ywot2bm/aeati ngs are applied to autonobil e part s poirpboianssobhen
passed t hrough the ovens to cure the coatings. However, use of the ovens is
very energy intensive, expensive, and has an adverse inpact on the
environnment. In OEM aut onobil e production facilities, the ovens occupy

| arge footprints and are cunbersone tq use. [0005] O her technol ogy has

al so been devel oped to inmprove the spé%d and efficiency of curing, coatings.
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formradicals that polymerize organic nononmers and cure the coatings.
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adhesion of the coatings to |ow surface energy substrates due to their
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Wt hout intending to be bound by any particular theory, it is believed that
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of the radicals therefrom is driven by the thernodynamc stability of

bor on- @xgeR, e BessioBedpheards GRRARNRAY Merd Ainibcalotle taatk. causes the
organoborane initiators to be pyrophoric in oxygen. Due to this reactivity,
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under con conditio or "t hrough
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effectively due to an ' ' ' '
substrates due to their ability to generate radicals and which polymerize the organic monomers.

Without intending to be bound by any particular theory, it is believed that diffusion limited
oxidation of the organoborane initiators, and production of the radicals therefrom, is driven by
the thermodynamic stability of boron-oxygen bonds in the organoborane initiator and causes the
organoborane initiators to be pyrophoric in oxygen. Due to this reactivity, the organoborane
initiators are commonly stabilized with blocking agents that render the organoborane initiators
less susceptible to oxygen insertion and premature radical generation. The blocking agents
dissociate under controlled conditions (c.g. with the application of heat or through exposure to a
decomplexing agent) to release the organoborane initiators and initiate free radical formation via
reaction with oxygen.

[0006] Even using the aforementioned technologies, coatings applied to complex shapes
and surfaces or on multi-component parts are typically not able to cure effectively due to an
inability of UV light to reach all portions of the coatings. Alternatively, some coatings cannot be

exposed to UV light without suffering damage and thus also have a tendency to cure



inability of UV light to reach all portions of the coatings. Alternatively,
sone coatings cannot be exposed to WV |ight wthout suffering damage and

t hus al sowbavs/metsendency to cureineffectively. Still fecrheroioossobng

t hrough use of WV light can be inhibited by oxygen. Such oxygen surface
inhibition typically results in inconplete curing |leading to coatings that
are tacky or lack scratch resistance. [0007] As a result, technol ogy has

al so been devel oped to alleviate oxygen surface inhibition. This technol ogy
i ncl udes use of gaseous atnpspheres with UV Iight and irradiation of
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oxygen that are present during curing thereby limting oxygen surface
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are typically disposed at great distances fromthe coatings such that

i nconploetagk surpichgesissanceduced but not elimnated. Since radiation sources
typically emt |large anounts of heat, it is difficult to bring the
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bet ween the radi ation sources and the coatings. The heat fromthe radiation
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common deconpl exi ng agents, such as those used. in the '579 publication, are
aci ds, Saihdepyaesnplie coimasis redised i A0b Iminagd apiRg e Fadintien sqyjecs tyigally emit
publication describes use of these commobn deconpl exi ng agents in gaseous

f or m t derggpmpupteoihepte it is difficult to bring the radiation sources within the gaseous atmospheres

and shorten the distances between the radiation sources and the coatings. The heat from the
radiation sources causes strong vortexing in the gaseous atmospheres and contaminates the
atmospheres with oxygen, thus negating the benefits of using this technology.

[0008] One derivative of this technology utilizes organoborane-amine complexes and
gaseous initiating agents to effect curing, as described in U.S. Pat. App. Pub. No. 2007/0196579.
As is well known in the art, organoboranc-amine complexes typically react with decomplexing
agents and oxygen and dissociate thereby forming radicals. The radicals initiate polymerization
and curing of the coatings. The most common decomplexing agents, such as those used in the
‘579 publication, are acids, aldehydes, ketones, isocyanates, and anhydrides. The ‘579
publication describes use of these common decomplexing agents in gaseous form to initiate cure
of coating compositions. Although effective in coating compositions on small scales, the
technology of the ‘579 publication cannot be effectively scaled up and used in large scale OEM

production facilities due to the cost and toxicity of the decomplexing agents. For example, many



of coating conpositions. Although effective in coating conpositions on
smal | scales, the technology of the '579 publication cannot be effectively
scal ed upwendiuserd2i n | arge scal e OEM production facili ticexprdue/osmos he cost
and toxicity of the deconpl exi ng agents. For exanple, manyof the

af orenenti oned deconpl exi ng agents such as acet al dehyde, fornal dehyde,

i socyanates, naleic anhydride, nethyl (ethyl) ketones, phthalic anhydride,
and propi onal dehyde are classified by the Environnental Protection Agency
as hazardous_ air pollutants (HAPs) Accor din their use is severely
restri Of & #ar 8@1 dgomplesmeragents jspehpas ng%{@%tfogm}iierhdﬁwmcaws
friendly. [0009] Accordlng there remains an opportunity to devel op an
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to devel op such a nethod that is environnentally friendly and useable in
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OF THE | NVENTI ON AND ADVANTAGES [0010] The instant invention provides a
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polynerlza onpound. The method i ncl ude e step of |ntrodUC|ng t
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to free am ne r ups present in the coating conposition. The carbon di oxide
r eact s PURAURLQ ?Pgﬁwﬁ%ﬂW%nﬁ+%ﬁﬁ@o@ﬁ”@6PH¥?%% unstabl e carbamic zwitterion

in-situ and to dissociate the organoborane-ani ne cogﬁjex t her eby
SUMMARY OF THE INVENTION AND ADVANTAGES

[0010] The instant invention provides a method of dissociating an organoborane-amine
complex in a coating composition. More specifically, a carbamic zwitterion is formed in-situ to
form a radical for the purpose of initiating polymerization of a radical polymerizable compound.
The method includes the step of introducing the organoboranec-amine complex, the radical
polymerizable compound, and optionally an amine, onto a substrate to form the coating
composition. The method also includes the step of introducing carbon dioxide into the coating
composition in a molar ratio of at least 1:1 of the carbon dioxide to frec amine groups present in
the coating composition. The carbon dioxide reacts with the free amine groups to form the
unstable carbamic zwitterion in-situ and to dissociate the organoborane-amine complex thereby
forming the radical. The radical is used to polymerize the radical polymerizable compound.

[0011] The carbon dioxide used in the instant method is non-toxic and is not classified as a
hazardous air pollutant, thus making this method environmentally friendly and allowing this

method to be utilized in large production facilities with minimal emissions and pollution. In



formng the radical. The radical is used to polynerize the radica

pol yneri zabl e conpound. [001 1] The carbon di oxide used in the instant

met hod i swoaotoraxise and is not classified as a hazar dougcaippr2@olosabant ,

t hus meking this nethod environnentally friendly and allow ng this method
to be utilized in large production facilities with mniml em ssions and
pollution. Inaddition, the carbon dioxide is inexpensive and is readily
avai l able fromrecycling efforts desi%ﬂed to reduce greenhouse gasses and
environnmental pollution. In additiaon, “use of the carhbon di oxide can

mi ni m 2ddigNgBR Wihmadiexidgns pPeNPRSTET 2B4rT mepdilhervatisbls deane desyisng géorts
efficiency of this nmethod. Mreover, use of the carbon dioxide inproves
cont r oldepgnadutoj Iggugeagiscrhonsca B aidb enigamshtab pelleinmp o e pddifierK)use yos tthers
that reduce cure tinmes. Still further, the carbon dioxide used in this
met hod cednn bdoxide | can npchimhize moxyiges swehdrodnttibitiough eurtrige thredblyyinceasngitht e
reaction, thereby further reducing em ssions and pollution. [0012] In
addi t i efficidride of (ijamethod andoradrichcuse OffHeearbon didvads aprbyessoabbdleffeatifg ikdie ai r
and in many solutions of radical polynerizable conpounds. The
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t hereby increasing shelt e of the coating conpositions. is stability
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pol ymeri zation reactl 0 cure coating conpositions. The

or gano e-anine,.conpl ex also allows for .the polynerization .of.the.
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visible light, UV light, photainitiators, electron beans catal ysts, and/or
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ti mes, decreases a nunber of synthetic steps required, and increases
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footprint of the
a chance that premature polymerization of the radical polymerizable compound will occur,
thereby increasing shelf life of the coating compositions. This stability also allows for more
efficient, predictable, and reproducible polymerization reactions to be used to cure the coating
compositions. The organoboranc-amine complex also allows for the polymerization of the
radical polymerizable compound at room temperature without the need for visible light, UV
light, photoinitiators, clectron beams catalysts, and/or curing ovens. This greatly reduces
production costs, complexities, and times, decreases a number of synthetic steps required, and
increases product yields and concentrations. In addition, this reduces a carbon footprint of the
instant invention and saves energy. The organoborane-amine complex also allows the coating
composition to rapidly cure at reduced temperatures and to bond to various substrates. This

increases production cfficiency and speed and further reduces production costs and energy

expenditure associated with heating and/or using radiation for curing.



i nstant invention and saves energy. The organoborane-am ne conpl ex al so
allows the coating conposition to rapidly cure at reduced tenperatures and
t o bond twowvarimwsizsubstrates. This increases producti orcefidre@io®pmys and
speed and further reduces production costs and energy expenditure
associated wth heating and/or using radiation for curing. BRIEF DESCRI PTI ON
OF THE SEVERAL VI EWS OF THE DRAW NGS [ 0013] O her advantages of the present
invention will be readily appreciated, as the same becones better
understood by reference to the foll owithg detail ed description when

consi dered i nBEHHHREP LB UOMOF He1agkY YHGVaChnl g LRMEIRER: [ 0014]
Figure 1 illustrates a first theoretical reaction nmechani smincl uding
reacti 690181 carsber adivedpegrs ofithprgsent gavepipen wilk Py reediln epprecipigd.msathe aambani ¢
zwitterion, proton extraction fromthe carbamc zwitterion through reaction
wi t h t hecdmhasdkitergindpristoed bf refhienar tgahobdioane-&rilkd dewnptiexywhendndidsisdan at i on
of the organoborane fromthe am ne thereby leading to radical formation in
t he pr esgictorOwitihc dcOdhmhymic@uaveings whdreigf r at es a second theoreti cal

reacti on nechani smincluding reaction of carbon dioxide with a free

(pri many014am nerige flofMsRate2hPARE ehodWitichiefdh@ibn RicOa@RnEXddhREAd edchisoRrt he
carbam c zwitterion through reaction with water, and di ssociation of the

or ganoRg,gn laio&fda Wit oRehab) SheRYo 16k egfbarﬁicrz%@&&ﬁ,'ﬁ, ﬁﬁa{dﬁ%&@fﬁon,[ﬂ%% 6]

Figure 3 illustrates a third theoretical reaction nmechanhi smincluding
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zw tterion, proton trans froma nrtrogen atom of the carbamc zw tterion
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[0015] Figure 2 illustrates a second theoretical reaction mechanism including reaction of
carbon dioxide with a free (primary) amine to form a carbamic zwitterion, proton extraction from
the carbamic zwitterion through reaction with water, and dissociation of the organoborane from
the amine thereby leading to radical formation;
[0016] Figure 3 illustrates a third theoretical reaction mechanism including reaction of
carbon dioxide with a free (primary) amine to form a carbamic zwitterion, proton transfer from a
nitrogen atom of the carbamic zwitterion to an oxygen atom of the carbamic zwitterion thereby
forming a carbamic acid type compound, and dissociation of the organoborane from the amine
thereby leading to radical formation; and
[0017] Figure 4 illustrates theorized reaction schemes of radical formation and propagation

utilizing an organoborane initiator and also illustrates probable side reactions that may occur

between the organoborane initiator and oxygen.



[0017] Figure 4 illustrates theorized reaction schenes of radical formation
and propagation utilizing an organoborane initiator and also illustrates
probabl e wodeiwmenti ons that nmay occur between the or garolyarame/osmbs i at or
and oxygen. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] The present
invention provides a nethod of dissociating an organoborane-am ne conpl ex
in a coating conposition via in-situ formation of a carbamc zwitterion to
forma radical for the purpose of initjating polynerization of a radical

pol yneri zabl e conpound. The or anobor @ne- ani ne con&]ex t he carbamc

zwitterion, and the rRBTAHERBEMRIPTENY OF B INNENII@Ndescribed in greater

detail bel ow. HQOlQ] The coating conposition, hereafter referred to as
"conpodPliBdn" , Thgyprpssnugwantion pieyidendusethgd ofiésseaatpgsin preanohwyarsemised i n
a variety of applications including, but not limted to, original equipnent
manuf acomplerngn § Gkedng 'thmposidn voe at-sing®smafinef aralbemic zvaftemerstio " fooaradigs
autonotive coatings, protective coatings, filnms, encapsul ants, gels,

seal anffs, tHeebepse: oOdhitingisg pobmicdiziamin odat rdige] inaablcnadnm@asd.t heheof .
Most typically, the conposition is used as an autonotive OEM fini sh coating
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and/ or sealant. [0020] The conposition may be water-borne or sol vent-borne

and may b USRY idSciicPl&aitpPONent (1K) or two conponent (2K) system
Typically, the conposition Is solvent-borne and is a | K system The
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I n one “enbodi ne osition s a steman u
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great eliirrg‘[%tciafi(),l or?geillﬁméqug)rr]r?entt I‘r]n%nlcl)%‘agt?iplgg C(){)%&%-‘%rr?is?lg c%gtriﬂ?gls,e éf'terrlngrkaép “refinish”
coatings, automotive coatings, protective coatings, films, encapsulants, gels, scalants, release
coatings, conformal coatings, and combinations thereof. Most typically, the composition is used
as an automotive OEM finish coating or as an automotive refinish coating as a primer, basecoat,
clearcoat, and/or sealant.
[0020] The composition may be water-borne or solvent-borne and may be used as a one
component (1K) or two component (2K) system. Typically, the composition is solvent-bome
and is a 1K system. The composition is typically applied to a substrate and cured to form a film.
In one embodiment, the composition is a 2K system and includes two components that are
reactive with cach other, e.g. the radical polymerizable compound introduced above, a
deblocking agent described in greater detail below, and the organoborane-amine complex. In an
alternative embodiment, the 2K system includes a cross-linking agent in one component and the
radical polymerizable compound in the other component. In this embodiment, the organoborane-

amine complex may be present with the cross-linking agent (e.g. a multifunctional acrylate), the

radical polymerizable compound, or with both. In yet another embodiment, the composition is a



alternative enbodi nent, the 2K systemincludes a cross-|inking agent in one
conponent and the radical polynerizable conpound in the other conmponent. In
t hi s enbostormenvi49tde or ganobor aneam ne conpl ex may be presarboriosdvos he
cross-linking agent (e.g. a multifunctional acrylate), the radical

pol yneri zabl e conpound, or with both. In yet another enbodi nent, the
conposition is alK system and i ncludes the radical polynerizable conpound.
I'n still another enbodi ment, the conpgsition is a |K system and includes

t he radlcal pol yneri zabl e conPound and@ t he organgbor ane- am ne conpl ex.

an addilf viEm akbserdesite radie! pRlysgEzag soperaydds Iy pal ﬁ%hwmbﬁ&%rthez abI e
conpound, the cross-linking agent, and the debl ocking agent. In stil

f ur t hercomppsaidmentas | Kt Kestank and cluslps tthergadienls belymeszbln jcampgungf andrthe
consi st of, the radical polynerizable conpound and organoborane-am ne

conpl enrga"ﬁhla)rarwr-mino kogyleX.cdman sdditigpabeskantiment] thedK sysfeer mcludest the rddicabr 2K
system as including only conpounds that do not materially affect the basic
and noyelynthiastie tcempsinde $heoérobhnlsys hgsts, arsluthh d@dlookiaf iagsnt. pol ytil @frthsr

al kynes, acryl ates, unsaturated acrylic ester resins, functional acrylic

ester RRBEIRICHs, ahel (e DKe sydtéin$tdohbistOtehtiANDOHI BEMoRsistt BE HHE angldapr 2K
systens nmay i nci ude hi ndered am ne | ight stabilizers (HALS), UVA packages,
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groups. It is conte Iated that .t he radlcal olynerlzable conmpound
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unsaturated groups. The radlcalkgolynerlzable conpound may al so incl ude
other embodiments, the 1K and/or 2K systems may include hindered amine light stabilizers

(HALS), UVA packages, flow additives, wetting agents, pigments, cross-linkers, catalysts, and
the like. Furthermore, the 1K and/or 2K systems may include acrylates and/or methacrylates as
the radical polymerizable compound.

[0021] As first introduced above, the radical polymerizable compound is present in the
coating composition. The radical polymerizable compound typically includes one or more
cthylenically unsaturated groups per molecule, i.c., C=C groups. It is contemplated that the
radical polymerizable compound may include two cthylenically unsaturated groups or three or
more ethylenically unsaturated groups. The radical polymerizable compound may also include
onc or more alkynyl groups, i.c., C=C groups The radical polymerizable compound may be
selected from the group of monomers, dimers, oligomers, pre-polymers, polymers, co-polymers,
block polymers, star polymers, graft polymers, random co-polymers, and combinations thereof,
so long as the radical polymerizable compound is still able to be radically polymerized. In one

embodiment, the radical polymerizable compound is a monomer. In another embodiment, the



one or nore al kynyl groups, i.e., CC groups The radical polynerizable
conpound may be selected fromthe group of nononers, diners, oligoners,

pr e- pol ymgopiopabymers, co-pol yners, block polyners, steacTprbyo®ssos graft
pol ymers, random co-pol ynmers, and conbi nations thereof, so |long as the
radi cal polymerizable conmpound is still able to be radically polynerized.

I n one enbodi nent, the radical polynerizable conpound is a nononer. In
anot her enbodi nent, theradical polynerjzable conpound is partially

pol ynmeri zed and i.s an oligoner or polyner, but still retains an ability to
be f ur t#bsal polyirEFabieeemnaynd ISR F Ny PobISERdhan IS ap RELeBE ¥ 2P pilk abl e
conpound is selected fromthe group of nono- and poly- unsaturated

gl ycer s¢tainypn pbisptadici fpithis poptmasiphdr Ings Buther embqshmentdiis radiead pelygicaaable

nucl eoti des, and conbi nations thereof, having at |east one radically

pol ynmecomatrel if selattédinarh tigr grapp of 100@&2]andl polyt ihsatuaatédigly barols emblodgiphadmids, t he
radi cal pol yneri zabl e conpound is selected fromthe group of acryl ates,

car bamphesphorepioxtdessptidend nacladideal mris titldse bed EomSationb lteereudNhdviiny ti 164t
exanpl es of carbamates and epoxi des are those having at |east one radically

poIynebhgﬁghgn§ﬁa@hkgﬂaﬂeghgﬂﬂmﬁ@guﬁypicalIy one or nore functional groups
selected fromthe group of esters, ethers, ketones, al dehydes, carboxylic

aci ds, hges a i I : : and
combi e t ne Sl B e R ot .
and ar | n ave J.ine h r uct i £ h.various
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functionality, .hydroxyl functi.gnalit car boxyl at e functi onal i .car bamat e
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radi cal_ pol ynmeri zabl e conpound is selected fromthe group of a, b-

unsat ufHtcEaN | PRATLY REHYOUTIE, MYF ﬁwctlég%le%r%qp5§als§tﬁ9 figpethe grppeisstcrsest er s
of methacrylic acid, esters of acrylic acid, and comnbi nations thereof.
Exanpl éthewst kotaneabpklchydss.usakoxirliet eeidal ppitigs  and ureas, acrylics, sulfur groups,

phosphorous groups, and combinations thercof. The carbamates may include aliphatic,
cycloaliphatic, and aromatic groups and may have linear or branched structures with various
functionalities including, but not limited to, branched hydrocarbon functionality, hydroxyl
functionality, carboxylate functionality, carbamate functionality, and/or ester functionality. In a
further embodiment, the radical polymerizable compound is selected from the group of o,f3-
unsaturated aliphatic compounds, vinyl esters, substituted styrenes, esters of methacrylic acid,
esters of acrylic acid, and combinations thercof. Examples of suitable o,f3-unsaturated aliphatic
compounds include, but are not limited to, 1-octene, 1-hexene, 1-decene, and combinations
thereof. Non-limiting examples of suitable vinyl esters and styrenes include vinyl acetate,
styrene, o-methylstyrene, p-methylstyrene, and combinations thereof.

[0023] In other embodiments, the radical polymerizable compound is sclected from the
group of acrylates, halogen substituted acrylates, alkenoates, carbonates, phthalates, acctates,

itaconates, and combinations thereof. Suitable examples of acrylates include, but are not limited



conpounds include, but are not limted to, 1-octene, 1-hexene, 1-decene,
and conbi nations thereof. Non-limting exanples of suitable vinyl esters
and styremeoiomabude vinyl acetate, styrene, a-nethyl st yceEm®2010/059005

p- met hyl styrene, and conbi nations thereof. [0023] In other enbodinents, the
radi cal polynerizable conmpound is selected fromthe group of acrylates,

hal ogen substituted acryl ates, al kenoates, carbonates, phthal ates,

acetates, itaconates, and conbinations t hereof. Suitable exanples of
acrylates i ncl ude, but are not_ ljmted?o, but acrylate, t-but acryl ate,
i sobor i1 bust ragrvdite, t-hutgaesyipte aispheryleacrylatgy ﬁﬁ%é&%wla@r ﬁreéhyglexvﬁeﬁ ate;

acryl ate, cyclohexyl acrylate, octyl acrylate, isocyanate containing

acryl aflauylsierlatgs cyelolsrahasioks. yocitleacrelal, dorpinte povainingezcadates [such as
addi ti onal enbodi nments, the radical polymnerizable conpound is selected from
t he gr copyaftoderytatoy| mcbs;ontbririaaionyltheresf; pdi yakirtidnak esybodmatnirantheacadydaht es,
unsat urated pol yesters, and conbi nations thereof. Suitable exanples of di-
tri-, pobnpeolkiblec achpbaides scictkeddem it grate onNdiactyilaitst @thciydated) ponnediads,

di acrylate, tripropyl eneglycol diacrylate, trinethylol propane triacrylate,
al koxy ladiRhe tab hyMREsN Mh R RAOP BB cdtérk amidydodibfhatiDRNhBRLY t Biiitdb® cxtabipR&rofldat e,
pentaerythritol tetraacryl ate, dlpentaerythrltol hexaacryl ate, and

conbi ngf | gﬂép&pem%es R4 d}d%bﬂnﬁ a@ﬁbtlunmehltaqle@ml%c 1atyrtﬁ%1fag £nd cy)! at es

i ncl ude Ebercryl 8402 and Ebercryl 8301 commercial 'y dvai'l abl
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Sui t abl'é Tim unsatura po yes i'nc yésters

prepared wit ydri de. an, addi.tion di rad
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and a di pentaerythritol penta/hexa acryl ate. et anot her. enbodj nen t he
radi calcop8IngtiNs; ¢ il é SBiAhd Ae-Eiting eramadest of; olﬂfﬁ%ﬁ%e arwkatss gl WFSEPW%A ed
acrylic and nethacrylic ester resins, functional acrylic and nethac&yllc
est er FoPbried sEbeagnl 83Mbicamicena v ﬁ@l]@bke from UCB Chemicals and Actilane 251

commercially available from Akcros Chemicals. Suitable non-limiting examples of unsaturated
polyesters include polyesters prepared with maleic anhydride. In an additional embodiment, the
radical polymerizable compound is further defined a mixture of an OH-acrylic resin and a
dipentacerythritol penta/hexa acrylate. In yet another embodiment, the radical polymerizable
compound is selected from the group of unsaturated acrylic and methacrylic ester resins,
functional acrylic and methacrylic ester monomers, and combinations thereof.

[0024] In still other embodiments, the radical polymerizable compound is selected from the
group of butyleneglycol diacrylate, butylene glycol dimethylacrylate, 2-ethylhexylacrylate, 2-
cthylhexylmethacrylate, 2-hydroxyethylacrylate, 2-hydroxyethyl methacrylate, methylacrylate,
methylmethacrylate, neopentylglycol diacrylate, neopentylglycoldimethacrylate, glycidyl
acrylate, glycidyl methacrylate, allyl acrylate, allyl methacrylate, stearyl acrylate, stearyl
methacrylate, tetrahydrofurfuryl acrylate, tetrahydrofurfuryl methacrylate, caprolactone acrylate,

perfluorobutyl acrylate, perfluorobutyl methacrylate, 1H-, 1H-, 2H-, 2H-heptadecafluorodecyl



[0024] In still other enbodi ments, the radical polynerizable conmpound is
sel ected fromthe group of butyl eneglycol diacrylate, butylene glycol

di mret hyl asoypbai®a9742- et hyl hexyl acryl ate, 2- et hyl hexyl netrbampydidiosgoos

2- hydroxyet hyl acry | ate, 2-hydroxyethyl nethacrylate, nethylacrylate,

met hyl met hacryl ate, neopentyl gl ycol diacrylate,

neopent yl gl ycol di net hacryl ate, glycidyl acrylate, glycidyl nethacrylate,
allyl acrylate, allyl nmethacrylate, stearyl acrylate, stearyl nethacrylate,
tetrahydrofurfuryl acryl ate, tetrahydﬂbfurfuryl nmet hacryl ate, caprol act one
acryl af&yaer Filuodbhdtl 2Hcheptadecailuprodeqyl gpeshaprylptemigtihydrgpeflaoropqrylatey 1y
2H, 2H hept adecaf| uorodecyl acrylate, IH, IH, 2H, '

2H heptrhawessthylorasadas| phendrsethyll anethacrdateahyisithepddr 4 ugnrdater yhisphsnol A
phenoxyet hyl acryl ate, phenoxyethyl nethacryl ate, bisphenol A acrylate,

bi sphedohcthacdylntet dmrxylagile bisphdnok yA atceylatoj sptvapleicd Abaphonbhtle, methhaxicat ed
bi sphenol A nethacryl ate, hexafl uoro bi sphenol A diacrylate, hexafluoro

bi sphemetaflioft BRpaor W diaerylaie,ehdxuilenedgbiysheholdAadimetiatglateli ditthyleaspdedoy col
di met hacryl ate, di propyl eneglycol diacrylate, dipropyleneglycol

di met haedewliat e dicRRidnes IRyl e amakiseAllatell aptodyinBelyfa! &i@&t@%'te‘?%ﬁﬂo}é?l@he lycol

di net hacryl ate, pol ypropyl enegl ycol diacrylate, polypropyl eneg ycé

di et h%lﬁflé{h@ctrﬁate} r ??%Et%lk%i&%f&@netdﬂc?ﬁﬁ%l at 8lyethyleneglycol dimethacrylate,

trimethyl ol propanetri at e, ethoxyl at
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radi cal pol ynmerizabl e conpound is selected fromthe group of alkylene
gl ycol tdHcaylig] apenfrcaythritod| kxrmethacrylaies olpetiagryhyitelt etetragsayletonbperdadnghgtol
thereof. Most typically, the radical polynerizable conpound is an acryl ate
or net hdemethatelate, and combinations therecof. Other examples of suitable acrylates include
acrylamides and methacrylamides such as N-isopropyl acrylamide and N,N-dimethylacrylamide.
In one embodiment, the radical polymerizable compound is selected from the group of alkylene
glycol dialkylacrylate, alkylene glycol diacrylate, and combinations thereof. Most typically, the
radical polymerizable compound is an acrylate or methacrylate.
[0025] Suitable examples of alkenoates include, but are not limited to, alkyl-N-alkenoates,
methyl-3-butenoate, and combinations thereof. Suitable examples of carbonates include, but are
not limited to, alkyl carbonates, allyl alkyl carbonates such as allyl methyl carbonate, diallyl
pyrocarbonate, diallyl carbonate, and combinations thereof. Suitable itaconates for use in the
present invention include, but are not limited to, alkyl itaconates such as dimethyl itaconate.
Non-limiting examples of suitable acetates include alkyl acetates, allyl acetates, allyl

acctoacctates, and combinations thercof. Non-limiting of examples of phthalates include, but are

not limited to, allyl phthalates, diallyl phthalates, and combinations thereof.



[ 0025] Suitable exanpl es of al kenoates include, but are not limted to,

al kyl - N- al kenoat es, nethyl - 3-but enoate, and conbi nations thereof. Suitable
exanpl es wb 20avtaonat es i ncl ude, but are not linited to, ralrkpbooasdonat es,
al Iyl al kyl carbonates such as allyl nethyl carbonate, diallyl
pyrocarbonate, diallyl carbonate, and conbinations thereof. Suitable
itaconates for use in the present invention include, but are not limted
to, alkyl itaconates such as dinmethyl jtaconate. Non-limting exanpl es of

sui tabl e acetates include al kyl acet al#s, all¥l acetates, allyl .
acet 0ad®28d es, TRdredsAbPANICHEDIG KePRYnd KEK-dl5oninciudy %Yre%&&ﬁ%wééswed

pht hal ates include, but are not limted to, allyl phthalates, diallyl

pht hal atveenes.amertievaly nach¢rorissed hiar eojup@OREWithacryheli manomks.y melicz sishical
conpound may al so include styrene and substituted styrenes, particularly
when ugelynicnizadn jcampéundnmay talicragtiwdly cchmlecrreylste tipped palducdianp girgpolymarabl e
conpound may alternatively include acrylate tipped pol yuret hane prepol yners
pr epar @ekpaedrigacdatting issoayanatetiveaciylale nnbmnkR] eliganaier olydhdrg GO Ss or

pol ymers, such as hydroxy acrylates, with isocyanate functi onal

prepol Weioky adhymees UsBh oc@ingteFufdtRES REpTRNGYCA Y BsTRNBORERss FRBANICEve
ol i goners, polyners, and nacronononers having an average of at |east one
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unsat urated organic groups including, but not limted to, al kenyl groups
havi ng (Abaopkexpriienal)-dhehdnglemienlmphenyhgmincal | yl , butenyl, and hexenyl
[0027] It is also contemplated that the radical polymerizable compound may include
compounds including acryloxyalkyl groups such as an acryloxypropyl group, methacryloxyalkyl
groups such as a methacryloxypropyl group, and/or unsaturated organic groups including, but not
limited to, alkenyl groups having 2-12 carbon atoms including vinyl, allyl, butenyl, and hexenyl
groups, alkynyl groups having 2-12 carbon atoms including ethynyl, propynyl, and butynyl
groups, and combinations thereof. = The unsaturated organic groups may include radical
polymerizable groups in oligomeric and/or polymeric polyethers including an allyloxypoly
(oxyalkylene) group, halogen substituted analogs thercof, and combinations thereof. In another
embodiment, the radical polymerizable compound includes a compound formed by
copolymerizing organic compounds having polymeric backbones with the radical polymerizable
compound such that there is an average of at least one free radical polymerizable group per

copolymer. Suitable organic compounds include, but are not limited to, hydrocarbon based

polymers such as polyisobutylene, polybutadienes, polyisoprenes, polyolefins such as



groups, al kynyl groups having 2-12 carbon atons including ethynyl,
propynyl, and butynyl groups, and conbinations thereof. The unsaturated
organi ¢ gwoupsymmu2i ncl ude radi cal pol yneri zabl e groups pcn/EPR1gOB®0F C
and/ or polyneric polyethers including an allyl oxypoly (oxyal kyl ene) group,
hal ogen substituted anal ogs thereof, and conbi nations thereof. |In another
enbodi nent, the radical polynerizable conpound includes a conpound forned
by copol yneri zi ng organi ¢ conpounds hayvi ng pol yneri ¢ backbones with the
radi cal Polynerizable conmpound, such that there is an average of at | east
one f r @alyFElcas| Pobaromisic 288 Palygylsne palyPeapptsng sepolymess + Y SEyreRcgatiyene
conpounds include, but are not [imted to, hydrocarbon based pol yners such
as pol predisoe.yindncrylpoiinlp butadicenstyrensopglyeapletnepolypbéry shdt phpolygidiilene
aspol yet hyl ene, pol ypropyl ene and pol yet hyl ene pol ypropyl ene copol yners,
pol yst yrelnesd metypranyéenbertidd ipphesteamniclaes pblynthylcnd ecrénhthadhite ned polybeplenc

pol yacryl ates, polyethers such as pol yet hyl ene oxi de and

pol ypr epypieingaxi steyanpidty @styeidosated) palyiptley, gidiyirene pblgmeatiybitat @ardiakly

pol ybutyl ene terephthal ate, pol yam des, pol ycarbonates, polyim des,
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pol ynmers such as pol ytetrafl uoroethyl ene, fluorinated rubbers, termnally
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O course, istob erst oo t “the radical polynerizable conpound
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known in n ad Ion e radic ol'ymer i zabl'e conpound,
t he conposition al sg include the second, a thiyd, or nore than three

' ndi carrpanyieRr B R at e R S TRk Pl Pubiha any adel ¢ onal
radica&(gglynerizable cogggunds may be the same or djfferent fromthe

r adi callO%8l y meri 2481t conPsuitdicale 8RIYMSEERPAD GOBPOYH, VAS icomBotHYb diaetts, the

radi cal polynerizable conmpound is typica]ly present in the conposition in
an anouifludsfthe sesangd thrdger more than three radical polymerizable compounds. The second,

third, and any additional radical polymerizable compounds may be the same or different from the
radical polymerizable compound described above. In various embodiments, the radical
polymerizable compound is typically present in the composition in an amount of from 20 to 99,
alternatively in an amount of from 50 to 99, alternatively in an amount of from 60 to 99,
alternatively in an amount of from 80 to 99, parts by weight per 100 parts by weight of the
composition. In another embodiment, the radical polymerizable compound is present in an
amount of from 50 to 80 parts by weight per 100 parts by weight of the composition. In this
embodiment, 20 parts by weight of the composition typically includes a solvent. In still other
embodiments, the composition typically includes the second, third, and/or additional radical
polymerizable compounds with a total amount of radical polymerizable compounds present in
the amounts described above.

[0029] Referring back to organoborane-amine complex, the instant invention is directed

towards dissociating the organoboranc-amine complex in the composition. The organoborane-



alternatively in an amount of from50 to 99, alternatively in an anmount of
from60 to 99, alternatively in an amunt of from80 to 99, parts by wei ght
per 100 paotsidopomei ght of the conposition. |n another egtpaPeemwnsgoos he
radi cal polynerizable conmpound is present in an anount of from50 to 80
parts by weight per 100 parts by weight of the conposition. In this
enbodi nent, 20 parts by weight of the conposition typically includes a
solvent. In still other enbodinents, the conposition typically includes the
second, third, and/or addltlonal r adi 44 meri zabl e conpounds with a
total AFMRFEOBRLCY Anitypigallyofugther Fif‘zf&’ﬁfié‘sc%ﬁﬁ’@ﬁ dsOPREL BeftVOPh 2 HESHIBORIS
descri bed above. [0029] Referring back to organoborane-am ne conplex, the
i nst antinifigfgerni. ¢a organdbarars EdBondrdyitehle sooicatihagniibradsy gﬁamblbdflamge@m ne
conplex in the conposition. The organoboraneam ne conplex is typically
f ur t hend eéndasdhasrganclompleesmiho comdlch estabbent @mbiort gandbonsamel inm varatty of
(i.e., an organoborane (R3B)) and a suitable am ne. The am ne acts as a
bl ocki Reludgendf ratichl pelpaerisablhengiogadobor ane- am ne conpl ex stabl e at anbi ent
conditions and in a variety of solutions of radical polynerizable
conmpoungso] [ 0039L: offiobs @R PRGNSty indfu@és A& nhYbdridsUd8&h have the
trl-functlonal boranes whi ch have the general structure: RL R2 R3 wherein
each Ofeﬁgmsuﬁﬁu&ﬁy i ndependently have 1 to 20 carbon atons and wherein
each o# - R3 independently include one of a hydrogen atom a cycl oal kyl
group, a I|near or branched al kyl group having from1l to 12 carbon atons in
a backbone, an aliphatic group, and omatic group, an al kylaryl group, an
al kyl ene group capabl e of functioning|as a covalent bridge to the boron,

B

wherein each of R' — R* may independently have 1 to 20 carbon atoms and wherein each of R' —
R’ independently include one of a hydrogen atom, a cycloalkyl group, a linear or branched alkyl
group having from 1 to 12 carbon atoms in a backbone, an aliphatic group, and aromatic group,
an alkylaryl group, an alkylene group capable of functioning as a covalent bridge to the boron,
and halogen substituted homologues thereof, such that at least one of R', R?, and R? includes one
or more carbon atoms, and is covalently bonded to boron. Up to two of R'-R’ may also
independently be an alkoxy group such as a methoxy or ethoxy group such that at least one of
R'-R’ provides a boron-carbon covalent bond. The aliphatic and/or aromatic hydrocarbon
groups may be linear, branched, and/or cyclic. The organoborane initiator may be further
defined as, but is not limited to, tri-methylborane, tri-cthylborane, tri-n-butylborane, tri-n-
octylborane, tri-sec-butylborane, tri-dodecylborane, phenyldiethylborane, and combinations
thereof.  Other suitable examples include 9-BBN in a 0.5M solution as monomer 9-
borabicyclo[3.3.1]nonane in hexanes, 9-BBN in a 0.5M solution as monomer 9-

borabicyclo[3.3.1]nonane in tetrahydrofuran, 9-BBN in a 0.5M solution as monomer 9-



and hal ogen substituted honol ogues thereof, such that at |east one of RI,
R2, and R3 includes one or nore carbon atons, and is covalently bonded to
boron. Upwbaotommomb R1-R3 may al so i ndependently be an achpyoignswps such as
a nmet hoxy or ethoxy group such that at |east one of R -R3 provides a

bor on- carbon coval ent bond. The aliphatic and/or aronmatic hydrocarbon
groups nmay be linear, branched, and/or cyclic. The organoborane initiator
may be further defined as, but is not Ilnlted to, tri-nethyl borane,
tri-ethyl borane trl-n butglborane -noc%%bborane trl-sec but yl bor ane,
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sui tabl e exanples include 9-BBN in a 0.5M sol ution as nononer 9-

bor abi dgethes] dlititylberon dnate tDRBYAMe 4, 0.8VIBRNtion ia noetiercothienidsn dbytylemerer 9-
bor abi cycl o[ 3. 3. 1] nonane in tetrahydrofuran, 9-BBN in a 0.5M sol ution as
nmononeltrifatd GPBBILE ye lao). SM3sdljtmmnan®licne,t &t yedorhexyltodouttyifliwo r(GCBT)i thl a0 &M DBBT)
in a 0.5Msolution in nheptane, dibutylboron triflate (DBBT) in a 0.5M

sol ut i @slution niat hydaaee dibydshiedelchididbotant DAYOBCLY iihl at BV( BBBIn iin Bex@n&M
solution in toluene, dicyclohexylboron triflate (DCBT) in a 0.5M solution
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nethoxydletgylborane (MDEB) as a neat liquid, a 50 wt % sol uti on of
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neat I|qU|d t | bor ane neat liquid in tetrahydrofuran
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of tri-n-butylborane is set forth below:

7 B\_\

tri-n-butylborane
[0031] Additionally, any amine known in the art may be used to form the organoborane-
amine complex and serve as a “bound” amine. The amine used to form the organoborane-amine
complex may be a primary, secondary, or tertiary amine. Typically, the amine includes at least
one of an alkyl group, an alkoxy group, an amidine group, an urcido group, and combinations
thereof. Particularly suitable amines include, but are not limited to, 1,3-propancdiamine, 1,6-
hexanediamine, methoxypropylamine, pyridine, isophorone diamine, amine functional
compounds including at least one amine functional group such as 3-aminopropyl, 6-aminohexyl,
1 1-aminoundecyl, 3-(N-allylamino)propyl, N-(2-aminoecthyl)-3-aminopropyl, aminomethyl, N-

(2-aminoethyl)-3-aminoisobutyl, p-aminophenyl, 2-cthylpyridine, and combinations thereof. In



conpl ex and serve as a "bound" am ne. The am ne used to formthe

or ganobor ane- am ne conplex may be a primary, secondary, or tertiary am ne.
Typi cal | ywotom/@ame includes at | east one of an al kyl gcompo@RsBRHKOXY
group, an am di ne group, an ureido group, and conbi nations thereof.
Particularly suitable amnes include, but are not limted to,

1, 3-propanedi am ne, 1, 6- hexanedi am ne, nethoxypropyl am ne, pyridine,

i sophorone di am ne, am ne functional conmpounds including at | east one am ne
functional group.such as 3-am nopropyl? 6-am nohexyl, 11-am noundecyl,

3- (N alVRYPHnFRBIPMEYYy thenempealti ydretdly Frpms theneiogpr Hpropyamitte riskrpminey
(2-am noet hyl ) - 3- am noi sobutyl, p-am nophenyl, 2-ethyl pyridine, and

conbi n&ezyhenipgeheptflamingy ardtimxypenplodiinee t-micthyhaming wehapel, gabtegning. #rdm t he
group of propylam ne, hexyl am ne, benzyl am ne, heptyl am ne,

met hox gpmbpytiensi thacof2-Inehb yinbadrimaot, tchramnot s adismernilnenotherdndodimanatthons
thereof. In one enbodinent, the amne is a diamne. |In another enbodi nent,

t he amangndis amomomnaar ne. [ 0032] Referring back to the organoborane-am ne
conmplex itself, the instant invention can utilize any organoborane-am ne

conpl exodanewn iReférARg Bidk BMNAe biaRHordneBntifdcdRpltN asaf, eniasthaEiR htidg ek | bed
above or set forth below |In various enbodi nents, the organoboraneam ne

conpl exyilis f28Y "EgaddbBAndhAlileY oRBlRNESow lih &h& VAP OURANRS no@RthifklCro! HltEe
Mor eover, the” organoborane 1nitiator nmay be conplexed wth the am ne and

i mul : b - Ki h
51 il SEOUSl. DR BoAngt et A 8NNV BLOGKLDGLOYR: pTeSE. AL e

at ons i'ng group e any known i I'ng car bon

cormouney 1oL SRERTL 0SSR 90S L ED,TELEL LSpIROHRey A0S T T

olynerizatjon or crosslinking of the radical polynmerizable conpound after
8i sgo Cioégfapgl%;pra?e Higtoy rn@aglrhgb‘:gpg)ﬁeégeii mi&q the allpine ang sirr>1lultan|eozusly bonded to aLrllother

atom and/or blocking group. These other atoms and/or blocking groups may be any known in
the art including carbon compounds, halogenated compounds, transition metal compounds, and
the like.

[0033] The organoborane-amine complex is capable of initiating polymerization or cross-
linking of the radical polymerizable compound after dissociation of the organoborane initiator
from the amine. Without intending to be limited by any particular theory, it is believed that tri-
substituted boranes, in the presence of triplet oxygen, can undergo bi-molecular homolytic
cleavage at a boron-carbon bond to yield corresponding peroxyl, alkoxyl, alkyl, ketone triplet,
and/or thiyl (also known as sulfenyl) radicals. These radicals may propagate by reacting with the
organoborane initiator that is dissociated from the amine until termination at a trialkyl borate.
Theorized reaction schemes of radical formation and propagation, in addition to probable side
reactions that occur, are set forth in Figure 4. Without intending to be bound by any particular
theory, it is believed that alkyl radicals (Re) typically initiate polymerization of the radical

polymerizable compound.



fromthe amne. Wthout intending to be limted by any particul ar theory,

it is believed that trisubstituted boranes, in the presence of triplet
oxygen, owo 2omwapge bi-nol ecul ar honol ytic cl eavage at achmresroosyobon bond
to yield correspondi ng peroxyl, al koxyl, alkyl, ketone triplet, and/or

thiyl (also known as sulfenyl) radicals. These radicals nmay propagate by
reacting with the organoborane initiator that is dissociated fromthe am ne
until termnation at a trialkyl borate., Theorized reaction schenes of

radi cal formation and propagation, |n15dd|t|on tq probabl e side reactions
that od®¥] ar éfhggfgapeﬂ?qrwq Fipe gerrelen tynigen bat the MBWH ng to be bound by any
particular theory, it is believed that alkyl radicals (R*) typically
initiate polynerization of the radical poRynerizable conpound.[0034] The

or ganobor ane- am ne conpl ex typicaqu has qhe formula: RL R4 R2- B NR5 R3
R6 wherein B represents borong a_gffag of \R =8 may be the sane as

descri bed above. Simlarly, each R4- R6 may be any such that the amne is
any described above and is a pri ry, secopdary, or tertiary amne. In one
alternative enbodi nent, each of RR"R2, R, R4, R5, and R6 is i ndependent |y
selected fromthe group of a hydro en, atom an al kyl an al kox

group, herginB aenegsenigbetny, andwagh %fylg eRemgy baghe Slélalle@@éﬁ?&flb?f{) #Hheve! §ggﬂatrf§er eof ,
and conbinations thereof. Alternatively, each of R4, R5, and/or R6 may

i ndependat ofyRHR® mayr bgany and! drat St fuinef snatyi dwatibed shovarandus sepbodiyrent s,
R4, R5, and/or R6 are diamne functional. In still other enbodinents, the
or ganobescandranirnetoympliax hamethemborenuitadint, cach of R', R R>, RY, R®, and R®

is independently selected from the group of a hydrogen atom, an alkyl group, an alkoxy group,
an arylalkyl group, an alkylene group, halogenated homologs thereof, and combinations
thereof. Alternatively, each of R*, R®, and/or RS may independently be nitrogen and/or sulfur
functional. In various embodiments, R4, R°, and/or R arc diamine functional. In still other

embodiments, the organoborane-amine complex has the formula:

Rl

P
| ’ M
\

R*—B<——NH !
R?
wherein each of R'-R” is as described above and wherein the amine is further defined as a cyclic
amine.
[0035] Suitable non-limiting examples of the organoboranc-amine complex include N,N-
dicthyl aniline borane (DEANB) as a neat liquid, pyridine borane (PYB) as a neat liquid, a 50
wt% solution pyridine borane (PYB) in pyridine, tert-butylamine borane (TBAB) as a powder,

tricthylamine borane (TEAB) as a neat liquid, tricthylborane-1,3-diaminopropane complex

(TEB-DAP) as a necat liquid, trimethylamine borane (TMAB) as a powder, and combinations



R2 B NH) R3 wherein each of R-R3 is as descri bed above and wherein the
amne is further defined as a cyclic amne. [0035] Suitable non-limting
exanpl es wb 2vhel4eraganobor ane- am ne conpl ex i ncl ude N, Ndipetrhpboi@nsdonsne
borane (DEANB) as a neat liquid, pyridine borane (PYB) as a neat liquid, a
50 wt % sol ution pyridine borane (PYB) in pyridine, tert-butylam ne borane
(TBAB) as a powder, triethylam ne borane (TEAB) as a neat |iquid,

triethyl borane-1|, 3-di am nopr opane co\rATEI ex (TEB-DAP) as a neat |iquid,
trimethyl anm ne bor ane (TMAB) as a po , and conbj nati onst hereof . An

addi ti Siarols it agslibonsk awsbl W%H%O%Wﬁé’ﬁ%@la%ﬁ%e AR SORBIRY| i8 irigthylborane
triethyl borane conpl exed with diisopropylam ne. [0036] In one enbodi nent,

t he or gamplssedneh dnioneorylimphex is sel ected fromthe group of

tri-n-butyl borane di am nopropane (TnBB-DAP), tri-sec-butyl borane

met hox y@i36py| arfn nee éﬁbBBmMﬁPﬂ@e,orgerrioboramjaminbccpamé:xrtesdiww&mpyheagdonp of
(TnBB- MOPA), triethyl borane cysteam ne (TEB-CA or TEB-cysteam ne),

tri-n- bandudbange cliaméapidpand TOBBECAAP)! ririedcbbubtbcane dhahdappspyhatiac
(TEB-DAP), tri-sec-butyl borane di am nopropane (TsBB-DAP), and conbi nati ons

t her eofTsHRMOREL T | BLh-BEyHEReS eme@BkyprofmManing al (THBBUNIOPES aficth188@nce
or ganobor ane-am ne conpl exes are set forth below Triethyl bor ane Cyst eam ne

Tri - g§té’4ntﬂﬁé a ]@CSA egp 'T@B(-%Sgﬁaﬁ:lﬁ)e) ( TiBBp o;l;ﬁlb Q%ﬂﬁlﬂ -CA),

Di am nopropane Tri- -butyl bor Met hoxypro pylam ne T I et hyFbor ane

Di ani nqgertg}gg&grﬁ%( ﬁg@%&%@ E% 3 anré Q Dol 'dlaﬁﬁﬁotpgﬁ&ﬁl RRLBEDAP),

Met hoxypr nopr o

and combinations thereof. For descriptive purposes only, chemical structures of these

organoborane-amine complexes are set forth below:

SH SH
NH2 NH,
/
AN Y SN
J /H
Triethylborane Cysteamine Tri-n-butylborane Cysteamine
(TEB-CA) (TnBB-CA)
CHy
H,N O HZN\H
NH, NH, NH,
AN ]g/\/\ A g S ]¢3/\

Tri-n-butylborane Diaminopropane Tri-zn-butylborane Methoxypropylamine Triethylborane Diaminopropane
(ThBB-DAP) (TrBB-MOPA) (TEB-DAP)



(TsBB- MOPA) (TsBB-DAP) Preferably, the organoborane-am ne conplex is

di am ne functional. Particularly suitable exanples include, but are not
linmted two 20tog@pmbor ane- am ne conpl exes that include dipgniprepnopmoe ( DAP)
noi eties. I n one enbodi nent, the organoborane-am ne conplex is selected
fromthe group of TEB-DAP, TnBB-DAP, TsBB-DAP, and conbi nations thereof.
Wt hout intending to be bound by any particular theory, it is believed that
DAP noieties are particularly preferred because of the presence of a bound
and a free am ne (group), described iﬂl9greater detail below. It is to be
appreci ated thatCHsnunber of (-CH) units separating two anines of a

di ami ne function@k organoborane-am ne conpl ex can vaHyNand i s not
particularly limtjed. In one enbodi nent, the organoborane-am ne conpl ex has
the follow ng fornmiha: R3BH2ZNCH2CH2CH2NH2BR3, wherein ea R may

i ndependent |y have {H,0 20 carbon atons, may independentl| Fﬁe a hydrogen
atom a cycloal kyl ¥roup, a linear or branched al kyl group®*having from1l to

12 carbon ato i backbone, an ali phatic group, anﬁ'}L maji ¢ group, an
al kyl aryl group, EnBal | ene group capable of functioni gBas coval ent
bridge to the borony and hal ogen substituted honol ogues tHereof. [0037] The
or ganobor ane-am ne|conpl ex typically has a binding energy of fromb5 to 25,

nore typically of from10 to 20, and nost typically of from 10-15,
kcal /mol . As is well knownin the art, the binding g)?lergy of the

or gano%ﬁ'ﬁ@%ﬁp%nﬁwoé)épfp@ﬂ@ﬁélet o a net anmguht® %ﬁgﬁﬁ?ﬁlﬂw@&n? 0

deconpose t he OI(B%%]% Bihk- ani ne conplex into its co é i.e., the

organoborane initiator and the am ne. O course, the instant invention is

not limted to the aforenentioned binding energies. [0038] The

or ganolPoatfenablyanha ergonbdrenc-amine beonpblys iic adibninanfihotiomehe nPadtilyrlatsuadiied
examples include, but arc not limited to, organoboranc-amine complexes that include
diaminopropane (DAP) moieties. In one embodiment, the organoboranc-amine complex is
selected from the group of TEB-DAP, TnBB-DAP, TsBB-DAP, and combinations thercof.
Without intending to be bound by any particular theory, it is believed that DAP moicties are
particularly preferred because of the presence of a bound and a free amine (group), described in
greater detail below. It is to be appreciated that a number of (-CH») units separating two amines
of a diamine functional organoborane-amine complex can vary and is not particularly limited. In
onc embodiment, the organoboranc-amine complex has the following formula:
R;BH,NCH,CH,CH,NH;BR3, wherein each R may independently have 1 to 20 carbon atoms,
may independently be a hydrogen atom, a cycloalkyl group, a linear or branched alkyl group
having from 1 to 12 carbon atoms in a backbone, an aliphatic group, and aromatic group, an
alkylaryl group, an alkylene group capable of functioning as a covalent bridge to the boron, and
halogen substituted homologues thereof.

[0037] The organoborane-amine complex typically has a binding energy of from 5 to 25,

more typically of from 10 to 20, and most typically of from 10-15, kcal/mol. As is well known



(bound) to a solid particle such as a phase support to control working
tinmes, as well as to stabilize |Iiquid phase organoborane-am ne conpl exes
agai nst swpaovavisrge2duri ng storage. Attachment can be aceompresissboby a
nunber of known substrate treatnments either in-situ or a priori. If the
solid particles include functional groups, additives such as substrate
treating agents or inpurities that are inherently am ne-reactive, my
require appropriate pre-cautions to ayoid premature deconpl exation of the
or ganobor ane- anlne conpl ex bei ng attaéhed. Solid particles includin

am ne- re &St et %&H@ﬂ%@&%aﬁﬂweorlsmqbpraéﬁaavnen%m? &f ey e B?té‘n%&uﬂlgéﬁrrent
of the organoborane am ne conplex. Alternatively, the attachnent of the

or ganolsaeran gcqiicA do depaIraxe ey Olganqherde i pemplax g dereofnpercninvicr. dherent .

[ 0039] The organoborane-am ne conplex may be used in any amount to formthe
conpos iotgaonbordyepingtatdrygndt the anrigandPorcarse; &l instagtompémioni is nes dichifed tarthanmount
equi valent to of from0.01 to 95, nore typically of fromO0.1 to 80, even
mor e t wiireatdtiyned bihd@peferdict.o 30, still nore typically of from1l to 20,
even nore typically of from1l to 15, and nost typically of from2 to 5

par ts lwoa&EI ghtrheedrgdddBoRas-hmiddy coMiilehna9f bd PBysEAMPRHLE QRemiti®y afmupd s of
he or ganobor ane- anlne conpl ex depend upon a nol ecul ar wei ght and

funct B} Yo gfsohﬁg)agrcg@m%a@?ﬁéggsﬁ@pf,@rwlc%ﬁtrm@ 108 PLESERCEIPhS 9§ her

conponents in the c osition su | ers. [ 0040 e or ganobor ane

Initiatopof &@Jlé O;{)J}{L‘éee n(#rggr{%b Ne DGRy Q%ntﬁgl?ékgse%g%%élst\’\@éd(ﬁa%ggm?wh%/ drpRof at' on

t echni ques. syn eSIS |nc es’re on ora

THF mnt t erm nal keni oun is k r eac. |ons
goner B San b ofol i e TRC SR ek TR by ﬁl@*ea&af 4 8nd of
boron to either the a- penult| e po ition or. the b- termnal position of
the caPHel: & the plidyenitiles lﬁelﬁegﬁwﬂw £9UBR AdHEPSUeb e RSt rEtBEsEet | or

or impurities that are inherently amine-reactive, may require appropriate pre-cautions to avoid
premature decomplexation of the organoborane-amine complex being attached. Solid particles
including amine-reactive substances can be purified or neutralized before attachment of the
organoboranc-amine complex. Alternatively, the attachment of the organoborane-amine complex
may be performed in an oxygen free environment.

[0039] The organoborane-amine complex may be used in any amount to form the
composition. Typically, the organoboranc-amine complex is used in an amount equivalent to of
from 0.01 to 95, more typically of from 0.1 to 80, even more typically of from 0.1 to 30, still
more typically of from 1 to 20, even more typically of from I to 15, and most typically of from 2
to 5 parts by weight per 100 parts by weight of the composition. The amounts of the
organoborane-amine complex depend upon a molecular weight and functionality of the

organoboranc-amine complex and the presence of other components in the composition such as

fillers.



m xture of (X- and b- products, may al so be included in the organoborane
initiator. [0041] In various enbodi nents, the organoborane-am ne conplex is
used for wedbmalsomel yneri zati on and chain transfers. | npearEPeaIs/059005

enbodi nents, the organoborane-am ne conplex is used to polynerize the

radi cal polynerizable conmpound to formdiners, oligoners, prepolyners,

pol ynmers, co-polyners, block polyners, star polyners, graft polyners,
random co pol ynmers, and/or conbinations t hereof that may or may not renain
able to be further radically ? nerlZE 0042] In one enbodi ment, the

or ganoth¥he- anihferreyipsrene i laf@é@f this gBYSpHeR .% bs spthepized Py Vit KA he and
an acryl ate. An exanple of such a polynerization is set forth bel ow Thernal
React i ¢idioheriaben sehniquep. Opjexaute pioyypihgsie inglngsy iceeioad! Misthatbasene in THF with

Or ganobor ane- Am ne Conpl ex (Organoborane-Di am ne Conpl ex and/ or

O ganobomandly Atiene con@pundn il is Andpwe YhaCOchRehgtives garedhl Br ad yeeduce agnixfrCur ed
Coati ng Conposition) [0043] In an alternative enbodi nent, the

or ganobehajiRc@NichiecL @RI 8 dgitids e botonPel iref t}feeo@emﬂdﬂaﬁe Jjwm]@hQﬁiltﬁé ptrom
t he reacti on between hydroxy acryl ate nononers such as hydroxy ethyl

acr vl at (R AP0 e XSRSy LRI ASE! RGE PMIcAIS AniTY § hadipcti ona

i Socyanur a

enbodi nent ,
mixture ofh o— and - products, may also be included in the organoborane initiator.

[0041] In various embodiments, the organoboranc-amine complex is used for radical
polymerization and chain transfers. In various embodiments, the organoborane-amine complex is
used to polymerize the radical polymerizable compound to form dimers, oligomers, pre-
polymers, polymers, co-polymers, block polymers, star polymers, graft polymers, random co-
polymers, and/or combinations thereof that may or may not remain able to be further radically
polymerized.

[0042] In one embodiment, the organoborane-amine complex is used to polymerize a

substituted melamine and an acrylate. An example of such a polymerization is set forth below:



or ganobor ane-ani ne conplex is used to polynerize an isocyanurate acryl ate
nmononmer and a multi-hydroxy or am no functional nononer such as

tri - met hywolproopemne, pentaerythritol, diethylene- tri-awrcmsp2andsdobe |ike.
In still a further enbodi ment, the organoborane-am ne conplex is used to
pol ynerize glycidyl nethacrylate. It is also contenplated that acryl ate
nononmers nmay first be reacted with a substituted nel am ne, an isocyanurate,
or a simlar multi-functional noiety to produce a multi-acrylate

i nternedi ate which then may be cured ?hto a cross-1inked coating

conposiEhar WL hout WV or Qfhigpry,adi ation or added eat H:0044] first

descri bed above; nolégy "free am ne groups|] refees to y am ne
group that is botjh (1) |pvail abl e for furthgg%%egc i a )

coordi nately bonded (e.ly., through a Hativ& or @ordi nite co@al ent Ménd) to
t he organoborane IMiggtator. It is to be understood that the term nol ogy

"free am ne" and "frjee am ne group" can be used interck8Engeably herein. The
free am ne group ma ?Eﬁ primary or pecondary am ne or nmay be anmonia, as
descri bed above. Tyéﬂ %ﬁ?g the free pm Mengsdd®eptivs a prinmary amne. I n one
enbodi nent, the free am ne groups are| f oundibitor £ Be or ganobor ane- am ne
conpl ex when the am ne of the conplex|is di-, tri- tetra-, or poly-
functional. For exanple, the organobofane-anm ne conplex may include a first
am ne group that is coordinately bonded to the organoborane initiator and
al so include one or nore addifional,AE. 088 Q4Rsnthat are not coordinately
bonded. These additi onal am ne groups, can serve as the free am ne groups
descri bed above. [0045] |In one enbodi frent ,Ortdebarpasnd Caplaxncl udes an
optional amne to provide a source of| t{@esahsteanaliamine Cotpics artdar be
understood that the source of the frep @Gumborarg-/mohe hOp@saamihy t he
optional am ne, as the source of the free am ne may be an "un-bound" am ne
of the organoborane-am ne conpl ex, asYdescribed aléke. The optional am ne

is different from any .
Polymerized Product

(e.g. A Cured Coating Composition)

[0043] In an alternative embodiment, the organoborane-amine complex is used to
polymerize an addition product from the reaction between hydroxy acrylate monomers such as
hydroxy cthyl acrylate (HEA) and/or hydroxypropyl acrylate (HPA) and a multi-functional
isocyanurate, such as an IPDI trimer, HDI trimer, ctc. In a further embodiment, the
organoborane-amine complex is used to polymerize an isocyanurate acrylate monomer and a
multi-hydroxy or amino functional monomer such as tri-methylolpropane, pentaerythritol, di-
cthylene-tri-amine, and the like. In still a further embodiment, the organoborane-amine complex
is used to polymerize glycidyl methacrylate. It is also contemplated that acrylate monomers may
first be reacted with a substituted melamine, an isocyanurate, or a similar multi-functional
moiety to produce a multi-acrylate intermediate which then may be cured into a cross-linked

coating composition without UV or other radiation or added heat.



am ne of the organoborane-am ne conplex in that the optional amne is not
part of the organoborane-am ne conpl ex, whether bound or un-bound. However,
t he opti owel2ommsmeznmay be chenically identical to the awcmapbddlosdoss part of
t he organobor ane-am ne conpl ex. Alternatively, the optional am ne may be
different fromthe amne that is part of the organoborane-am ne conpl ex.

[ 0046] Typically, the optional and/or free am ne pronotes the reaction that
forms the carbamc zwitterion. In other words, the optional and/or free

am ne nay react w th carbon d|0X|de t&3formthe zwitterion, as described in
gr eat et0Yéd ai | el Bhdcseyprdcabors, the rEmyolqeyndicames BOUPDtrefec oy ¥ HRe t he
conposition if the amne of the organoborane-am ne conplex is di-, tri-, or
pol y- &mundhdtiniath Onavailable fonfusthenrpactiontpad 48diot remdinatglyi eadeft Gugpshioggh tri
etc) of the organoborane-am ne conplex act as the free am ne groups such

t hat t helabpt oraoatdiratd crealest watl) abeidrgedhbotiovenigator. v esrio bt ubdvestaed thet thé t he
or ganobor ane-am ne conplex is di-, tri-, or polyamne functional, the

opt i onadrmaddley PRy aglind”l anldefict amitdegdouphan dptus@hiaterehatgcablyfHeedn. alfh1 &reé S
typically a primary anmine but may be a secondary amine, or a combination of

pri mar Yimade 966 e Y a n%ﬁhﬁgsor Loy eMRAIMBRY be tahfndRd, 29 R crBBYH ABoVeS

anmoni a. | n anot her odi ment, the optlonal anine is selected fromthe

group %ﬁm%@fre%ﬂwg@m P8 a R0 ﬂﬁ‘ Nk oﬁé e%bo&iﬁ?eﬁp@&ehﬁkfé mine groups

propyl a 2- propyl am™™e trlsanlne nmet hyl am ne et h ethan Ianlne or

2- (met pey %oﬁ\g%i ﬂloﬂlgto?&ﬂ%%ra&eﬂmg%& lex El)ﬁlg gﬂlpﬁ% Cj)f lﬁ%ﬂ ﬁ dé otrl tetra-,

nethoxyprop am ne eam ne I ne, aze

i peridine, hano 2- Ianln noI and
P onsi ndt Pivs Mg f%torrﬁéa%@?.tﬁﬁgfgaaﬂ R A S S
in the conposition jin a t0|ch|onetr|c ratio, of about 1:1 with the
or ganoBERN82Gi 6Rer zszmtqd g the grgapobasancyiifiater v idsoginclulg one or more

or ganobor ane- am ne conplex) W t hout intending to
additional amine groups that are not coordinately bonded. These additional amine groups can

serve as the free amine groups described above.

[0045] In one embodiment, the composition includes an optional amine to provide a source
of the free amine. It is to be understood that the source of the free amine is not necessarily the
optional amine, as the source of the free amine may be an “un-bound” amine of the
organoboranc-amine complex, as described above. The optional amine is different from any
amine of the organoborane-amine complex in that the optional amine is not part of the
organoboranc-amine complex, whether bound or un-bound. However, the optional amine may
be chemically identical to the amine that is part of the organoborane-amine complex.
Alternatively, the optional amine may be different from the amine that is part of the
organoborane-amine complex.

[0046] Typically, the optional and/or free amine promotes the reaction that forms the
carbamic zwitterion. In other words, the optional and/or free amine may react with carbon

dioxide to form the zwitterion, as described in greater detail below. Typically, the optional



be bound by any particular theory, it is believed that a stoichionetric
excess of the optional and/or free am ne pronotes a nechani smthat conpetes
wi th t he wechmmisse of Figures 1-3 and thereby conpet es poirtEP2810859005

di ssoci ati on of the organoborane-am ne conplex. In other words, if there is
a stoichionetric excess of the optional and/or free am ne, then proton
transfer may occur between free am nes and not with the organoborane-am ne
conpl ex and the carbam c acid type co ound. However, a stoichionetric
excess of the optional and/or free_ a may be utilized by one of skill in
the ar @R i ﬁptsmplﬁ%%ltnutb%comwa@aulf the ﬁanmee?%ls PigaRAbSrane RERLTAYNE 1S firel/ or
free amne is include in various stoichionetric ratios to the carbon

di oxi dé&i-, @r gpolyt :aming figictigna}, In:this cases therpiddidenal yming grovps fliotetotd) ofdheess
of carbon dioxide is preferred.[0047] In one enbodi ment, the organoborane
initia@q&nmsnbkﬁmkmdcmmphxawdhaﬂkdhmbmmukgngpagamthHbc@pﬁmﬁmenmmﬁmobtthe
bl ocki ng agent is bound to the organoborane and the other end functions as
a freerapuimé, Hasveverl vsdnr idtiedarhak oftheRirgRidboRBndEiddHidnifde 8Q4-Grid or poigt her
enbodi ment, the organoborane initiator is blocked with a nmonofunctional

am no hh@ekfuRetiAGUERhe YRMEI AnAe ndy 401 BNtcRided. NThbbptdianenBgeRte hfinBaynd to
t he organoborane. In this enbodinent, a free amne 1s also independently

presen : r d i ab
e i e L G R SN AR L LR L e

R2- B Iéu%ndg’y am(i%)ets.i ?fp &Le e(n%o%hmgr{t,etﬁz optional amine is ammonia. In another embodiment,

the optional amine is selected from the group of ammonia, methylamine, ethanolamine or 2-
aminocthanol, propylamine, 2-propylamine, trisamine, dimethylamine, methylethanolamine or 2-
(methylamino)ethanol, hexylamine, heptylamine, benzylamine, methoxypropylamine,
cysteamine, aziridine, azetidine, pyrrolidone, piperidine, dimethylethanolamine (DMEA) or 2-
(dimethylamino)ethanol, and combinations thereof. The optional and/or free amine is typically
included in the composition in a stoichiometric ratio of about 1:1 with the organoborane-amine
complex (i.e., with the bound amine of the organoborane-amine complex). Without intending to
be bound by any particular theory, it is believed that a stoichiometric excess of the optional
and/or free amine promotes a mechanism that competes with the mechanisms of Figures 1-3 and
thereby competes with the dissociation of the organoborane-amine complex. In other words, if
there is a stoichiometric excess of the optional and/or free amine, then proton transfer may occur
between free amines and not with the organoborane-amine complex and the carbamic acid type
compound. However, a stoichiometric excess of the optional and/or free amine may be utilized
by one of skill in the art in this invention. In additional embodiments, the optional and/or free
amine is include in various stoichiometric ratios to the carbon dioxide, ¢.g. 1:2, 1:3, 1:4, 1:5, ctc.

Typically, a stoichiometric excess of carbon dioxide is preferred.



Amine R3 [0049] In yet another enbodi nent, the organoborane initiator is

bl ocked with a diam ne functional am no bl ocki ng agent wherein one end of

t he bl ockwogorgamts2i s bound to the organoborane and t hepotrhpro@nsbobsinct i ons

as a free amine. In this enbodinment, the optional amne is also

i ndependently present separately fromthe free amne group that is part of

t he organoborane-am ne conpl ex but unbound to the organoborane initiator.

This second free amine is a primary or_secondary am ne and is preferably

"carbon dioxide - philic."™ This embodPtent. is also illustrated bel ow Rl R2-

B NH2 1004700 1n @p¢ cRadiment. ghe qrganopomis ftigar Souetipd ith; & digminp blocking

contenpl ated that the organoborane initiator may be as described in the

provi siaeemwhsatieene gpplof et bloekiespgant edbadHe dhOpre@aetsirang andche ethetsad i ng

Conposition On An Aut onobil e Conponent, filed on the sane day herew th,

havi ng furlkéost 4scrineyandog ke fllusuatbébel&@f - 6484. [0051] In an alternative

enbodi nent, the nethod is free of the sinultaneous use of (1) the

organoborane initiator that is bgocked with the diam ne functional am no

bl ocki ng agent and (2) the optiopal amine. As first described above, in

this enbodi ment, the stoichi tric ratig,o0 free am ne to bound am ne
T Ao

. — R -—
of the organoborane-am ne ¢ eX I's ab

R3

[0048] In another embodiment, the organoboranc initiator is blocked with a mono-
functional amino blocking agent wherein an amino end of the blocking agent is bound to the
organoborane. In this embodiment, a free amine is also independently present. This free amine
is a primary or secondary amine and is preferably “carbon dioxide — philic.” A non-limiting
example is illustrated below:

Rl

R’>—B-=——— NH,-R + Optional (c.g. Free)

| Amine

R3
[0049] In yet another embodiment, the organoborane initiator is blocked with a diamine
functional amino blocking agent wherein one end of the blocking agent is bound to the
organoborane and the other end functions as a free amine. In this embodiment, the optional
amine is also independently present separately from the free amine group that is part of the
organoborane-amine complex but unbound to the organoborane initiator. This second free amine
is a primary or secondary amine and is preferably “carbon dioxide — philic.” This embodiment is

also illustrated below:



[0052] In various other enbodinents, a sub-stoichionetric (nolar) ratio of
optional and/or free amne to the organoborane-am ne conplex (i.e., to the
(bound) awDne1fsotabe or ganobor aneani ne conpl ex) can be wtirtEPz@d/osdons t hese
enbodi ments, it is surprising and not apparent to the inventors that the
conposition including sub-stoichionetric ratios of optional and/or free
am ne to the organoborane-am ne conplex (e.g. using RNH R ) exhibits
enhanced curing properties while showing reduced pyrophoricity. In one
enbodi nent, the sub-stoichionetric ratfo of optional and/or free amne to
t he or ganoborane-anine Bonplex is from0.5:1 to 1:1 . In another

enbodi nent, the sub-stoijchionetric ratio of optional and/or free amne to
t he organobor aneam pe—camelex—igHLWOMNG,6-0. Bbiidnal (dlg. Firéd)l anot her

enbodi ment, the sub-stoijchionetric ratio of opti dqaincand/ or free amne to
t he organobor ane-am ne égnplex is fromO0.7 to 0.8:1. In a further

enbodi nent, the sub-stoichionetric ratio of optional and/or free amne to
t he or oraneam ne conplex is |less than abaut. 1:1. Also, .it .is tao be
under sTODATE hatlt PP ORI A MecBTHOras THHach i ot ditrit e

am nes of these enbodinents are not particularly Iimted and nmay be any
sui t ab P@WI%O&%@at@?ttapplp%%fnthdééqfhocg@f Fopaning o EoBinedanpogision On An
enbodi nents, at least a 1:1 nolar ratio of the carbon dioxide to the free
am ne gvudupsbileCaneppuientetiled Qinrthd samoyday dieravaths havang] the agfpingy deckiet munaffer iNe
carbon dioxide to a sumtotal of both free and bound am nes (i.e., amnes
bound ®©é84.he organoborane initiator) is also required. As described above,
a stoichionetric ratio of about 1:1 of the free amne to the bound am ne of
t he or geosabpor angaaRita@atd@gEhtxirmhatphehethodds flc@05dik simul@adoisi @6 of ¢l )tthe

af orenenti oned conpounds, the conposition may al so i nclude one or nore

addi t i vesnoJdHencONRiafr tRARHELIBEEI W e MRniRE fideligifal 8flidorANAKIdMEaghOMR (12)
consisting of |eveling agents, solvents, surfactants, fillers, stabilizers,

sol venig, olmoﬁéltairrﬁhé €As !ﬁrs(f| ﬁgsgﬁgé@%o@g,QHttﬁs embodiment, the stoichiometric ratio of the

free amine to bound amine of the organoborane-amine complex is about 1:1.

[0052] In various other embodiments, a sub-stoichiometric (molar) ratio of optional and/or
free amine to the organoborane-amine complex (i.e., to the (bound) amine of the organoborane-
amine complex) can be utilized. In these embodiments, it is surprising and not apparent to the
inventors that the composition including sub-stoichiometric ratios of optional and/or free amine
to the organoborane-amine complex (e.g. using RNH2:BR3) exhibits enhanced curing properties
while showing reduced pyrophoricity. In one embodiment, the sub-stoichiometric ratio of
optional and/or free amine to the organoborane-amine complex is from 0.5:1 to 1:1. In another
embodiment, the sub-stoichiometric ratio of optional and/or free amine to the organoborane-
amine complex is from 0.6-0.85:1. In still another embodiment, the sub-stoichiometric ratio of
optional and/or free amine to the organoborane-amine complex is from 0.7 to 0.8:1. In a further
embodiment, the sub-stoichiometric ratio of optional and/or free amine to the organoborane-

amine complex is less than about 1:1. Also, it is to be understood that the organoborane-amine



wetting additives, catalysts, rheology controlling agents, pignents,

phot osyner gi sts, adhesion pronoters, pignent dispersants, flow aids, acid
functi onavopoiyrrerss, additive polyners, catalysts, and eomEpPd@bioswss

t hereof. Exanples of suitable but non-limting solvents include those with
hi gh carbon di oxide solubilities such as butyl-, amyl-, and ethyl- acetates
and conbi nations thereof. O course, other solvents nmay also be utilized.
Non-limting exanples of suitable surfactants include Surfynol (r)
Surfactants commercially available frém Air Products and Chenicals, Inc. of
Al | ent §awplepand gpfigngh P@%}?ﬁ@q qrpingy plgtheseasmtadiments e ot patiswpdy fimited gad
Coroc(r) Acrylic Plasticizer Resins comercially avail able from Cook
Conposima@deans spebletaihe 8¢ St. Louis, MO [0055] The one or nore additives
may al so include a catalyst to enhance curing. Such catalysts, which are
wel | - k3] i n thheadr ¢f thomjoremeitivded thoert crab@limerts,| 4t d¢ased tlomolar ratio of the

p-tol uenesul foni ¢ acid, dinonyl naphthal ene disul fonic acid,

dodecylchébi divgsdel thahd fre@ambhe PhgRVs regairel. phiasprgs &,1ca300at2Linyglar fE@loasttke

butyl phosphate, hydroxy phosphate ester, and conbi nations

t her eofcarbyRi dgdilly to acks thfaBlf ivdkeicer MdWbdundt Rine! G ORANRE &oahd Ne thONMPI ex
are excluded fromuse. However, it is contenplated that such acids nay be

used. G ﬁ5b&a&cfaiwa¥o%) ishad BRY e A’ssd%fs&ibehréb&bé?aﬁf%%‘?o?ﬁétﬁ@&tfo%'aﬂg&1:pUt

are not Timted to, Lewis acids, transition netal salts such as zinc salts

and ti e gl’%lf}e% ’amallr?e?tlogﬁ%&%ﬁ%&ﬁ%}ftt%icgrggogbo%gg-a&%eﬁoﬁzoﬁ%ﬁqggﬁggegreg! ocked,

unbl ocke or par e“catalyst na or partially
TR U M T e bt D O S R e
0. 2. 1090 MR iRy ThE P! FOFe 260 JaTS by SGREhE0BE DEHENLAORITS O
[0056] If the conposition includes a solvent as the one or nore additives,
t he sollevshrg AgOtS, solvents, surfactants, fillers, stabilizers, solvents, plasticizers, defoaming agents,
wetting additives, catalysts, theology controlling agents, pigments, photosynergists, adhesion
promoters, pigment dispersants, flow aids, acid functional polymers, additive polymers,
catalysts, and combinations thercof. Examples of suitable but non-limiting solvents include
those with high carbon dioxide solubilitics such as butyl-, amyl-, and cthyl- acetates and
combinations thereof. Of course, other solvents may also be utilized. Non-limiting examples of
suitable surfactants include Surfynol® Surfactants commercially available from Air Products and
Chemicals, Inc. of Allentown, PA. Suitable non-limiting examples of plasticizers include
Coroc® Acrylic Plasticizer Resins commercially available from Cook Composites and Polymers
of St. Louis, MO.
[0055] The one or more additives may also include a catalyst to enhance curing. Such
catalysts, which are well-known in the art, may include, but are not limited to, p-toluenesulfonic

acid, dinonylnaphthalene disulfonic acid, dodecylbenzenesulfonic acid, phenyl acid phosphate,

monobutyl maleate, butyl phosphate, hydroxy phosphate ester, and combinations thereof.



be any known in the art, including water, and may be HAPs free. In one
enbodi nent, the solvent includes a polar organic solvent. |In another

enbodi mrenvo 2bhvei4sabvent i ncludes a pol ar aliphatic sol vegtr/Erkexodmoos
addi ti onal enbodi nent, the solvent includes a polar aromatic solvent. In
yet anot her enbodi ment, the solvent is selected fromthe group of a ketone,
an ester, an acetate, an aprotic am de, an aprotic sul foxide, an aprotic
am ne, and conbi nations thereof. Non- Iiniting exanpl es of useful solvents
i ncl ude, net hyl ketone met hyl ?% ket one, methyl isaobutyl ketone,
m any| TAeEeEY ea‘“dét%% wirafer itk th %mwomrh@ra%@tcgw eXp%rswpl@ﬁ%d grichic:
nononet hyl et her acetate, xylene, N-nethylpyrrolidone, 2-ethyl hexanol,

n- but amtsiweveli, firis pgntemplatgd yes Isugheacidsl mat bepsedSOthaatbistsehat rednbrowssfudlin y
avai | abl e from Exxon Mobil of Irving, TX, naptha, heavy benzene, ethyl

et hoxy pireogingmaitien ibaidd ghtygohotbmited &, Ibwtiwzltaj;dlsy tehsitidyl waeb sabts saclomating

hydr ocar bons such as Aronmatic 100, butyl al cohol, ethyl acetate, butyl

acet at @altsbaxidy tin alatQhavld, cqmitdatioan ehgtofc oTheromalyet kil tet bleckedc @hblbeked, or

di propyl ene gl ycol propyl ether, mneral spirits, 2- butoxy ethanol,

di pr opyh@Rgy Blocked. mheqmmy hlagtw&esloc@db&t Mrti8tyNBIb ecked- ®ith ¥h hexan of oth%f‘d
conbi nati ons thereof. i ncluded, the solvent is typically included in an

amount e I frmu fn st
typica fm%ﬁb%ﬁkggn n@:%kMgﬁgﬁag%ﬂ%gI%%h par?%K%?lmé?g%%u%grﬁgd%@gg??g by

WEi ght g?eaferéﬁg %c‘%@%ﬁ%é% ?Ig?ur{t %96@‘[0 Flil’ L}%ﬁe eprefera% 82) 0¥0.Plo (519 Ffhd CA‘[ ]él'ef’e?asol)pa y

i ncl ud or exanple Ption 1'g used

basecoa t.h pi nt ude d/or i nor gani ¢ conpounds,

o or ed Rare P apEIH! il RS B YRR 6P B sEhgbif T ake rmberial s such
as mca_ or alum numflake, and conbi pations thereof. n-limting exanples
of sui t%bP& pi d#éhﬁ%ommémaén%ku%ﬁﬁawel& ke pregrranere 268 tha 9MERE 88 and
ot her |norgan|c col ored pignents, such as iron oxide, chronme yellow, noly
or ange be tany dmowm ipehe vy nefusing Weter aamdtraay, bF TS &b o oge sevbadiment! the

solvent includes a polar organic solvent. In another embodiment, the solvent includes a polar
aliphatic solvent. In an additional embodiment, the solvent includes a polar aromatic solvent. In
yet another embodiment, the solvent is selected from the group of a ketone, an ester, an acetate,
an aprotic amide, an aprotic sulfoxide, an aprotic amine, and combinations thercof. Non-limiting
examples of useful solvents include methyl ethyl ketone, methyl propyl ketone, methyl isobutyl
ketone, m-amyl acetate, ethylene glycol butyl ether-acetate, propylene glycol monomethyl cther
acetate, xylene, N-methylpyrrolidone, 2-ethylhexanol, n-butanol, dipropylene glycol methyl
ether, SC 150 solvent commercially available from Exxon Mobil of Irving, TX, naptha, heavy
benzene, ecthyl ethoxypropionate, butylglycol acetate, butylglycol, blends of aromatic
hydrocarbons such as Aromatic 100, butyl alcohol, cthyl acetate, butyl acetate, butyl alcohol,
propylene glycol monomethyl cther acetate, dipropylene glycol propyl ether, mineral spirits, 2-
butoxy ecthanol, dipropylene glycol monomethyl cther, dibutyl cther, 2-ethylhexanol, and

combinations thercof. If included, the solvent is typically included in an amount of up to 60,



the like. If included, the pignent is typically included in an anmount of up
to 60, nore typically in an anount of from5 to 50, and nost typically in
an anountwof2oforamsi0 to 40, parts by wei ght per 100 par reThp20®iogdobs of t he
conposition. [0058] Still further, the one or nore additives may include a
| evel ing agent. The | eveling agent may include, but is not Iimted to,
vinyl acrylic copolymers, and the like. If included, the leveling agent is
typically included in an anount of up to 20, nore typlcally in an anount of
from1l to 10, and nost typicall n ak’amount . of from2 to 5 parts hy

wei ght M8¢ typirgllyah a alBW%é’if diem gfo P hend Srasbyipicrbnin gt Af fr@mnlé} oy,
the one or nore additives may include a stabilizer. The stabilizer may

i ncl udears hieeight patil Aepatsght weighitsif tiexzompogiiLS) . 1f i ncl uded, the HALS nmay
i nclude any known in the art. Preferably, if included, the HALS have a

mol ecull@i57hei ghturtbér, thessie ton ampr8 8@digy evohayamdliudo p @igmant.e Mishyfookxdngds, thhan
260 g/nmol. Illustrative exanples of comercially avail able HALS that are
sui t ablcempevitidisés iuzed e preseqtat,i theepignent i) utkdydebvtgadice andbdr lindrpied t o,
Sanduvor (r) 3058 comercially available from Sandoz LTD. Corporation of

Basel , cSibbafis] @isted ﬁfh@lmmsnﬂue@(m}taﬁl%?and/%%orgmb B84 sasmES Ghdl dsymRy ak | abl e
from C ba- Gei gy Corporation of Ardsley, NY i ncluded,the stabilizer is

typi cal lquhﬁ}ﬁ'ﬂéﬁ@%ﬂ%oﬁﬂm@ﬁ&%%er%f i B e SRR gxpéu%ﬂ)lk)b Sgn%n@smn@i gnt  of
from1 to 10, and nost typlcally In an annuﬁt of From , parts

wei ght aP&l o%olgla ﬁlgﬁ]gty 1 tdllc%ﬁie %ne 81% %am%n ol(irg%) ? c%ne%?s %ﬁ{}hgsglrg@ ck to

t he netho Itse uci'n

or ganobor an Iex r.adi ¢ I ri zabl und and t he
ot ondrianail sy’ "@mgatnsat ﬁawnm%ﬁw HERRL BRSO 10, CHRRES Steefs. and
or ganobor ane- anm ne conpl ex, the radlcal olynerlzable conpound and t he
opt i onale 45 ndf Wﬁlyd%’et}f%l%ﬁ?}d%ﬁ’mﬁlb”{ch@eéﬂb% graquat of up to 60, more typically

in an amount of from 5 to 50, and most typically in an amount of from 10 to 40, parts by weight
per 100 parts by weight of the composition.

[0058] Still further, the one or more additives may include a leveling agent. The leveling
agent may include, but is not limited to, vinyl acrylic copolymers, and the like. If included, the
leveling agent is typically included in an amount of up to 20, more typically in an amount of
from 1 to 10, and most typically in an amount of from 2 to 5, parts by weight per 100 parts by
weight of the composition.

[0059] Alternatively, the one or more additives may include a stabilizer. The stabilizer may
include hindered amine light stabilizers (HALS). If included, the HALS may include any known
in the art. Preferably, if included, the HALS have a molecular weight of less than 300 g/mol and
more preferably of less than 260 g/mol. Illustrative examples of commercially available HALS
that are suitable for use in the present invention include, but are not limited to, Sanduvor”® 3058
commercially available from Sandoz LTD. Corporation of Basel, Switzerland, and Tinuvin®™ 123,

292, and 384 commercially available from Ciba-Geigy Corporation of Ardsley, NY. If included,



separately, together, or in various conbinations. The step of introducing
may i nclude any application nmethod known in the art. Suitable application
nmet hods iwolutei49fapt are not limted to, spray coating, pdirEre@matossngs roll
coating, curtain coating, electrostatic spraying, and conbi nati ons thereof.
I n one enbodi nent, the organoborane-am ne conpl ex, the radi cal

pol yneri zabl e conpound, and the optional am ne are applied to the substrate
via electrostatic spraying for extrusion coating. [0061] In various
enbodlnents the substrate is. further3%efined as a reactor or a vessel. The
r eact oftheayipikier exrer bivagluged mapomeust §F wrioiAdusteryriralli i2en ampyps oy

when the substrate is further defined as the reactor and/or vessel, the

r adi call tpdDyansrnosh binically i aurouns of Sloprid .adrts hy weteht perchOfmars by sisight

Once fornmed, the polynerized conpound can then be further used as sel ected
by one obfhegkimpbsiiion.t he art. I n one enbodi nent, the polynerized conpound is
applied to an autonobile conponent after being forned in the reactor.

[ 0062] [@d60gr nR¢feiRIcYback e tisuistho dtitgelfale BetHodrihbiedesct@é istepdbrastrddueing the

aut onobi | e conponent itself. The autonobile conponent nmay be a door, hood,
roof, panbbor@tcCamin@Bmipht®, kK Rudidhn pbl’j}'h}%ﬂ%’ﬂl’@@bﬁ?éﬁﬁd tbhe theebp@shat ﬁﬁhrfém ly

|ncludes formng the coating conposition, and yner|2|ngthe radi cal

pol ymen|zab! &b&RRP e trm O(He the SQME&{mbtﬂe %Qmmtanﬂﬂéj cﬁ%le'x“ i Edy&ssel
or reactor. However, as descri bed above method 1s not IiTmted to such

an enb%glgmeerl&ablé Oc%gl urk e tl%%@ﬁ& mln%on i g n'Er%Eh?ced oo Séﬂgestuba{rate

or gani I nor gani mat’er1 al as car ., alumnum and
the like. The ub trate na . be coated or ted,. t ed t t ed,
g cosSimae o TR, e o sSRPhEio S B REhed inleh &élf%o&%?a}tl@ufﬁf‘?%nye

sel ected fron1th roup of plastijc netals such as steel, iron,
al um n@plicHen E’GPPBHH‘&PW%% therpast. edyitablg gnpfieationagthodsiipgluds, hut srg et H@yed

include steel and/or extruded autonobile parts. In another
to, spray coating, dip coating, roll coating, curtain coating, electrostatic spraying, and

combinations thereof. In one embodiment, the organoboranc-amine complex, the radical
polymerizable compound, and the optional amine are applied to the substrate via clectrostatic
spraying for extrusion coating.

[0061] In various embodiments, the substrate is further defined as a reactor or a vessel. The
reactor and/or vessel may be laboratory or industrial sized. Typically, when the substrate is
further defined as the reactor and/or vessel, the radical polymerizable compound is polymerized
in the reactor or vessel. Once formed, the polymerized compound can then be further used as
selected by one of skill in the art. In one embodiment, the polymerized compound is applied to
an automobile component after being formed in the reactor.

[0062] Alternatively, the substrate may be further defined as the automobile component itself.
The automobile component may be a door, hood, roof, panel, ctc., and the like. In this

embodiment, the method typically includes forming the coating composition, and polymerizing



enbodi nent, the substrate is further defined as an autonobile conponent. In
yet anot her enbodi nent, the substrate includes autonotive body panels and
pr ef er ablwoi2s1opubmed or el ectrocoated. [0064] |n the neroedredionbioss

i nvention, the organoborane-anm ne conpl ex dissociates (i.e., breaks apart)
to free the organoborane initiator fromthe am ne, as described in detail
above. The organoborane-am ne di ssociates in the coating corrposi tion via
in-situ formation of the carbamc zwitterion. The term nology "in-situ"
refers to formng the carbamc zwitteflon jn the coatin conposition. The
car banithe Adicet @?ID’Blﬁ“F%bkt gnendy on dhqyafompBils soPRIeHS 6‘?f9 8Pt WathB oS 6%i de
and free am ne groups (whether unbound as part of the organoborane anm ne
conpl excagtorablopayar, asfdestibed pbdvsntie matade) nethimitedrte syphesembolimanhe
conposition. Accordingly, the nethod of this invention also includes the
st ep of0063] rodoc iemypodiarcht rthasabsirdie is it ghetthef cigabicng icongpwosirhatomal (soch bhe
substrate) in a nolar ratio of at least 1:1 of the carbon dioxide to the

free awhimen gibew psclpil@semim,iand tivelileo MieSubitare mMpbe cdayql @alnkyated, Catediobon
dioxide is introduced into the coating conposition (on the substrate) in a

ol ar  Ratréfed hn@borhBiastond o2thekd Nn&aS6kd dnBodlm@is, BRtb{treeis 30ectbPHBAl BeN nes
present in t he conposition. Typically, large st oi chi ometric excesses (>
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free a amnes is utilize | n oneenbodi nent, the step of

i nt d
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and t hETDBEHTHAI DA AETHT I naTeTRtYS Bod) TR laria R Rathe o rigied ppar "

step of introducing the organoborane-an ne conpl ex, the radical
pol yreelegtptogtedonpound,

[0064] In the method of this invention, the organoboranc-amine complex dissociates (i.c.,
breaks apart) to free the organoborane initiator from the amine, as described in detail above. The
organoboranc-amine dissociates in the coating composition via in-situ formation of the carbamic
zwitterion. The terminology “in-situ” refers to forming the carbamic zwitterion in the coating
composition. The carbamic zwitterion is typically formed from a reaction of carbon dioxide and
free amine groups (whether unbound as part of the organoboranc-amine complex or as part of the
optional amine) that are present in the composition. Accordingly, the method of this invention
also includes the step of introducing carbon dioxide into the coating composition (on the
substrate) in a molar ratio of at least 1:1 of the carbon dioxide to the free amine groups present in
the composition. More typically, the carbon dioxide is introduced into the coating composition
(on the substrate) in a molar ratio of at least 1:2 with a sum total of both free and bound amines
present in the composition. Typically, large stoichiometric excesses (> 10:1) of carbon dioxide

to free amine groups and/or the sum total of both free and bound amines is utilized. In one



and optionally the am ne occurs before the step of introducing the carbon
dioxide. It is to be understood that the carbon di oxide may be introduced
to one orworom/abrsbhe or ganobor ane-am ne conpl ex, the radireekopobyoeri zabl e
conpound, and the optional am ne apart fromthe conposition such that when
t hese conpounds are conbi ned, the carbon dioxide is then introduced into
the conposition. [0065] The step of introducing the carbon dioxide into the
conposition may be further defined as_all owi ng the carbon dioxide to
perneate into the conpgsitjon fron1thé2atnnsphere, as injecting the carbon
di oxi déMPAtiFephEhciRRfdRTedyRing ke wgnaPPTIge-pRECMPSY. Hedsdicrd pelvalerizahle
conposition, or as conbinations thereof. Typically, the conposition on the
subst r gp@ppundplapé etionelly barpore dioxd seudersyplioriéh shecsfen Atintrddcioartbon

di oxi de perneates into the conposition. In one enbodi ment, the step of

i nt r odwaibnyg didxédec abbthis dnbodilenti shef earbdnedioridf inmeydbegsn spreayt wgh titve apandon

di oxide froma nozzle of a spray gun such as an inpingenent spray gun. The
nozzl e gadihs tth doinPhengebatic AxdttayongbdTortathe gadYolkineimine ncoimiptexarthe rddical

anot her enbodi nent, the step of introducing the carbon dioxide is further
def i neghoBcE%ANS tOEpIINE, HRIMAOSplidrRANakMedite 8 FRSPBRFE. Ofn HRIRPBmBbMMLAE 1N a
gas sink as further described 1n the patent application entitled System And

Met hod i : it i e 1 ing the
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option m ne, may be r i ned as°sprayi

or ganobor, ane- api conpl ex, .t he radica nmeri zabl e. conmpound, and .
bt ondni g EAE MR EBRE ftidk Mo ERle Bl R s F B e B RSt of
i ntroduci ng the carbaon dioxide is further defined as spraying the carbon
di oxi déomP%P‘n dhsd3dird Belymedgdly, cgmmound sydi ghe ippEorahhyRinfepturt from the

composition such that when these compounds are combined, the carbon dioxide is then
introduced into the composition.

[0065] The step of introducing the carbon dioxide into the composition may be further
defined as allowing the carbon dioxide to permeate into the composition from the atmosphere, as
injecting the carbon dioxide into the composition, as spraying the carbon dioxide over the
composition, or as combinations thereof. Typically, the composition on the substrate is placed in
a carbon dioxide atmosphere such that the carbon dioxide permeates into the composition. In
one embodiment, the step of introducing the carbon dioxide is further defined as spraying the
carbon dioxide from a nozzle of a spray gun such as an impingement spray gun. The nozzle and
the impingement spray gun may be any known in the art. In another embodiment, the step of
introducing the carbon dioxide is further defined as exposing the composition to an atmosphere
of carbon dioxide in a gas sink as further described in the patent application entitled System And
Method For Curing A Composition, filed on the same day herewith, having the US Serial No.

61/220,929.



the step of spraying the carbon dioxide is further defined as shaping the
or ganobor ane- am ne conpl ex, the radical polynerizable conpound, and

opti onal lwotzbs/@amise with the carbon dioxi de as the orgaovhpranesans ne
conpl ex, the radical polynerizable conpound, and optionally the am ne are
bei ng sprayed. [0067] The carbon dioxide used in this invention is
typically gaseous but may be a supercritical fluid. In addition, the carbon
di oxide may originate fromdry ice, fromthe supercritical fluid, or nay be
extracted fromflue gas produced in cddl fired power plants, In one,

enbodi HH0] ATt gr-eBisutter ghsinfraduegig: thepprsaurhomner B sapakEi it sdigbal

may serve as a source of the carbon dioxide. In other enbodiments, the

car bon pdlyseridedle sompenridd ead foptpnafasthe smise. trhant be deithed edefisgflipaispesing gbe a

by- product of an ancillary chem cal reaction, as a by-product of a

bi ol ogiocgholprracessine asmalcly ther mdigalt padymerizzhleudcagtound, ngpdogpeioadllyothe dnrioen a
carbon di oxi de generator, as a by-product from conbustion of natural gas,
as a bynpr mduabstfatecONngethsd Embatimeit, dfe @gabf ink®daciby tha bt diokidv ds fother
carbon-contai ning fuel sources, fromflue gas streans, such as abatable

flue gasfisddrRapRuyin@lthé cABdE BIIRIIE FHonPABoAMEE P pray BROBAIWIH RAUEMbaTiRBRE Ng to
be bound by any particular theory, it is believed that a single free am ne
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forth in Figure ormthe carbamc zwtterion, described 1 n greater

det ai | | oW. . Al i . . 10| t - .ot bon..di oxi d
detal| DR LERLIDII . Letnd oy boLAL R, ShutRec st a0y gL oxl o
presen

t in a nolar excess to the fre m ne qr s. I n various .enbodj nents,
Phe” carbil ShebmtRE S ThRoLuRR G Ora PP BP ShrRinyf aaf SPFTIN b
|l east 2:1 to about 10:1 to the free am ne groups. In other enbodinents, the
car bon *BVRHATHECINE SHR¥ent in a nolar ratio of fromgreater than about 10:1

to about 1000:1 to the free amine groups. In still
067] The carbon dioxide used in this invention is typically gaseous but may be a

supercritical fluid. In addition, the carbon dioxide may originate from dry ice, from the
supercritical fluid, or may be extracted from flue gas produced in coal fired power plants. In one
embodiment, a low pressure gas (~1 bar) produced from combustion of coal may serve as a
source of the carbon dioxide. In other embodiments, the carbon dioxide is provided from gas
tanks that include regulators, as a by-product of an ancillary chemical reaction, as a by-product
of a biological process, as a by-product of a manufacturing operation, from a carbon dioxide
generator, as a by-product from combustion of natural gas, as a by-product from gasification of
coal, as a by-product of various carbon-containing fuel sources, from flue gas streams, such as
abatable flue gas streams, or from combinations thereof.

[0068] Without intending to be bound by any particular theory, it is believed that a single
free amine group reacts with a single molecule of carbon dioxide via the mechanism set forth in
Figure 1 to form the carbamic zwitterion, as described in greater detail below. Accordingly, at

least a 1:1 molar ratio of the carbon dioxide to the free amine groups is required. Of course, the



ot her enbodi nents, the carbon dioxide is present in a nolar ratio of
greater than 1000:1 to the free am ne groups. Typically, a stoichionetric
excess ofwoantwmorboxi de i s desirable. Any stoichi onetripcTEre@d®s®bs car bon
di oxi de can be easily recovered and re-used, thereby reducing em ssions and
pol lution. [0069] The nethod of this invention also includes the step of
reacting the carbon dioxide and the free amne groups to formthe carbamc
zwitterion in-situ thereby formng a radical. Mre specifically, once the
carbamc zwitterion is fornmed in-situy*the organpoborane-am ne conpl ex

di ssocicaPe’ diordde Ay B Mregnt He 2r BAlRE SXCCSHVP nBEt T PBHG BgUPL HR BBieHY by
any particular theory, it is believed that the carbamc zwitterion acts as
a debl cabpdigneatjethc carvgn aliqxidst io prasept)in ganelaeratingf freacgrsatol than phlsassodihdo ami ne
of the organoborane-am ne conpl ex thereby breaking apart (dissociating) the
or ganolabowré:latwi the ficomplimxgrionpso  Inheharayzhod momén ¢hd qarbanadioxidamdpreseat meact i on
product of the am ne and the carbamc zwitterion. Al though the exact

mec haninsolarohtié be fidhsgestathapnbedt tohietcostgan obaY: Arethantdeeantiaagtoys.i $n silknown,
one possi ble nechanismis set forth in Figure 1. Alternatively, the proton
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protonates.the(ﬁqg@? am ne of the organoborane-an ne conpl ex causi ng

di ssoci®ATER 4sPEH°Forth in Figure 3. [0070] Wthout intending to be

bound by any particular theory, it is believed that the carbamc zwitterion
is forn@¥Nia thhe %B‘I’f’aﬁﬁt iy igkentiogralye infludsgillf atep of 4gacting S GapRangtigrded

above.
and the free amine groups to form the carbamic zwitterion in-situ thereby forming a radical.

More specifically, once the carbamic zwitterion is formed in-situ, the organoborane-amine
complex dissociates thereby forming the radical. Without intending to be bound by any
particular theory, it is believed that the carbamic zwitterion acts as a deblocking agent and a
proton (H+) source and reacts with the bound amine of the organoborane-amine complex thereby
breaking apart (dissociating) the organoborane-amine complex into the organoborane initiator
and the reaction product of the amine and the carbamic zwitterion. Although the exact
mechanism of the dissociation of the organoborane-amine complex is unknown, one possible
mechanism is set forth in Figure 1. Alternatively, the proton from the carbamic zwitterion may
be transferred to a free amine group or to water, thereby forming acidic species which protonate
the bound amine of the organoborane-amine complex causing dissociation, as set forth in Figure
2. It is also contemplated that proton may be transferred from a nitrogen atom of the carbamic

zwitterion to an oxygen atom of the carbamic zwitterion thereby forming an unstable “carbamic



In other words, one of the lone pair electrons of the free am ne attacks
the carbon atom of the carbon di oxi de causing an el ectron pair from one of
t he C=0 bwodsi@megrate to an oxygen atom thus form ngcrhe2e@nbans c
zwitterion that carries a total net charge of O but carries positive and
negative charges on different atons. Relative to this nethod, it is
believed that the carbamc zwitterion has the foll ow ng configurations:
Carbamic Zwitterion Carbamc Zwitterign Carbam c Zwitterion (Resonance
Contributor) (Resonance Hybrid Resoﬁ%nce Contributor) [0071] In addition
to the2€itleyBe’ dé%?%édhatbw@na héh%-é??wvdalﬁw off 5 erarIobaENERBITS eQNRIEX
introducing a second gas to the conposition and/or the substrate. The
second cgaengdissopietien s sat fafthorifdgure The second gas may be introduced by any
met hod descri bed above relative to the step of introducing the carbon

di oxi d¢00Mi t hoWithout entdndigg tto Hoebdwodriy byy amyicplar theond, ar it hdavyd that ths
believed that the second gas may react with the free am ne groups via

si m | arkare@iedvwigemonais fdied e e medhaxdntlect fH@0MAigiba , sefiRothtratis@d iabeleudes
the step of polynerizing the radical polynerizable conpound using the
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aspol yneri zi ng at a tenperature of from-780C to 350C. In another
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Carbamic Zwitterion Carbamic Zwitterion Carbamic Zwitterion
(Resonance Contributor) (Resonance Hybrid) (Resonance Contributor)

[0071] In addition to the steps described above, the method may also include the step of
introducing a second gas to the composition and/or the substrate. The second gas may be sulfur
dioxide. The second gas may be introduced by any method described above relative to the step
of introducing the carbon dioxide. Without intending to be bound by any particular theory, it is
believed that the second gas may react with the free amine groups via similar mechanisms as the
carbon dioxide.

[0072] The method also includes the step of polymerizing the radical polymerizable

compound using the radical. In one embodiment, the step of polymerizing is further defined as



on the autonobil e conponent. [0073] The step of polynerizing using the
radi cal can be further defined as polynerizing by free radical

pol yner i aabi20ny149hie nechani sm of free radi cal pol yneri zatirar2019/08®bs known
in the art and typically includes three stages: initiation, propagation,
and term nation. The initiation and propagation stages are generally
outlined in Figure 4. Typically, and as descri bed above, a honolytic
substitution reaction occurs between triplet oxygen and the organoborane

initiator thereby form ng an al kyl raaﬁcaJO(FF) whi ch reacts wi th oxy E
and/ or p@ly@erlawgcaéla SEIPGFABHE 2AHTEN cHMbotmdd And I epeBcracnbeflimant, thehgemio
radi cal (R*) typically propagates a devel opi ng pol yner chain through
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any second, third, or additional radical polynerizable conmpounds, as set
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radi cal species react with each other formng a singlé nol ecul e
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free radical polymerization. The mechanism of free radical polymerization is well known in the
art and typically includes three stages: initiation, propagation, and termination. The initiation
and propagation stages are generally outlined in Figure 4. Typically, and as described above, a
homolytic substitution reaction occurs between triplet oxygen and the organoborane initiator
thereby forming an alkyl radical (Re) which reacts with oxygen and/or the radical polymerizable
compound and forms a radical. The alkyl radical (Re) typically propagates a developing
polymer chain through additional homolytic reactions of the radical polymerizable compound
and any second, third, or additional radical polymerizable compounds, as set forth in Figure 4.
The termination stage may include coupling wherein two radical species react with each other
forming a single molecule. Alternatively, chain disproportionation may occur wherein two
radicals meet and exchange protons.

[0074] In one embodiment, the method also includes the step of limiting an amount of
oxygen introduced to the composition because it is believed that a presence of oxygen in the

coating composition may inhibit radical formation by forming less reactive radical species that



[0075] In yet another enbodi ment, the nethod further includes the step of
el ectrocoating the substrate (e.g. the autonobile conponent) with a first
conposi t iwo.20imavprocess of el ectrocoating and t he conpesirtarens/osmes t o

el ectrocoat substrates are well known in the art. Thus, the step of

el ectrocoating in this invention may be conpl eted using any techni ques
known in the art. Simlarly, the first conposition that is used to

el ectrocoat the substrate may be any known in the art suitable for

el ectrocoating and may incl ude, but id7not |imited to, epoxi es, am nes,

is ocyahl&tl'@épolalﬁaﬂ%a@ﬁm Supifashysthe mesthngrmay ‘Hs%mfﬂ&‘ﬁ? Hhersteprpf b fman amppntef ep of
appl ying the coating conposition to the substrate is further defined as
appl yi ngyshenteahicehiy thosbesite (ion to 6 spiecefaf thasubympn o pilwmizeroxyaen gufaesobi | e
conmponent. In this enbodinent, the first conposition is applied to the
subst r athebitipm Theoxyigepmaf be ﬁremducﬁddatthersgbsjmm%edombmiéon CGOAGpr fano st | |

ot her enbodi nents, the nethod includes one or nore of the steps of draw ng
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applying radiation to the substrate, of drying the substrate, and/or of
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Thus, the step of electrocoating in this invention may be completed using any techniques known
in the art. Similarly, the first composition that is used to electrocoat the substrate may be any
known in the art suitable for electrocoating and may include, but is not limited to, epoxies,
amines, isocyanates, and combinations thereof. In a further embodiment, the step of applying the
coating composition to the substrate is further defined as applying the coating composition to the
first composition on the automobile component. In this embodiment, the first composition is
applied to the substrate via the step of electrocoating described above.

[0076] In still other embodiments, the method includes one or more of the steps of drawing
down the composition on the substrate, of heating the substrate, of applying radiation to the
substrate, of drying the substrate, and/or of installing the automobile component including the
cured composition on an automobile chassis. Alternatively, the step of polymerizing the radical
polymerizable compound using the radical may occur in the absence of external heating of the

coating composition.



[0078] A series of coating conpositions (Conpositions 1-8) are forned and
applied to substrates using the nethod of the instant invention, as

descri bedvbebovi4oiot abl y, none of the Conpositions 1-8 ipotiurd@s/0sv005
photoinitiator. Formation of Conposition 1: [0079] Conposition 1 is forned
by conbining 10.0 grans of Laronmer UA 9061 as the radical polynerizable
conmpound and 0.48 grams of triethylborane cysteam ne (TEB-CA) as the

or ganobor ane- ani ne conpl ex. Laroner UA 9061 is an aliphatic urethane

acryl ate that is conmmercially avail ab B® from BASF Corporation. Formation of
Conposil®7dh 2 :Inppgdemat PSR Shg methgd i leyué%ﬁni%wmgo f1tycloimige afs of
Laromer UA 9061 as the radical polynerizable conpound and 0.99 grans of
tri - n- basiypasoristhe capen diaividaais¢drnBBe asfhods AtHeasbpghabiiercarben lidxice mayrpt ex.
Formati on of Conposition 3 : [0081] Conposition 3 is fornmed by combi ni ng
10. 03 gecdammedthrbeghoargreriudlyoRedrsibe tehaionaditioatarpohiy itz mbl eAcompandhand
0.53 grans of tri-sec-butyl borane di am nopropane (TsBBDAP) as the

or ganohepaifecddimne eyt dxrthdrdefiibddi B rheafingCheRabamiORwltc:id®d B8R orosest t i on
4 is fornmed by conbining 9.94 grans of Laroner UA 9061 as a radi cal

pol yﬁekhﬁ@bih% ceidoRaRdicansl B-th8methaas of triethyl borane di am nopropane
(TEB- DAP) as the organoborane-am ne conpl ex. Formation of Conposition 5 :

Conposition 5 is formed by conbi nigga Q9 Esor ans of Laromer UA 9061 as a
radi cal

[0078] A series of coating compositions (Compositions 1-8) are formed and applied to
substrates using the method of the instant invention, as described below. Notably, none of the
Compositions 1-8 includes a photoinitiator.

Formation of Composition 1:

[0079] Composition 1 is formed by combining 10.0 grams of Laromer UA 9061 as the
radical polymerizable compound and 0.48 grams of triethylborane cysteamine (TEB-CA) as the
organoboranc-amine complex. Laromer UA 9061 is an aliphatic urcthanc acrylate that is
commercially available from BASF Corporation.

Formation of Composition 2:

[0080] Composition 2 is formed by combining 10.04 grams of Laromer UA 9061 as the
radical polymerizable compound and 0.99 grams of tri-n-butylborane cysteamine (TnBB-CA) as
the organoborane-amine complex.

Formation of Composition 3:

[0081] Composition 3 is formed by combining 10.03 grams of Laromer UA 9061 as the
radical polymerizable compound and 0.53 grams of tri-sec-butylborane diaminopropane (TsBB-
DAP) as the organoborane-amine complex.

Formation of Composition 4:



pol ynmeri zabl e conpound and 0.54 granms of tri-n-butyl borane di am nopropane
(TnBB- DAP) as the organoborane-am ne conpl ex. Formation of Conposition 6 :
Conposi t iwo 26109f4er mred by conbi ni ng 10. 06 grans of Lar eceEpriAod8Has as a
radi cal pol ynerizable conmpound and 0.58 grans of tri-n-butyl borane

di am nopropane (TnBB-DAP) as the organoborane-anm ne conpl ex. The TnBB- DAP
i ncludes a 6% nol ar excess of the DAP. Formation of Conposition 7 : [0083]
Conposition 7 is fornmed by conbining 10.06 granms of Laroner UA 9061 as a
radi cal pal ynerizabl e conmpound. and 0. 3% q;ans of fri-n-butyl borane .

di ani né?ff%ane Qomssitiapy ihornpd by roabBES Vatiesraht ALLEmST B 0phas Fmsisabap
includes a 12% nol ar excess of the DAP. Formation of Conposition 8 : [0084]
Conposirplysierigatile coémpornd dvg Bntiamis od trighylborgpa dwmatoprenapereFERN /D6 the a
radi cal pol ynerizable compound and 0.50 grans of tri-n-butyl borane

di am nopgaoplamanclamBBDARpleas t he or ganobor ane-am ne conpl ex. The TnBB- DAP
includes 0.75 nol es of DAP per every 1 nole of TnBB such that there is a
mol ar @sees®nef CorpBsidodsa nol ar defici ency of DAP. Application of the
Conpositions to the Substrates:[0085] After formation, each of the
Conposidon@Rsitibs 3 NEifghsbiRlby YcamRhingdo dP @amybstt LabRief UL 90 BRtadkadpanel
that has that has an el ectrocoat |ayer applied) to coat the substrate.
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the free am ne groups pregent in the Conpositions. Once in the

Formation of Composition 6:

Composition 6 is formed by combining 10.06 grams of Laromer UA 9061 as a radical
polymerizable compound and 0.58 grams of tri-n-butylborane diaminopropane (TnBB-DAP) as
the organoborane-amine complex. The TnBB-DAP includes a 6% molar excess of the DAP.
Formation of Composition 7:

[0083] Composition 7 is formed by combining 10.06 grams of Laromer UA 9061 as a
radical polymerizable compound and 0.57 grams of tri-n-butylborane diaminopropane (TnBB-
DAP) as the organoboranc-amine complex. The TnBB-DAP includes a 12% molar excess of the
DAP.

Formation of Composition 8:

[0084] Composition 8 is formed by combining 10.15 grams of Laromer UA 9061 as a
radical polymerizable compound and 0.50 grams of tri-n-butylborane diaminopropane (TnBB-
DAP) as the organoborane-amine complex. The TnBB-DAP includes 0.75 moles of DAP per
every 1 mole of TnBB such that there is a molar excess of TnBB and a molar deficiency of DAP.

Application of the Compositions to the Substrates:



carbon di oxi de at nosphere, the Conpositions are allowed to cure for 15-60
m nutes. After 15- 60 mnutes, the Conpositions are evaluated to determ ne
whet her oleevwalbmzcure occurs via visual eval uation. TireTEPeabbsoos the
above eval uations indicate that each of the Conpositions 1- 8 exhibits
observabl e cure. Formation and Curing of Conparative Exanples: [0086] In
addition, sanples of the Conpositions 1-8 are also applied to substrates in
t he absence of carbon dioxi de as conparative exanples of the nethod of this
invention. Mre specifically, these sbstrates are pl aced i n atnospheric

ai r t ha9085he| uddfier Erpgan el pldhe CRmROTiEpnEs r%e\il@laélv aplicdl tp gapbsrate ({2, 350
ppm by volune) with free am ne groups present in the Conpositions. Once

pl aced ai metat posgHbati basathpt hehes eclcynpessileyesrepphed gl ¢ashdie sebstiaice Pdier
several days. After several days, the Conpositions are evaluated to

det er mapelioahert,vach obtherVabpmitons és desurdwi with iastdadr #3/ hiruabubsequeilthe thesul t s
of the above evaluations indicate that none of the Conpositions 1-8 exhibit
obser vabited culfseratshanc plaacdk th iancagtioiDgipkide | ®madpheduehdreinatht aakboaf dicadd dm
dioxide that is required by the instant invention. [0087] Accordingly, the

dat a setestlih BraabPV¥Rr crdbeRtiBe fre@ﬁmida%ns@s hede@fin Hecdhsdsadhs.] O¥eNtni tRd
effectively polynerizes radical polynerizable conpounds and all ows for

obser vabl,g, G}Hxﬁd%%tr% éﬁa@ét fHd RS h{ hr%%lo%%?d*&ﬁ& G 8560 hih@Qdi A4HNs- t he

Conp05|t|ons 1-8 cure using carbon dioxide t IS non-toxic and is not

cl assi bexﬁltnﬁffsthﬂl Zﬁr@?*ﬂlﬁn@%{ e 3 i3B! teh%%t\ﬂﬁegﬁet@%tbhér@a Lped, cprs yia

envi r onmen y an 'ow ng t I'S e I'''Ze h large

duct it d 1 addi t
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efforts designed to reduce greenhouse gasses and environnental pollution.
Fur t he SRS QREIEPICtHES car bon di oxi de mi ni mi zes oxygen surface

Formation and Curing of Comparative Examples:

[0086] In addition, samples of the Compositions 1-8 are also applied to substrates in the
absence of carbon dioxide as comparative examples of the method of this invention. More
specifically, these substrates are placed in atmospheric air that includes carbon dioxide in a
molar ratio of less than 1:1 (~ 350 ppm by volume) with free amine groups present in the
Compositions. Once placed in atmospheric air, these Compositions are allowed to cure for
several days. After several days, the Compositions are evaluated to determine whether
observable cure occurs via visual evaluation. The results of the above evaluations indicate that
none of the Compositions 1-8 exhibit observable cure when placed in atmospheric air due to a
lack of carbon dioxide that is required by the instant invention.

[0087] Accordingly, the data set forth above indicate that the method of the instant
invention effectively polymerizes radical polymerizable compounds and allows for observable
curing of coating compositions on substrates. In addition, the Compositions 1-8 cure using

carbon dioxide that is non-toxic and is not classified as a hazardous air pollutant, thus making



inhibition of curing thereby increasing the efficiency of this nethod.

Mor eover, use of the carbon dioxide inproves control of curing rate and

al | ows f owousm/@d74one- conponent (1K) systens that reducectwreomiosmss [ 0088]
The invention has been described in an illustrative manner, and it is to be
understood that the term nol ogy which has been used is intended to be in
the nature of words of description rather than of |imtation. Many

nodi fications and variations of the present invention are possible in |ight
of the above teachings, and the invenﬂlon_nay be practiced otherwi se than
as spediis petodpnyisawpgngaly feeodivmndpiiaving thiy mpthad tq ke utilizedinlatgsgodctionr ni ng
a coating conposition, said nmethod conprising the steps of: A introducing
an or gasroliftss avith mirimel eaippesandzpallytipealn psliyore thezepshon doxtgo imidexngnsive
optionally an amine onto a substrate to forma coating conposition; B.

i nt r odacd ng reatilyoavadinblx i den i twling ecfoomt dasgned ipasdudeogreenhoaserghsaes rad | 0 of
at least 1:1 of the carbon dioxide to free am ne groups present in the
coat i ngneiespstd ipotutida. Faakdrinbee, tude of alid oarbeh dicxite aifdmiAke okyed amiane
groups to forma carbamc zwitterion in-situ and to dissociate the

or ganohgiignen dMciAnE MK XinkREGH/DYnd Offitichsy 3f Hadinthod. aMbrédveRalsy MBEthgi Ng
the radi cal polynerizabl e conpound using the radical, optionally in the

absence,@hn &ASEINAhpBGAL Lol %@_aaﬁh% nRldM @lowd foP MRETA IR offpohdn® T RPOC tO

300C. 2. A nmethod as set forth in cfaim1 wherein the substrate 1 s further

defineg 5%%&%5@%&8%%9&%? gonponent and the step of polynerizing is further
def i ned” a8 poFyner|Z|ngI?o'cure
[

0088] The invention has been described in an illustrative manner, and it is to be understood
that the terminology which has been used is intended to be in the nature of words of description
rather than of limitation. Many modifications and variations of the present invention are possible
in light of the above teachings, and the invention may be practiced otherwise than as specifically

described.



the coating conposition on the autonobile conponent, and optionally wherein
the nmethod further conprises the step of electrocoating the autonobile
conponentweoizbiv/@ofspr st conposition wherein the coati ng eorEPeMioswos S
applied to the first conposition on the autonobile conmponent. 3. A nethod
as set forth inclaiml1l or claim2 wherein a nolar ratio of the free am ne
groups to the am ne of the organoborane-am ne conplex is about 1:1,
optionally fromabout 0.5: 1 to 1:1 , or optionally |less than about 1:1. 4.
A method as set forth in any one of ¢ Z2ins 1 to 3 wherein the step of
reacting is further defined as reac@LﬁE“§he carbamc zwitterion with a
bound am ne of the organoboraneam ne conpl ex thereby dissociating the

or ganoB¥hatreclaificAés: conpl ex i nto an organoborane initiator and the reaction
product of the am ne and the carbamc zwitterion. 5. A nethod as set forth
in any one of cl Aimshdd ¢icforimmperceatmgtdosposifibn,sgidowstipabdonipowinguhd siers of:
conprises water and the step of reacting is further defined as transferring
a proton fram t hintwadidiagr€ oRahdboedne @mih®cdidevyat redicilpolyaridrizalble @cingbund,
speci es whi ch protonates the bound am ne of the organoborane-am ne conpl ex

causi n@ndbssailphh SRinelonfohBsuBsEAORBIR AR AHNBMPETRILX. 6. A nmethod as set
forth in any one of clains 1 to 4 wherein the step of reacting is further

defined as g ansfgilihdig @aBbOURRide A alenéo?aﬁ@g@&n?ésqmnofn 1 R 163L08Tr Gt
zwitterion to an oxygen atom of the carbamc zwtterion thereby form ng an

e n_oxygel | i ng
unst abl e, a1 BAFL G REh ok XS, BATRRHAL WL 1Bl Of AOSLGRLAR-BOHGH am ne o

the or ganopor ane- am X causl SSOCI a

or ganobor ane- am ne conpl ex., 7. A netho s set forth in any one of clains 1
oAyl ool 7 A et A T A AR ol gl

into the coating conposition, optionally in a nolar

zwitterion in-situ and to dissociafe the organoborane-amine complex thereby forming a radical;
and

D. polymerizing the radical polymerizable compound using the radical, optionally in
the absence of external heating, or optionally at a temperature of from 20°C to 30°C.

2. A method as set forth in claim 1 wherein the substrate is further defined as an
automobile component and the step of polymerizing is further defined as polymerizing to cure
the coating composition on the automobile component, and optionally wherein the method
further comprises the step of electrocoating the automobile component with a first composition
wherein the coating composition is applied to the first composition on the automobile
component.

3. A method as set forth in claim 1 or claim 2 wherein a molar ratio of the free
amine groups to the amine of the organoborane-amine complex is about 1:1, optionally from
about 0.5:1 to 1:1, or optionally less than about 1:1.

4. A method as set forth in any one of claims 1 to 3 wherein the step of reacting is

further defined as reacting the carbamic zwitterion with a bound amine of the organoborane-



ratio of from1l:1 to 5:1 with the organoborane of the organoborane-am ne
conplex, or optionally in an anount of 0.5 to 5 parts by weight of the
oxygen pewok0fy/perps by wei ght of the carbon di oxi de pr esemp2010/059985 coat i ng
conposition. 8 A nethod as set forth in any one of clains 1 to 7 wherein
the step of introducing the organoborane-am ne conpl ex, the radical
pol yneri zabl e conpound, and optionally the amne, is further defined as
sprayi ng the organoborane-ani ne conpl ex, the radical polynerizable
conpound, and optionally, the am ne onfd the supstrate. 9. A method as set
forth PRINGOBRAEX dherehyaflisrociating the WREANEPHMNENBE 9MHNCY HYG 3B EBHGDPTRRC
carbon dioxide is further defined as spraying the carbon dioxide froma
nozzl e iigfiatar apskthe regefipn pindlcod pk the paineypndiheraaranipewdtedpn.of sprayi ng t he
carbon dioxide is further defined as shapi ng t heorganobor ane-am ne conpl ex,
t he radi cal Spol yAenéthabhseset fomhon auly omnd chppins d el whetdretha mb atengwiotriposihen
carbon di oxi de as the organoborane-am ne conpl ex, the radical polynerizable
conpouifigitheaBempiifcs Gradriayd tiestev Neadtng ib@irtigr dpirmyled traderrifg mairbod faw set
forth in any one of clains 1 to 9 further conprising the step of
I Nt r odiged dighamni® SR ARHAOH @Stht Yakdi@o ERALINNGIFOGRERE WhA pABAREthE BSurdiasangd gas
is sulfur dioxide. 11. A nethod as set forth in any one of clains 1 to 10
uher ei e i Of ABHOROKANE AR SR s DER NG OLL MRl AT Bmptbier el n
each of Ri1, , R3, R4, R5, and R6 S |ndependentﬁy sel ected fromthe group
of a hydrogen at I u I ryla rqup, an
al kyl ene gr%Up, %g%ggg%géé%ﬁﬁgan %3§§$H§F§%f¥1gﬁg%@gﬁﬁﬁﬁg%¥%%é#% %glg and
and Ris tionall n or sul fur functional.

T2, A g e s mFarrins nhmiyr SR ool femiSPE (G aferHe S 46 cai
oxygen atom of the carbamic zwitterion thereby forming an unstable carbamic acid type
compound which protonates the bound amine of the organoborane-amine complex causing
dissociation of the organoborane-amine complex.

7. A method as set forth in any one of claims 1 to 6 further comprising the step of
limiting an amount of oxygen introduced into the coating composition, optionally in a molar
ratio of from 1:1 to 5:1 with the organoborane of the organoborane-amine complex, or optionally
in an amount of 0.5 to 5 parts by weight of the oxygen per 100 parts by weight of the carbon
dioxide present in the coating composition.

8. A method as set forth in any one of claims 1 to 7 wherein the step of introducing
the organoboranc-amine complex, the radical polymerizable compound, and optionally the
amine, is further defined as spraying the organoborane-amine complex, the radical polymerizable
compound, and optionally the amine onto the substrate.

9. A method as set forth in any one of claims 1 to 8 wherein the step of introducing
the carbon dioxide is further defined as spraying the carbon dioxide from a nozzle of a spray gun,

and optionally wherein the step of spraying the carbon dioxide is further defined as shaping the



pol yneri zabl e conpound is selected fromthe group of unsaturated acrylic
and nethacrylic ester resins, functional acrylic and nethacrylic ester
nmononer s,wendicanaznat i ons thereof. 13. A nethod as set pCorgpbotonsany one of
clainms 1 to 12 wherein the radical polynerizable conmpound is present in an
anmount of from50 to 80 parts by weight per 100 parts by weight of the
coating conposition and the organoborane-am ne conplex is present in an
anount of from2 to 5 parts by weight per 100 parts by weight of the
coating conposition.14. A nethod as s8¢ forth in any one of clains 1 to 13
wher ei RT§aRebUERINC icAMPsIuticngicHeP By yerireblsr %ﬂﬁ‘&oﬁﬁi{naé‘dc%lﬁlﬂ@b’, thepanipg di cal
pol ynmeri zabl e conpound, and optionally the am ne occurs before, or
si mul t andoths yarhpr hdioxide ast 819 efgapphoraeaening qolwlexarthe nradicalx ipalymerigablgy
met hod as set forth in any one of clains 1 to 14 wherein the step of
i nt r odwempgurtdhendcentivowllydtho xinde arsbding ¢iereddef i ned as exposing the coating
conposition to an atnosphere of carbon dioxide in a gas sink.

10. A method as set forth in any one of claims 1 to 9 further comprising the step of

introducing a second gas to the coating composition wherein the second gas is sulfur dioxide.
11. A method as set forth in any one of claims 1 to 10 wherein the organoborane-

amine complex has the following formula:

R! R*

bk

wherein each of Rl, Rz, R3, R4, RS, and R® is independently selected from the group of a
hydrogen atom, an alkyl group, an alkoxy group, an arylalkyl group, an alkylene group,
halogenated homologs thereof, and combinations thercof and at least one of R*, R®, and R®is
optionally nitrogen or sulfur functional.

12. A method as set forth in any one of claims 1 to 11 wherein the radical
polymerizable compound is selected from the group of unsaturated acrylic and methacrylic ester
resins, functional acrylic and methacrylic ester monomers, and combinations thereof.

13. A method as set forth in any one of claims 1 to 12 wherein the radical
polymerizable compound is present in an amount of from 50 to 80 parts by weight per 100 parts
by weight of the coating composition and the organoboranc-amine complex is present in an

amount of from 2 to 5 parts by weight per 100 parts by weight of the coating composition.
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14. A method as set forth in any one of claims 1 to 13 wherein the step of introducing

the organoborane-amine complex, the radical polymerizable compound, and optionally the amine
occurs before, or simultancously with, the step of introducing the carbon dioxide.

15. A method as set forth in any one of claims 1 to 14 wherein the step of introducing
the carbon dioxide is further defined as exposing the coating composition to an atmosphere of

carbon dioxide in a gas sink.



