METHOD OF FORM NG A CURED COATI NG COVPOSI TI ON ON AN AUTOMOBI LE COMPONENT
FI ELD OF THE | NVENTI ON [ 0001] The present invention generally relates to a

met hod ofwbeniyng4a cured coating conposition on an aut eggph@osSIRPNENt
usi ng an organoborane initiator. Mreispecifically, the organoborane
initiator is conplexed with a specific bi-functional noncyclic bl ocking
agent. DESCRI PTI ON OF THE RELATED ART [0002] Autonotive finishing and
refinishing is a growing industry in the United States and other countries
due to an ever increasing nunber of vehicles belngpgﬂ?duced Typi cal |y,

ori gi nal equi preMETHRQACE QRMAYGOENREL COHPE NG QHTEMt i ngs and
aftermarket refinish aut dSPANALLIERVIORYSE SOMPURNEDErt conposi tions that
require physical mxing of two condensed phases. This mxing typically

limts control of curing, |ingQases 164 SNVERBFoNaAnd hinders application of
the coatings to conpl ex shapes and sequestered surfaces. [0003] As such, an
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[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 hinders
application of the coatings to complex shapes and sequestered surfaces.

[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.

[0004] Alternatively, refinish coatings can be cured using heat and large ovens to initiate
cross-linking. Typically, the coatings are applied to automobile parts which are then passed

through the ovens to cure the coatings. However, use of the ovens is very energy intensive and



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

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

al so been devel oped to inprove the speed and efficiency of curing coatings.
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formradicals that polymerize organic nononers and cure the coatings.
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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 (e.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] The typical blocking agents known in the art, although ecffective, lack enough
versatility for dissociation (i.e., deblocking) under a varicty of different coating conditions,
especially when applied in finish and refinish applications. Accordingly, there remains an
opportunity to develop an improved organoborane complex to use in a method of forming

coatings. There also remains an opportunity to develop an improved method of forming a cured

coating composition on an automobile component using the organoborane complex.



versatility for dissociation (i.e., deblocking) under a variety of
different coating conditions, especially when applied in finish and
refini sh wppbicgadraons. Accordi ngly, there renains an oppeortepsetopsdodr devel op
an i nproved organoborane conplex to use in a nethod of form ng coatings.
There al so remains an opportunity to devel op an inproved nethod of formng
a cured coating conposition on an autonobil e conponent using the

or ganobor ane conpl ex. SUMVARY OF THE INVENTICN AND ADVANTAGES [ 0007] The

i nstant invention prOV|des a nethod of fo ﬁ a cured coating conposition

on an autonobil e coMdMertY G&TH%EENVEN§59858¥ AP YANLASBY . The net hod

i ncludes the step of applying a coating conposition to the autonobile
conponé?l07] Thelhsoastimgnemiipo pravidss ai negthediestoammgdi etbd peitpaspinpaditien on
conpound and an organoborane initiator. The organoborane initiator is
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This separation increases the nucleophilicity of the blocking agent towards the organoborane
initiator. The method also includes the step of decomplexing the organoborane initiator from the
blocking agent thereby forming a radical. The method further includes the step of polymerizing
the radical polymerizable compound using the radical to cure the coating composition on the
automobile component.
[0008] The blocking agent of this invention increases the versatility of the method and
allows the method to be used in a variety of conditions. More specifically, the blocking agent of
this invention can be amine and thiol functional, amine and phosphine functional, or thiol and
phosphine functional, thus allowing the method to be tailored to specific conditions and
customized for specific curing properties and times. In addition, the varied functionality of the
blocking agent allows the blocking agent to be selectively removed from the organoborane

initiator to further tailor the method to specific applications. Even further, the separation of the

complexing moicties by two to four carbon atoms promotes and enhances the nucleophilicity of



this invention can be am ne and thiol functional, am ne and phosphine
functional, or thiol and phosphine functional, thus allowng the nethod to
be tail orwd2om/aprei fic conditions and custon zed for spegidrh@0®590i1Ng
properties and tinmes. In addition, the varied functionality of the blocking
agent allows the bl ocking agent to be selectively renoved fromthe
organoborane initiator to further tailor the nethod to specific
applications. Even further, the separation of the conpl exing noieties by
two to four carbon atons rormt es and enhances the nucleophilicity ofthe
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interact with the organoborane initiator. BRI EF DESCRI PTI ON OF THE SEVERAL
VI EWS OFzampiorDRAVIINGS [ 0009] Ot her advant ages of the present invention wll
be readily appreciated, as the same becones better understood by reference
to the fol | owBRIEKPESCRERTIONSOFTHE SEVIRAL CiBiVes Oy BAE DRAWINGSt i on with

t he acconpanyi ng drawi ngs wherein: [0010] Figure 1 illustrates a first
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[0011] Figure 2 illustrates a second theoretical reaction mechanism of the decomplexing of
the organoborane initiator from the blocking agent using heat;
[0012] Figure 3 illustrates a third theoretical reaction mechanism of the decomplexing of the
organoborane initiator from the blocking agent using carbon dioxide as a decomplexing agent
interacting with a free amine; and
[0013] 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 organoboranes and oxygen.
DETAILED DESCRIPTION OF THE INVENTION
[0014] The present invention provides a coating composition including a radical
polymerizable compound and an organoborane initiator, each described in greater detail below.
The present invention also provides a method of forming a cured coating composition on an
automobile component and a method of polymerizing the radical polymerizable compound, also

described in greater detail below.



bet ween or ganoboranes and oxygen. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0014] The present invention provides a coating conposition including a
radi cal pwbyoayisgabl e conpound and an or ganobor ane i nit ipatr@P2010889011
described in greater detail below. The present invention also provides a
met hod of formng a cured coating conposition on an autonobil e conponent
and a nethod of polynerizing the radical polynerizable conmpound, also
described in greater detail below [0015] The coating conposition, hereafter
referred to as "conposition’, may be used in any industry. The conposition
may be [Ul8d i nThe cpatingesqmropitipphdreadicr eidrrqdrielagdFgposHion” nvey s Hicddr 2y,
ori gi nal equi pnent manufacturing (OEM "finish" coatings, afternmarket

"ref i nidustrgodd engepostign arrytiewscd vaa Vargyy, ofmpoliediohyiecludmgi bigsot hinjtedsto,
encapsul ants, gels, sealants, rel ease coatings, confornmal coatings, and
conbi natigmak eguiipmedf maliFsdtutingp (QEM) y:finish® wetigps afteranarkes “wsfedshdscoatings,
autonotive OEM finish coating or as an autonotive refinish coating as a

pri mer aulamBieeabatingk EpbERATe calbQrfilieabaapsul{dd) kBls, gt rplesdet doatingkpy be
wat er - borne or sol vent-borne and may be used as a one conmponent (1K) or two
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such as an autonobile conmponent, and cured fo forma film In one
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introd%&%goﬁbg%ﬁﬂsgﬂ%%conplexing agent described in greater detail bel ow,
and the orgah&borane inhitiator. In an alternative enbodi nent, the 2K system
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component (1K) or two component (2K) system. The composition is typically applied to a
substrate, such as an automobile component, and cured to form a film. In one embodiment, the
composition is a 2K system and includes two components that are reactive with each other, e.g.
the radical polymerizable compound introduced above, a decomplexing agent described in
greater detail below, and the organoborane initiator. In an alternative embodiment, the 2K
system includes a cross-linking agent in one component and the radical polymerizable compound
and the organoborane initiator in the other component. In this embodiment, the organoborane
initiator may be present with the cross-linking agent, the radical polymerizable compound, or
with both. In yet another embodiment, the composition is a 1K system and includes the radical
polymerizable compound. In still another embodiment, the composition is a 1K system and
includes the radical polymerizable compound and the organoborane initiator. In an additional
embodiment, the 1K system includes the radical polymerizable compound, the cross-linking
agent, and the decomplexing agent. In still further embodiments, the 1K or 2K systems consist

essentially of, or consist of, the radical polymerizable compound and the organoborane initiator.

The terminology “consisting essentially of” refers to the 1K or 2K system as including only



and the organoborane initiator in the other conponent. In this enbodi nent,
t he organoborane initiator may be present with the cross-1linking agent, the
radi cal pwbyosvisgabl e conpound, or with both. In yet anethsr2ewiheginent,
the conposition is a | K system and i nel udes the radi cal polynerizable
conpound. In still another enbodi ment, the conposition is a |IK system and

i ncl udes the radical polynerizable conpound and the organoborane initiator.
In an additional enbodinment, the I K systemincludes the radical

pol ymeri zabl e conpound, the cross-linking agent, andthe decorrplexmgll
agent . CPHPAYds |th€1t dp tbmatsppbafiesh the, a@lﬁémfi mozvserl chicagigustisne! therpyptems, suc
essentially of, or consist of, the radical polynerizable conpound and the
or ganob® plsfis. ipalyolcsinsralkymbe acrylraqtﬁSnms@gpaté’dcmfdics,itsien psis sfanetioahl agridic ostef er s
to the K or 2K system as including onlyconpounds that do not materially

af f ect nidnembss and drdlikvovel stdhathact@ebodiments, e lKhendys2iersystems aimyasclotef i ns,
pol yol ef ns, al kynes, acrylates, unsaturated acrylic ester resins,

funct i analkredCintlnicCligigt &ibiiRNO(ENS.S). ANV A heickidss. flbw sddities OtWk@Ing agents,
enbodi ments, the K and/or 2K systens nmay include hindered am ne |1 ght
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Cross- kers, catalysts, and the i ke. Furthernnre the 1K and/or 2
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the radhUibe SRR, abf %diwﬁ)@ahfan%blﬁ onpaEd W@ﬁlwp&lﬁﬁ%saw of more
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i.e., CC groups The radical polynerizable conpound may be

radical polymerizable compound may include two cthylenically unsaturated groups or three or

more cthylenically 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
radical polymerizable compound is partially polymerized and is an oligomer or polymer, but still
retains an ability to be further polymerized. In a further embodiment, the radical polymerizable
compound is selected from the group of mono- and poly- unsaturated glycerols or phospholipids,
phosphor diesters, peptides, nucleosides, nucleotides, and combinations thercof, having at least
one radically polymerizable functional group.

[0018] In still a further embodiment, the radical polymerizable compound is sclected from

the group of acrylates, carbamates, epoxides, and combinations thercof. Suitable non-limiting



selected fromthe group of nononers, diners, oligoners, pre-polyners,
pol ynmers, co-polyners, block polyners, star polyners, graft polyners,
random cowpebimavsy and conbi nations thereof, so | ong agctrh@26edsmal
pol yneri zabl e conpound is still able to be radically polynerized. In one
enbodi ment, the radical polynerizable conmpound is a nononer. |n another
enbodi nent, the radical polynerizable conpound is partially polynerized and
is an oligonmer or polymer, but still retains an ability to be further
polymerized. In a further enbodinent, the radical polynerizable conpound is
sel ect ¥arplemmof Karbamaigh 2pd chordes ardhpw! Javinmatkleastansdragicylbe pelygcgizable
phosphol i pi ds, phosphor diesters, peptides, nucleosides, nucleotides, and
conbi ndtrictinsal teheirewid, typiasllynepeatr meradenchineal reselips ablegted Goynthe igrapl of esters,
functional group. [0018] In still a further enbodi nent, the radical
pol ynerihzeb| letoespeldabydes, sabexiled atidgmmides gamolupraat, acwylitsat edfur capiyamat es,
epoxi des, and conbi nations thereof. Suitable non-limtingexanples of
car banphephands egoxisdendatanmbihatns hviesf) arhd eathamane magdi @alully aliphatic,
pol ynmeri zabl e functional group and typically one or nore functional groups
sel ect @PcibAIHMbAN QAP RatRS ¢ B8pLERI mBY HaUS linkRtRNESnchad dehygies witdrhRyy! i ¢
aci ds, am des and ureas, acrylics, sulfur groups, phosphorous groups, and
conbi nat i her: - Jhe..carb LGl i phati.c, eycl \Rhatic,
and ar oo R A R Ro TP INE, HABR bR Ak fonsB° IMREELE,
functiqgnal.ities includi but..not limted to, .branched. hydrocarbo
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unsaturated aliphatic conmpounds, vinyl esters, substituted styrenes, esters
of met hagatyhicd atiphafic cegtpenrdsoinyt estems csubstitited styderpontsitara ol owthartydic eofd,
Exanpl es of suitable a, b-unsaturated aliphatic

esters of acrylic acid, and combinations thercof. Examples of suitable o,f3-unsaturated aliphatic
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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.

[0019] In other embodiments, the radical polymerizable compound is selected 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
to, butyl acrylate, t-butyl acrylate, isobornyl acrylate, isodecyl acrylate, 2-cthylhexyl acrylate,
lauryl acrylate, cyclohexyl acrylate, octyl acrylate, isocyanate containing acrylates such as
isocyanatoacrylate, and combinations thereof. In additional embodiments, the radical
polymerizable compound is sclected from the group of diacrylates, triacrylates, polyacrylates,
urethane acrylates, unsaturated polyesters, and combinations thereof. Suitable examples of di-,
tri-, and poly- acrylates include, but are not limited to, hexanediol diacrylate, tripropyleneglycol

diacrylate, trimethylolpropane triacrylate, alkoxylated trimethylolpropane triacrylate,



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 styrenexoiomabude vinyl acetate, styrene, a-nethyl stycen®2010/059011

p- met hyl styrene, and conbi nations thegseof. [0019] 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 thereof. Suitable exanpl es of
acrylates i ncl ude, but are not limted to, but acrylate, t-buty

acryl aPentaqrypi nipiacadts aﬁrﬁaew@aa%cvrrawlﬁmeat%oen@ﬁ@tﬂwphé}ﬁwcafé%tsu aneg,
lauryl acrylate, cyclohexyl acrylate, octyl acrylate, isocyanate containing
acr yl arembmgiinsatbeicgc yuitehl o aen-linging, cxanlesovrfbirathenoagylates iedfde Ebercryl
addi ti onal enbodi nments, the radical polymnerizable conpound is selected from
t he gr @df2 ahd ditzceryl &8@ls cotnicagaliyl arv@kplepbbmatiCH &themjcalsr etdhayvailancriflat es,
unsat urated pol yesters, and conbi nations thereof. Suitable exanples of di-

tri-, asanRality salylatem ARGbUdRemidals. SuRablhod-iimitingtxbmpleh ok anatirabd
di acrylate, tripropyl eneglycol diacrylate, trinethylol propane triacryl ate,
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pentaerythrltol tetraacrylate di pentaerythritol hexaacrylate, and
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and a dlpentaerythrltol pent al/ hexa acrylate. In yet another enbodi nent, the
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acrylic and nmethacrylic ester resins,
[0020] 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, necopentylglycol 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
acrylate, 1H-, 1H-, 2H-, 2H-heptadecafluorodecyl methacrylate, tetrahydroperfluoroacrylate,
phenoxyethyl acrylate, phenoxyethyl methacrylate, bisphenol A acrylate, bisphenol A
dimethacrylate, ethoxylated bisphenol A acrylate, ethoxylated bisphenol A methacrylate,
hexafluoro bisphenol A diacrylate, hexafluoro bisphenol A dimethacrylate, diethyleneglycol
diacrylate, dicthyleneglycol dimethacrylate, dipropyleneglycol diacrylate, dipropyleneglycol
dimethacrylate,  polyethyleneglycol  diacrylate,  polyethyleneglycol  dimethacrylate,

polypropyleneglycol diacrylate, polypropyleneglycol dimethacrylate,



functional acrylic and nethacrylic ester nononers, and conbi nations
thereof. [0020] In still other enbodinents, the radical polynerizable
conmpound we 2waiAasised fromthe group of butyl enegl ycol dipagrepb@besoolut yl ene
gl ycol dinmethylacrylate, 2-ethyl hexylacrylate, 2- ethyl hexyl nethacryl ate,
2- hydroxyet hyl acryl ate, 2-hydroxy ethyl nethacrylate, nethylacryl ate,

nmet hyl net hacryl ate, neopentyl gl ycol diacryl ate,

neopent yl gl ycol di met hacryl ate, glycidyl acrylate, glycidyl nethacryl ate,
allyl acrylate, allyl nethacrylate, stearyl acrylate, stearyl nethacrylate,
t et r ahydngthylofioRpnetiiaeyloig e, t et remytyisiRIPPACHINGRICREMEY | at e, eBpPBMatt one
acryl ate, perfluorobutyl acrylate, perfluorobutyl nethacrylate, IH, |IH,
2H, 2Hihetpylatserehttoioerylies y Fthaxylytcdt simdthylolprdpanctgiethacrylate, pentaerythritol

2H hept adecaf i uor odecyl methacryl ate, tetrahydroperfiuoroacryl ate,
phenoxyedchylhte ac pyitatrghripph e nomyébdrylataretpeaeeythattd, toirsphdmol peramrythatol,

bi sphenol A di net hacryl ate, ethoxyl ated bi sphenol A acryl ate, ethoxyl ated
bi sphenatantizetyiasr sHdat@nbingioak | tiereef. bickpireaaimplesdbBsitiybat acryfaesaihtiuas o

bi sphenol A dinethacryl ate, diethyleneglycol diacrylate, diethyleneglycol

di met haghWhall® andinRRRWISHRIG! ¥feflas QU ﬁ%r)zﬂ)}ﬂta@fylﬂﬂuﬁé eRyNenaghoeRhcrylamide.
di met haciyl ate, pol yethyl enegl ycol diacrylate, polyethyl eneglyco

di met h%%ﬂ% é‘rhﬁodnﬁ&'ltyﬁ{]‘}Fé‘l afiﬁB%ngeQQLblg 'cé‘rﬁ?é/dnﬂt@ selPALYREARN SREILY ERYlene

di met hacryl ate, tri net anetriacryta

trimeth Io4 acr e P

trimet ¥ &llal% ]% Ealtflz ac e}l,coeg ﬁc fa XA corr?blnatlons therecof. Most typically, the
trimeth nmhMﬁgaua eMa %F¥Holtmamyuu&

pent aef" eP?q SRR a2 2c ?8%@9@'?7 tetraacryl ate,

pent aer hrltol tetranmet hacryl ate, and conbi nations .thereof. O her exanples

of sui {¥BRlé actWirbleszamples eﬁélkaw}qsmla% baharernot higifeg| tandlkid N g [kepoates.
N-i sopropyl acrylam de and N, N—dlnethylacrylanlde I n one enbodi nent, the
r adi calmqdoilyrmitineats) @%@nﬁmmdns theref. ebuitabilcf axampleh of gﬁfb@ﬁteéfm@‘lld@yb@rﬁée

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 therecof. Non-limiting of examples of phthalates include, but are
not limited to, allyl phthalates, diallyl phthalates, and combinations thereof.

[0022] The radical polymerizable compound may also include styrene and substituted
styrenes, particularly when used in conjunction with acrylic monomers. The radical
polymerizable compound may alternatively include acrylate tipped polyurcthane prepolymers
prepared by reacting isocyanate reactive acrylate monomers, oligomers or polymers, such as
hydroxy acrylates, with isocyanate functional prepolymers. Also useful are a class of conductive
monomers, dopants, oligomers, polymers, and macromonomers having an average of at lecast one

free radical polymerizable group per molecule, and the ability to transport electrons, ions, holes,



gl ycol dial kyl acryl ate, al kyl ene glycol diacrylate, and conbi nati ons
thereof. Mst typically, the radical polynerizable conpound is an acryl ate
or met haowplaioe49i49021] Sui t abl e exanpl es of al kenoat es pcnaipadleosdoui are
not limted to, alkyl-N-alkenoates, mmethyl-3-butenoate, and conbi nati ons
thereof. Suitable exanples of carbonates include, but are not limted to,
al kyl carbonates, allyl alkyl carbonates such as allyl nethyl carbonate,
diallyl pyrocarbonate, diallyl carbonate, and conbinations thereof

Sui tabl e itaconates for use in the present invention inclu but are not

i mi t e@ng/st Phpnaps. i Nae-drating cxrates nchidge bRy prej nefclinidgd to, behéll sl N(3Hg-

exanpl es of suitable acetates include al kyl acetates, allyl acetates, allyl
acetoa@@Wh@égydémbXﬁmhbbﬁhNﬁbﬁgdmh@pBdﬂmnwbnﬁminitingmdf exanﬁﬂé§H®{N-
pht hal ates include, but are not limted to, allyl phthalates, diallyl

pht hal &(esyzoghdygenpl)-MNaphcopmntifdtrpbnyly0id22] The radi cal pol ynmeri zabl e
conpound may al so i nclude styrene and substituted styrenes, particularly
when us$eg3in derj wist icomemplatedathay lthe radiced "BilgmerThdler asthp@lndpolay Mativdabl e
conpound may alternatively include acrylate tipped pol yuret hane prepol yners

prepar %@lmpyurfd%fctlmgg ASPeY AN %rcﬁl%@@ﬁtha“s‘ aB GE YA ALY Bro ?pln%w@ﬁ Smet&{ctﬂ&%msjl or

pol ynmers, such as hydroxy acrylates, with isocyanate functional

prepo Lé%&é sudﬁl a9 Mﬂch&l&o%?o n% na/fogi| ﬁﬁﬁ%&%& Y&afl gmg cl Qﬁgﬂﬁﬁmt

oligo po yners aving an aver age o ast one

free r %ml ea to ﬂ(%ﬁ? rrlc)lépas%ac\ﬁr%r? P%czp Eon Q‘ED Ng?rlflc:luedm%a \0191 1t 21;1?}% tensytl yantd%et [ aPSpor t

el ectrons, ion onons I"u

are not Ilnlt 4"-t [N-(3(2 '
actyl o Beyet Rnby iRy ine fetSHOH S o TS PAR AIEN: daopyag and butynyl
4,4"4"-tris| (3( benzoyloxyp enyl ) - N-phenyl am no] tri phenyl am ne. [0023] It
is al s@r%m é\?éplcambalatlmt thetref.r adifreanEIgiRe rargamt erewmpBendnstade radigalde

polymerizable groups in oligomeric and/or polymeric polyethers including an
allyloxypoly(oxyalkylene) group, halogen substituted analogs thereof, 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
polyethylene, polypropylene and polyethylene polypropylene copolymers, polystyrenes, styrene
butadiene, and acrylonitrile butadiene styrene, polyacrylates, polyethers such as polyethylene
oxide and polypropylencoxide, polyesters such as polyethylene terephthalate and polybutylene
terephthalate, polyamides, polycarbonates, polyimides, polyureas, polymethacrylates, partially
fluorinated or perfluorinated polymers such as polytetrafluorocthylene, fluorinated rubbers,

terminally unsaturated hydrocarbons, olefins, polyolefins, and combinations thereof. Of course,



conmpounds incl udi ng acryl oxyal kyl groups such as an acryl oxypropyl group,
nmet hacryl oxyal kyl groups such as a nethacryl oxypropyl group, and/or

unsat ur atwo 201fog@amis¢ groups i ncluding, but not |imted tecralpk@oywkoodr oups
havi ng 2-12 carbon atonms including vinyl, allyl, butenyl, and hexenyl
groups, al kynyl groups having 2-12 carbon atons including ethynyl,
propynyl, and butynyl groups, and conbinations thereof. The unsaturated
organi ¢ groups may include radical polynerizable groups in oligoneric
and/ or polymeric polyethers including an allyl oxypol y(oxyal kyl ene) group,
hal ogeff dubietbs tdersiandl Befs thenardien pc&me%ﬁé SEPOHS {hépkdmitqdn tcartbt her
enbodi nent, the radi cal polynerlzable conpound i ncludes a conpound forned
by cop@ﬁy@n@ﬂ@hﬁbammgamﬁ&mmbwpdudﬂéeﬁaVﬁthbmhyn@ﬁh%mbackbones with the
radi cal polynerizable conmpound such that there is an average of at | east
one fr ¢e02dqdi daladgiciby methe zatitad polyowpzabde caompahy.nbe corfusitainl reayorlgaintlode
conpounds include, but are not Iimted to, hydrocarbon based pol yners such
as pol yhess@ebody h &gl op@bytibathirenasicalpplyns2ppledeapoynds.y Thefdcosd, Sued) aas

pol yet hyl ene, pol ypropyl ene and pol yet hyl ene pol ypropyl ene copol yners,

pol yst ¥ eRgSitiosd YIEHE Q@hﬁﬁkﬁﬂ'@corﬁ&ﬂm@&ﬁﬁé&%'tﬁé §dnfo &U&lﬁ@ieﬁﬂﬁo&tt}ié El¥foal
pol yacryl at es, polyetﬁers such as pol yethylene oxi de and

polypr @Bf&%ﬁ%@&é d yc%%rﬁfe& aﬁb'&eh dﬂsvaPi difBfs LEE %H‘ Srh%n%tﬁe

pol ybu ene tere a ate pol yam ycar onates

polyureas th Gry. | at.es partla} | uor i nat quprln
p1c s¢nt i the SH10 1n an.amount o r alter atlve

poly merg’ ypétrafluoroe ene, fiuorina bet Fer

unsaturated ocar Iefln poI ol efi nbln tlons thereof

O courldnopnt %r 1 50 e erebi G Ty aﬂffea%ptal 9&391 BREVE S Fing i s
not limted to the aforenmenti oned co ounds and may include any others
known iROERf{Fam 80 toPh pantsbyaweieht sk | ptfttéﬁ%%ﬁ@étf thsoppepitionblnenetithound,

t he conposition may al so include
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 other embodiments, the radical polymerizable
compound is typically present in the composition in an amount of from 1 to 90, alternatively in
an amount of from 1 to 60, and alternatively in an amount of from 1 to 40, parts by weight per
100 parts by weight of the composition. 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.

[0025] Referring back to organoborane initiator first introduced above, the organoborane
initiator may be any known in the art. The organoborane initiator typically includes tri-

functional boranes which have the general structure:



the second, a third, or nore than three radical polynerizable conpounds.
The second, third, and any additional radical polynerizable conpounds may
be the sawo0fo/dbisferent fromthe radi cal pol ynmerizabl epcomposn@dsaescri bed
above. In various enbodi nents, the radi cal polynerizable conpound is
typically present in the conposition in an amount of from 20 to 99,
alternatively in an anount of from50 to 99, alternatively in an anount of
from60 to 99 and, alternatively in an anmount of from@80 to 99, parts by
wei ght per 100 parts hy meight of the conposition. In another enbodinent,

t he radVhesrin prehyifBr - Faney iedehsadendlyinavet sdhearben dpmaasiwbersin cpeloph B0t o 80
parts b¥‘meight per 100 parts by weight of the conposition. In this

enmbodi Menmndeposlepty insludy one plyhhydspganrasors onpxsddalkiybgrouppd biadar gr brasthgd etkyh
solvent. In other enbodinents, the radical polynerizable conpound is

t ypi calgtquppraemerftonh ih td h2 cabopewintsiion backtence,cmodiphataf grbum rnd atom a0, ,group,
alternatively in an anount of from1l1l to 60, and alternatively in an anount
of fr omh hiky®urdOgroWarah N crnogir@l capeblc bOBurRaskisg by a \WBvQt baitigé Fethe boron,
conposition. In still other enbodi nents, the conposition typically includes

the seqRfalofdh Jublstit@RdhOhoREGsthQES sucReL£ 81 1cRPLYOBIR ZRB! LIFOTRIMNGSnM th a
total ampunt of radical polymerizable conpounds present in the anounts

descri %g gﬁ&’r@ Wifbon| eﬂﬁ-ﬁg’,l arfdels e{)o”vial’élgtbtJ B6K4ddOtoObHFRONGS 3Gwh Nl R BRD rma{yih£1§(§

i ntrodu above, t organoborane initiator may be any known in e art.

The orgapgborane. initjator typically includes,.trifunctional boranes ich
et ARRBSRERDFod b EIGHP bro¥RuBh X pleln/oF Bkl LR O BRAGR MEL S0,
endent cl ude

nave ik 20, Carbon stomand et eagh of £ SqUEReten Y Lac)
groups may be lincar, 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, phenyldicthylborane, 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-
borabicyclo[3.3.1]nonane in toluene, dibutylboron triflate (DBBT) in a 0.5M solution in n-
heptane, dibutylboron triflate (DBBT) in a 0.5M solution in methylene chloride, dibutylboron
triflate (DBBT) in a 0.5M solution in toluene, dicyclohexylboron triflate (DCBT) in a 0.5M
solution in hexanes, dicyclohexylchloroborane (DCBCL) in a IM solution in hexanes,
methoxydiethylborane (MDEB) as a neat liquid, a 50 wt% solution of methoxydicthylborane
(MDEB) in tetrahydrofuran, tricthylborane (TEB) as a neat liquid, triethylborane (TEB) as a ncat
liquid in tetrahydrofuran, tricthylborane (TEB) in a IM solution in hexanes, tri-n-butylborane

(TNBB) as a ncat liquid, tri-sec-butylboranc (TSBB) as a necat liquid. Typically, the



group having from1l to 12 carbon atons in a backbone, an aliphatic group,
and aromatic group, an al kylaryl group, an al kyl ene group capabl e of
functi oniwg 2ap/@9m0eval ent bridge to the boron, and hal ogemn/rpobeiosdoui ed
honol ogues thereof, such that at |easts one of R, R, and R includes one or
nore carbon atonms, and is covalently bonded to boron. Up to two of R -R may
al so i ndependently be an al koxy group such as a nethoxy or ethoxy group
such that at |east one of R -R provides a boron-carbon coval ent bond. The
al i phatic and/or. aromati ¢ hydrocarbon groups nmay be |inear, branched,
and/ or oEspapheranctip firdicy definse paHEnDHBosINSy FIRRJeBBPH G RURNRISCTRILY RS STt i s
not limted to, tri-nmethyl borane, tri-ethylborane, tri-n-butyl borane,
tri-no@f?ﬁb@ﬂéﬁ@nmmﬁ$S@é@ﬂbbﬂvaorane, tri-dodecyl bor ane,
phenyl di et hyl borane, and conbi nati ons thereof. O her suitable exanples
include 9-BBN in a 0.5M sol ution as nonmer 9- borabicycl o[ 3. 3. 1] nonane in
hexanes, 9-BBN in a 0.5M sol uti on as| nononer 9- borabicycl o[ 3. 3. 1] nonane in
tetrahydrofuran, 9-BBN in a 0.5M sol u}ji on as nononer 9-
bor abi cycl o[ 3. 3. 1] nonane in toluene, @butylboron triflate (DBBT) in a 0.5M
solution in nheptane, dibutylbo;gg/fﬂ?fl (DBBT) in a 0.5Msolution in
nmet hyl ene chl ori de, dibutyl boro riflate (DBBT) in a 0.5Msolution in
t ol uene, dicycl ohexyl boron trlflate %q%& o in a 0.5M solution in hexanes,
di cycl ohexyl chl or obor ane (DCBCL) gfutlon i n hexanes,
met hox dlethylborane (MDEB) as a neat l'iquid, a 50 mﬁ@bsolutlon of
met hoxi@fpéﬂ hy | Hisr AFaneDER) iRiHatektp affEHoTedr Hith e bleeliyg geaindo (foem) ams a
neat liquid, triethylborane (TEB) as a neat liquid in tetrahydrofuran,
triet hprgﬂmlaamne(cpm)le& nl he blodkengl agentoenders the gegaaehoranei complﬁzitqubbmtan@ie(nTNBB)
as a neat liquid, tri-sec-butylborane (TSBB) as a neat liquid. Typically,
t heor ganohtsareadiis afvarittherf soefiomed radicdl polymdouzbhlt bompnends. Fire agsobogpphe ve
pur poses only, the structure

complex is capable of initiating polymerization or cross-linking of the radical polymerizable

compound after dissociation of the organoborane initiator from the blocking agent.

[0027] The organoborane 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 in the
art, the binding energy of the organoborane complex refers to a net amount of energy required to
decompose the organoborane complex into its components, i.c., the organoborane initiator and
the blocking agent. Of course, the instant invention is not limited to the aforementioned binding
energies.

[0028] 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 blocking agent until termination at a trialkyl

borate. Theorized reaction schemes of radical formation and propagation, in addition to probable



of tri-n-butylborane is set forth below tri-n-butyl borane [0026] The
organoborane initiator is conplexed with a bl ocking agent to form an

or ganoborwoeonpnpisex. The bl ocki ng agent renders the or gamaipes@nsvogonpl ex
stabl e at anbient conditions and in a4vari ety of solutions of radical

pol ynmeri zabl e conpounds. The organoborane conplex is capable of initiating
pol ynmeri zation or cross-linking of the radical polynerizable conpound after
di ssoci ati on of the organoborane initiator fromthe bl ocking agent. [0027]
The or ganobor ane conpl ex typlcally has a binding energy of from5 to 25,

mor et yisiecaratipny that ogeHrg oret wt Sorth andriges et ¢ Yithes! injenginer loobs peungsby any

kcal /nmol. As is well known in the art, the binding energy of the
organom@mmnbrdmnpmémmﬂeﬁewﬁihu=dbﬂea&aﬂmﬂmﬂ1@pmemEthﬂ¢@duhmédnmm(déh@npose
t he organoborane conplex into its conponents, i.e., the organoborane

i ni ti at@ficarpelyibazdplocdmpyan@dgent. O course, the instant invention is not
limted to the aforenenti oned binding energies. [0028] Wthout intending to

be | miped)by amy yaiidCaleat lstﬂaﬁgérydeﬁh&d assathfa&ﬁs@altdaﬁ&ycﬁla Ibw;hzﬁltgl dodhed
boranes |n the presence of triplet oxygen, can undergo "bi-nol ecul ar

homol i1k yEMIARE Aha R pDROD -G URERPORGb o e ngghi%{ FRRRNE LA, BeigY !

al koxyl, etone trip or thi (al nown as Su

it st fﬁe EbGnaC ol AR BRATH o SRR gt it e CHPRRRRREN

atrialk borate Th rized reaction sc enes of radlc forpati on an
propaga9¥laﬁ><1nﬂﬁn%fafaqst. L) %g%ﬁaﬁwa%%%mp PHAE MAUFHLS @ea ? fgreal rromagagh 4@
forth in Figure 4. Wthout intending to be bound by any articul ar t heory,
it is B sedarted fromitheageyp of ayipBiacsmoisy) (-Niph ééhlpymoltﬁty - §§é 3¢l 3 PRASPHIBS | on

of the
moiety (-PR») wherein each R is independently a hydrogen atom or an alkyl group. Typically,

the amine moiety is a primary amine, but may alternatively be a secondary amine. The
organoborane complexing moictics are also separated from cach other by two to four carbon
atoms. In one embodiment, the organoborane complexing moieties are separated from each
other by exactly two carbon atoms such that one of the complexing moieties is alpha to the other.
In another embodiment, the organoborane complexing moieties are separated from each other by
exactly three carbon atoms. In still another embodiment, the organoborane complexing moieties
are separated from each other by exactly four carbon atoms. This separation increases the
nucleophilicity of the blocking agent towards the organoborane initiator thereby allowing the
blocking agent to more completely interact with the organoborane initiator. Nucleophilicity can
also be improved with more than two carbon atoms separating the organoborane complexing
moieties.

[0030] In one embodiment, the bi-functional noncyclic blocking agent is aliphatic and has a
single amine moiety and a single thiol moiety. In another embodiment, the blocking agent is

aliphatic and has a single amine moiety and a single phosphine moicty. In still another



radi cal polynerizable conmpound. [0029] The bl ocking agent is further
defined as a bi-functional noncyclic bl ocking agent. The bl ocki ng agent may
be | i nearwonofwamahed but cannot be cyclic. In additionpcrh®bbosiing agent
is bi-functional and includes exactlyistwo functional groups that are

or ganobor ane conpl exi ng noi eties. The two organoborane conpl exi ng noi eties
are different fromeach and are selected fromthe group of an am ne nvoiety
(-NR), athiol noiety (-SR), and a phosphine noiety (-PR) wherein each R
is independently a hydrogen atom or an_al kyl group. %plcally, t he am ne
noi et y SMyodinsat, mwow&@enbﬁﬁllﬂwca@ E?Srﬁh%lpglélﬂvdﬂﬁmﬁ SO PRAHBS The
or ganobor ane conpl exing noieties are al so separated from each other by two
to foumaeyboh athgrrsmbpdiments, didb btlickingt agenhes diregarfotrobamerrbamnphsesiraipn.

noi eties are separated fromeach other by exactly two carbon atons such

t hat omzamblet hé sovatpé dldchopgragcetsiiedudes bak pleandtolihhel at, Reaminbethardtibie 2-
enbodi nent, the organoborane conpl exing noieties are separated from each

ot her BYoPhAGEihindniih€e2-phdshhinoeth&iEthioll 13-Fhihbpropdmet 1h@iol € BpBEipiEidhrophie -

or ganobor ane conpl exi ng noieties are separated from each other by exactly

four camhen aiME%Hhin Ug!roﬁaaﬁélpﬁl&@tl QynhiRSsRAR ESthid1e ﬁ?ﬁdsﬁ%%dthﬂlﬂiaml&f yhe
bl ocki ng agent towards the organoborane initiator thereby allow ng the

bl ocki %ﬁ ﬁ%ﬂﬁl%gutglge- Mo h‘éﬁcﬁk&bs‘u{g&e%r@a hintoh b %JAEN %Q%G%@aﬁ&% thitbb4 ator.

Nucl eo ICIty can a SO e IITpI‘OVE nor e an two carbon atons

separ atFl ng escr Vganolllj 05 aeg € CCi céelrrrlllgalml t%(‘!u?r% QO 9]am1no net%m? odbrrent
the bi-func ﬁhﬁ noRcY &I ¢ 1}%’cklng agenf is a |p atic an as a ’single

Zg]egte I%Bés%il};loetﬂanamlrslé " -lpﬁospﬂljngéthgr})elthelg)ly 3- alrrrllln(a)}g]rglgar}l%rl _%{T(H’O g pgespﬁllnog)po%ar? | 90k| ng
amine, 3-phosphinopropane-1-thiol, 4-aminobutane-1-thiol, 4-phosphinobutan-1-amine, and 4-
, d-phosp prop ) , “4-phosp )

phosphinobutane-1 -thiol are set forth below.

\/\NH2 NH, PH,

2-aminoethanethiol 2-phosphinoethanamine 2-phosphinoethanethiol
EN U NGNGB NN
3-aminopropane-1-thiol 3-phosphinopropan-1-amine 3-phosphinopropane-1-thiol

NH, NH, PH,

4-aminobutane-1-thiol 4-phosphinobutan-1-amine 4-phosphinobutane-1-thiol
Typically, the bi-functional noncyclic blocking agent is selected from the group of 2-
aminocthanethiol, 2-phosphinocthanamine, 2-phosphinoethanethiol, and combinations thereof.
It is also contemplated that the bi-functional noncyclic blocking agent may form one or more of

the following structures or similar variants thereof:



aliphatic and has a single amne noiety and a single phosphine noiety. In
still anot herenbodi nent, the bl ocking agent is aliphatic and has a single
t hi ol noiwbyoandoa7si ngl e phosphi ne noiety. I n other enpgdiprenivssooihe

bl ocki ng agent is free of carbon-carb@n unsaturation. Exanples of suitable
bl ocki ng agents include, but are not limted to, 2-am noethanethiol, 2-
phosphi noet hanam ne, 2-phosphi noet hanet hiol, 3-am nopropane-| -thiol,

3- phosphi nopr opan- | am ne, 3-phosphi nopropane-|-thiol, 4-am nobutane-|
-thiol, 4-phosphinobutan-|l -am ne, 4- phosphi nobutane-1 -thiol, alkyl

nono- substitutedNariants on P and N.gand conbinations &héile. For
descripti __pHﬁﬁOSéSNQﬂL , chgpLQ%ﬁNstFu$&uL of H=—amPnoet haRgthitbl , 2-
phosphi noet hanam ne,; 2- phosphi noetjhanet hijol , “3- am noprjopane-| ithiol,
3-phosphinoproggg;Lj%ine, 3- phospHi nopr ogane-1 -t hiol, 4-am nobyt ane-
1-thiol, 4-phosphinobutan-I -am ne; phosphi nobut\gne-1 Athiol are set
forth bel ow. 2-am noet hanet hi ol 2-phoSphi noet hanam ne

2- phosphi noet hanet hi ol HS NH2 H2P N H 2 HS PH2 3-am nopropane- 1-thi ol

3- phosphi nopropan- 1-am ne 3-phosphi nopropane- 1-thi ol H

4- am nobut ane- 1-t hi ol llphosphinobutaQ; 1- am ne 4-phosphiﬂgbut ne- 1-thiol
Typically, the pk-ﬁun¢1ional noncyclt © ) gcki ng agent gs/sefbﬁLedHfronlthe

group of 2- anfnoeth tl ol , 2- phosphi nd¢thdhani ne,
2- phosphi noet hapet hi bl , and conbinfations ffhereof. It s also cpntenpl at ed
t hat the bi-funeét+eral noncyclic ocki agent may f r nore of the

follow ng structures or simlar vari s thereof:As ill ed above, one
hydr ogen at om coval ently bonded to the nitrogen atom may hydrogen bond to

t he sulAsUruataesm abbh@;roﬂ@}Aﬁi/&i@géﬂ Ml ddGalehtREbSHded i thatridded aRin® myellyawgpfh exing
wi th the organoborane. ternatively, the hydrogen atom coval ently bonded

to thepgpd td el %%p@hereby “activating” the sulfur atom to promote complexing with the

organoborane. Alternatively, the hydrogen atom covalently bonded to the sulfur atom maybe
hydrogen bond to the nitrogen atom, thereby “activating” the nitrogen atom to promote
complexing with the organoborane.

[0031] In one embodiment, the blocking agent is 2-aminoethanethiol and the organoborane is
complexed with the amine moiety of the 2-aminoethancthiol. In another embodiment, the
blocking agent is also 2-aminocthancthiol but the organoborane is complexed with the thiol
moiety of the 2-aminocthanethiol. For descriptive purposes only, a chemical structure of 2-
aminocthanecthiol is shown below. In addition, typical chemical structures of organoboranes

complexed with 2-aminocthanethiol are also shown below.

1T 11
HS\/\ RP—B = S\/\ RZ_B<_N\/\
NH, | NH, | SH
R? R® H
2-aminoethanethiol Organoborane Complexed Organoborane Complexed
with Thiol Moiety of the 2- with Amine Moiety of the 2-

aminoethanol aminoethanol



hydrogen bond to the nitrogen atom thereby "activating"” the nitrogen atom
to pronote conplexing wth the organoborane. [0031] In one enbodi nent, the
bl ocki ng woenio/i48742- am noet hanet hi ol and t he or ganobor apeTtiep2€0pdoeked w t h
the am ne noiety of the 2-am noet hanetzhiol. In another enbodi nent, the

bl ocki ng agent is al so 2-am noet hanet hi ol but the organoborane is conpl exed
with the thiol noiety of the 2-am noethanethiol. For descriptive purposes
only, a chem cal structure of 2- am noethanethiol is shown below. In
addition, typical chem cal structures of orghpoboranes conpl exed with

2-am nd¥3RAnet Withoutantending to erbamad by lagypapicala heewhiiebicssd baigkindBsphne
Conpl exed Organoborane Conpl exed with Thiol Miety of the 2- with Am ne

Mbi et y thyf blo¢kenpageaninap be hldersdd amdiongenthalled by 06321 solwentso Ut isibalieseditheg ifithe be
bound by any particular theory, it is believed that binding of the bl ocking
agent mieking agéift et elds amahor ncoetymoll brlctr byhioke phbspghodeventty, udetofinsndpelar eved
that if the bl ocking agent includes an am ne noiety and either a thiol or

phosphisgigeit®ipainyotesisRir@fentdnd @l Arons GlyuRaES afphDtdhRatINWIhd@en the Atioggn of
one hydrogen atom coval ently bonded to the nitrogen wth the sulfur atom or

phosphqyifusec LI atéd HGReEIHBRS ARAY, eas cIeE'&[H%H)éb @eCttlheY@Jy' APtivdting” skl fulihr at om
or phosphorous atomto pronote conpl eX|ng w th the organoborane.
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phosphorous atom thus promoting complexing of the nitrogen atom with the organoborane. It is
also believed that if the blocking agent includes a thiol moiety and a phosphine moiety, then the
use of non-polar solvents activates the phosphorous atom preferentially over the sulfur atom to
promote complexing with the organoborane. Alternatively, use of polar solvents in this
embodiment is thought to activate the sulfur atom preferentially over the phosphorous atom to
promote complexing with the organoborane.

[0033] The organoborane complex may be physically and/or chemically attached (bound) to
a solid particle such as a phase support to control working times, as well as to stabilize liquid
phase organoborane complexes against separating during storage. Attachment can be
accomplished by a number of known substrate treatments cither in-situ or a priori. Some
substrate treatment methods include pre-treating solid particles such as ground or precipitated
silica, calcium carbonate, carbon black, carbon nanoparticles, barium sulfate, titanium dioxide,
aluminum oxide, boron nitride, silver, gold, platinum, palladium, and alloys thereof, base metals
such as nickel, aluminum, copper, and steel, and combinations thereof, with a reactive

compound. The pretreatment may be followed by complexation with the organoborane complex,



use of non-polar solvents activates the phosphorous atom preferentially
over the sulfur atomto pronote conplexing with the organoborane.

Al t er nat iwelyi1o/usga70f pol ar solvents in this enbodi nent pcs/Erbexv®bdo1t o
activate the sul fur atom preferentialigy over the phosphorous atomto
pronote conpl exing with the organoborane. [0033] The organoborane conpl ex
may be physically and/or chemcally attached (bound) to a solid particle
such as a phase support to control working tines, as well as to stabilize

| i qui d phase organoborane conpl exes agai nst separating during storage.

At t achiREry digst Beatmeriopipthe sRE pBVlC&Snﬁﬁﬁléﬁ‘r sdid padedps Bshisle farcdiopplegiphisnt s
either in-situ or a priori. Sonme substrate treatnent nethods include

pre-t r edditivig Kioh pslsybairate dicetingsagshts s igpwiied that ape mbeghtharcedivei hpcwquical ci um
carbonat e, carbon bl ack, carbon nanoparticles, bariumsulfate, titanium

di oxi depprapuiate prercaoKoetp abaid eentitoreiddegmisletatien of gel dganpbatnsaicomplpabdiagli um
and al l oys thereof, base netals such as nickel, alum num copper, and

st eel , afihe@Orddilidagartilss MORIIBQT readtivie NsuBsthiRRE lchiy ®e GRIABIOU G . nelfislizpd dkfeat ment
may be foll owed by conpl exation with the organoborane conpl ex, or by direct

t r eat ngfAtchfent BE dRObigHnMREddeCdRsple. FARRtR Ol ehPAtdch@b@Sofl el dtdsmobsiags i onal
groups, additives such as substrate treating agents or inpurities that are

inhereQB&éb&%ﬁ&ﬁ%%ﬁﬁU&%ﬁﬁﬁQH%ﬁ fﬁqg%ggﬁhg&%gpre-cautions to avoid prenmature

deconpl exati on”o e organoborane conpl ex being attached. Solid particles
i ncl udi eact, ve substances can be ur%{ied or _neutraliz before.
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t he organoborape conpl ex na e perforned in an oxygen fr enyi ronngnt .
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conposition. Typically, the organoborane coqplex i s used in an anount
equi valme tirécagy of {9 6._1 g2 30oe¥gy more typically of from 0.1 to 30, still more typically of

from 1 to 20, even more typically of from 1 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 complex
depend upon a molecular weight and functionality of the organoborane complex and the
presence of other components in the composition such as fillers.

[0035] The organoborane initiator of this invention can be synthesized by well known
hydroboration techniques. One route of synthesis includes reaction of dicthylborane in THF with
terminally alkenic compounds. It is known that such reactions generally can produce a mixture
of products derived from the addition of boron to either the a-penultimate position or the B3-
terminal position of the carbon of the double bond. Tt is to be understood that a B-product, or a
mixture of a- and - products, may also be included in the organoborane initiator.

[0036] In various embodiments, the organoborane complex is wused for radical
polymerization and chain transfers. In various embodiments, the organoborane complex is used

to polymerize the radical polymerizable compound to form dimers, oligomers, pre-polymers,



nore typically of fromO0.1 to 80, even nore typically of fromO0.1 to 30,
still nore typically of from1l to 20, even nore typically of from1 to 15,
and nost wppomalsbsof from2 to 5 parts by wei ght per 1@@Tp=pé®obyiwnei ght
of the composition. The anounts of the organoborane conpl ex depend upon a
nol ecul ar wei ght and functionality of the organoborane conpl ex and the
presence of other conponents in the conposition such as fillers. [0035] The
organoborane initiator of this invention can be synthesized by well known
hydr obor ati on techni ques. One route of synthesis includes reaction of

di et hyPBBIHe corPobireryy Rlpck polimngsst pipr apkewie wdhpelyAwss, radoms cochohietshat
such reactions generally can produce a m xture of products derived fromthe
addi t i end/of casarippionptheicohthat mAyonmpenefirempmtableo bé furthar pdicalepdymenzadi nal
position of the carbon of the double bond. It is to be understood that a

b- pr od(ied37] or Ia avcximbodinodnt,(tKe oggadolorapr avydéssis wey talpsiynieezé nchbdieded n t he
organoborane initiator. [0036] In various enbodi nents, the organoborane
conpl exndlsnins el irodcryladi ealcxp@p)rsshchal podymandtichriset fortaBsibers. | n vari ous
enbodi ments, the organoborane conplex is used to polynerize the radical
pdwmﬂzﬂﬂecmmmmdtofmmdnmm,ngmmmLrm&p%MMH& | ymers,

co- pol yrEERIMRock N(CHsOBK, pol ymers, graft ppl ymer ran
co- pol ynmers, andNer cornpi nati ons t her eof t;gg\q?y o]
be further radically pq|ynerized. [0037] |g~0One ; t,
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or ganobor ane conN i sNused to polynerize a substituted nel am ne and an
acrylate. An exanpl &of such a polynerization is set f@gth below "Hexa"
Acryl ate Substituted Ml am ne O ganobprane Conpl ex +

N(CH,OR),

Thermal Reaction
Inhibitor + O,

"Hexa" Acrylate Substituted Melamine

Organoborane Complex
+

Decomplexing Agent
(e.g. HY

Polymerized Product
(e.g. A Cured Coating Composition)

In an alternative embodiment, the organoborane complex is used to polymerize an addition
product from the reaction between hydroxy acrylate monomers such as hydroxy ethyl 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 complex is used to
polymerize an isocyanurate acrylate monomer and a multi-hydroxy or amino functional
monomer such as tri-methylolpropane, pentaerythritol, di-ethylene-tri-amine, and the like. In
still a further embodiment, the organoboranc complex is used to polymerize glycidyl

methacrylate. It is also contemplated that acrylate monomers may first be reacted with a



Deconpl exi ng Agent (e.g. H+) Pol ynerized Product (e.g. A Cured Coating
Conposition) In an alternative enbodi nent, the organoborane conplex is used
t o pol ymewbpzeicanoaddi tion product fromthe reacti on bet weempbyidosooy1

acryl ate nmononers such as hydroxy ethywl acrylate (HEA) and/or hydroxypropyl
acrylate (HPA) and a nulti-functional isocyanurate, such as an IPD trinmer,
HDI trimer, etc. In a further enbodi nent, the organoborane conplex is used
to polynerize an isocyanurate acrylate nononer and a mnulti-hydroxy or am no
functional, nmononer such _as tri-nethyl ol propane, pentaerythritol, )

di - et hyPsHBied melapinge an Ay Inmets. ik 8. simpargppltirfunctfonpk meietyelpBeduss st mulfine

or ganoborane conplex is used to polynerize glycidyl nethacrylate. It is

al so coeavytatpingreddipigavhigle thenanay brocisekinto aryoss-linkad dveting eerneaeiting without
asubstituted nelam ne, an isocyanurate, or a simlar nulti-functional

noi et y WNoopstbetuedadomarlatldathoat.at e i nt er medi at e which then may be cured into
a cross-linked coating conposition without UV or other radiation or added
heat. [038] |1A @RenesdAGAEAEMd o@Pdf @nlayhihd offheabitfigctdhal Aehchilid Moekih@nal
noncyclic bl ocking agent is bound to the organoborane, the conposition nmay
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of the organoborane conplex in that the optional amne is not part of the
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part of the OFganoborane conpl ex. yplcaWFy,’gﬁep Y Y
identical to any amine that is part of the organoborane complex. Alternatively, the optional
amine may be different from any amine that is part of the organoborane complex. Typically, the
optional amine is added when a decomplexing agent is used and includes carbon dioxide, as is
described in greater detail below. The optional amine is typically a primary amine but may be a
secondary amine, or a combination of primary and secondary amines. In one embodiment, the
optional amine is ammonia. In another embodiment, the optional amine is sclected from the
group of ammonia, methylamine, ethanolamine or 2-aminoethanol, 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 amine may be included in the composition in a stoichiometric ratio of
about 1:1 with the organoborane complex. In other embodiments, the optional amine is included
in various stoichiometric ratios to the decomplexing agent, e.g. 1:2, 1:3, 1:4, 1:5, etc. In still
other embodiments, a sub-stoichiometric ratio of optional and/or free amine to the organoborane

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



optional am ne is added when a deconpl exi ng agent is used and i ncl udes
carbon dioxide, as is described in greater detail below The optional am ne
i s typi cavbyom/mviamary am ne but nmay be a secondary am per/Epro1d/os@ibi nati on
of primary and secondary am nes. In ane enbodi nent, the optional amne is
ammoni a. I n another enbodi nent, the optional amne is selected fromthe
group of ammoni a, nethyl am ne, ethanol am ne or 2-am noet hanol, propyl am ne,
2-propyl am ne, trisam ne, dinmethylam ne, nethylethanolanine or

2- (met hyl am no) et hanaol , hexyl am ne, heptyl am ne, benzyl am ne,

met hox PRREPYITal neompisst edipifte, cnigncefl diCHENE aPEPREiche W %ﬁ?r sBYWiagnaeduced

pi peri di ne, dinethyl et hanol am ne (DVEA) or 2-(di methyl am no)ethanol, and
conbi naviophgridityerle ofic cmhedimgnt, theaubateilgheometsic basioj afipticiead angior fiec @roimtp@csi tion
in a stoichiometric ratio of about 1:1 with the organoborane conplex. In

ot her ebadarbntage- dolneplopis ifienal.Sdntoriel .i b dnodleu d@bodimentathcoub-setidiaditoaet ri ¢
rati os to the deconpl exing agent, e.g. 1:2, 1:3, 1:4, 1.5, etc. In stil

ot her esthodf oBitingl adtl/G&udeds hing b ah®bfdaGoborhneOc@iipl@Pis Boal 0.eods0r i el am ne
to the organoborane conplex can be utilized. In these enbodi nents, it is

sur pri shiter2RehbBGin AL PAE e b-dtSichiBRicirtY @McO$ dfiRhalt BEI/EOMRES bhikNtd NRd udi ng
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t he organoborane conplex is fromO0.7 to In a further enbodinent, the
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conplex is less than about 1:1.
leveling agents, solvents, surfactants, fillers, stabilizers, solvents, plasticizers, defoaming agents,

wetting additives, catalysts, rheology controlling agents, pigments, photosynergists, adhesion
promoters, pigment dispersants, flow aids, acid functional polymers, additive polymers,
catalysts, and combinations therecof. 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.

[0040] The one or more additives may also include a catalyst to enhance curing. Such
catalysts, which are well-known in the art, 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. Other
catalysts that may be uscful in the composition include, but are not limited to, Lewis acids,

transition metal salts such as zinc salts and tin salts, and combinations thereof. The catalyst may



[0039] In addition to the aforenentioned conpounds, the conposition may
al so include one or nore additives. The one or nore additives may be

sel ect ed woamnowtersgr oup consi sting of |eveling agents, ®oru®PB§D/ 59011
surfactants, fillers, stabilizers, salvents, plasticizers, defoam ng
agents, wetting additives, catalysts, rheol ogy controlling agents,

pi gnents, photosynergists, adhesion pronoters, pignent dispersants, flow
aids, acid functional polyners, additive polyners, catalysts, and

conbi nations thereof. Non-1imitin exanpl es of suitable surfactants |nclude
Sur f yndF lockest imbtockask ot paitaky bloskedy Bhﬁa‘iqtaébﬂtémfyr‘tﬁ#lﬂ\?l?e P patiiedly biggded

Chem cals, Inc. of Allentown, PA Suitable non-limting exanples of

pl ast i siithears ainins grdeth@osuite(bie) blackipg jage®| sushjasi anepxiRmsi medibomgreragirad. | JIf
avai |l abl e from Cook Conposites and Polynmers of St. Louis, MO. [0040] The
one or imbudedatidicitalyetss peeyerablyg mdlwict uden amoattalf 9dttotl@, ennameéraly bhgyl tGSuch
catal ysts, which are well-known in the art, include, but are not |limted
to, p-tdl usdesdbtt prfgabrgiod, 0.2li toomy] paphbhakeas: gersudd gaite BCivdight of the
dodecyl benzenesul foni ¢ aci d, phenyl acid phosphate, nonobutyl nal eate,
butyl pbesehidde, hydroxy phosphate ester, and conbinations thereof. O her
catal ysts that may be useful in the conposition include but are not
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salts inatio ereo e cata yst may e b ocC |'ocked, or
partia Iy blocked The cat bl ogk r |aIIy cke th an
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material . |f | ude t he cat ref bly included in a
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0.7, parts by weight per 100 parts by melgpt of the conposition
aliphatic 'solvent.” In an additional embodlment the solvent includes a polar aromatic solvent. In

nD nt of

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 ether
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 thereof. If included, the solvent is typically included in an amount 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.



[0041] If the conposition includes a solvent as the one or nore additives,
the solvent may be any known in the art, including water, and nay be HAPs
free. |In woeopnodznent, the solvent includes a pol ar owpgampgosekwent. I n
anot her enbodi ment, the solvent inclugdes a polar aliphatic solvent. In an
addi ti onal enbodi nent, the solvent includes a polar aromatic solvent. In
yet anot her enbodi nent, 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-limting exanples of useful solvents
i ncl udé04fRd hy | Fusthriy [theecopfemoseddifives mgpyrcluds HAigmenet WEn. 9pBxangile. bt one,
m anyl acetate, ethylene glycol butyl ether-acetate, propylene glycol
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n- but anol , di propyl ene glycol nethyl ether, SC 150 solvent commercially
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acetate, butyl alcohol, propylene glycol nononethyl ether acetate,
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col ored naterlals fillers, nmetallic and/or inorganic flake materials such
as ni c&ok00Naitrby Hivight akibe ComPPsinmbi nat i ons t hereof. Non-limiting exanpl es

of suitable p |§nents i ncl ude
[0043] till 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.

[0044] 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, the stabilizer is typically included in an amount of up to 20, more typically in an



a carbon bl ack pignment, titanium dioxide and other inorganic col ored

pi gnments, such as iron oxide, chrone yellow, noly orange, titaniumyellow,
ni ckel tiwenaiow4yabl ow, chrome greens, and the like. |f pchrarosgiedsoothe
pignent is typically included in an awount of up to 60, nore typically in
an amount of from5 to 50, and nost typically in an amount of from10 to
40, parts by weight per 100 parts by weight of the conposition. [0043]

Still further, the one or nore additives may include a Ievellng agent. The
| evel i ng agent may include, but is not Iimted to, vinyl acr
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included in an anount of up to 20, nore typically in an amount of from1l to
10, an@aﬁ®EXW©¥bi@3hdWﬁMﬁwémnanDunt of from2 to 5, parts by weight per 100
parts by weight of the conposition. [0044] Alternatively, the one or nore
addi ti yve®tsimy Rafaringencay ¢ alx netlerd. off iengtg@lthd cured avatyng nchpekétidn nolehed
amne light stabilizers (HALS). If included, the HALS may i nclude any known
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| ess than 300 g/nmol and nore preferably of |ess than 260 g/ nol.
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use in the present invention include, but are not limted to, Sanduvor(r)
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the nethod of form ng the cured coating conposition on the

coating. In one embodiment of the method,” when forming the composition, the radical

polymerizable compound and the organoborane initiator are introduced simultancously to form
the composition. In another embodiment of the method, the radical polymerizable compound
and the organoborane initiator are introduced sequentially to form the composition.

[0046] The method also includes the step of decomplexing the organoborane initiator from
the blocking agent thereby forming a radical. In one embodiment, the step of decomplexing
includes applying an energy to the organoborane complex that exceeds its binding energy, as
first described above. In other embodiments, the step of decomplexing occurs when a more
kinetically or thermodynamically stable product is formed from the decomplexing. The step of
decomplexing may be completed using any mechanism known in the art including, but not
limited to, use of decomplexing agents, UV light, and/or heat. In one embodiment, the step of
decomplexing the organoborane initiator from the blocking agent is further defined as
introducing the decomplexing agent to the composition wherein the decomplexing agent is
reactive with at least one of the amine moiety, the thiol moiety, and the phosphine moicty. Upon

reaction of the decomplexing agent, the organoborane initiator dissociates from (i.e., breaks apart



aut onobi | e conponent, the nethod includes the step of applying the
conposition to the autonobile conponent. The step of applying may include
any appl iwet2zommeparhod known in the art. Suitable appli eatrirppowRsdveds

i nclude, but are not limted to, spras coating, dip coating, roll coating,
curtain coating, electrostatic spraying, and conbinations thereof. In one
enbodi nent, the conposition is applied to the autonobile conponent via

el ectrostatic spraying for extrusion coating. In one enbodi mrent of the

met hod, when form ng the conposition, the radical polynerizable conpound
and t hdogpgisobleskdne agmitt i dihepretisad Tepgtiogdmeginsmyurh dive decompledng of rihe he
conposition. In another enbodi nent of the nethod, the radical polynerizable
conpourozaankbratvengiat oo harfdodking dggnoare aetefoithir Bgued -X befuaranpameantte f or m
t he conposition. [0046] The nethod al so includes the step of deconpl exing
t he or gianothenmretiomint dngtvory. fIn @ne timbotiheok ithegstggeitpptyivey tabyompoditisigtoghe
radi cal. In one enbodi nent, the step of deconpl exing includes applying an
ener gy ali@niobite 06@ PSR i the GesppdfaiKtrédiRingeke dediniléSndhgit fYthe NBAGYsitias
first described above. In other enbodi ments, the step of deconpl exing
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formed fromthe deconpl exi ng. The step of deconpl exi ng may be conpl et ed
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t he deconpl exi ng .agent is.reactive with at | east one of the am ne nviety,
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deconpl exi ng agent, the organoborane initiator dissociates from¢(i.e.,

br eaks [¥d t f ro1pdepeiarlsrisg Resiy meydstany kAewR &t the art and sy bslchedpdia 3 8% of

t he deconpl exi ng of the
liquid, or solid. In one embodiment, the organoborane complex interacts with the decomplexing

agent to initiate polymerization or cross-linking of the composition. Typically this occurs when
the decomplexing agent is mixed with the organoborane complex and exposed to an oxygenated
environment at temperatures below a dissociation temperature of the organoborane complex,
including room temperature and below. Without intending to be limited by any particular theory,
it is believed that the decomplexing agent sequesters the blocking agent and allows the
organoborane initiator to act as a free radical initiator in the presence of O, and initiate
polymerization of the radical polymerizable compound.

[0048] In one embodiment, the decomplexing agent includes free radical polymerizable
groups or other functional groups such as a hydrolyzable group, and can be monomeric, dimeric,
oligomeric or polymeric. Examples of decomplexing agents that include free radical
polymerizable groups are acrylic acid, methacrylic acid, 2-carboxyethyl acrylate, 2-carboxyethyl
methacrylate, and combinations thercof. Alternatively, the decomplexing agent may be sclected

from the group of Lewis acids, carboxylic acids, carboxylic acid derivatives, carboxylic acid



organoborane initiator fromthe bl ocking agent are set forth in Figures 1-3
but are not neant to limt the invention in any way. In one enbodi nent, the

step of applyiogoishe conposition to the autonobil e conpeoenir2é@sdone step
of introducing the deconpl exi ng agent26t o the conposition occur

si mul t aneously. In another enbodi nent, these steps occur sequentially. In a
further enbodi nent, the steps of applying the conposition to the autonobile
conmponent and i ntroduci ng the deconpl exi ng agent to the conposition are
each further defined as spraying the conposition and the deconpl exi ng agent
from oﬁ%ltsorlsoﬁﬁfl“@t%pla]élﬁhhgﬁhs?l)oé!f%?a Gihi hipeident sulphengcldpiidgy. ddeaiuny @@il%?] The
deconpl exi ng agent nmay be any known in the art and may be delivered as a
gas, | iegddidessang edprnbinations dhpscad nblmdingembod iniat, shgy devobwiexime agsnipb exlected
interacts with the deconplexing agent to initiate polynerization or

cr oss- Ifionk ihegerofip bhecidorbsast dcotic adigpaaglid yeid hinsthagglic scidhamnl/drhy of the
deconpl exi ng agent is mxed with the organoborane conpl ex and exposed to an
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deconpl exi ng agenf sequesters the bl ocking agent and al lows the

or ganotagﬁmﬁodia@, tah@E%biBQti&gtthe?éofa fni bREarh ;i@gllln, ih@icfekaﬁﬁgxihg 2L 48 iPlegence

of Oand i'nitiafe polynerization o era pol yneri zabf e~ conpound.

00481 o1, 908D AE0L 1L 8 HSS HPLRKLRGL RS LNGhIGETIoEL58 21091 3L

pol ymerT zablFe "gr-oups or ot runctionaF ps 'suchas”a hy Za

groUp. 200, SADR RACTRILE, (LT Ly 8L L9OTRL e S RRLYIELLE, Examles o

acryl %d(?ist:ii/eds’ prrerseetn‘pa(fr{ %)/rllei gm%(():(iiircrifent? -t}?ea(rieegrﬁ%ﬁttxi@él ag%gtr%lsgltegt’ed ZfEO%?r[hbeoé(r%Slg 2¥|
carbon dioxide, sulfur dioxide, and combinations thercof. In yet another embodiment, the
decomplexing agent is carbon dioxide. If carbon dioxide is used, it may be used in any way
described in the provisional patent application entitled System And Method For Curing A
Composition having the US Serial No. 61/220,929 or in the provisional patent application
entitled Method Of Dissociating An Organoborane-Amine Complex having the US Serial No.
61/220,876, each of which is filed on the same day herewith.
[0049] In all embodiments, the decomplexing agent may be present in the composition in any
amount less than 100% of the composition. However, in various embodiments, the
decomplexing agent is typically present in an amount of from 0.1 to 95, more typically of from
0.1 to 90, and most typically of from I to 50, parts by weight per 100 parts by weight of the
composition. The amount of the decomplexing agent depends greatly upon a molecular weight
and functionality of the decomplexing agent and the presence of other components such as

fillers. To increase polymerization or curing times, it is advantageous to use an amount of the

decomplexing agent that provides at least a stoichiometric equivalent, and preferably an excess,



met hacryl ate, and conbi nations thereof. Alternatively, the deconpl exing
agent may be selected fromthe group of Lew s acids, carboxylic acids,

car boxyl iwoaeioh4oarri vati ves, carboxylic acidsalts, i socyamnatresiosdodehydes,
epoxi des, acid chlorides, sul phonyl ci1l orides, iodoniumsalts, anhydrides,
and conbi nations thereof. In one enbodi nent, the deconpl exi ng agent is

sel ected fromthe group of acids such as acetic acid, acrylic acid,

nmet hacrylic acid, and/or any of the strong acids known in the art, acid
hal i des such as acid chlorides, inorganic acids such as HC , sulfuric acid,
al kyl  6f smpy that are sracidveawitiythelogkuetagent torthearctighameyms of Wpekingagenkiicsant ng
agents such as nmethyl iodide, and conbinations thereof. In one enbodinent,
t he dedohplcempomgtiergent is acetic acid. Typically, the deconpl exi ng agent

i ncl udes groups that react with the blocking agent. It is contenpl ated that
t hese ¢o@Ops nEythde idendive do fheomuni eyoaryapoabarlantheaymi Bxbehinadddothamypen
additives present. In one enbodi nent, the deconpl exing agent is selected
from t Rerbgh Qixidf iscredas tih @ocb@plexiingl foght, Ecoxrbla diakide Goarly Wwah if@dsantiner eof .
In yet anot her enbodi ment, the deconpl exing agent is carbon dioxide. If
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present in an ampunt of fromO0.1 to 95, nore typically of fromO0.1 to 90,
and mo$foUPylsi edrimpryfantipgm I ey swbodimenis thy figei ghine papursoprepleres ibythaei ght
of the organoboranc-blocker complex when the amine of the complex is di-, tri- tetra-, or poly-
functional.
[0051] The method also includes the step of polymerizing the radical polymerizable
compound using the radical to cure the coating composition on the automobile component. In
one embodiment, the step of polymerizing is further defined as polymerizing at a temperature of
from -78°C to 35°C. In another embodiment, the step of polymerizing is further defined as
polymerizing at a temperature of from 15°C to 35°C. In another embodiment, the step of
polymerizing is further defined as polymerizing at a temperature of from 20°C to 30°C. In yet
another embodiment, the step of polymerizing is further defined as polymerizing at about room
temperature. Alternatively, the method may include the step of applying heat and/or radiation to
the composition and/or radical polymerizable to polymerize the radical polymerizable

compound. The step of polymerizing the radical polymerizable compound may be further

defined as polymerizing to cure the composition on the automobile component.



conposition. The anmobunt of the deconpl exi ng agent depends greatly upon a
nol ecul ar wei ght and functionality of the deconpl exi ng agent and the
presence wd 20idmap7sconponents such as fillers. To increaserpehyw®sioiati on or
curing times, it is advantageous to wse an anount of the deconpl exi ng agent
that provides at |east a stoichionetric equivalent, and preferably an
excess, of groups that are reactive with the bl ocking agent to the actual
anount of bl ocking agent present in the conposition [ 0050] Wt hout

i ntending to be bound by any partlcular t heory, is believed that when
car bon M‘%@h del hesstepsefpo ﬁ@qrﬁélgd@w e ExdiGage @gw}mh%%ﬁeaf% popplgnekaebY eact s
with free am ne groups that are present in the conposition or as part of

t he bl dskiratcadgelymeriziwnt dihpinmghaygym of freeradiviaheolgnougagion tsevdl knaven mrhe ani ne
that is both (1) available for further reaction and (2) not coordinately
bonded afteand. typibalyumbludedtht deveages: inaaticn, nabpagotoalaad tterbomdipont Al Hehieitiation
organoborane initiator. The free amne group may be a primary or secondary

ani ne. aly piopagdtivn stages dre @en@alyneutinalip Higurd 4priyipesally,2amid e dedchibedigbove, a
enbodi ment, the free am ne groups are found in the organoborane -bl ocker
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pol yfunctional. [0051] The nethod al so includées the step of pol yneri zing
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defined as pol yneri rrperatur from 150 o 35 her
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a tenperature of from200C to 300C. I n yet another enbodl ment, the step of
pol ymePpPYmsgizitle cqmppwidsde Y ifert sucnsing febr Aagd 4ty aboserticpdmtheory, it is

believed that alkyl radicals (Re) typically initiate polymerization of the radical polymerizable
compound. The termination stage may include coupling wherein two radical species react with
cach other forming a single molecule. Alternatively, chain disproportionation may occur
wherein two radicals meet and exchange protons.

[0053] 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
composition may inhibit radical formation and propagation thereby inhibiting curing. Similarly,
the method may also include the step of limiting an amount of oxygen introduced to the
automobile component (c.g. to a surface of the automobile component) to minimize oxygen
surface inhibition. However, some oxygen is required to form radicals. The oxygen may be
introduced to the substrate and/or composition in a molar ratio of from 1:1 to 5:1 with the
organoborane initiator. In other embodiments, the oxygen is present in the composition and/or at

the substrate in an amount of 0.5 to 5 parts by weight per 100 parts by weight of carbon dioxide.



tenperature. Alternatively, the nmethod may include the step of applying
heat and/or radiation to the conposition and/or radical polynerizable to
pol yrer i agotom/isedizcal pol yneri zabl e conmpound. The st eppofr/gpedipasdonzi ng t he
radi cal polynerizabl e conpound nmay befurther defined as polynerizing to
cure the conposition on the autonobile conponent.[0052] The step of

pol yneri zing using the radical can be further defined as polynerizing by
free radical polynerization. The nmechani sm of free radical polynerization
is well known in the art and typically includes three stages: initiation,
propagd?®9Xh, o methefl fagy alio irerdg fhet star iobintedrcpeohagmtived uriagds the e
generally outlined in Figure 4. Typically, and as described above, a

honol ytcpmpsuiiet i lnwne embedment, the naatladrigclbéasvibesicn of iptreducingyiyeeptmnal antiac
organoborane initiator thereby form ng the radical which reacts with oxygen
and f omwien ahgpdecomptieingageatahcluddsecapenakoxdée. r Hdivewdr, thy pnadasidnyofpthopagataés a
devel opi ng pol yner chain through additional honolytic reactions of the

r adi calampe iy ABylingiedd t6 tiioembattithednd any second, third, or additional radical
pol ynmeri zabl e conpounds. Wthout intending to be bound by any particul ar

theory ,[odstsg I S 108kt S6attr thBbdiRlek thelR&th &RHSthERn lubidkRhe @t_kr%]w tlBétkdcBhthg the
pol yneri zati on of the radical polynerizable conpound. e term nation stage
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t hereby inhibiting curin%. Simlarly, the method may al so include the step

of | i miinighamhedipiaomposition e used o980 Gha wstrate may be any known in the

art suitable for electrocoating. In a further embodiment, the step of applying the coating
composition to the automobile component 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.

[0056] In still other embodiments, the method includes one or more of the steps of drawing
down the composition on the automobile component, of heating the automobile component, of
applying radiation to the automobile component, of drying the automobile component, 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.

[0057] As first introduced above, the instant invention also provides the method of
polymerizing the radical polymerizable compound using the organoborane initiator. This
method includes the step of introducing the radical polymerizable compound and the

organoborane initiator onto the substrate to form a mixture. The substrate may be the automobile



aut onobi | e conponent (e.g. to a surface of the autonobile conponent) to

m ni mze oxygen surface inhibition. However, sone oxygen is required to

f orm r adiwel2810/1iba70xygen may be introduced to the substpratpp2@n@dsmil
conposition in a nolar ratio of from3: 1 to 5:1 with the organoborane
initiator. In other enbodi nents, the oxygen is present in the conposition
and/or at the substrate in an anount of 0.5 to 5 parts by wei ght per 100
parts by weight of carbon dioxide.[0054] The method may al so include the
step of introducing the optional am ne_to the conposition. In one

enbodi ﬁ@lﬁpon@@hé%ﬁ@gwow%clf&ae@e EHEMOPIkHCHIRPANGRY RS ACXhBOpEIbiENlan ne
when t he deconpl exi ng agent includes carbon di oxi de. However, the inclusion
of t he ctsptandrib¢ likeri ABe utomobil¢ Pompangnt way hicdudsritesdiand/t ext[ugiod Slatdrialsy dn

anot her enbodi ment, the nmethod further includes the step of electrocoating
t he auboeeinbdé@meonisremimonvt hompdnensits firtrep dsfirted @s an AMemptivckesty pahels that

el ectrocoating and the conpositions used to el ectrocoat autonobile
conponeyhisfcadby pahtd kdwiotsutddhe art. Thus, the step of electrocoating in
this invention may be conpl eted using any technlques known in the art.

Si mi | afhosg] t henfdiks tenfbRIRQBE iR ubhRke (sSuHRGUREhes tEREPRL alR&BUPRL M at e
may be any known in the art suitable for el ectrocoating. In a further
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an automobile component after being formed in the reactor.

[0059] Alternatively, the substrate may be coated or uncoated, treated or untreated, and
combinations of these. In various embodiments, the substrate is selected from the group of
plastic, metals such as steel, iron, and aluminum, and combinations thereof. In one embodiment,
the method includes forming the coating composition, and polymerizing the radical
polymerizable compound, on the automobile component and not in the vessel or reactor.
However, as described above, the method is not limited to such an embodiment.

[0060] The method of polymerizing the radical polymerizable compound using the
organoborane initiator may include any or all of the aforementioned steps described relative to
the automobile component. The radical polymerizable compound and the organoborane initiator
may be introduced onto the substrate separately, together, or in various combinations. The step
of introducing may include any application method known in the art. Suitable application
methods include, but are not limited to, spray coating, dip coating, roll coating, curtain coating,

clectrostatic spraying, and combinations thercof. In one embodiment, the radical polymerizable



installing the autonobile conmponent including the cured conposition on an
aut onobil e chassis. Alternatively, the step of polynerizing the radi cal
pol yrer i agbl2e1oz@ppound using the radi cal may occur in tiperatra@nosoef
external heating of the coating conpamition. [0057] As first introduced
above, the instant invention also provides the nethod of polynerizing the
radi cal pol yneri zabl e conpound usi ng the organoborane initiator. This

met hod i ncludes the step of introducing the radical polynerizable conpound
and the organoborane initiator onto the substrate to forma m xture. The
subst r 40BPaY B the eraanekmivlsi EiamsEhamlicd 62 ghe Wodraih Bipeslectpstalic sprpEng

aut onobi | e conponent may be a door, hood, roof, panel, etc., and the |ike.
The autf@rasbisien eentipenent may i ncl ude steel and/or extruded materials. In
one enbodi nent, the autonotive conponent is further defined as an

aut onot0068 ] bodyorpérelpsrpokat of sthpr efathialh| the ptermadlogy Emegtrcdcmay ek YsOd58]
I n other enbodi nents, the substrate is further defined as a reactor or a
vessel intdildRarpeatsly arithaRdicanhingRg$ Eboipysitlon” ldakeibed shoye OA ctdrdingty! thl mistzed.
Typically, when the substrate 1s further defined as the reactor and/or
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vessel . ce forned, the polynerized conpound can then be further used as
sel ected by one of skill in the af%XALﬂKEﬁ@ enbodi ment, the polynerized
conpound is applied to an autonobile conponent after being formed in the

react 03006[2?0591}ivéa‘| {:(ga BQ %Enlal\ﬁgsli%%nst{ Smy 8Sbl§(t)I¥Sa]t-ﬁ) 8% beedpc@(grr? d051 {orr%%ﬁ]gioa?‘r}de f '
treated or-untreated, and conoli nat1rons 0 ese. n varil ous enpodl nents,

the substrate is selected fromthe graoup of. plastic, nmetals .such as steel,

on, ARl TR BB A SRR RP T AR L b SE B e met hod

includ%%nggkggg C%Eggggg&&ggmﬁgﬁﬁosition, and pol ynerizing the radica
[0063] Composition 1 is formed by combining 10.08 grams of Laromer UA 9061 as a radical
polymerizable compound and 0.47 grams of triethylborane 2-aminoethanethiol (also known as
cysteamine (TEB-CA)) as the organoborane complex in a vial. Laromer UA 9061 is an
aliphatic urethane acrylate that is commercially available from BASF Corporation. After
formation, Composition 1 is applied to a metal panel that includes an electrocoat layer and that
includes acetic acid rubbed thercon for use as a decomplexing agent. Composition 1 cures afier
approximately 3 minutes in the vial. After 5-10 minutes, an observable cure is seen on the panel.
Formation and Curing of Composition 2:
[0064] Composition 2 is formed by combining 10.0 grams of Laromer UA 9061 and 0.48
grams of tricthylborane 2-aminoethanethiol (TEB-CA) as the organoborane complex in a vial.
After formation, Composition 2 is applied to a metal panel that includes an clectrocoat layer.
The panel coated with Composition 2 is then exposed to carbon dioxide as the decomplexing

agent. Composition 2 cures after approximately 2 minutes in the vial. After 30 minutes, an

observable cure is seen on the panel.



pol ynmeri zabl e conpound, on the autonobil e conponent and not in the vessel
or reactor. However, as described above, the nethod is not limted to such
an enbodiwenbio/400260] The nmet hod of pol yneri zi ng t he ragicealr2ploysver i zabl e
conpound usi ng the organoborane initizmtor may include any or all of the
aforenmenti oned steps described relative to the autonobile conponent. The
radi cal pol yneri zabl e conpound and the organoborane initiator may be
introduced onto the substrate separately, together, or in various

conbi nations. The step of introducing rmay include any application nethod
known i FPripiomind CusiiigiofBlogpapiiPR dat i on net hods i ncl ude, but are not |imited
to, spray coating, dip coating, roll coating, curtain coating

el ect r 6&16al i c (spnenpitieg,3 arfdmesshty eraebioing [OWErgsans of hatomst éifb@@ﬁlnmdto 99 he
radi cal pol ynmerizabl econpound and the organoborane initiator are applied to
t he sulgstnisadtrivh-buyltecinedstminocthgiptlayl GnBBC A8 Xk rthis bandwatnengmpldOmly For
the purposes of this nethod, the term nology "m xture" may be used

i nt er chamgestr Yomidtint Oemp&yithdnn®liogyplicd aposkhi piel des ¢idikie aakeaocoat
Accordingly, the m xture may include any or all of the conpounds descri bed

above elherTRd @agel Ofoalcd FRADCHADISRIHN %Wbﬁ%xb@s@@zﬂo Edr¥én Qﬁ’&(tldléqgs the
conposi tions (Conpositions 1-5) are fornmed. Conpositions 1-3 and 5 are

SEPL ) e Sel TR AR CARRRNAISl S, SRE LAY L B30 2

1lis for rred axogsewalbpacuge 10. 08 %e ane?f Lar omer UA 9061 as a radical

pol yneri zaBﬁ € caompoun las‘f)enéf)fl ns ‘'of triethyl borane 2-am noet hanet hi ol
(Lglr 3&}@%%@%%?8@%§gg}&mﬁ£ﬁ%n%)) as the organoborane conplex in a vial.

[0066] Composition 4 is formed by combining 10.58 grams of Laromer UA 9061 and 0.95
grams of tri-n-butylborane 2-aminocthancthiol (TnBB-CA) as the organoborane complex in a
vial. The vial is then allowed to stand for 5-6 minutes using latent heat to decomplex the
organoborane complex. Composition 4 cures after approximately 6 minutes in the vial.
Formation and Curing of Composition 5:

[0067] Composition 5 is formed by combining 9.94 grams of a resin that includes Laromer
UA 9043, Ebecryl 9198, Sartomer” CNO9008, a urcthane acrylate monomer, and an acrylate ester,
and 0.51 grams of tri-n-butylborane 2-aminoethancthiol (TnBB-CA) as the organoboranc
complex in a vial. Afier formation, Composition 5 is applied to a metal panel that has an
clectrocoat layer applied. The panel coated with Composition 5 is then exposed to carbon
dioxide as the decomplexing agent. After 45 minutes, an observable cure is seen on the panel..
[0068] 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. In addition, the Compositions 1-5 exhibit an observable cure in a variety

of conditions.



al i phatic urethane acrylate that is commercially avail able from BASF
Corporation. After formation, Conposition 1 is applied to a netal panel

t hat i nclwoesioanoghect rocoat | ayer and that includes acetirxpasi@ssoupbed
thereon for use as a deconpl exi ng agesst. Conposition 1 cures after
approximately 3 mnutes in the vial. After 5-10 m nutes, an observable cure
is seen on the panel. Formation and Curing of Conposition 2 : [0064]
Conposition 2 is fornmed by conbining 10.0 granms of Laroner UA 9061 and 0. 48
grans of triethylborane 2-am noethanethiol (TEB-CA) as the organgborane
conpl eXx0G69] a viliginvestipn hag baepdescsied modustiatiyn menng. dihit isdd be ynderrieedl
panel that includes an el ectrocoat |ayer. The panel coated with Conposition
2 is t et thextpugiaelogy whinhidwes bekinoxed és iatentdtetodwon it matiragf aigedstof dSksmptisi t i on
2 cures after approximately 2 mnutes in the vial. After 30 mnutes, an
obser vaithe thar & linsitasiee.nMany hiveifratieds. dad vamdtions ofithd ptosent gy cofiorCormposilile on 3
. [0065] Conposition 3 is fornmed by conbining 10.04 grans of Laroner UA
9061 arllight9 tigr aBe RhcHifids; Mrdotit yivati@naaybapiatiet bareylRé tan I 9RBiLcAly as

t he organoborane conplex in a vial. After formation, Conposition 3 is

appl i ededcgibag.met al panel that includes an el ectrocoat |ayer. The pane
coated with Conposition 3 is then exposed to carbon dioxide as the
deconpl exi ng agent. Conposition 3 cures after approximately 3-5 minutes in
the vial. After 20 m nutes, an observable cure is seen on the panel.
Formati on and Curing of Conposition 4 : [0066] Conposition 4 is fornmed by
conbi ning 10.58 grans of Laroner UA 9061 and 0. 95 grans of

tri-n-butyl borane 2-am noet hanethi ol (TnBB-CA) as the organoborane conpl ex
in a



vial. The vial is then allowed to stand for 5-6 m nutes using |atent heat
to deconpl ex the organoborane conpl ex. Conposition 4 cures after

appr oxi mayelyi0pamgaut es in the vial. Formation and Curi pgrafp26i0np@siti on 5
: [0067] Composition 5 is fornmed by canbining 9.94 grans of a resin that

i ncl udes Laromer UA 9043, Ebecryl 9198, Sartoner R CN9008, a urethane

acryl ate nononer, and an acrylate ester, and 0.51 grans of

tri-n-butyl borane 2-am noet hanethi ol (TnBB-CA) as the organoborane conpl ex
inavial. After formation, Conposition 5 is applied to a netal panel that
has an@1¥dMY ocoat | ayer applied. The panel coated with Conposition 5 is
then exposed to carbon dioxide as the deconpl exi ng agent. After 45 m nutes,
an obséYhaild daiggdes:i s seen on the panel.. [0068] Accordingly, the data set
forth above indicate that the method of the instant invention effectively
pol yneri zes Ir adi dalmgioddy et palghicsziognpondds] grdymadrizabls tanpalnsdenviap!l en
curing of coating conpositions. In addition, the Conpositions 1-5 exhibit
an obsergabb@amlin®iaton, sAidMastheéd yonrisa@ndé éte@nsg: [ 0069] The invention has been
described in an illustrative manner, and it is to be understood that the

t er m nol ogy anhi chrhageiRee MaRal oty RABREDMRuRE ahd tHhsroRdibdfBe GhitiweF ds  of
description rather than of limtation. Many nodifications and variations of

the preggnt sﬁ‘tﬁﬁ'ﬁ@tti) ik %Hgfgﬁlvhé@ﬂ e loir%ll%b&tmet mﬁ%a?&qgﬁo&ggggq o '%‘Ed t he

i nvention may be practice erw se than as specifically _ Al V5
wat | gy e hBhdTElodcSetic-bSUARE NG Cha BRL WBLIEL MW APLAITGR! (PO HIEILEAR! ©
conpound USI ng an-organoborane initlator, said nethod conprisifg e Steps

of : . o . .
complexing moieties different from each other and selected from the group of an amine moiety, a

thiol moiety, and a phosphine moiety and wherein the two differing moieties are separated from
each other by two to four carbon atoms to increase nucleophilicity of the blocking agent towards
the organoborane initiator;

B. decomplexing the organoborane initiator from the blocking agent thereby forming
aradical; and

C. 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, the mixture is further defined as a coating composition, the step of
polymerizing cures the coating composition on the automobile component and the method
optionally 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.



A introducing the radical polynerizable conpound and the organoborane
initiator onto a substrate to forma m xture wherein the organoborane

i ni tiat orwo2emoplsexed with a bifunctional noncyclic bl eckippgoi@@esti havi ng
a carbon backbone and two organoborams conpl exing noieties different from
each other and selected fromthe group of an amne noiety, a thiol nviety,
and a phosphi ne noiety and wherein the two differing noieties are separated
fromeach other by two to four carbon atons to increase nucl eophilicity of
the bl ocking agent towards the organoborane initiator; B.  deconplexing the
or ganobor ang- i ni dinetbed pyshiarthan ﬁgaem%glaaeém qr%ﬁ@dwfdéﬂf?ﬁ%gnaeﬁi%ﬁrea|
and C. polynerizing the radical polynerizable conpound using the radical,
opt i onaenayatehireeactbeberdy tob casborptoals. heating, or optionally at a
tenperature of from200C to 3Q0C. 2. A nethod as set forth in claiml
wher ei n t hed4subsfrmatthod 8s fatrfoftlein aef omed kman tawt whabinl tee blrkiopegént it he
m xture is further defined as a coating conposition, the step of

pol yneniighatig a6dh&se dififte @BanaNgn @O AMRSY bhdDsiffle tdimiml tstahdié®. conponent and
the nethod optionally further conprises the step of electrocoating the

aut onobi | e gonpoReRthil bis@ itk §t arfOSRASH ddiRR WO RhétetanBe %%kﬂn?&gent is
conposition is applied to the first conposition on the autonobi

conpongit . 3r AL A nATinS&hraliH ¢ d' mpﬁ& I %vh%feuﬁ't‘ﬁ% %%cm§r§géﬁt 1*392“’"0

differing nnletles are separated each ot her by two carbon”atons. 4. A

met hod as sef n 1he bl ockin agent
s o pnRfeanfohdad Do 110%0‘?8%% AR b S SRR, AR G A8 0

thiol r‘gi%olemc\)/i'ety of the 2-aminoethanethiol.

6. A method as set forth in any one of claims 1 to 5 wherein the step of
decomplexing the organoborane initiator from the blocking agent is further defined as
introducing a decomplexing agent to the mixture that is reactive with at least one of the amine
moiety, the thiol moiety, and the phosphine moicty to decomplex the organoborane initiator from
the blocking agent and wherein the decomplexing agent is carbon dioxide or is optionally
selected from the group of carbon dioxide, sulfur dioxide, and combinations thereof.

7. A method as set forth in claim 6 wherein the step of introducing the radical
polymerizable compound and the organoborane initiator onto the substrate to form the mixture
and the step of introducing the decomplexing agent occur simultancously or occur sequentially.

8. A method as set forth in any one of claims 6 or 7 wherein the steps of introducing
the radical polymerizable compound and the organoborane initiator onto the substrate and the
step of introducing the decomplexing agent are each further defined as spraying from one or

more spray guns.



5. A nmethod as set forth in any one of clains 1 to 4 wherein the bl ocking
agent is free of carbon-carbon unsaturation and optionally wherein the

bl ocki ng woenio/i48742- am noet hanet hi ol and t he or ganobor aog/Ep3o10psdioenal |y
conpl exed with the amne noiety or ths thiol noiety of the

2-am noet hanethiol. 6. A nethod as set forth in any one of clains 1 to 5
wherein the step of deconpl exi ng the organoborane initiator fromthe

bl ocki ng agent is further defined as introducing a deconpl exing agent to
the m xture that is reactive with at |east one of the am ne noiety, the
thiol noiety; and fghassri Adthon ety ooe @Ecdwipiek ©hd Bheaiobtsr kdical
initiator fromthe bl ocking agent and wherein the deconpl exing agent is
car bon pdiyoxridedlo reompopt iaogatht yorgalobetiaeel ifitiater tdie igrelwcdsinsdidoristi oxi de,
sul fur di oxide, and conbinations thereof. 7. A nmethod as set forth in claim
6 wher sequentidlyst ep of introducing the radical polynerizable conpound and

t he organoborane initiator onto the substrate to formthe mxture and the
step of intnoduciAngnetihtd decenpPbrexiithndgend odCaiiimsSi Ml baraadiml yheOoFadd@tur
sequentially. 8. A nethod as set forth in any one of clainms 6 or 7 wherein
the st %@ﬁyn{&izmé rQapLA® it helkrd fom BRI YARp sARh& GBI ARG R&ins,
organoborane initiator onto the substrate and the step of 1 ntroducing the

decomplgeyhipg,1aG9NE AL G SR WIEF1A&! LAELASnARRAH:RYr | r om one or nore
QIR et s HerER phet

sSpray guns. as set forth in any one o ailns 1 to 8 wherein the
radi cal pol ynerizable conmpound and the organoborane initiator are

i ntroduced sinultaneously or sequentially. 10. A nethod as set forth in any
one of clains 1 to 9 wherein the radical



pol yneri zabl e conpound is selected fromthe group of unsaturated acrylic
ester resins, functional acrylic ester nononers, nethacrylates, and

conbi nat iwoeicdavaef . 11. A radi cal pol yneri zabl e aut onopicyare®@lossng:
conposition conprising: A a radical ol ynerizabl e conmpound; and B. an
organoborane initiator conplexed wth a bi-functional noncyclic bl ocking
agent having a carbon backbone and two organoborane conpl exi ng noi eties
different fromeach other and selected fromsaid group of an am ne nviety,
a thiol nnlety, and a phosphine noiety and wherein said two differing

noi eti es ar élsepéradied ppkya%ﬁr@alalﬁa@?ﬁ@%’%@ﬁ%%%t@lﬁ%ﬁ@@ COBPHBALZ At ons t O

i ncrease nucleophilicity of said bl ocking agent towards said organoborane
initiator. B2, Aacwlatal pgywonpbbl congeuad agét forth in claim 11l wherein said
two differing noieties are separated from each other by two carbon atons.
13. A coati Bg coap@sgdnoberaxs ilsgdtof oomplekadl elithi sbl-furetiond] anomci@icwblecléngy sai d
bl ocking agent is aliphatic and has a single termnal am ne noiety and a

si ngl e ap&@it Mbwiad atchiboh badkibehdyandido ofgd0BéraAYcHAIRABE Moficagifeaint fromtdach N any
one of clainms 11 to 13 wherein said blocking agent is free of carbon-carbon

unsat Ulgfct fd aidcki@PfrbA R Qfoﬁw@fr £ dmifdithid,ockid Qn(ﬁ&? Nind! §phosph1ne moiety
2- am noet hanet hi ol and said organoborane i's optionally conplexed wth said

ani ne gﬁ& S¥rcf s?ﬁ&“t or [ﬁ;ﬁé}inﬁmbﬁ{lé@ ?fi’dr?ﬁ 3?1% ?lt&ﬁéjw“%l to fhar cAbGiPat i ng

conposi tl on as set any one O al ITS t her COITpI’I Sl ng a
decorrpl oms g cgea cli]ea't hiligi ba(‘?({1 al C{XI gge lowa cf,?t? & eXl Eg"r eeCt Jrr om sai d
group 6 Boh~aT 85 a8, it PLdipisy e o tr‘OI’ SRSy EBHe

12. A coating composition as sct forth in claim 11 wherein said two differing moieties

are separated from each other by two carbon atoms.

13. A coating composition as set forth in claim 11 or claim 12 wherein said blocking
agent is aliphatic and has a single terminal amine moiety and a single terminal thiol moiety.

14. A coating composition as set forth in any one of claims 11 to 13 wherein said
blocking agent is free of carbon-carbon unsaturation and optionally wherein said blocking agent
is 2-aminoethanethiol and said organoborane is optionally complexed with said amine moiety or
said thiol moiety of said 2-aminoethanethiol.

15. A coating composition as set forth in any one of claims 11 to 14 further
comprising a decomplexing agent that is carbon dioxide or optionally sclected from said group of

carbon dioxide, sulfur dioxide, and combinations thereof.



