WO 2011/ 115669PCT/ US2011/ 000473 -1- LOW TEMPERATURE CURI NG POLYURETDI ONE
COWPOSI TIONS FIELD OF THE I NVENTION The present invention relates to

cur abl e pwbyuretis@bone 5 conpositions and nore parti cul &clryusta 1/000473

pol yur eti di one-pol yol compositions that cure at |ow tenperatures. The
invention also relates to a coating prqcess using the polyuretidione-polyol
conpositions with a |ow tenperature curing step. 10BACKGROUND OF THE
agents for sQWIENBERANIBRLORNCPET YURETE dL68s ]| of
agents for 5 er+Fc—pol yol s.
However, special equi pnent nust be used when handling the polyisocyanates
and nore particularly when hgiglp HYERINVERGIORSI ti ons containing the 15
pol yi socyanat es. The handl i n‘g‘p‘m&"]':@nrca'n%e—(m t with by blocking the
pol yi socyanat es Wie presebt mwientign aglates wucurabke polyoretididrecul ar wei ght

al cohol _to form uret hanes. However, high curing te ratures nust be used
in the euriGRgRSHGNGHANT Bre RASUGHHALY h‘gpﬂ@yf‘%ﬂ W%%&"ﬁﬁ??"?&&%&?sform

ur et di ones  hadurarf 1N Mperatidres OThaifvdioh 6o ra1aRsaBA 8atiiy 20 ther nal
curing. However, once again, high curi ng? tenperatures are required. SUMVARY
OF THE | NVpKate®s using the polyurdtidiope-golyal compasitions withvailews for a | ow

t enper at ur 20-70C) 25curable liquid conmposition conprising: a) a

pol yur et di gﬂ'&‘pﬁf%tffé% EYPg 8%pa pol yi socyanate, b) a polyol, and C) and an

am ne catal yst, wherein the catal yst contains the group -N=C N,
is aprotic, has a 30 pKa greater than 20 and upon _addition to the liquid
coati ndOconposition -2- SERAUNEBLOE. EHEANVENTION coating conpostion

fromliquid to ??Al{gggg%%r?a?s %?éjm;e"i’ltlmovm fqé&ﬁ@é’ra‘ﬁ‘ﬁ%‘%ur% g age 1§od Nventi on

al so provides f ess T or curing a conposi eposited on a

substrate cefipehydrggerbedrtaping polytnersauehi awpolgmesisi gdlyuls oMawevesubst r at e,
b) coal escing the coating conposition on the su strgt,e to formthecoating,

( g
c) exposi n§PERIAI egHPMRNtTpUst ke Hped hanchapdlpg the P/AReS BR€coat i ng

via a Cros%&&;&é}%cﬂﬁg&}%% héﬁdumge&?ﬂamé 85mpBsitioRd ceRERMAGIthen. compri ses:

pol yur et di one prepared’froma po socyanate, 11a polyol, iiian am ne
cat al y46; wotyisbcyanates aThé yhandiiog paobiemshemrgbe dealt Math- by blackingpthet i c, 15

h K t th 20 d up: ddi ti t he |iquid [

Conpos! t | obBAERENR G Hn X HERBRSAEINSUER 25 AlVE IRISE Bt §R Y om 1 qui o 1o
solid at 25f-sHl td fdrf umtﬁahébpﬂ%ww@h-hiaﬁeﬁﬁﬁtr;lt&ap@%@%s?mu@t\b& THE

| NVENTI ON  For purposes of the followi ng detailed description, it is to be

under st ood uskdtin the curing neaciomelolyisogyanatesiroay algo ke dipenzed/ter i at i ons
form uretdiones that are known to dissociate to free isocyanates on

20 thermal curing. However, once again, high curing temperatures are

required.

SUMMARY OF THE INVENTION

The present invention provides for a low temperature (20-70°C)

25 curable liquid composition comprising:
a) a polyuretdione prepared from a polyisocyanate,
b) a polyol, and
c) and an amine catalyst,
wherein the catalyst contains the group -N=C-N-, is aprotic, has a

30 pKa greater than 20 and upon addition to the liquid coating composition



and step sequences, except where expressly specified to the contrary.
Moreover, other than in any operating exanples, or where otherw se

25i ndi catwo,20ali1s6sanber s expressi ng, for exanpl e, quant PCras2af/o00ags edi ent s
used in the specification and clains are to be understood as being nodified
inall instances by the term"about”. Accordingly, unless indicated to the
contrary, the nunerical paraneters set“forth in the follow ng specification

and attached cl ai ms, are approxi mations, that may. vary 30 dependi [ pon the

desired pr &ﬁéﬁ?ﬁ&phaswﬁaagam esrating ?)‘P’BE@%‘HO” -fpé-m ﬁ'ﬂ%ﬁf‘? 69{?‘9/@? t he

very | east ’ZﬂaﬁdarﬂP‘i%ﬁ’ﬁ. \ﬁi‘ﬂwiﬁt&rfemﬁeko limt the application of the doctrine
t

of equivalents to the scope 0 e clainms, each nunerical paraneter should
at | east be consthaietdention atgu providdseonargrecess farepoingelliguigni fi cant digits
and by applying ordinary .roundi ng t c%i ues.. 5 Notw thstanding that the
nuneri cal éﬁb&s'%aﬁﬁgﬂﬁ%’?é%ﬁ? CPOPIR"Bhe broad scope of the

i nventign are apgr oxidE@dskitg a cBAtIRG BBRigeRltiorPdN Bt S@bstfaet h in the
specific exanples are reported as precisely as possible. Any nunerical

val ue, however, h)nheraa@léscingtheatoatingecompasiion ersthecsibsirate tg/faresul ti ng
fromthe sit@ndard variation ftound in their respective 10 testing

nmeasur ements® Al so, 9@ ¥oul d be understood t hat any nunerical range
recited herein ig int@(yé@dwl%g\eiwdw@etoad terapérat@easfL0s100BOAC b Elver ei n.  For

exanple, a range of "1 to is intended to include all sub-ranges between
(and incl udi@g) the reciteePating viad erapsinking neaghi@nt he recited 15 maxi num

val ue 1 (P i - 0 e equal to or greater than 1 and
a maxi ﬁém %ﬁ%gﬁ’owee%olﬁﬁét%&%“e@@ EPﬁ?gXé% In this application, the use
of the singular includes tgsymetdishe prdpaledrfedmenpolyizasyasatel ngul ar, unl ess
specifically stated otherwise. In addition, in this application, the use of
"or" means "and/or" Uhl ess? POYShe Xk i cal |y stated otherwise, even though

"and/ or" may be expligitly, i ai n instances. The term
"polymer” is also rree{ﬁt toaﬁﬁﬁﬁr&%ga%g%%yner and oligomer. The basicity of

the catal yst is expressed.i Ka, uni,ts. . Th Ka Is 2 rm j n
acetonitrile sol vent .WH%"'( %eoﬁa?i%sﬁ atﬁ'agr{getq{gaed&%'i\{%‘ Er gsﬂastfgd in the
deternypation. The difdscaepka dratdiethaka2V ardeapos atidigsmitoatediquigni tori ng
the equilibria spectrophotonetrically via Beer's |aw. An exanple of such a
nmet hod is described igPating oampasitionfcausgsnd Phesershangg obtw costing
1019-1028. 30Acrylic . |- C .ar i t rylic.

Ali phatic and cycl oalcﬁgﬁ% |{(‘:$1'g?£%‘e' wgégtsgﬁaa%r%%@g%ﬁhﬁtﬁ@ élrllé 4-

The uretdi ones of thevégkention are typically obtained by catal ytic

di meri zati on of polyisocyanates by methods which are known in the art.
Exanpl es of suitable polyisocyanates include diisocyanates such as |inear
al i phagpc pol yi SocyapgmLewsmEggmmgwmmﬁwm and Sal kary!|

pol yi socyanat es. SpeCTII L 4 IS, at obut ane,

4, 4' - di i socyanatfarypirpbses bhibefallewing\iztailed deptriptone itdsitebeyanate (1 PDI),
1,6-dii socyaraat oheég}ggt&f,HDl ), ,1,3- and 1, 4-Disi socI ana%.omet h%l. cr}/cl ohexane,
1,3- and 1.UNIRIFIPP PJRKSHICR: 'BaY ERBHIMCYRIHS IR BEUYH XPEYONS oExanpl es
of dinmeri Z%Hd%ieﬁ%bahéﬁ&és,%&éfﬁ hal& gkprRRsifaietd thendurinty nes and

am nopyr adi nes such ‘as di net hyl am nopyri di nés, and _

tri s(di met Moreovan)gthesthianie anyopesating examples, ios whergethernisen cat al yst

known t hose skilled in the art. T f LR LN reaction
Gopended | iECaHnal Flniers Eefissnd 18t pratlple, dhebifed RSN Co0t Ll
on the proggsd ik Méspésifisatidifiand cldidsinbito PecydwmtRvdeapbeymgd. | n
particular it is possible for products to be fornmed which contain on

aver age nomeodified inak instanersoby the i @boufp| Aecardingiy sinesmiBdicated r et di one

roups bei | t I St j i conmpounds are
ot epar ed oM PoaN, i piivBhishbbiaiibtelt Sectofin heallofifg Porpounas. £
ur et di ong_s sﬁayifiog;ibm aaulatta@hepailai:jnfawgeywpproammidmisuhg_t magnrgr "
i m nooxadi azi ne di one groups .in addition to the ur ione groyps. e
ur et di 8fes d&P@”ﬂ@@@Rﬁi%Eh%‘ﬁ%?'r%Wﬁ'dﬁs ke 9 ?"F?fﬁ’%h??rgﬁﬂ%gct ed to a

further reaction, for exanple, blocking of the free NCO



25 groups or further reaction of NCO groups with NCO reactive conpounds
having a functionality of 2 or nore to extend the uretdiones to form

pol yur et dvorrelipne@el yners. Thi s gi ves conpounds cont ai niP0g/use@idd@ng gr oups
and of higher nol ecul ar wei ght, which, depending on the chosen proportions,
may al so contain NCO groups, be free aqk_NCO groups or may 30 contain ‘
i socyanate groups that are bl ocked. -5- Bl ocki ng agent's suitable for

exanpl e are_al gohol | act ams, ,0Xi mal onat es | kyl, a at es,
triazol es, 'BYféﬁlﬂns,E‘ﬁ thedery ledst. %@ﬁ%ggen R tﬁggﬁ'ﬂrﬁcﬁséllgcaag@}]anone
oxi me, di i‘Qﬂ}?ﬁé’ﬂbbﬁ*iﬂe@,eﬂhi\?alénfsrtb&ﬁé|s%opéidmﬁélﬂbirﬁs,2eécﬁ humesical
i m dazol e, diethyl nmalonate, ethyl acetoacetate, 5 acetone oxine

3, 5- di met hylargmeten should pt lsast bargonstruedimlight oftheyummbereof1ggorted

cycl opent anene.. i ngl pdi n i xt - cki gﬁ@ S. Exanpl e
of N@rea&qwgc%@%%gggmt%@ﬁ?g% 'B%ﬁgfﬁn% {%%vr\@ rtsr'mre are polyols
such asst hagstwatestandiresitHae teevnuhierivae rargestand paranidters. Sefibgforthct | ve

conmpounds are used in anpunts sufficient to react with all free NCO groups

in the uretthe bread pgope phtheNoveglion gse appraximatians. the Inukeesical ¥alesnot

present as e, i J i retidone
typically Cs%ﬁ%rlﬂﬂfsn ttz'f{é ?‘%%’?E%%B[ﬂ?%? rFPS%eagtg?r%ggéMa%%Pgﬁﬂbbg%oups. Mor e
typical |y tArey poingricaltvaloechaeeter imheténtly contairtsocettidith erretrsll one, 10 to 55 %
uret hane, and | ess than 2%.i socyanate groups. The percentages are by wei ght
based on td'te&ﬁswﬁ%ﬁ"@jH?S‘Hf'”gi@"h%%%ﬁ%dﬁ?‘wag?t&rﬂ %’rﬁ‘é’,'”ﬁﬁ%‘ﬂ’i&?@‘%&ﬁd/ or
I socyangt e'teg_tﬂﬁ n@a\ég}eﬁn?ﬁ@f ul in the practice can be either I ow or high

ar weig

nol ecul materials and in general wll have average hydroxyl 20
val ues as det er rlsegit bhowl8The dedergtend that Bng Tamnearicalisamngel resiitedet ween about

1000 and 1Q, and preferabl et ween about 500, and The rm"polyol" is
nmeant to i f%'aelsh%ﬁ@ﬁ?@?@:Y’!FM%aﬁéHga\?QPs@é“B?”’Pﬁqu?f%r E%[)ri mary
hydroxyl gr&Xahsples ramieett £to Treisnplerdled tbisdlude all@wbranges! ar wei ght
diols, triols and hllpgher 25al cohol s and pol yneric polyols such as pol yester

pol ygl s, p;ﬂe}weﬁ?r(a iqaﬂx@ngbtnmmtﬁdmleinmuwadua@a1rarmwel@8ﬁd ai nih ngh
y e T e . ) ;
i conitd soapiry VB of (F thatis el Ayl edvato oot 30,

part they argn 3G i uan Jalrvef @ ¥r Wdlstthand. 200 and above, usual |y
wi thin the range of 1500 to 200. Such materials include aliphatic polyols,

particul arly - dn thisiappdigation the|usecefithaisingwar insiudestie p4rabapdn at ons.

Exanpl es i ngl / , z j H@@%e i-ol ;

cycl oal i phE{hf'léﬁjgggé/@?ségé%\scﬁ'héfsi%cry%ﬂlgégggﬁgmglg’%%?g%doEf arrpldllie"s of triols
and hi gher zalditiomlirs this @pplieation, tied bye af "pr' opeares Gardl/penimdessyt hritol . Al so
useful _are 5pol yols containing either |inkages such as diethyl ene gl ycol
and t r 28t hyapegificg|ly stated othe %ﬁttheugba%@%dm@%%x 'G%'OLI'%Edare t hose
havi ng hydroxuh mhg@%g_ss t han 200, such as 10 to 180. Exanpl es of

pol ymeric ponoFs I ncl ude pol yal kyl ene et her pol yols, polyester polyols

i ncl udi ng hydr oxiHe tehdc polyaneirig atsa peapt td inctusiescopalyrenanpd cont ai ni ng
(rmeth)acryli.c polyners, polycarbonate polyols and pol yuret hane pol yners.
Exanpl es of?'88ME&t her pol yoi s are pol y(oxytetranet hyl ene) gl ycol s,

pol y(oxyet hyl enephedbysigity of fHelcdtBRyst ROGiIresséd RipKca udits etTimgl sKg igl ycol with

a mxture of propyl ene oxide and et hyl ene oxide. 15Al so useful are

pol yelt Rer lpiatqumiaeddrn aeatonitsle selecnt yEwRR2hbages iBeluding thescialypbpee f or
o hexanadiBin 1SR idifiatin SHe dirkfehce fhufic BRERALES K Bbtermined .,

propane, p@yt@ehitdiig tHa equilibiid epectkephdtometacatiynliy Beerisilawd Arxyal kyl ati on
method is by reacting a polyol wth an al kyl ene oxi dte for. exanpl e,

20et hyl ene eXaMmple of stigl agpethad.is dascahed in theJenmghel Organia) yst .

Pol yest er ab$0 L as a polymeric polyol conmponent in the
practice of %ﬁ*sﬁxmﬁ, Igr?’ 1@?}’%%0 yester polyols can be prepared by the
pol yes@B@ri f i cat iAorylid and geethacpylit \aredesigniated asi(ohetlyacelioydr i des t her eof

wi th organic polyols. Usually, the, polycarboxylic aci 5and pol yols are
aliphatic or ar éﬁﬂhﬁgcﬁnﬂa‘ycioad'egéggé’ﬁ d&§@|n§¥ed as ?Cyﬁ(@aﬁ?'g&c'v\hi ch are
usual |y enpl oyed in making the pol yester include al kylene glycols, such as
et hyl ene gl ycol and butylene glycol, neopentyl glycol and other glycols

such as cycl ohexane di net hanol, caprol actone diol (for exanple, the
reacti on product of caprol actone and



30et hyl ene gl ycol), polyether glycols, for exanple, poly(oxytetranethylene)
glycol and the |like. However, other diols of various types and, as -7-

i ndi cat edwvopolyub&9of hi gher functionality can al so be ®eCiritszed/ooBazh

hi gher pol yols can include, for exanple, trinethylol propane, trinethyl ol
et hane, pentaerythritol, and the like4as well as higher nol ecul ar wei ght
pol yol s such as those produced by oxyal kyl ating | ow nol ecul ar wei ght

pol yol s. An 5ex I . | O : i i reaction
product of 20 m%sﬁgyélgﬁﬁipfewgg '@%gﬁggﬁgké%@'%ﬁ bttgii?'%ét y?a(c)tﬁrygreopane.

The aci d cdimerizatiorodf pdigispoyarestes byanethicsissvipich rane khpwofintbeanter i c

carboxylic acids or anhydrides having 2 to 18 carbqon atons, per nol ecul e.
Anong the aci ds %"Meapésu%tN@IPOXsf@g@fﬂwgﬁ» i %8"%@8%9%%1‘3% aci d,

terepht hal i L ; kC hA&li @@M i cid, adipic
acid, azel a@ﬁ%ﬁ@.b@%{ﬁé@?&%@?&ﬁ@% %ﬁbﬂg%;% I uﬂéari C aci%,ﬁn%hl orendi c
aci d, t&tr aikdrprpglyisbeydratesi Spentficexaenplds deelbdx#l4-c aci ds of varying

t . Also, th b |.oyed hi gh | || i d h
L i 11t QiseRraebdtang. 4 danraravenatrciltrsy ERBREEALMBE [or orred to
above, i1 g, SHfSskyahate (IP@I?“I, Hiis 6 rﬁt%ﬁéb@?% @DYs1.8bigpl form

anhydri des can be used I'n place of the acid). so, |lower alkyl esters of

aci ds such 1a-bisisenyaphtaghethyleyclohexanget ds@ad 1.4-xylybene disogyanptes er

pol yol s for from.pol ybasic aci ds and pol yol s, pol ycaprol actone-type

pol yesters(g@ﬂ aoncg@nﬁgr%sr@%& %fg. These products 20 are forned fromthe
reacti oo of a CYSlanGpleaof ditfeszitibrocatansts arns amdlkylphospisinest h a pol yol with
pri mary hydroxyls such as those nentioned above, Such products are

descri bed iamiopghosehinesand amipopwyadings sy as diraethy|lamingeayrdipgs: o t he
| yet h _ il K
D e o8 BBl iaRMotnspHel & e Za0AHY SRt BinbfEbEC Y| €

Aﬁpnﬁ the béﬁl#@ﬁ&«gfoﬂdtb-thobe_rsk_ﬂledan_eh@lamners of aboEt 2 Lodzo pelrﬁelnt by
wei ght primary roxy-caontaining vjnyl npnoners such as roxyal ky
acryl ate and mtﬁ‘@c’@“ﬁ@gt%mrﬂ%ﬁl@tm r@‘*&ﬁ?’ﬂ)gﬁpﬁf‘aﬁs'”i%m@l’f 6588¥W9I group
and 804£0 : I r | i oSt

copol y?r%ri ?‘ggﬁgﬁgﬁP Pgﬁdgﬁgﬁ? e%t%ﬁﬁse(%ﬁe@hh@gc@ ?Fg%lses; tﬁgﬁé-hg-g

per cent agesnithieywsilygsocyapiates eepdoyesh In particodar it isepagsible for produotsoteer i ¢

h ) Ex | f it abl hyd kyl . | hyd
byt “and BedPERSR TGt PRI PAESTge Mare A cog PRGN Histie Belyr " @Y
acryl ates anslebiiBt theagiimbat Sﬁu@@iohélgrﬁh%%éh@céoﬂjééﬁo 2distribUtioaxy!

met hacryl ate and n-butyl acrylate. - Besides the acrylates and
met hacryl at es, dtrefarresbpristdinpeicoamaindsnaresreparactiogdhematalyiel yneri zed

wtht hydr oxyal kyl th)acr tes are ethylenically unsaturated

mat er i gﬁs ?%ﬁr'%%'%%lﬂggﬁg%{%ﬁi%bind di ol efi ni ¢ hydrocarbons, hal ogenat ed
nmonool ef i ni ¢ andhél wetdibRes ntaydd BTNy Eontaif Ssddyanlesteebiuests anti/arr gani ¢ and
inorgani c acids, am des and esters of unsaturated acids, nitriles and

unsat ur at edmiwiorgdiazine dienpigrauPEinadidion i the HretHONGAIPYPENnCI ude styrene,
1,3- butadiene, Iﬂ\%rdﬂe%ﬂgs a?&f\lﬂ(g—l%r%tlcjyrﬁ’l cah%%h)g?tah%l ar%ttg?ﬁzgﬁ)kyl

al pha- net hyl 15chl orostyreéne,” vin rate, "vin acet at
chloride, dubjetidd tocafetiesr rebationy/ for erampld, dlockingbf tHe rgaMNC@t e and

m xtures thereof. Usually these er ethyl enj I nsaturated, material s
are uséd i 9N QU W%rgwtm@fdﬁé@egmi%ﬁ%b'%fé? VEsCURROWRYhacr vl at es.
Besi des 1 Np3hRerIRNbohaIRy rCbYTRTE fo BRISH the WPeldidtieY éAdfm20pO1 yol .

ol's Can be pare T

These poly pre y reacting any of the above- nentioned
pol yol s wi polyaretdicve prepohimers. plhig igivesycomapeuridHodainiag iuvetdiomne rat i o

greater than 1:1 o.that free primry hydroxyl grqups are esent in the
product. | QTAURA I“_iﬁfblg%?ﬁ@‘ﬁ?@‘ﬁame I%'R(ﬁbu%ﬁﬁg”ﬁ@ é’en@i(ﬁe&ned above,
m xt ures ohr&idoRs HRafRIKS EdRBIMRCT hrauips, beiree of NCO groups or may

30 contain isocyanate groups that are blocked.



25mol ecul ar wei ght polyols such as those nentioned above may be used.

The organic isocyanate which is used to prepare the pol yurethane pol yols
can be orwenbo/psdeyi socyanat es having a nol ecul ar wei ghtrcofus2eid/one74500,
preferably 168 to 318, such as 4,4'-diisocyanatocycl ohexy! net hane (HVDI),
hexanet hyl ene diisocyanate (HD), 1-meghyl-2,4(2,6)-

30di i socyanat ocycl ohexane or 1-isocyanato-3,3,5-trinethyl-5-isocyanato-

t hyl - | oh 1 PD1 d m xt th f, f b 4. 4' - -9O-
T 1 cocyanst ooy s Bickibradanis Sulaiiplo Sambleiate Ro5E. Bttt imes: of uene
(TD), 1- ”%thha?es‘}”a|l@1'@|€:€foac3téie§li th]é@@llé)%,”?ﬁéﬁdﬂ§,' phig¥2s1es aptazoles

4, 4' -di i socyanat odi phenyl met hane (MDI'), xylylene dii sociana_t e,
t et r a- net hydnehamihdss sughsthutanome axima diisepunyiamine, 1,2.4-tgazelecyanat o-

5dodecane, 3..3-trinethyl hexanet hyl ene, di | = exyl ene

di i socyanat‘ﬁr,nemyéi’1—’%’%@'@%8%(9@%?r?areqée%ayli@%@’%ﬁg%ﬁwﬁfﬁ%‘fy@ég}ohexyl

di i socygnatgeténdiorimet 3 5fimatipyhzele, eaprolacths, éeertli i socyanat e, and

tri phenyl methane 4,4',4"-triisocyanate as well as m xtures thereof. Also
sui t abl e artutylbapayamine apd syelppeatanonaiprlugingimixyisselkingae Oigeking s-

10oct anet h{#&g%rﬁ sdi i socyanate. The pol yi socyanate conponent nmay al so contain
known | acq go'l yi socyanates based on HDI, |IPDI and/or HMDI. In accordance
with the presentExaniplet ofddCOgutivy iconprumalisavitto afonetidnatibyofleva or t he form

of a polyisocyanate adduct. Sujtable po]yisocyanate adducts ar hose
cont ai ni ng ’T‘@Eﬁ:?@nﬂﬁ'&?'é,sqf'hésdﬂ\?ﬁ@,defﬁﬂpéﬁ’ Z’Pfg/"l’ mSBﬁéﬂ?Lté&‘f"ﬁ@ngitbﬁe,

car bodigpym ; | A7 ety i i adduct s
have. anCaydroon ARy EBMAREIRS dreZRBdth Aiunts BB S eyl oo
cont ent of fled NCIDYrduypsimi theturetdiariesr Bipl“free NGO grupsyit weinghnt abhd nor e

preferably to 25% by wei ght, and jpclude:. 201)1 socyanurate

gr oup- cont z;h}apr@fob'BPﬁ‘%Bé?/%égtaésoﬁﬂPtﬁ’en"éﬂ??%gnf)rr ared as set forth in

DE- PS 2. 616, 416 THPrdSRthg/ BflyuitfeRic o Rafl cStaff 4fledSia, dinPsk 4, 288, 586
and US-PS 4, 324, 879. ) “Uretdi one dii'socyanates whi ch may be prepared

by ol i gorrerfram 2gtoal Guratdionegroupe. Mareytypisaly theop@yuestidengidosi@dipanat e i n
t he 25 f i tahl | 4, L al kyl hi tal yst,
and whiion: ey g Bk Uk Rliie U R85 iefiane "aid Ikshenay o "° VS

cycloali ph%é@aﬁ@ké?&?&?ﬂé@”ﬁﬁ@éerd@ﬁté@@b@H))Vwbiy?\timnaﬂmdtﬂt\@eight _
group-cont ai ni'ng polyi socyanates set forth under (1) above. 3) Biuret

gr oup- cont &ifiesig gemtainingcyretdiens, wiethaner@ndier isog¥anMeed according to the

processes di scl j . o A 124 - L3358, 010;

3, 644, 490; 3, 868&8%8{"98!49&?@%%%,pggéfcfzﬁa;]’{)ﬁ?%gﬂf,a'i'fg’? 32?@1‘7, 714; or

4, 520, 749dbﬁoleehm v@gﬁt&aata'(rjai@agwﬂﬂgeael&?mm hat/elatvbeagedl_aydrphpll s, primry
and secgndary nonoan nes, anpd pri y .and/ or ondar [ nes.

54) | m 390xe\’6‘1¥l&ﬁ ?1%det%mi,n%eyﬁTWrﬁiﬂﬂlqnqt@a&%rgﬂg\ﬂéwg‘g? RRMES i ng
pol yi socya i i ég?.p,a SN S [
fluorine- cc%??tto g’? Apfggq@at a ’yég{t%js&;eg@%ggg?lé@’e I n%DlﬁE- A lg%&i%gklgsélt&lm 5)
Car bodi i mi dpolyobttis nuearitdo mcigde odatesals\havingan eviecageraf/tweopmepar ed by
ol i gonerizing di- or pqlyisocyanates in the presence of 10known
carbodi i m & W&Y‘%%’Eﬁ@f%&‘%s € fleYBed i n DE-PS 1,092,007, US- PS
3,152,162 and DEHEpElysRinéiide IswTidicetaransight diak, #3dls and higlher

Pol yi socyanat es contai' ni ng oxadi azi netri one groups, e.g., the reaction
produc®50f aleohets asd pblymetid palyglsrsich ampolyasterplolvals, podyalber di oxi de.

ur et di one.  BPGPIR POSIARRGHR: APRSH Suf hivieadSrianR themaggirar v ©
pol yi socyangbgergnt ai ni ng i socyanurate groups and optionally uretdione or

i m nooxadi azi ne _di one groups. . _ ) ) .
The low molecular weight diols, triols and higher alcohols useful in

the instant invention are known in the art. For the most part they are
30 monomeric and have hydroxy values of 200 and above, usually within the

range of 1500 to 200. Such materials include aliphatic polyols, particularly



The catal yst for the curing reaction is an am ne conpound contai ns 20t he
group -N=C-N, is aprotic, has a pKa greater than 20 and upon addition to
t he | i quiwocoatiis@gconposi ti on causes a phase-change of pChascaabiags
conposition fromliquid to solid at 25C and latm w thin one week. As used
herein and in the following clains, "agtotic" nmeans there is no hydrogen
bonded to a primary or secondary am ne. 25l n one enbodi nent, the catal yst

has a struct c in : , i ere=.

2011/ 115669ﬁ@f%’%é‘%&%o‘g’ﬁ%”mﬁgha%? Pgéﬁﬁgge”n?gmgne%’?ﬁﬁpe\k%?anched al kyl ,
preferably indudey thylene glyeontli adutarediolt h,6Rdexarrediols oyclealiphagicsegnent

sel ected fromthe group consisting ofand A- repres,SBt s H, linear

CH24- 3; R2
or br anched Pglyelg sugh as sysaiohexage Rimethanet ixamples ©f tiplsiandigBehat i on with

(e o cho” ) SRR AR AR BE R B AR A RSy e
preferably petyoyd comtairiing either liikages suchhasRAiethydere glycotandng segnment

selected fromthe group consisting of5 and CH3 (I N-4CH2 3) R4 represents
| i near or bFrﬁBW@ﬂgeQ?Yé%'-, preferably methyl, or in conbination with RL, is

2, gonnect i ng. SeaRiingif LaakeN ddHehE ol Bre BRRENIAvISy AlaRR 3 1 and

-12- and wherei together forman N-heterocycliC ring, and R2
and R3 may walyesHess tham200, Swdheased 049 dBDc Examples of polumend pelyols al yst s

1 e o B8 Sy ST AL RS b 408 Inlucing nycrony
Striazapi cyebpiaiift olaBfones, ﬂyépo&ylc@nltﬁhw@rﬁﬁnélthgaégyg@bbwném,ri m di ne,

1,2,4-triazole, sogi um derivative and 2-tert-buty
t et r amet hy| golycadianate polyolsiantbpeliureibanepely®er§- t o be bound by any

theory, it is beljie t hat ' l'i nki
via reaction of Wﬁ%ﬁﬁ?‘)&%ﬁﬁféélggﬁeggﬁeﬁ%@g@k%ﬁ%gg%g% :’ggﬁﬁsﬁ; :2 {Eg
formation opoRbeEianahe) §iyess! andthaseaqivpsmeduet dhethyne glgeolanth onal

hi gh tenperature reaction of the uretdiones djssociating to formfree

i socyanat e grodperetofaropdgee axidmandethyeneR¥ideyr oups to form uret hane
crosslijgks. WthyLBeRRARE pofffethdSpolybRIornbe W tHeé oy Akatioh BRt ! ON

various polyols, for example, glycols such as ethylene glycol, 1,4-butane
glycol, 1,6-hexanediol, and the like, or higher polyols, such as trimethylol
propane, pentaerythritol and the like. One commonly utilized oxyalkylation
method is by reacting a pblyol with an alkylene oxide, for example,

20 ethylene oxide in the presence of an acidic or basic catalyst.

Polyester polyols can also be used as a polymeric polyol
component in the practice of the invention. The polyester polyols can be
prepared by the polyesterification of organic polycarboxylic acids or
anhydrides thereof with organic polyols. Usually, the polycarboxylic acids

25 and polyols are aliphatic or aromatic dibasic acids and diols.

The diols which are usually employed in making the polyester
include alkylene glycols, such as ethylene glycol and butylene glycol,
neopentyl glycol and other glycols such as cyclc;hexane dimethanol,
caprolactone diol (for example, the reaction product of caprolactone and

30 ethylene glycol), polyether glycols, for example, poly(oxytetramethylene)
glycol and the like. However, other diols of various types and, as



150ccurs at a tenperature of 20 to 70C such as 20 to 35C. The rel ative
anounts of the pol yuretdi one and the polyol can vary sonmewhat dependi ng on
t heir reswecbivaseml ecul ar wei ghts. Typically they can eathisb@ipomsent in
anounts within the range of 10 to 90% by wei ght based on resin solids

wei ght of the polyuretidione and the pglyol. 20The equivalent ratio of
hydroxyl to uretidione is typically fromO0.5 to 1.5:1. The catalyst is

wel gt baselrclimsel B OB sPahfZeaH s BenBhAd Shdinfenc ana «ne

pol yol . In agRiold &4n irtlide fbnemﬁp@ttﬁm@&rmlcmssaﬁé\etnmymwal ¢ihameabove nay
25contai n various optional red| ents. npl es of these are fillers and

rei nf or ci ng pagmrxthntqirare&mq) ie::: ‘UFJUIﬁﬁdh@'ﬂﬁfﬁﬁ@@cubﬁrl\’i’%%b@'y{%l c, kaolin,

m ca, 200 Dagl RYel B fd e PO Eng I BB VBRI A,
in the gonpesaitnplssf sN&‘rﬁhlglhrm©mﬁulartm§bt polybbisahe iregetizti pnidsucBGﬁﬁQ

constitute up to 50% by wei ght of the caqonposition based on total weight of
the conposi fMags of emyjene oxiderRer raatesitimetyI8kProR8NBr esent i nvention al so

contain a col or afy @@/ Fg? edfrfhetplaﬁlets?éd' ngggtﬁgﬁmanwgfns any substance

that inparts color an her opacit or other visual effect to the
conposi t i onmoHwmerid oama»(ymaachs arcattydrides Hnavmgaz tong8icarlaory akams abl e f orm

such as 5 discr ticle ersions uti o nd/ or, fl akes.. A
single coI OPSF\{“ ‘?C‘é{gn{\ etﬁSf %WSFC%@«&U?&P'@@& h 2lihagd. used in the
coatin | hafPacid, tetrdryArPpIRhSRE gei@nt s | ncl ude pi gnents,
dyes aﬁ t| n %t@%ch as’ orgg usegml n etre pmlt Industry and/or listed in

the Dry Col hexalaydrbpbthahera@ldl,(amsloacm |aﬂela(IDaMd} sehacinedaid, apaleieci al  ef f ect

d d d lid
sower t hat b ofidaft APl Bhlore i A, tRheMO R Baidach dRP el s "
col orant cagidaeh&yieHcidP6f VAI9Irgttypes AR o eHerb enag Bk @mslayed higher

non-aggl onerated. "Col orants can bé incorporated into the coatings by use of

a grind vehpelysarkwylic asidgrsuchaas yimellitie paty Mtr&aébalimh@ agigch(wherghi ch wi | |
be f t
cormos Pl ongt Rzt aBrs .oVt Rinderstopg AR ayARRE DI BUESC 02"

pi gnent, azacidenmeigl formliaphydridesiphh ibel ussd ingHate bj/the édldkeﬁs&o lower

benzi m dazol one, condensati on, netal 20caonplex, isaoindolinone, isoindoline
and pol ycycPRlkyl gsterapbagidnisvsh asdimeathyldu m%@r‘iﬂnet?ﬁa S@@ri none,

di ketopyrrolo p S

ant hrapyri m di ngéé%j gap‘ﬁrgt)ér%gj%?ant hr%ﬁgwa&?ﬁ éﬁ'?%r%(iyn%éﬁ@? gési ne,
t ri aryl car bpolyeaprajactonpiybe polyestergraant also delerhploygdr theseprodiats r ed

DPPB d d b b] a k 25 t th f. Th
e Sl e O o6 S el T
xanpl e dyesapiafhdiife vt a BRI dhbRhidtoxyisasen diahogee oo vent and/ or

aqueous bas suc green or Dblue, 1Ton oxide, bisnuth vanadate,
ant hr aqui non'lgntlpeeﬁlahwe suamquu@ta@rqmsaubedmnbl Sﬂﬁ&(&lﬁpl e tints

i ncl ude, d to, pignments dispersed in water-based or water
m sci bl e caﬁ3 fareqr%);@i&h gLe UA- CHEM 896 -14- commercially available from
Degussa, Inc., GHddiMN 3 &than eniviyab oINS SHY-IBiy COL ORANTS

commercially aval | abl e from Accurate Di spersions division of Eastnman
Cheri c@b, | aentaing ¢meth)astrie palyeetoPbimath)aenlipeolypls ¢rn beusedras
di sper si on ot limted to, a nanoparticle dispersion.
Nanoparti cl @gﬁé'gglg RQH%aﬂ i ncl ude one or nore highly dispersed

nanoparticl e colAmangshelseth)acolliorpympey diecpaigmiensidf about.2 eo 20desi red
visible color and/or opacity and/or visual effect. Nanoparticle dispersions

can i ncl udepéfﬂ%\tQMtV!e'QGEW"'é@%PWVSCWa'BVBSV'HﬁWHQO’é‘eﬁ%FF?Q?é si ze of
| ess than 1ﬁgdrgogggg<gﬁa&ma%é anBSRetiy AR RRInG2 (o8 SalddAatdths M the

Nanoparticle
30 alkyl group and 80 to 98 percent by weight of other ethylenically

unsaturated copolymerizable materials such as alkyl (meth)acrylates; the



produced by mlling stock organic or inorganic pignents with grinding nedia
having a particle size of less than 0.5 mm Exanple nanoparticle

di spersi owe 2andiis@bhods for making themare identified iPoTSSN11Pad4ent No.
6, 875,800 B2, which is incorporated herein by reference. 15Nanoparticle

di spersions can al so be produced by cr talllzatlon, precipitation, gas
phase condensation, and chemical attrition (| ., partial dissolution). In
order to mnimze re- | qner at.i on of nan rticles within the coatlng,

i Sper st on' GereataSs BlORRIpa haserda: tadoral Weight biale fubHomERE:

" di spersion 4 gg &£sin-coated nanoparticles" refers to a 20continuous phase
in which is |§%ersed di screet "conposite mcroparticles" that conprise a
nanopartl cle ancEmamplasmfmmableghyﬂrouh@lk}dl(mpﬁ‘r)acryllaies Bxamydeoxyi sper si ons

resi n-coa rt| rreth ds for making themare identified in
Unlted St at @ih\gﬁf‘g:}ff BEE’? ’Bﬁ A6MIREt i on 2005- 0287348 Al, filed June
24, 2004, U.S. pRpaR fé‘é'@f'é?ﬂéble“@lk !Q@ré/la@é‘s BAd (ﬁfé&ﬁy%%rymésfaréeswune 24,
2003, and United States Patent ication Serial No. '11/337,062, filed
January 20, nzelba;:ry&latecﬂ -atbylhexy mﬁtl,’@cpda*@tafm Rdrudylraasylatest er ence.
Exanpl e speci al

the prosent 1 nveeTaR (e PURIR P g P eas et ol ba e B * o oauce

one or nor e memAAeAWRicBldRLhe copelynstizedi Witle i hgdropgalkylescence, netallic
sheen, phosphorescence, -15- fl|uorescence, photochroni sm

phot osensi t |(me¢fy)acm4@tlemﬁfﬁ@M'@WP%\OHH%@W@WW%@%W%F& change.
Addi tigpal  gh&e c%o%fnﬂf:faﬂﬁtc{l&%ﬁnﬁ e)&qr89§rb%ﬁ§ Hél%ébﬂ?te@rﬁﬁﬁol?%ng%géﬁ@l e
propertres, such as opaci t | ment ,

speci al effﬂ%leﬁmdmﬂrdioarben@alhs'awmd:esmrsoforgamn and lmrghntchat t he col or
of the coating changes when the coati nga%j{s] 9 at di fferfnt anpgl es.
1a% ﬂFe’&! il

Exanpl e col @P'déf pavdes ang ssters o unsatur &S 8nd unsafuate

6,894, 086, i 0 ffect
conposi ti ond can [ nﬁ&ﬂ(&ﬁ%@??@?}?ﬁgﬁat e %é‘(%ghgwg?gér %@hﬁ ﬂestal c mca,
coat ed sil i batadiene eatrplaonideaacrylohitrien dptza-orethylidynedec alpheamethiyynent , a

from aPe r Splarebl et priaft vl absrin, AR B AVAHPRHE Secause of
Lhe refract iyl faesndlb! +RNIAeRrdte! ekl theres:, sbubliptieseer | ai and

the air. er al he col orant can be present in any anmount sufficient
to 15 |rrpar ptmereetwenroadymnsawra@wmaterm are used in admwguesowshdhe may

conprise fro 1to resent conposi tions, such as
from3 to 46 ﬁg?dﬂ?§$ﬂ}égﬁgyﬁﬁg%gﬁg’%gﬁﬁéﬁgﬂ percent, wth wei ght percent
based on the totRésives e abbvé-heertivneashdlymesic polyols, polylretiearigposi ti ons of
the invention can be enpl oyed for various 20purposes, for exanple as

printi g i nRoIyRlg lébe@@aply%carbbeﬁgeared/@beeaqﬁregeanyo?f the abave- of
particul ar 'nﬁ]%rﬁro‘?l%td eda%édégv.ﬂ?s rfhof Qﬁo%%?ébfyﬁs%@ﬁaﬂétet@-ﬂwg‘“ on for
pr eparl ng pro ective a ecorative coatl ng SucC terior coati ngs on

substrates efualaleritiratic gréa:ter theapi1g sbtihhdiregpnnfamctgdrowhgmmmrake25pane| S,
and as a coating on ston concrete or netal coat.i f vehicles,
ROl qwar wEB e

for exanpl ePresR "&@%B@U"F dnagditionyto theigh YOhs may
| i'kew se benﬂ’%ﬁ ned. a”d&@*%kfﬁ?%élg thni'n H'rﬂSIe@UQrW@@%dd’ﬁM efinish, and
e or

also for th I ni shing of car I es, astl C parts cars and
body- nBéint emmiaculpam@ht‘ﬁmé,/ols\suclaasrtbose metdionedatiavermautedsagsed in a
30nul ti coat syst in the. [ clear yse in

b h
pi gnent ed t opcoat® P@aé]'%@poﬁé‘gg?fﬁl ‘@ﬁ%ﬁ |§§sed?o pr%egtﬁﬁﬁog)ér{rggmaggn be

coated by applyvidgah be d‘rgaﬁi@sadly@acweﬁmaaeé having 4 hlledlar Weigh@toaol i ds
conposition or as a solufion or dispersion in a solvent or diluent. The

choi ce of s&b 1800, preferablyeis tama18h%u<2fba$:érﬁ1dd§i>©¥af’t?é9@fﬁp edoni nantly on

dituent. sholratisae N hER TRkl it araR IR R TERTL2E02 Y chem ca
reactigo wi Hhsémr@wmmxanérw s hodydndte- $aiﬁ’«birﬂemfyl Basogyaratmyved aft er
the coating operation in the _curing process. | es of suitable solvents

or di | uent s mgtbyk@tciphexang: (E0)) and raixtuses th%@@ﬁ pé§ferﬁ%"t’ MyA.- 4=t hyl ket one,
i sobutyl- nmet hyl ketone, 10cycl opentanone, cycl ohexanone,
N- net hyl pyrrol i done, di oxane,



t et rahydrof uran, 2-nethoxyethanol, 2-ethoxyethanol, 1-nethoxy-2- propanol,
1, 2-di net hoxyet hane, ethyl acetate, n-butyl acetate and ethyl 3-

et hoxypr opoanatasée¥he sol vent or diluent is typically presastoitmo@rpdunts of
0 to 30% by weight based on total weight of the conposition. 15Using known
coating processes, the coating conposigion may be applied uniformy to a
substrate, for exanple by spin coating, dip coating, knife coating, curtain

coati ng, especi tr --and reverse
roll coati néusoﬁyg’n@giqycrp@e%g%% 3W%§n§g‘e %ﬁ(ﬁF aéSsd?%gX Ocol or coat

or as a cl egyigomé (TBDARIrREthyRRI4- (‘aﬁd/@rrLzoeB dii6cyeraiesiddexane arme substrate,

the resultant coating is cured. Cure can be at anbient tenperature or

slightly abéer—dMsg@yanﬂtOQ'phEBWm&Ih@Oe B hnwlylene diigmyanaiey @i ng

t hi ckness i 1 Xf#/P Materials

Ur et di ones: %eéxﬂ?ﬁé#"éo%@%%tgﬁx 00 'ysaégxgh@gﬁg%&ep IirTrg(?Cy|1§°‘3‘(l;épar ed from
Desnodug( r) dbdedane,(pd Sitﬁmeﬁwﬂﬁéﬂmemymwlwodyaneteanm -cpclohexylend e
groups, prepared from HDI, avajlable from Bayer Material Science LLC, -17-

Pi t t sbur gh, diggcyepate. i # -dicyclabexyimethaned @Wﬁ”ﬁ@(é‘n‘ﬂ)r IQedob®ar ed usi ng
adidl to aﬁé‘&égﬁg\%ﬁgva' ot rf?ettn’a?'n&h 8ot gb %}@\gr{é Gfls%ﬁﬁ/aﬁ%%dto

subst anti al ny % ee i socy nate resin was

prepared at trifHényfrhethanen, aya' yirusmytaata@ éBWe.II dsamixigres théeébfavisege
5ur et di one equi val ent wei ght ("TMPD Dinmer") A pol yuretdi one prﬁpol ymer

pr epar ed fréwmgrﬁﬁﬁtﬁ'ﬁ‘?mmﬁr'gﬂﬂgoﬁﬁﬂ%tﬁ%§H%ﬁ§t4€'sﬁﬁﬁ"ﬂ\%} medbyibAe and
ot or 1 a0 Seifiplendl GiRBEFanateC TXRCpoNIGLy A corRBNERY Rlay also . o (1

PD) / 2- et hyl cbmmhoWﬁ\maqwmlsdcymah@s basedbntldDhdRBI aadlanHViBht rati o
of 2.8:1 1in suffl ci ent ,anount, to subst ntl al %écons ne_ an {ree i socyanate

groups present. mRccPEdanceyith e prased éﬂ"e@@ B PRYISAFYERAG avi ng a 1430
aver age UreEgl'n ﬁeﬁﬂﬁ%ﬁ@ﬁthﬁb%tof aléﬁgﬂs%i/énate adducfoSvitdfie Pol yol ©  (PA)

Acrylic polyol rom ndustries In accordance with Exanple A
bel ow pelyrsmeyanéate) addu@s aée tr(cF&@) cmﬁaym lsonaaeurpm yretdiongn Bayer

Vat S 100% sql i ds, ,500 h l,ent ht
200ur 1 15 ¢ hBLESLIBERRSARAN A8, SHmeenie® FaaharBRRaBfEhe ¢ 2100,
Desmophen(r o%(-)n]sOlﬂwéBQI us(o%g)anﬁ’fésy@édﬁts Rale ah é\fé?ﬁg@m’rﬂi’tlowbh@rdfaﬂ Sci ence,
100% sol i ds; 500 average hydr oxyl Ngw val ent wei ght Cat al ysts:

1- et hyl i mi uaﬁopr@fem 2(tw¢4|, a’;\dfarb S gemtent af b o 30%obywrightds, 251. 03

ST ot 1 asprees B % b iaduPhp DS AR PR 2400 BRl®, ot

from Si gnma 4hdindlige:100% solids, 1.12 g/nL. WO
2011/ 115669PCT/ US2011/ 000473 - 18- _ _ )
7-met hgP- 1, 5, 7- thi azdBPeyanusate aroyp-eritaining,polyjspsyangtes WNCRIMAA, 100%

From Rhei n ERbtvRarefn s Pl i (EES 2 g A8 EPRS res ne: (Addocal 1672
EP-OS 10,589, EP-OS 47 452, US PS 4,288,586 and US-PS 4,324,879.
2) Uretdione diisocyanates which may be prepared by
oligomerizing a portion of the isocyanate groups of a diisocyanate in the
25 presence of a suitable catalyst, e.g., a trialkyl phosphine catalyst, and
which may be used in admixture with other aliphatic and/or cycloaliphatic
polyisocyanates, particularly the isocyanurate group-containing
polyisocyanates set forth under (1) above.
3) Biuret group-containing polyisocyanates which may be

30 prepared according to the processes disclosed in U.S. Patent Nos.



51,5, 7-triazabicyclo(4.4.0)-dec-5-ene: (TBD) from Sigma Al drich, 100%
solids, 0.78 g/nL. 1,4-diazabicyclo(2.2.2)-octane: (DBO from Signa

Al drich, wowdawv1iBeazyl t ri met hyl anmoni um hydr oxi de sol ut iPem/USediniova@ng r) B)
from Sigma Aldrich, 40%solids in nethanol, 0.79 g/nL. 10Stannous octoate:
(T-9) fromAcros, 100% solids, 1.29 glqg. D butyltin dilaurate: (1-12) from
Air Products, 100%solids, 1.03 g/nL. Tributyl phosphine: (TBP) from Sigma
Al drich, 10Q% S / ] i ate: (Zirc
AcAc) from Qf‘i)ég?d??gﬁ%g\%%d'&éa é%g?igr?(? &.%@%a“?ﬁ ??lﬂggﬁban&te (Zinc

DEDTC) fr om4$om65\l 414V 14ponde220,749 by using cblaeactent&i@ch gstwatesal t from
King I ndustries, Inc, 25%solids in n- 20butanol,

01 g/ nL.
Tet r abut yI pieréigRoaicaheise PRERSY godrsaeandany '1‘!9!39@”‘!4)‘95? &nﬂg@i'@ﬁﬁ/ apdiorch, 100%
sol i ds, t rabut yl ammoni um acetate, 97% (tBAmAc) from
Si gma Al dr| %ﬁ 6%\/@ Giam Ot assium tert-butoxide: (K-tBox) from Sigm
Al drichb5 powder. 4) WO Ihﬁlﬂlébiécﬁéﬁlﬁlé(drbmszﬁﬂﬂdmmmmisol:?anurate group-
1,2,4-triazole, ,sodium.derivative: (triazole) fro mS{ maAIdrlcrt] powder

Dodecy! benz SRBEAINING AAYisRE¥ENte@WNED BigYdE P &é?F‘F%Q Inc, 70%

l'id Q7%
(neDsi ) 1 SRe e raoipePofifh Jotafsts i ‘i’e?%f’%eaq“ i BRI o212

(6212) Zirconi ur15)che| GaebddudeKlgmgupﬂdo’almlhgspomwmms which may

K- Kat XK 605: (605 uepus sal uti c._conmpound with 10f rom
Ki ng | ndust ?’?eéf ‘Q?% Q%ef'ﬁm\ﬂacfe?r po@usocyﬂﬁg%sén Eelsfa}'cfélz) Zi nc
conpl exow t Rn@Wn%ﬁrB@d|hhmi(é%n3¢été%t§a§§é§'criﬂé@!m|®ﬂ@$ MdoS2 D0ZSUSS2 %

solids in isopropanol. Borchi" Kat 22: g 2) Zinc octoate from
Lanxess, 10® $1§8I,1Q%an¢\&fi)1§h$ 204,409 2,587 85@‘“&215&2@135@ ani ne bl end
from Rhei n 1SCh e, %

2-tert-butyl - /3, 3- %‘g& ?hé@%ucgrﬂt n|n .0 |n?trr|8H1e|:qrngs 980% sol i ds.

Sol vent s: &ﬁ@béadtuoﬁq%auet éﬂtﬁﬁ)maéﬁﬂyﬁnﬁdy‘aﬂa@and BBGholkesft i ary but anol
(t BuOH)
carbon dioxide.

15 Preferred polyisocyanate adducts are those containing
isocyanurate, uretdione, biuret, and/or iminooxadiazine dione groups,
especially polyisocyanates containing isocyanurate groups and optionally
uretdione or iminooxadiazine dione groups.

The catalyst for the curing reaction is an amine compound contains

20 the group -N=C-N-, is aprotic, has a pKa greater than 20 and upon
addition to the liquid coating composition causes a phase-change of the
coating composition from liquid to solid at 25°C and 1atm. within one
week. As used herein and in the following claims, “aprotic” means there
is no hydrogen bonded to a primary or secondary amine.

25 In one embodiment, the catalyst has a structure according to

formula I:



Tol uene -20- Exanple A: (Acrylic polyol) This exanple illustrates the
preparation of an acrylic polyol conponent. A reaction vessel equipped
stirrer, wbernmmuaswpl e, condenser 5 and addition funnel spequisppedowmrs h punps
is charged with 269.2 grans (g) of ethyl-3-ethoxy propionate (EktaPro EEP
from East man Chem cal Products), 15.2_gqnh-butyl acetate and 5.5 g triphenyl
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initiator from Atochem) and 24.3 g n-butyl aIEetate fter the addition of

the 15 two feeds A and B is co re rinsed with
30.0 g each of n-butyl acet atengéﬁéghﬁeggontents of the v%sggl are all owed
to reflux for 1 hour. Thereafter, sfheating is discontinued, the contents of
t he vessel are allowed to cool CH), n-butyl acetate is added. The

resul tagt acrylic polyol has a total soli3ds, content neasured for 20 1 hour

at 110C of 65.8 percent by weight; has a nol ecul ar i ght of 6600, a
wei ght average nol ecul ar wei ght H@f"eﬂ’@,s?@ Hngn%\arrﬁfrﬁfépcﬁ"\?ﬁﬁgﬁir mol ecul ar

wei ght of 2016 as determ ned by,Qgk [ hvIo8 RQABL 8Qinaphy utilizing
a polystyrene standard; has a cﬁﬁn"ew y/l slcng)estlh? EEZ has an acid

val ue of 1.1; has a APHA col or oémbﬂaatlmswmhﬂslsvalcgimmgsagmm 80; has a
hydr oxyl val ue of 83.3. Preparati mat er i Bot h

0
ur et di one prepol ymers and al | tﬁ?'&@t%{)ﬁr?@ eL9§8Hp CH”FﬁH”%)i’arrpl es were
reduced to 40% solids wth nBA. Catal ysts were prep:aq d 30as 10% sol uti ons

based on solids:in various carrier solvents as i | ated in
2011/ 115669PCT/ US2011/ 000473 -21- Ie 1. Names a ab E%l tijons of the
catal ysts that were used in the % arefoud s well.

ProceddFe: S5After preparation of raw mater ?Hfj ur etd| one pr epol ynmers and

pol yol s were mxed in an 8- viakehRideh Y@ﬂabh(m?éjcﬁrtﬂrﬁﬁcﬁgd SRRl yst.

Cat al ysts were added at 4% | oadi hg ase on sol an exanple, to
prepare a formul ati on from Et Heprefersbdy mﬁhyalndr incqobipationwitly Bg,dsone t o

hydroxyl ratio of 0.8:1.0 with DBU cat x_uretdione 10
solution, 1,440 pL of PA pol yola§8InUFF ﬁgg@eﬁ‘%@&%hd&fé‘? tlﬁ%eq{?u'%z pL of

DBU sol uti on was added on top of the uretdi one ang pol yol m xture.
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identification and carrier solv N MS nber Catal yst Abbreviation

15 37
R4 represents linear or branched alkyil,
preferably methyl, or in combination with Ry, is

a connecting segment selected from the group

consisting of E N==CH } and

[ ~
20 3 :and




Solvent 1 Metal salt Nacure A218 nBA 2 Dodecyl benzenesul foni c acid Nacure
5076 nBA 3 1-nethylim dazole Mel m nBA 4 Tetrabutyl phosphoni umet hane-

sul f onat ew0BPNMEHS6PBA 5 St annous octoate T-9 nBA 6 D butglrtiseoidiob@as at e
1-12 nBA 7 1, 8-di azabi cycl o(5. 4. 0) -undec-7-ene DBU nBA 8

1, 5-di azabi cycl o(4. 3. 0) - non-5-ene DBN {i8A 9

7-methyl -1,5,7-triazabi cycl o(4. 4. 0) - dech-ene

and wherein Ry and R4 may together form an N-heterocyclic ring, and R;
and Rj; may together form an N-heterocyclic ring.

Suitable catalysts include those selected from the group consisting
of 1,8-diazabicyclo[5.4.0Jundec-7ene, 7-methyl-1,5,7-

5 triazabicyclo[4.4.0]dec-5-ene, 1,4,5,6-tetrahydro-1,2-dimethyl pyrimidine,
1,2,4-triazole, sodium derivative and 2-tert-butyl-1,1,3,3-
tetramethylguanidine.

Although not intending to be bound by any theory, it is believed that
the strong basic catalyst promotes crosslinking via reaction of the

10 hydroxyl with the uretdione linkages resulting in the formation of
allophanate crosslinks as opposed to the more conventional high
temperature reaction of the uretdiones dissociating to form free
isocyanate groups that react with the hydroxyl groups to form urethane
crosslinks. With the proper catalyst, the allophanate group formation

15 occurs at a temperature of 20 to 70°C such as 20 to 35°C.

The relative amounts of the polyuretdione and the polyol can vary
somewhat depending on their respective molecular weights. Typically
they can each be present in amounts within the range of 10 to 90% by
weight based on resin solids weight of the polyuretidione and the polyol.

20 The equivalent ratio of hydroxyl to uretidione is typically from 0.5 to 1.5:1.
The catalyst is typically present in the composition in amounts of about
0.05 to 5% by weight based on weight of resin solids weight of the
polyuretidione and the polyol.

In addition to the ingredients mentioned the composition above may

25  contain various optional ingredients. Examples of these are fillers and
reinforcing agents, for example calcium carbonate, silicates, talc, kaolin,
mica and barium sulfate. Other additives, for example plasticizers,
lubricants and rheological additives and solvent or diluent may be
included in the compositions. When present, these optional ingredients

30 may constitute up to 50% by weight of the composition based on total

weight of the composition.



MeTBD nBA 10 1,1, 1, 3, 3, 3- hexanet hyl di si |l azane HWVeDSi nBA 11

2, 3-di met hyl t etrahydropyri mdine 1872 nBA 12 Tri butyl phosphine TBP nBA 13
Tet r abut Wermmmiiseswacet at e t BAMAc t BuOH 14 Pot assi um t ePCThist@iooks7¥- t Box
tBuOH 15 1,5, 7-triazabicycl o(4.4.0)-dec-5-ene TBD t BuCH 16

1, 4-di azabi cycl o(2. 2. 2) -oct ane DBO nBA,L7 Zirconium (l1V) acetyl acetonate
Zi rcAcAc Tol uene 18 Zinc diethyldithiocarbanate

The compositions of the present invention also contain a colorant.
As used herein, the term “colorant” means any substance that imparts
color and/or other opacity and/or other visual effect to the composition.
The colorant can be added to the coating in any suitable form, such as

5 discrete particles, dispersions, solutions and/or flakes. A single colorant
or a mixture of two or more colorants can be used in the coatings of the
present invention.

Example colorants include pigments, dyes and tints, such as those
used in the paint industry and/or listed in the Dry Color Manufacturers

10 Association (DCMA), as well as special effect compositions. A colorant
may include, for example, a finely divided solid powder that is insoluble
but wettable under the conditions of use. A colorant can be organic or
inorganic and can be agglomerated or non-agglomerated. Colorants can
be incorporated into the coatings by use of a grind vehicle, such as an

15 acrylic grind vehicle, the use of which will be familiar to one skilled in the
art.

Example pigments and/or pigment compositions include, but are not
limited to, carbazole dioxazine crude pigment, azo, monoazo, disazo,
naphthol AS, salt type (lakes), benzimidazolone, condensation, metal

20 complex, isoindolinone, isoindoline and polycyclic phthalocyanine,
quinacridone, perylene, perinone, diketopyrrolo pyrrole, thioindigo,
anthraquinone, indanthrone, anthrapyrimidine, flavanthrone, pyranthrone,
anthanthrone, dioxazine, triarylcarbonium, quinophthalone pigments,
diketo pyrrolo pyrrole red (“DPPBO red”), titanium dioxide, carbon black

25 and mixtures thereof. The terms "pigment" and "colored filler" can be
used interchangeably.

Example dyes include, but are not limited to, those that are solvent
and/or aqueous based such as phthalo green or blue, iron oxide, bismuth
vanadate, anthraquinone, perylene, aluminum and quinacridone.

30 Example tints include, but are not limited to, pigments dispersed in

water-based or water miscible carriers such as AQUA-CHEM 896
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commercially available from Degussa, Inc., CHARISMA COLORANTS
and MAXITONER INDUSTRIAL COLORANTS commercially available

from Accurate Dispersions division of Eastman Chemical, Inc.

As noted above, the colorant can be in the form of a dispersion

5 including, but not limited to, a nanoparticle dispersion. Nanoparticle

dispersions can include one or more highly dispersed nanoparticle

colorants and/or colorant particles that produce a desired visible color

and/or opacity and/or visual effect. Nanoparticle dispersions can include

colorants such as pigments or dyes having a particle size of less than 150

10 nm, such as less than 70 nm, or less than 30 nm. Nanoparticles can be

produced by milling stock organic or inorganic pigments with grinding

media having a particle size of less than 0.5 mm. Example nanoparticle

dispersions and methods for making them are identified in U.S. Patent

No. 6,875,800 B2, which is incorporated herein by reference.

15 Nanoparticle dispersions can also be produced by crystallization,

precipitation, gas phase condensation, and chemical attrition (i.e., partial

dissolution). In order to minimize re-agglomeration of nanoparticles within

the coating, a dispersion of resin-coated nanoparticles can be used. As

used herein, a “dispersion of resin-coated nanoparticles” refers to a

20 continuous phase in which is dispersed discreet “composite

microparticles” that comprise a nanoparticle and a resin coating on the

nanoparticle. Example dispersions of resin-coated nanoparticles and

methods for making them are identified in United States Patent
Application Publication 2005-0287348 A1, filed June 24, 2004, U.S.

25 Provisional Application No. 60/482,167 filed June 24, 2003, and United
States Patent Application Serial No. 11/337,062, filed January 20, 2006,

which is also incorporated herein by reference.

Example special effect compositions that may be used in the

compositions of the present invention include pigments and/or

30 compositions that produce one or more appearance effects such as

reflectance, pearlescence, metallic sheen, phosphorescence,



- 23- Tabl e 2 and Table 3 show the fornul ati on responses of each
catalyst with the uretdione to polyol equivalents of 0.8:1.0 and 1.2:1.0
respect i webyoiiltisées cl early seen from Table 2 and Tabl e P@Ttusadi1tobe73r0Sst
active catalysts are triazole, 1872, DBU, and MeTBD. 5 Table 2. Fornul ation
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goniochromism and/or color-change. Additional special effect
compositions can provide other perceptible properties, such as opacity or
texture. In a non-limiting embodiment, special effect compositions can
5 produce a color shift, such that the color of the coating changes when the
coating is viewed at different angles. Example color effect compositions
are identified in U.S. Patent No. 6,894,086, incorporated herein by
reference. Additional color effect compositions can include transparent
coated mica and/or synthetic mica, coated silica, coated alumina, a
10 transparent liquid crystal pigment, a liquid crystal coating, and/or any
composition wherein interference results from a refractive index
differential within the material and not because of the refractive index
differential between the primer of the material and the air.
In general, the colorant can be present in any amount sufficient to
15 impart the desired visual and/or color effect. The coloranf may comprise
from 1 to 65 weight percent of the present compositions, such as from 3
to 40 weight percent or 5 to 35 weight percent, with weight percent based
on the total weight of the compositions.
_ The compositions of the invention can be employed for various
20 purposes, for example as printing inks and as coatings for paper, wood,
metal or plastic.
Of particular interest is the use of the compositions of the invention
for preparing protective and decorative coatings, such as exterior coatings
on substrates of all kinds, for example buildings, fences, chipboard
25 panels, and as a coating on stone, concrete or metal, for the coating of
vehicles, for example, such as cars, railways or aircraft. The compositions .
may likewise be used in automotive OEM finishing and automotive
refinish, and also for the finishing of car bodies, plastic parts for cars and
body-mounted car parts. The initiators of the invention can be used in a
30 multicoat system in the primer, base coat or clearcoat. Their use in

pigmented topcoats is also possible.
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The substrates can be coated by applying the composition as a
liquid that may be 100% solids composition or as a solution or dispersion
in a solvent or diluent. The choice of solvent or diluent and the
concentration depend predominantly on the choice of coating ingredients

5 and the coating process. The solvent or diluent should be inert. In other
words, it should not undergo any chemical reaction with the components
and should be capable of being removed after the coating operation in the
curing process. Examples of suitable solvents or diluents are ketones,
ethers and esters, such as methyl! ethyl ketone, isobutyl methyl ketone,

10 cyclopentanone, cyclohexanone, N-methylpyrrolidone, dioxane,
tetrahydrofuran, 2-methoxyethanol, 2-ethoxyethanol, 1-methoxy-2-
propanol, 1,2-dimethoxyethane, ethyl acetate, n-butyl acetate and ethyl 3-
ethoxypropionate. The solvent or diluent is typically present in amounts
of 0 to 30% by weight based on total weight of the composition.

15 Using known coating processes, the coating composition may be
applied uniformly to a substrate, for example by spin coating, dip coating,
knife coating, curtain coating, brushing, spraying--especially electrostatic
spraying--and reverse roll coating. The coating compositions can be
used as a primer, color coat or as a clearcoat.

20 After application of the composition to the substrate, the resultant
coating is cured. Cure can be at ambient temperature or slightly above,
typically from 20 to 70°C and 20 to 35°C.

The coating thickness is typically from 0.5 to 46 microns.

EXAMPLES

25 Materials

Uretdiones:

(“EtHex Dimer”) A polyuretdione prepolymer prepared from
Desmodur® N 3400 (polyisocyanate having uretdione and isocyanurate

groups, prepared from HDI, available from Bayer MaterialScience LLC,
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Pittsburgh, PA) /2-ethyl-1,3-hexanediol/2-ethyl hexanol was prepared
using a diol to monol equivalent ratio of 2.8:1 in sufficient amount to
substantially consume any free isocyanate groups present. The resin was
prepared at 50% solids in butyl acetate (BA), having a 1430 average

5 uretdione equivalent weight.

(“TMPD Dimer”) A polyuretdione prepolymer prepared from
Desmodur® N 3400 (polyisocyanate having uretdione and isocyanurate
groups, prepared from HDI, available from Bayer MaterialScience LLC,
Pittsburgh, PA) /2,2,4-trimethyl-1,3-pentanediol (TMPD)/2-ethyl hexanol

10  was prepared using a diol to monol equivalent ratio of 2.8:1 in sufficient
amount to substantially consume any free isocyanate groups present. The
resin was prepared at 50% solids in BA, having a 1430 average

uretdione equivalent weight.

15 Polyols:
Acrylic Polyol: (PA) Acrylic polyol from PPG Industries, produced in

accordance with Example A below
Desmophen® XP 2586: (PC) Polycarbonate polyol from Bayer
MaterialScience, 100% solids, 500 average hydroxyl equivalent weight.
20 During the course of this study, this was renamed Desmophen C 2100.
Desmophen® S-1019-120: (PE) Polyester polyol from Bayer

MaterialScience, 100% solids, 500 average hydroxyl equivalent weight
Catalysts:
1-methylimidazole, 99%: (Melm) from Sigma Aldrich, 100% solids,
25 1.03g/mL.

1,8-diazabicyclo(5.4.0)-undec-7-ene: (DBU) from Air Products,
100% solids, 1.02 g/mL.

1,5-diazabicyclo(4.3.0)-non-5-ene: (DBN) from Sigma Aldrich,
100% solids, 1.12 g/mL.
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7-methyl-1,5,7-triazabicyclo(4.4.0)-dec-5-ene: (MeTBD) from Fluka,
100% solids, 1.07 g/mL.

2,3-dimethyltetrahydropyrimidine: (Addocat 1872) from Rhein
Chemie, 100% solids, 0.96 g/mL.

5 1,5,7-triazabicyclo(4.4.0)-dec-5-ene: (TBD) from Sigma Aldrich,
100% solids, 0.78 g/mL.

1,4-diazabicyclo(2.2.2)-octane: (DBO) from Sigma Aldrich, powder

Benzyltrimethylammonium hydroxide solution: (Triton® B) from Sigma
Aldrich, 40% solids in methanol, 0.79 g/mL.

10 Stannous octoate: (T-9) from Acros, 100% solids, 1.29 g/mL.

Dibutyltin dilaurate: (T-12) from Air Products, 100% solids, 1.03
g/mL. |

Tributyl phosphine: (TBP) from Sigma Aldrich, 100% solids, 0.81
g/mL.

15 Zirconium (IV) acetylacetonate: (Zirc AcAc) from Sigma Aldrich,

powder.

Zinc diethyldithiocarbamate: (Zinc DEDTC) from Sigma Aldrich,

powder.

Nacure A218: metal salt from King Industries, Inc, 25% solids in n-
20 butanol, 1.01 g/mL.

Tetrabutylphosphonium methane-sulfonate: (TBPMe-S) from Sigma
Aldrich, 100% solids, 0.78 g/mL.

Tetrabutylammonium acetate, 97%: (tBAmAc) from Sigma Aldrich,

powder.

25 Potassium tert-butoxide: (K-tBox) from Sigma Aldrich, powder.
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1,2,4-triazole, sodium derivative: (triazole) from Sigma Aldrich,
powder.

Dodecylbenzenesulfonic acid: (Nacure 5076) from King Industries,

Inc, 70% solids in isopropanol, 0.99 g/mL.

1,1,1,3,3,3-hexamethyldisilazane, 97%: (HMeDSi) from Sigma
Aldrich, 100% solids, 0.78 g/mL.

K-Kat XC 6212: (6212) Zirconium chelate from King Industries, 100
% solids.

K-Kat XK 605: (605) Aqueous solution of zinc compound with amine

from King Industries, 80 % solids in water.

Nacure XC 8212: (8212) Zinc complex with an amine blocked

sulfonic acid from King Industries, 52 % solids in isopropanol.
Borchi Kat 22: (K22) Zinc octoate from Lanxess, 100 % solids.

Addocat PP: (PP) Tertiary aliphatic amine blend from Rhein
Chemie, 100 % solids.

2-tert-bufyl-1,1 ,3,3-tetramethylguanidine: (TMG) from Fluka, 100 %

solids.

Solvents:
Butyl Acetate (nBA)
Dimethyl sulfoxide (DMSO)
Tertiary butanol (tBuOH)

Toluene
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Example A: (Acrylic polyol

This example illustrates the preparation of an acrylic polyol
component. A reaction vessel equipped stirrer, thermocouple, condenser
5 and addition funnels equipped with pumps is charged with 269.2 grams (g)
of ethyl-3-ethoxy propionate (EktaPro EEP from Eastman Chemical
Products), 15.2 g n-butyl acetate and 5.5 g triphenyl phosphite and heated
to reflux, about 160°C. Two feeds, identified herein as A and B, are next
gradually added to the vessel over a period of three and four hours,

10 respectively, while the contents of the vessel are maintained at reflux
conditions. Feed A consists of a mixture of 548.6 g Tone M-201
(caprolactone methacrylate), 274.4 g methyl methacrylate and 274.4 g
styrene. Feed B consists of a mixture of 65.8 g Luperox DTA (free radical
initiator from Atochem) and 24.3 g n-butyl acetate. After the addition of the

15 two feeds A and B is complete the addition funnels were rinsed with 30.0 g
each of n-butyl acetate and the contents of the vessel are allowed to reflux
for 1 hour. Thereafter, heating is discontinued, the contents of the vessel
are allowed to cool and 150.0 g n-butyl acetate is added.

The resultant acrylic polyol has a total solids content measured for

20 1 hour at 110°C of 65.8 percent by weight; has a peak molecular weight of
6600, a weight average molecular weight of 10,200 and a number average
molecular weight of 2016 as determined by gel permeation
chromatography utilizing a polystyrene standard; has a Gardner-Holt
viscosity of Z; has an acid value of 1.1; has a APHA color of.20; has a

25 weight/gallon of 8.80; has a hydroxyl value of 83.3.

Preparation of raw materials

Both uretdione prepolymers and all three polyols used in the
Examples were reduced to 40% solids with nBA. Catalysts were prepared

30 as 10% solutions based on solids in various carrier solvents as indicated in
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Table 1. Names and abbreviations of the catalysts that were used in the

Examples are found in Table 1 as well.

Procedure:

5 After preparation of raw materials, uretdione prepolymers and
polyols were mixed in an 8-mL vial followed by addition of catalyst.
Catalysts were added at 4% loading based on solids. As an example, to
prepare a formulation from EtHex uretdione and PA polyol at uretdione to
hydroxyl ratio of 0.8:1.0 with DBU catalyst, 3,000 pL of EtHex uretdione

10  solution, 1,440 uL of PA polyol solution were mixed first. Then, 782 L of
DBU solution was added on top of the uretdione and polyol mixture.
Formulations were observed and the responses were recorded as follows:

« 0 = no reactivity, no gelling or viscosity increase noticed after one

week
15 « 1 = |low reactivity, formulation gelled within one week
« 2 = medium reactivity, formulation gelled over night

« 3 = high reactivity, formulation gelled prior to casting over substrate
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Table 1. Catalyst identification and carrier solvent.

ﬁﬁ::g’es: Catalyst Abbreviation Solvent

1 Metal salt Nacure A218 nBA

2 Dodecylbenzenesulfonic acid Nacure 5076 nBA

3 1-methylimidazole Melm nBA

4 'Srsltfganbauttglphosphonium methane- TBPMe-S nBA

5 Stannous octoate T-9 nBA
-6 Dibutyltin dilaurate T-12 ' nBA

7 1,8-diazabicyclo(5.4.0)-undec-7-ene DBU nBA

8 1,5-diazabicyclo(4.3.0)-non-5-ene DBN nBA

9 g:guneethyl-1 ,5,7-triazabicyclo(4.4.0)-dec- MeTBD nB A

10 1,1,1,3,3,3-hexamethyldisilazane HMeDSi nBA

11 2,3-dimethyltetrahydropyrimidine 1872 nBA

12 Tributyl phosphine TBP nBA

13 Tetrabutylammonium acetate tBAMAC tBuOH

14 . Potassium tert-butoxide K-tBox tBuOH

15 1,5,7-triazabicyclo(4.4.0)-dec-5-ene TBD tBuOH

16 1,4-diazabicyclo(2.2.2)-octane DBO - nBA

17 Zirconium (1V) acetylacetonate ZircAcAc Toluene

18 Zinc diethyldithiocarbamate Zinc-DEDTC DMSO
19 SB((;:fiyg;rimethylammonium hydroxide Triton B nBA

20 1,2,4-triazole, sodium derivative triazole DMSO

21 K-Kat XC 6212 6212 BA

22 K-Kat XK 605 605 water

23 Nacure XC 8212 8212 BA

24 Borchi Kat 22 K22 BA

25 Addocat PP PP BA

26 2-tert-butyl-1,1,3,3-tetra methyl ™G BA

guanidine
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Table 2 and Table 3 show the formulation responses of each
catalyst with the uretdione to polyol equivalents of 0.8:1.0 and 1.2:1.0
respectively. It is clearly seen from Table 2 and Table 3 that the most
active catalysts are triazole, 1872, DBU, and MeTBD.

5 Table 2. Formulation response to catalyst at room temperature at

uretdione:hydroxyl equivalent ratio of 0.8:1.0

ﬁi:lg':: Catalyst Solvent Ei—iex Di:Ccer 5E ;IZIPD Di::r 5E
1 pacure A nga 0 0 0 0 0 0
2 Nare nBA 0 0 0 0 0 0
3 Melm nBA 0 0 0 0 0 0
4 TBPMe-S nBA 0 0 o 0 0 0
5 T-9 nBA 0 0 0 0 0 0
6 T-12 nBA 1 0 0 0 0 0
7 DBU . nBA 3 3 3 2 2 2
8 DBN nBA 0 0 0 0 0 0
9 MeTBD nBA 3 2 2 3 2 2
10 HMeDSi nBA 0 0 0 0 0 0
11 1872 nBA 3 3 3 3 2 2
12 TBP nBA 0 0 o 0 0 0
13 tBAMAC BUOH 2 1 1 1 0 0
14 K-tBox tBuOH 0 0 0 0 0 0
15 TBD {BUOH 1 0 0 1 0 0
16 DBO  nBA 1 0 0 1 0 0
17 ZircAcAc Toluene 2 0 0 1 0 0
18 . DMSO 0 0 0 0 0 0
19 Triton B nBA 1 0 0 1

20 triazole DMSO 3 3 3




TBP nBA O 0 0 0 0 0 13 tBAMc tBuOH 2 11 10 0 14 K-tBox tBuOH0 0 0 0 0 O
15 TBD tBuOH 1 0 0 1 0 O 16
WO 2011/115669 PCT/US2011/000473

-24-

Table 3. Formulation response to catalyst at room temperature at

uretdione:hydroxyl equivalent ratio of 1.2:1.0

EtHex Dimer TMPD Dimer
ﬁﬁ:ﬁg’es: Catalyst Solvent 5A PC PE _PA _PC BE
1 NacueA ngA 0 0 0 0 0 O
2 Nasu® nBA 0 0 0 0 0 0O
3 Melm nMBA 0 O ©O0 0 0 0
4 TBPMe-S nBA O 0 0 0 0 O
5 T-9 BBA 0 0 0 0 0 O
6 T-12 nBBA 1 0 0 0 0 0
7 DBU nBA 3 3 3 2 2 2
8 DBN nBBA 0 O O 0 0 0
9 MeTBD nBA 3 2 2 3 2 2
10 HMeDSi nBA O0 O O 0 0 O
11 1872 nBBA 3 3 3 3 2 2
12 TBP nBBA 0 O O 0 0 0
13 tBAMAc tBUOH 2 1 1 1 0 0
14 K-tBox tBUuOH 0 0 0 0 0 0
15 TBD BWOH 1 0 0 1 0 0
16 DBO nBBA 1 0 0 1 0 0
17 ZircAcAc  Toluene 2 0 0 1 0 0
18 4. DMSO o 0 0 0 0 0
19 TitonB nBA 1 0 0 1 0 0
20 triazole DMSO 3 3 3 3 3 3




10010017 ZircAcAc Toluene 2 0 01 0 O 18 Zinc-DEDTC DMSO 0 O
19 Triton BnBA1 00100 20
WO 2011/115669 PCT/US2011/000473

_25-

Table 4 shows catalyst responses at uretdione to polyol equivalent
ratio of 1.0:1.0. In addition to triazole, 1872, DBU, MeTBD; TMG looks

like a strong catalyst.

Table 4. Formulation response to catalyst at room temperature at

uretdione:hydroxyl equivalent ratio of 1.0:1.0

ﬁitﬁlges: Catalyst Solvent Erex Dimer 52
7 DBU BA 3 2
9 MeTBD BA 3 1
11 1872 BA 3 1
21 6212 BA 0 0
22 605 water 0 0
23 8212 BA 0 0
24 K22 BA 0 0
25 PP BA 0 0
26 T™MG BA 2 0




triazole DMVSO 3 3 3 3 3 3 -25- Table 4 shows catal yst responses at
uretdione to polyol equivalent ratio of 1.0:1.0. In addition to triazole,
1872, DBUyONRIiBDS66IMS | ooks | i ke a strong catal yst. 5 Tabrasdo1ifersnsil ati on
response to catal yst at roomtenperature at uretdione: hydroxyl equival ent
ratio of 1.0:1.0 Catalyst Nunmber Cataljysst Sol vent EtHex Di mer PA PE 7
DBU BA 3 2 9 MeTBD BA 3 1 11 1872

Example 1 (Coating Composition)

Total Mass
BYK-300' 0.10
Acrylic polyol of Example A 47.9
7-methyl-1,5, 7triazabicyclo[4.4.0]dec-5-ene” 1.0
Polyuretdione Solution® 51.0
100.00
'Flow additive available from BYK-CHEMIE (52% weight solids in Xylene and
isobutanol).
5]
27-methyl-1,5,7triazabicyclo[4.4.0]dec-5-ene from Sigma-Aldrich (100%
weight solids).
*Polyuretidione from Bayer Material Science, Inc. prepared from Desmodur
10 N3400,
2-ethylhexanol and 2-ethyl-1, 3-hexanediol; the solids content was50% in n-
butyl acetate; the uretdione equivalent weight as supplied was 1341.
15

The coating composition of Example 1 was diluted to 40.5% weight
solids by the addition of n-Butyl acetate solvent. The sample was applied
using a # 8 square draw down bar on pre-coated E-Coat 6061 primed cold
rolled steel panels available from ACT Test Panels, Inc. of Hillsdale,

20 Michigan. The sample was cured for 30 minutes at ambient temperature.
The sample was also tested after curing for 30 minutes at 60°C. The

results of the testing are reported below.



BA 3 1 21 6212 BA O 0 22 605 water O O 23 8212 BA 0 0 24 K22 BA O 0 25 PP
BA OO 26 TMGBA 2 0 WD 2011/115669PCT/ US2011/ 000473 - 26-

WO 2011/115669 PCT/US2011/000473
27-
Example 2 (Coating Composition)
Total Mass
BYK-300 0.10
Acrylic polyol of Example A 43.2
7-methyl-1,5,7triazabicyclo[4.4.0]dec-5-ene 1.0
Vestagon BF 1320 Solution” 55.8
100.00

'Polyuretidione from Degussa Corporation (40% solids).

Example 2 formula was made and diluted to 35.4% weight solids by
the addition of n-Butyl acetate solvent. The sample was applied using a #
8 square draw down bar on pre-coated E-Coat 6061 primed cold rolled
steel panels available from ACT Test Panels, Inc. of Hillsdale, Michigan.
10 The sample was cured for 30 minutes at ambient temperature. The
sample was also tested after curing for 30 minutes at 60°C. The results

of the testing are reported below.

EXAMPLE Surface Surface MEK Double MEK Double
Tack' Tack' Rubs? Rubs
(24 hrs. B0@ (24 hrs. (30'@ 60°C)
Ambient) 60°C) Ambient)
Example 1 Slight Tack-free 50 slight mar 50
Example 2 Tack-free Tack-free 200 200
15 ' ASTM D2377-00 (2006)
2 ASTM D4752
Although the invention has been described in detail in the foregoing
for the purpose of illustration, it is to be understood that such detail is
20 solely for that purpose and that variations can be made therein by those

skilled in the art without departing from the spirit and scope of the

invention except as it may be limited by the claims.




Exanple 1 (Coating Conposition) Total Mass BYK-3001 0.10 Acrylic polyol of
Exanple A 47.9 7-methyl-1,5, 7tri azabi cyclo[4. 4. 0] dec-5-ene2 1.0

Pol yur et dworze11B8akasbi on 3 51.0 100. 00 ' Fl ow addi ti vepravaisk@hloao47s om
BYK- CHEM E (52% wei ght solids in Xyl ene and i sobutanol). 5

27-methyl -1, 5, 7tri azabi cycl o[ 4. 4. 0] dec2-8'5- ene from Sigma-Al drich (100%

wei ght solids). ““¥" 3Pol yuretidione from Bayer

Mat eri al Science, Inc. prepared from Desnodur 10N3400, 2-ethyl hexanol and
2-ethyl -1, ﬂﬂﬁ&ﬁ&ﬂ.@he solids content was50%in n- butyl acetate; the
ur et di one equi val ent wei ght as supplied was 1341. 15 The coating

conposi tion.of BxpmuessTomasring &woating ®n4d sEbstnategtamprisinds by t he additi on

of n-Butyl acetate so|vent. The sanple was applijed usin square draw
down bar on pre-®&oat Pesgng;a ﬁ@%‘%%%ﬂgcfoc‘ﬂ?‘gs'é‘m 983h§tg’8§f#3%nel s

avai | abke from AFT Tesdaldd¥iRy the doMtingéorhbbsitidaloh théGuMstatatnforthe sanpl e
was cured for 30 'm nutes at anmbi ent tenperature. The sanp)e was al so tested

after curing for 30 rthegoatngt 60C. The results of the testing are reported
e O 0L 15 SRR eate RO BRI
pol yol of Exanple A 4pafing-vigehltrbsdlinking fdagtiahi cycl o[ 4. 4. 0] dec- 5- ene
wherein the coating composition comprises
10 ' i a polyuretdione prepared from a polyisocyanate,
il a polyol, and
iii an amine catalyst;
wherein the catalyst contains the group -N=C-N’-, is aprotic, has a
pKa greater than 20 and upon addition to the liquid coating
15 composition causes a phase-change of the coating composition
from liquid to solid at 25°C and 1atm. within one week.

2. The process of claim 1 wherein the crosslinking reaction occurs

through the formation of an allophanate groups.

20
3. The process of claim 1 wherein the polyuretdione contains at least
2 uretdione groups. |
4. The process of claim 1 wherein the polyuretdione contains from 2 to
25 10 uretdione groups.
5. The process of claim 1 wherein the polyuretdione is prepared by the

reaction of a uretdione group-containing polyisocyanate with at
least one polyol and optionally a blocking agent for isocyanate.
30



1.0 Vestagon BF 1320 Solution' 55.8 100. 00 ' Pol yuretidione from Degussa

Cor poration (40% solids).
wei ght soWwodsiimsdéshe additi on of n-Butyl

5 Exanple 2 fornmula was made and diluted to 35.4%
acet at e sol venPCT/ise013An@IE Was

applied using a # 8 square draw down bar on pre-coated E-Coat 6061 prined
cold rolled steel panels available fropgACT Test Panels, Inc. of Hllsdale,
10The sanple was cured for 30 m nutes at anbient tenperature. The

M chi gan.
sanpl e was
the testin

| so
‘are

bRt Lbhoefe & OIS HRL uring O£

lts of
MEK

Doubl e Rubs2 NMEK4EMWh welgheof utetdionesgrolp®; 1@ (285% by wetght@éfhane Anbi ent)

60C) Anbi ent)
Tack-free
5

7.

10 8.

9.
15

10.

20  11.

12.
25

13.

30

Exanple 1 Slight Tack-free 50 slight mar 50 Exanpl e
groups and less than 2% by weight free isoCyanate groups the

percentage by weight being based on total weight of resin

containing uretdione, urethane, and/or isocyanate groups.

The process of claim 1 wherein the polyisocyanate is a

(cyclo)aliphatic polyisocyanate.

The process of claim 1 wherein polyisocyanate is a diisocyanate.

The process of claim 1 wherein polyisocyanate is selected from the
group consisting of 1,6-hexamethylene diisocyanate, isophorone

diisocyanate and mixtures thereof.

The process of claim 1 wherein the polyuretdione contains one or
more groups consisting of isocyanurate, biuret, and

iminooxadiazine dione groups.

The process of claim 1 wherein the polyol is a monomeric polyol

having a hydroxyl value of 200 and above.

The process of claim 1 wherein the polyol is a polymeric polyol

having a hydroxyl value of 10 to 180.

The process of claim 12 wherein the polymeric polyol is selected
from a polyether polyol, a polyester polyol, a polyurethane polyol, a
polycarbonate polyol or a hydroxyl-group-containing (meth)acrylic

polymer.

2



Tack-free 200 200 15ASTM D2377-00 (2006) 2 ASTM D4752 Al t hough the

i nvention has been described in detail in the foregoing for the purpose of
i |l ustratwonpiitiséies t o be understood that such detail i1 ®CZasedielogos7dr t hat
purpose and that variations can be nmade therein by those skilled in the art
wi t hout departing fromthe spirit ansﬁgﬁope of the invention except as it
may be limted by the clains. -28- IS CLAIMED: 1. A process for

curing a coating.on a substrate c i.sing a)depositing a liqyid coating
conposi ti or4on tH’@EE?&?FF‘%CQ‘?“g’BQ g‘gg{a@?& %Be%q{'é%&%éti ng coqu}‘)%lshq% ¥n on the
substrate to forgpichfecR@ordig t6 ¥SrR@aiiNg the coating to a tenperature of
20-70C to cure the coating vig a crosslinking reaction wherein the coating

conposi tion conprises 10ia pol yuret Ngne Repared froma polyisocyanate,
iia polyol, and iiian am ne cat Rlﬁt ;%«rér ern the catal yst contains the
group -N=C-N-, is aprotic, has a pKa grijeater than 20 and upon addition to
the liquid coating 15conposition causeNQ phase- change of the coating
conposition fromliquid to solid aR4Z§C arR latm within one week. 2.The
process of claim1 wherein the crosslinking refltti on occurs through the
formati on of an all oph ar S. Th cess ym erein

t he pol yuretdi one coﬁ'f’@?r%ineat Iolg streép%?r%&tsdi @Hgggr%ips&faﬂﬁhgﬁe %lﬁ(g‘gess of
cl ai m 1swherein the pol yur et di opeferablyat-batyl, réemin2combiiationuwith Rorie gr oups.
5. The process of claim1 wherein the polyuretdione is rf)rer%)ared by the
reaction of a uretdione gr oup-c%rﬂoélﬂﬁpgl@ﬂ seoesd selacded fram AhereeRst one
pol yol and optionally a bl ocking agent for isocygénate. -A9- 6. The process

of claim 1l wherein the pol yuret?#{g irgomoﬁ to 55—

Iy — of yretdione
groups; 10 to 55% by wei ght ure oups and | ess than 2% by wei ght free
i socyanate groups the percentage by wei Q{ht bei ng based on total weight of

resin \ CH, i

R. represents H, linear or branched alkyl,
10 preferably methyl, dimethylamine, or in
combination with R; is a connecting segment

selected from the group consisting of

—QCHH?— —QL:—QCHZH;

Rz represents Na, linear or branched alkyl,

and

15 preferably methyl, or in combination with R, is

a connecting segment selected from the group

[~ )
\CH7

consisting of and

L fou}

Rs represents linear or branched alkyl,
20 preferably methyl, or in combination with Ry, is



5cont ai ni ng uretdi one, urethane, and/or isocyanate groups. 7The process of
claim1 wherein the polyisocyanate is a (cyclo)aliphatic polyisocyanate. 10
8. The pr owezstafis@bai m 1 wherein pol yi socyanate is a di Psoapananen479. The
process of claim1 wherein polyisocyanate is selected fromthe group

consi sting of 1,6-hexanethyl ene diisog¥ﬁnate i sophorone diisocyanate and
m xtures thereof. 15 10. The process claim1 wherein the pol yuretdi one
contai ns one or nore groups consisting._ of |socyanurate biuret, and

i m nooxadi azi ne di one groups. 2® cPNneglingsegEeHt §?‘c|arnrﬂ‘ﬁﬂ%ﬁ%?ﬂpthe

pol yol is a nononeric polyol having a hydroxyl 2 ue of 2Q0 and above. 12.

The process of claim 1 wherein Mﬁ&ﬁﬁ&* ing a
hydr oxyl value of 10 to 180. 2%%% cess of claim 12 vvher%ﬁ t he
pol ynmeric polyol is selected fronya pol ether pol yol, a polyester polyol, a
pol yur et hane pol yol, a polycarbegée or a hydroxyl gr oup- cont ai ni ng
(meth)acrylic polynmer. WO 2011/ 5669PC3/U33611/000473 -30- 14.The process
accordi ng to clalnrl wherein the anal yst has ? structuyre accohdlg%

kyl ,

formula I: andswhereinar 8nARTs ey deaather forALan Nrelrtafye
opreferably it b%&‘a 9hd 'R rﬁﬁg?%gt@%ea méh@fketér@c@cre@ cting segnent

sel ected fromthe gr up consi represent s | i near or
branched al kyl, 10 preferably nethyl, dinmethylam ne, in conbination

1 0 7S 15 8 CONEELITRLSHT PERS A A IR, ST O
[ near or br anched gidly bondiSiie ben hisBBIc)ols. QIOILAIERTENEATI On Wi L R2,

is a connecting segnent selected fromthe group 2-)-- consi stingof 5and
CH3 methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene, 1,4,5,6-tetrahydro-1,2-
10 dimethyl pyrimidine, 1,2,4-triazole, sodium derivative and 2-tert-

butyl-1,1,3,3-tetramethylguanidine.

16.  The process of claim 1 wherein the amine catalyst is present in
amounts of 0.05 to 5% by weight based on weight of the

15 polyuretdione, polyol and amine catalyst.

17. A composition that cures at 20-70°C comprising:
a) a polyuretdione prepared from a polyisocyanate,
b) a polyol, and
20 c) an amine catalyst,
wherein the catalyst contains the group -N=C-N-, is aprotic, has a pKa
greater than 20 and upon addition to the liquid coating composition causes
a phase-change of the coating composition from liquid to solid at 25°C and
1 atm. within one week.
25
18.  The compositions of claim 17 wherein
a) is present in-amounts of 10 to 90 % by weight, and
b) is present in amounts of 10 to 90% by weight;
the % by weight being based on total weight of a) and b).



3 -31- a connecting segnent selln the group consistingofand 3 ; and

and wherein RL and R4 may together forman N-heterocyclic ring, 5and R2 and
R3 may t ogetzhaviif@pm an N-heterocyclic ring. 15. The proeesasediiobersn 1
wherein the am ne catalyst is selected fromthe group consisting of

1, 8-di azabi cycl o[ 5. 4. O] undec- 7ene, 7-_32._

methyl -1,5, 7-tri azabi cycl o[ 4. 4. 0] dec-5-ene, 1,4,5,6-tetrahydro-1, 2-

10di nret hyl pyrimdine, 1,2,4-triazole, sodiumderivative and 2-tert-
butyl-1,1, 3, 3-tetranet hyl guani di ne. 16. The process of claim1l wherein the
anmi ne cat alqgst iFhepe@npositibn of claim 17 whereiuthe antiheCabdlystos Predontwei ght
based on wei ght of the 15pal yuretdi one,  polyol and am ne catal yst. 17.A
conposi tion t hatin @meuntsof S tecd%dmpWeildMy: a) a pol yur et di one prepar ed
froma polyisocyanate, b) a polyol, and 20c)an am ne catal yst, wherein the
catal yst contains the group -N=C-N-, is aprotic, has a pKa greater than 20
and upof adwiti ofhg eonipoditiouiofl claiat i 17y whemisitheoamirse vatalgstphasea change
of the coating conposition fro iquid to solid at 25C and 1 atm wthin

| i
one week. 25 18. t‘HSrﬂR?QT‘i“PSR]gf%“ WAdi m 17 wherein a) is present in

anounts of 10 to 90 % by wei ght, an b) iyg present in anounts of 10 to 90%
by weight; the % by wei ght being ba dtal weight of a) and b). -32-
19. The conposition of claim 17 rein the am ne catalyst is present in

anounts of 0.05 to 5% by weight. 5 20. ke conposition of claim17, wherein
t he am ne catal yst has a structurepace wlﬂ to formula I: NR2 R1),D (1)
wherei nRL represents |inear or bra ed al gl, |

preferably t-butyl, or in conbination with R4, is 10a connecting segment
sel ected fromthe grouperein Ri represents linear or branched alkyl,

preferably t-butyl, or in combination with Rq, is

10 a connecting segment selected from the group

—(_NZCH_)_ and

consisting of

( CH27\
3,

R> represents H, linear or branched alkyl,

preferably methyl, dimethylamine, or in

15 combination with R3 is a connecting segment

selected from the group consisting of

—QCHZ-)-S— -érlxl—s)—(—cm}?) |

Rs; represents Na, linear or branched alkyl,

and

preferably methyl, or in combination with Ry, is

20 o a connecting segment selected from the group



consi stingofand 4-C H2-)-- 3; R2 represents H, linear or branched al kyl,
preferably nethyl, dinmethylamne, or in 15conbination with R3 is a

connect i yozegrmanicdsel ected fromthe group consisting ofPCTHS2@EN®004M8 - (- CH2
)3) 5 R3 represents Na, linear or branched al kyl, preferably nmethyl, or in
conbination with R2, is a connecting gggnent selected fromthe group -33-
consi stingof 5and CH3 3 R4 represents |1 near or branched al kyl, preferably
met hyl, or in conbination with RL, is a connecting segnment selected from
the group consistingofand 3 ; and and wher ei o ARL and R4 may
together forman N heterocyclic_rin | and %% and R3\ ey ?gget heraM)r m an
N-heterocyclic ring. The conpos‘fchsé " cl&'m 17 wherein the anifie cat al yst
is selected fromthe group consisti@gsof 1,8-di azabicyclo[5.4.0]undec-7ene,
7- methyl-1,5,7-triazabicycl o] 4. 4. 0] dec-5-ene, \1, 4,5, 6-tetrahydro-1, 2-

di rethyl pyrimdine, 1,2,4-triazgl ey_sodi erjivative and

2-tertbutyl -1, 1,3, 3-tetranet hyl gdani di nd.~ 1h sgonposi tion of claim17
wherein the polyuretdione is prepared by reactionh of a uretdi one group
contai ning polyisocyanate with R} lrepfdsepte Mak¥P! cin RincAsal | akg, bl ocki ng
agent for isocyanate. The conposition of claim 17 wherein the polyuretdi one
contains fromb5 to 45% by wei gherefgrablyermétiieog i gpabinadionowB 3 hys wei ght

e conrdad by st am borno oasch DRPFENA SobF By BTG B

uret di one, urethane, and/or isocyanate groups. -/34- 2. ge conposition of
claim17 wherein the polyi socyassHsistifnt aiohs froF(i NT5 car bonggd ons. 5
25. The conposition of claim 23 wherein the polyisocyanate is a

(cyclo)aliphatic polyisocyanate. (

; and
and wherein R; and R4 may together form an N-heterocyclic

ring, and R, and R; may together form an N-heterocyclic ring.

10 _

21.  The composition of claim 17 wherein the amine catalyst is selected

from the group consisting of 1,8-diazabicyclo[5.4.0Jundec-7ene, 7-
methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene, 1,4,5,6-tetrahydro-1,2-
dimethyl pyrimidine, 1,2,4-triazole, sodium derivative and 2-tert-

15 butyl-1,1,3,3-tetramethylguanidine.

22.  The composition of claim 17 wherein the polyuretdione is prepared
by reaction of a uretdione group containing polyisocyanate with at
least one polyol an optionally a blocking agent for isocyanate.

20

23.  The composition of claim 17 wherein the polyuretdione contains
from 5 to 45% by weight of uretdione groups; 10 to 55% by weight
urethane groups and less than 2% by weight free isocyanate ‘
groups the percentage by weight being based in total weight of

- 25 resin containing uretdione, urethane, and/or isocyanate groups.



26. The conposition of claim 17 wherein the polyisocyanate is a

di i socyanat e.

10 27. The conposition in claim17 wherein the polyi socyanate

i s sel ectwd 2brionmsdébe group consi sting of 1, 6-hexanet hyl eoce/usze1zoeypsanat e,

i sophorone diisocyanate and m xtures thereof.

15 28. The conposition of

claim 17, wherein the pol yuretdione coffains one or nore groups consisting

of isocyanurat e,

bi uret, and i m nooxadi azi ne .di one groups. 29. The

conposition of claim17 wherein the polyol is a nononeric 20pol yol

hydr oxyl value of 200 and above.

t he pol yol

31. The conposition

havi ng a

30. The conposition of claim 17 wherein

24 a TR ¥, b§|t|Bﬁ|df%ialﬁta1’7 %e@euh%ﬂé%&sd@a‘h@té’&oﬂ@ﬁs@ 180. 25
o

from a pol yet herfrgroldytol 20 aalph@ln;aism pol yol, a pol yuret hane pol yol,
hydr oxy- group-contai ning (nmeth)acrylic polyner and a pol ycarbonate pol yol.

5

10

15

20

25

25.

26.

27.

28.

29.

30.

31.

The composition of claim 23 wherein the polyisocyanate is a

(cyclo)aliphatic polyisocyanate.

The composition of claim 17 wherein the polyisocyanate is a

diisocyanate.

| The composition in claim 17 wherein the polyisocyanate is selected

from the group consisting of 1,6-hexamethylene diisocyanate,

isophorone diisocyanate and mixtures thereof.

The composition of claim 17, wherein the polyuretdione contains
one or more groups consisting of isocyanurate, biuret, and

iminooxadiazine dione groups.

The composition of claim 17 wherein the polyol is a monomeric

polyol having a hydroxyl value of 200 and above.

The composition of claim 17 wherein the polyol is a polymeric polyol

having a hydroxyl value of 10 to 180.

The composition of claim 30 wherein the polymeric polyol is
selected from a polyether polyol, a polyester polyol, a polyurethane
polyol, a hydroxy-group-containing (meth)acrylic polymer and a

polycarbonate polyol.

I'aim 30 wherein the polyneric ‘polyol is selected

a



