WO 2010/ 027756PCT/ US2009/ 054825 MJILTI - CURE COVPCOSI TI ONS COVPRI SI NG
POLYTH OL FI ELD OF THE | NVENTI ON [ 0001] The present invention is directed to
conposi t iwootonar7seonpri se an unsat urat ed pol yester pol yolr/uskégosses and

i socyanat e. BACKGROUND OF THE | NVENTI ON [ 0002] Radi ati on curing of
autonotive refinish conpositions is becom ng of increasing interest for use
in body fillers, prinmers, surfacers and topcoats The advant ages of

radi ati on curing @nbi ent

t enper at ur e, and@lgll‘lytjlﬁgr]? %(alrvg)(ﬁeﬁ(gég}rigom ti ons can 6‘dl;lgfrorrul ated at high
solids content, which is environnentally desirable. However, a problemin
coating autonobile bodies with radiation-curable conpositions lies in the

curing of areas not d'reCtlyFﬁﬁ%ﬁ%ﬁﬁﬁhﬁHﬁ@%@ﬁﬂhﬁt'On such as shadow zones,

for exanple cavities, fold resulting fromthe

aut Orr.Dt I nuf a ﬁ’flzrplrg ntpfrrl\gznl!.3 dlS dfrec%ed’ R P]osq}o%gthgoca()tn{ I I]KUr}P }Sirlai egONs My
contain nt S t sor I on, Suchn as caronon 't ani um

di oxi de, rﬁ / Eg n d |C|en£ radi ation to cure the resinous
filmfor A ‘Bﬁpr? 01%9%5?9 VIO avi ol et radiation in the 200-400

nanonet er wavel ength range, although effective for curing thin coatings, is
not particularly effective in curing the interior regions of thick coatings

[ 0003] Therefore, it is degirg?{e EgD?%yﬁ ﬁ gggﬁ&ﬁgiion that cures well when
exposed to radiation and e curing nmechani sm when
radiation is insufficient to bring about conplete cure. SUMMARY OF THE
| NVENTI o{P‘{ﬂé 04] ThiRadixigr SHing HPRRPIEYP el nigh sRRROSHORY'S BecoBWSsYi ti on
conprising: MO 2010/ 027756PCT/ US2009/ 054825 a) an unsat urated pol yester
pol yol olligaiae inteipg fasysq adegutliie. Pﬂ[ﬂ@@e rippes prdeiereoetsi ADertrdass §T f urt her
directed to a conposition con§r|5|n a first conponent conprising:
i )the redtdijion cprirgchie thagt isgujss] sPabr G‘?@Hﬁ% i aibichigmacrars and ragigdon-

curable compositions can be formulated at high solids content, which is environmentally

desirable. However, a problem in coating automobile bodies with radiation-curable

compositions lies in the curing of areas not directly accessible to radiation such as shadow

zones, for example, cavities, folds and other undercuts resulting from the automotive

manufacturing process. Also, pigmented coating compositions may contain pigments that

absorb radiation, such as carbon black and titanium dioxide, resulting in insufficient radiation

to cure the resinous film-forming binder. Finally, ultraviolet radiation in the 200-400

nanometer wavelength range, although effective for curing thin coatings, is not particularly

effective in curing the interior regions of thick coatings.

[0003] Therefore, it is desirable to have a composition that cures well when exposed

to radiation and also cures via an alternate curing mechanism when radiation is insufficient to

bring about complete cure.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to a composition comprising:



a radiation-curable conmpound; b) a second conponent conprising isocyanate;
and c) a third conponent conprising polythiol. DETAI LED DESCRI PTI ON OF

" Il E | NWENEBb{OM2f36006] The present invention is directedpPCo/m2@onp335tion
conprising: a) an unsaturated pol yester polyol oligonmer; and 11)

i socyanate. The conposition is sonmetines referred to herein as a
"multi-cure (mating", because it is believed to undergo cure through two or
nore different mecfjani SEBinsfRitbSyEEPPALIRALSNG! addhe i nvention utilize

bi omass derived products. As used %ereln, the term "bi omass derived” wl|
be understood to bg deriyed.froma living or recently living organism for
exanpl e, plants (including trees) or animals and not from a petrol eum based

sour ce. "&ﬁggositi ! her el - ition, such as a
coating, [a hesi ve,ﬂ%&r%?tqg‘ﬂe tl%]ﬁ%ﬂrpffeﬁe?%g&%iﬁ@%g uL??gﬁﬁ%ﬁsb%gat ur at ed

pol yester pol yol o]iigo o ording to the present invention. A
sui tabl e unsaturat%d po ygéﬁg?gﬁgﬁéﬁﬁngﬁggoner can be prepared, for

exanpl e, by reacting a.polygl and a | ycar baxyl i c. acid/ anhydri.de,. wherein
The bt ol andror the. pbl yodrseRyr TrBais SPLAR Gk sAr EES e on
This reaction product Lé sone%fnes reEFrred tg‘herein as the

" pol yoUpol ycar boxyl i ¢ r8act S PPBEHED™ “GNBY ke terns. [0008] Any suitabl e
pol yol can be used to prepare the polyol/polycarboxylic reaction product. A
pol yol will be unggrst&88&89C?WH§§&§W¥WP88gF%CYﬂ%& f as a conpound havi ng
two or nore hyclroxy groups. In addition to the polyols |isted above,
suitabl e polyols cdn iﬁé@ﬂﬁ%?mﬁﬂPné?@P%%mgWﬁﬂ?@bd to, snmall nol ecul es
cont ai ni ng nore than one hydroxyl group, for exanple neopentyl glycol,

gl ycerol, pentraerythritol, isosorbide and/or propanediol, or polyneric

pol yol s such as a polyester polyol or an acrylic polyol. Suitable polyols
are w dely connerciaIi¥ﬂﬁQéEBéH%%lﬂﬂﬁﬂﬁigﬁﬂﬁﬁiQQéﬁfﬂéﬁie pol yol s have an M
of 500 to 100, 000, such as 500 to 10,000. In certain enbodi nents, the

pol yol s d806have hikgriosegnt iyniieisis gireel @ camposiinpeRMaEsiag 9@n300; in ot her
enbodi nents, the hydroxyl value can range from 1200 to 2100, such as 1400
to 1900. uhg0O9Rd polgesier aplolokisomernansthy isogyanpiegdhe eppmesivpn tssempdnssol i s

bi omass derived ! These pol yols can be derived fromnatural oils such as
cast or oir¢ferrgsetaeneingisla, “mydiycise eitiog’l, benaussanie belicoed to unflerpeciiy drenghl gr oups
present in the biomass derived polyols can be naturally occurring or they
can be i mnwvo odwoedljffdrent nexlzmpihe, Cogaimedbddiments ofthoivemobonligdrdoas doubl e
bonds present in the oils. Natural oil derived polyols are described in
Uni t ed Stdatied prRatuennt AApglliheatn, dr tR@ulSbicgetss damivilindidbe20064084@ 66 Al , United
St ates Patent Nunber 7,084,230, WD 2004/096882 Al, United States Patent
Nunber 6,d6da@d4dm a livihg edreSindy &sinPatganismNorbemp:, hRds 433pdiblnirta@pdoiSt at es

Pat ent Nunber 6,573,354 and United States Patent Nunber 6,433,121, all of
whi ch ar aninfatainp ao@fi@n a pardlfigi-basedtdut@t YChapaition” Metidodseiafrefomad fingi Ng

car bon-carbon doubl e bonds to introduce hydroxyl groups include treatnent
Wi t h ozoremp@itonOticHas 4 Qting, @alkkivepuwy tdad @eriksi des or hydrofornyl ation (as
described in "Polyols and Pol yuret hanes from Hydrofornyl ati on of Soybean

G 1", Joyegwal of Pehydmise andukdal foNeseOpIRNbligdRruebeliled NeTRBTS0 1-2
pages 49-52, April, 2002, incorporated herein inits entirety). A

parti cul gkd presehhiih@lich. PA QRS R e MRl pRIOLy® bolysl AigsaYr ARAbY Plepar&®YorPO! Yol s
are comrercially avail abl e fron1Carg|FI Inc., Urethane Soy Systens Co. and
Bi oBased &0 ®yQQcESe a pAlyA1Ghd 2pAyEIRAVNRAY Sohyd R, FhO¥h e HdnaRlr ation
in the reaction product can be defived fromthé polyol; that is, the polyol
has et hyltl%’Bo@yc%% 1&%@1&1%%&1‘3@%&&%% uﬁﬁturﬁt%ptl“hisgeatca@n [grgfll{@k'sgﬁetﬂ{lest he

pol yol | pol ycarboxylic reaction product. In certain enbodi nents,
|

gg{fg} gﬁthiyrger@?%gt gglg, %aglt&= a@opﬁolﬁgﬁ)@mw%ﬁé Yasdt §RAKE (gl ycarboxylic

e used’according to t resent invention. It wll be
understo t hos I I t xvll1G..acid | s one
t hat has?ﬁ%ﬁyor nvggfggkgggﬂ’@f%gﬁ% egP) %%?gggBé%gﬁgﬁgg%Ph§¥g%%EO%uch as

anhydri de_groups. .Sui table po r hoxylj.¢ aci.d/ anhydrides .incl ude nal eic
et o annyBRge o B SRRl AR g7 RGN O LB RR RRL R T
certain enbodi nents, the polycarboxylic acid/anhydride is a biomass derived
pol ycar boxyl i c aci d/ anhydri de. A suitable exanple includes itaconic

aci d/ anhydride, which is comrercially?2available fromCargill, Al drich

Acros and the like. Thus, the ethylenic unsaturation in the reaction
product can be derived fromthe pol ycarboxylic acid/anhydride. [0011]1In
certain enbodi nents, the polyol/pol ycarboxylic reaction product is further
reacted with a hydroxyl-carboxylic acid. Any suitable hydroxyl-carboxylic
acid can be used according to the present invention. It will be understood




Sui t abl e pol yi socyanates are well known in the art. and w dely avail abl e
commercially. For exanple, suitable polyisocyanates are disclosed in United
St at es Pavenvioamizer 6, 316,119 at columms 6, |ines 19- 3@cTiusc@wpsssas ed by
reference herein in relevant part. Exanples of commercially avail abl e

pol yi socyanat es i ncl ude DESMODUR N3390, which is sold by Bayer Corporation
and TOLONATE HDT90, which is sold by Rhodia Inc. Suitable polyisocyanates
include myd hidGLdrQRR! 1d FARYARRE PolyEE ANRY 8RvO suflibid pdiyoRClah @A de,

pol yi socyanates i'nclude aliphatic diisocyanates |ike hexanet hyl ene

di i socyangt £. ﬂ&qinhéﬁ@&9&91'1‘ﬁm%kﬁl%s?&%@aﬂﬁ‘ﬁg%oé%’an%%@ﬂ%& lggug%é’r%ﬁﬁ)ﬁzs like

tol uene dii1socyanate and 4, 41- di phenylnmet hane diisocya

polyi Sociﬁgﬂ%@ggglggdg,l %%gﬁ)!l%%ﬁt?ﬂﬁ?lﬁitgﬂ Rh&gﬁﬁgand@g;%ﬁegi&,fmggf;,glﬁgéui tabl e

pol yi soc ocyanurate trinmers, nat e ur ekl i ones

f W Iim h IS¢l din United
Statea pAORRL b DPROTRBP WTAEE T BRI R TAENBIE, 27 oo,
| noor DO Al el R ST LR Pl Qb B0 RS HErSh g S 30K B! ¥pgeyanat es

are wel | nown | e art an e conmer
b i h .Skilled in th t that t t d I t
ot yor " oPDBiFIAPY, LheRRie inga Bisabt g P bt WS BRRSAE A P tnier go

radi ation cure vig the unsaturation in the oligoner and wi under go
Cor - uponesid oo odis SRYMBRY rohste T e nsD Bymrlabe i 4] The
present co osi&iong Qay further conprise one or nore additional conponents
that contPitte 8 1PR% cure and/or filmformation of the conposition. For
exanpl e, the conpositions can al so conprise a radiation-curable conpound. A
"radi at i 6#0r abl eMEaTHB ERBrdiRenty ablgash e of thi Py s Ripraes deo6e- A8eStef erri ng
to any conpound that, when exposed to radiation, wll undergo crosslinking
with its@PPolisar by desived fiem naesl gt b euesipl &l eergbrihdoy bepp PS 81 tapolagych
conpounds conprise a "radiation-curable noiety" through which radiation

cur e occ@tls Thehydioxyhpreppagesenlin tedviorassadgsived pelypip £anshe newoply ocerEng ehal ity .
These conpounds may further conprise a second functionality such as

hydr oxy, thayican be nfrpdrgeds ferrixpaple andnetliliedenpidiripnagibae doutflooypds pigseer t ai n
enbodi ments, the radiation-curable conmpound conprises a (nmeth)acrylic

pol yrer ot the oo | Nateral oipderiyedpolids arie descripadein Rnged Yaics Patemdipplidetioner s refers
both to the acrylic and the correspondi ng nethacrylic. Suitable

(et h) ac PyblicatipoNymber2006004ldES Abeimied StaydsiPetehtionen AAB4.LHEWPacryl i c

copol yners, epoxy resin (neth)acryl ates, polyester (nmeth)acrylates,

pol yet her20(41@2a832aa1 ylUsited Statgpdiayent Nohbere, 6868 8 H ) lanitey Bates PateatrNumder
(neth)acrylates, silicone (neth)acryl ates, and nel am ne (neth)acryl ates.
The nunber10a4es? dgetedrSiaes Rhant Nuehtgh6,573,384 and dfnittdh BGes Canpdumt®r can range
from 200 to 10,000, such as 1200 to 3000. These conpounds can contain any
nunber of6,43B880i1,nllof dalthlhe ihansisatthatthad dndivet hgei o Matisadoft odigingol yneri zed
upon exposure to radiation; in certain enbodinents, the conpounds have an
ol efi ni ¢ ceBbh-vabendouwRIbghds 10intDAtYdRRNQroupk ife@dé MRAtMEAGYIH dzend@lrymer s can
be (cyclo)aliphatic and/or aromatic [0016]1n certain enbodi nents, the

(met h) aciyidhGors RRALMMNA Feeskitick SEBydRo Ui MRA €asl deSkiBEEIn “ROGolsAnger t ai n ot her
enbodi nents can conprise a urethane |inkage, a termnal acTylate group, and
a hydr oxyoghRMRANesIRAE Hyi©(@HFARbEST RibdalomT RuRRNS Holgldy aerdyd ates are
reaction products of a polyiSocyanate such as 1, 6- hexamnet hyl ene

dl'i socyangl oA, FonirOR) uAREsdld SRALKaNaHE ApiNShI3dinREpbraRa Yakiale and
biuret derivatives thereof, wth hydroxyalkyF (nmeth)acryl ate such as

hydr oxyethyky§ "RIBMAGEN &hiGoRBHRSs SBHIELINRI w&@p&%ﬁsﬁ%ﬁiy@fg%ﬁ The

pol yi socyanat'e can be reacted with the hydroxyal acrylate ina 1:1

equi val e I - t i gL rati o greater
than 1 tgg?%?%%%ﬁq%l B%éﬁ%é?%?ﬁgﬁ?ég%%ﬁgﬁﬂ)r Sgg(%hgkw%gﬁﬂ%%en be chain
ext ended w . PO . o) L1l f - ane
ol 1, d PR oink R soRefts e Btnil bihrono Rl GXRIGE chodif B TS,
(neth)acryl.ates .are the react.ion product f.a thlacrylic acid qr
by ;e iR B0 B SR 8 BIETER Iy SR AR RS ng

al kyl ated pol yols, such as propoxylated diols and triols. Exanples of

pol yol s include 1, 4-butane diol, 1,6-hexane diol, neopentyl glycol,
trimethyl ol propane, isosorbide, pentaerythritol and propoxylated 1, 6-
hexane diol. Specific exanples of suitable polyester (neth)acrylates are
glycerol trlimeth)acrylate, trinmethylol propane tri(nmeth)acryl ate,
pentaerythritol tri(neth)acrylate and pentaerythritol tetra(neth)acrylate
[0017]1t will be appreciated that the radiation-curable conpound used in
certain enbodiments in addition to the unsaturated pol yester polyol

o " I S



esters of thiol-containing acids of the fornmula HS-R2-COOH wherein R) is
an organi ¢ noiety wth polyhydroxy conmpounds of the structure R3-(OH)1
wher ei n M020im02a1560r gani ¢ moi ety and n i s an integer ofcatush@amntiss
typically 2 to 6. These conponents can be reacted under suitable conditions
to give polythiols having the general structure: R2-(0C-R2-SH 11 Il O
wherein R2. R3 and n are as defined above. [0020] Exanpl es of

thi ol - contahhAPn dEiE %ol?é%oﬁéghﬂ%gi&%dcﬁo@ﬁb@u& IR Cbdime s,

mer capt opr opi oni ¢ aci d and p-mer capt opropi oni ¢ aci d

( HSCH2 CHZ GG ks bhp th&%% Q¥ conpounds such as glycols, tr ols,
tetraols, pentaols hexao s, and m xtures thereof O her non- Iiniting

3o AT P R A o
3
e AR NSRS ) PR IOAIRIR g

pentaeryIIU|toI tetrakls ro nat m xtu t her eof .
[0021] 11 % eth%gasatg&%aoaﬁ ead phaEne} Our?gl%gd%uf’%tﬁgre JEnrLfagR | oo

contribute to the cur ormatio on. The thio
o oup and e SHERE I EeRBRAEr e g Rt Bt %%?f&%%ﬁ @aaﬂa | goner |
and the ra ti on-curabl e. noj of the radiati n cur und, if

oed.  mayoaeEge e Atk gr Cge?lflsw RSO R R i T eact i on
wi || be understoad, by those skilled i rt as. the add|t|on of a thiol
Yo & M cHAURBEEEbEGOmRa B aHS SHPeaic RiTBIVE i it EOls X ca

i nt er nedi_at es. CUre via the Mchael additign reaction is particularly
benef i ci alcltdss Kerapis deidfapaydride, ichis extpmergiglly gyadeble SRmd GiRei ﬁtﬁ]@“@bcur s in
areas on a substrate wherein sufficient radiation cure does not occur, such
as on cur\f& 9 thedike. $hissthe sthalenigmatagiratios ie Higreasdorcrindist capdedisiredct ed wi t h
sufficient radiation energy to effect conplete cure. [0022] According to
certain &iPBo@F reli¢asbarylic #red/yhediédss i nvention, the conposition is a
nultl-cong)nent conposition. A nultl-conponent conposition will be

under st 0d®01d$ a colatckign pmbadiments, Waerodied peleaprralit Bactioa prasueitinfunber
separately until just prior to application. Here, for exanple, the

conposi t irenated avithlaehytlinsylearhoonlencid| /2K spitgde lab/dmwbearb(l)w@me‘ih@an(be@@@ coating
in which the first conponent conprises the unsaturated pol yester polyol

ol i goner aaqvading fo thisprdsenainyengb ekt wilhbé adestpod by divkeskeltdpo thedrt tizand t he second
conponent conprises isocyanate; a third conmponent in certain enbodi nents
conpr i sedyokylicharbokylickailhs ofe thitdgseorcomponenidiuogivnilgrédps andcorpr n®ee one or
nore additional additives known in the art of fornulating conpositions as
di scl osedydvexgighups,uad isasmevats cals] a kdhegiavids Aandaigeetanps: insludds 1as
colorants, plasticizers, anti-oxidants, hindered am ne |light stabilizers,

WV |ight h@th‘éﬂysbﬁﬁs a@ddvisd¢habtdrhmercRlly Sthﬁlﬁlﬂeﬁaﬂltﬁmzohﬁ onemgiosltdool agent s,

t hi xotropi c agents, fillers, organic cosolvents, abrasion resistant

particl egoompact i vEneohip6dilichs of te Physilt Snve @idnTlrive Bop@S an isoeniadi cal

i nhibitors, and other custonmary auxiliaries. [0023] An "abrasi on resistant

particle sultaﬂ@;stﬂylgd@anateé/@@wmadwhnn fhe GRAROHIdelyaR ailaMd donintgpaiity. seme | evel
of abrasion resistance to the coating as conpared with the sanme conposition

| acki ng teRgnRarshit®isolyisdé il SreANCRSIIAN Unftsd ShRNPaBRNunes31d)Eloude
organi ¢ and/or inorganic particles. Exanples of suitable organic particles

i ncl ude RYfunAL 6, 1BRY 19- Bénlﬁc%sﬂpo&ae@i&ﬁ%f&c@@aahdleevarﬁl;;afa Banfi@mpnd dust
particles, and particies formed fromcarbide materials; exanpl es of carbide

parti cl eg it apéﬂabl% %lyﬁ%ya'nhtE@ ih&fad BESMOBUIV RS §Y, thféﬁ is Ad Bfon carbi de

and boron carbidé. Exanples of suitable inorganic partlc es, Include but

are not lg, tg;og?cfram%'aha ?@LONA‘II‘E NBr@! hrlésoﬁél'b fa ! F{llga%leal um na;

alkali alu Icate; borosilicate g ss n|t es I nc ng boron
nitride %BS/ s%'C)lahgt:[Q h&é i fun® {dn‘l?p@oé Ql?altel‘édﬁ{]a%lptlés o?ﬁlh;{ﬁ&&# Qe de and zinc
oxi de; qua t77 nep |ne syenl Pcon suchras i n or'm of zirconi um
oxi de; bud 1e|u ite: L&).83 S|ze be used, as
can m xt @rflsoc drs! %IP%en th%tlrct |u(s: %“aéeﬁglﬁ‘ exdmﬁhereg%fh)(soc e padrqtl cles. For
exanpl e, the particles can be mcroparticles, having an average particle
size of 0.1 to 50, 0.1 to 20, Ito 12, Ito 10, or 3 to 6 mcrons, or any
conbination within any of these ranges. The particles can be nanoparticles,
havi ng an average particle size of less than 0.1 mcron, such as 0.8 to
500, 10 to 100, or 100 to 500 nanoneters, or any conbination within these
ranges. [0024] As used herein, the term"colorant” nmeans any substance t hat
i nparts col or and/ or other opacity and/or other visual effect to the
conposition The colorant can be added to the conp05|t|on |n ~any SU|tabIe

. .



undergo nmultiple cure nmechanisns; that is, the "multi-cure" coatings cure
by two or nore different neans. In a first cure nmechanism the isocyanate
reacts wiwb 0tmzarssi ve hydr ogen-cont ai ni ng conpounds. Tircs/usamviomsbside t he
hydroxy on the unsaturated pol yester polyol oligorner, the active hydrogen,
if any, on the radiation-curable conmpounds, if used, and the active

hydr ogen on the pol ythiol conmpound, if used. Accordingly, in certain

embodi medSh&@bnd HRodyANAN Lh® FomBAEiRbe yARES 18& 15106 ARSI ld A0 4g@NPONENt s,
such as the first conmponent, may conprise a catalyst for the reaction

bet ween td@ﬁeﬁﬁﬁ&lﬂ%%@oc?mté hfie ?&%}i)sd’c?a&m [ RO6051GQl Bt HORZK&L rﬁ%&&gﬁ% -
Suitable catdl ysts include tin (I onpounds, such as dibutylti

di | t ' i . . ' :

i othyl o e LY pRTAE SR SnaR RO AR, RbhduRisal AR,

h hat I i i | | at L I
Bcet vl acel e BEL} fnd R e B TES Bon iR B FRISPI RN BR o 1
catalyze { h?carti%aﬁéritia? Ry Qfoed &9(55%%6%@ D}Mrtcﬁ‘z%%b@@’ ?nc%& ?%%@%ef[er%%e% Aot her

a n ’ e

1 .
cure mechBRi"€m occurs Wi thi e conpaositron préesent invention

pol yost e BNy BT bl IR P e LHEre T D! Tt AAehl Fanhr abl e

conmpound i s used, the radiation curable noieties therein Accordingly, in
certai n &HBBYI9erts, one or nore of the conponents, such as the first
conmponen the conposition may further conprise a free radica

Ci L1 at of0013)i ¢ abl S BarpsGIRAIDY bt P et A RO PN

| ROACURE 819, both products of Ciba Speciality Chemcals. WO
2010/027PSQPB#%@@?U@Q#@@@%9%“?@0@9¥¢%EﬁhgpeEﬁ%égﬁ@%WEWHQﬁ?¥%§Pcﬁﬁy occur is
the M chael addition reaction as discussed above, wherein the thiol

f unct i on Vidhersagifatinn i e eligoaler arkwibiabe underap ey upMgestign phibe hybieml e bonds
on the unsaturated pol yester polyol oligomer and, if used, the

radi at i orr e FBh Eedwsipaied. Accordingly, one or nore of the conposition
conponents may further conprise a catalyst for the Mchael addition

react i on[08di t abl eleatreseRispBIPPHIEIng sy pirrthenegmprise epnerangre addiiangt i ary ami nes,
strong bases such as sodi um et hoxi de, weaker bases such as potassi um

acet at e, chmpencpigdhat edntiinite foaheoquse and@ir fidhh fiymation gl eimposibian. dicg di scussed
above and aci ds such as para-tol uenesulfonic acid. [0028] One or nore of the
conponentesangfle,tthrecoprpesiaers cen alposinipron a calmtibpHetlable cooppmids & “gadgaionent and/ or
reactive diluent. Suitable solvents include water, nono- or pol yhydric

al cohol s cufable cempopld® as wtdhidrenavilj by cwlersarod abuif@ariod to aapdogpoumdlthaet her s or
esters, for exanple, diethylene glycol dialkyl ethers containing a Cl to C6
al kyl , buwihgh egoetdab esdiaioal willendergd tipbslipkiop itk el and ok aacked atdeatioany |

propi onate, nethyl isobutyl ketone, ethyl acetate, and nethyl anyl ketone.
Sui t abl e cugBeicbmpoudidl Tgpitdlyl sich vstlepdmacianyeiselh tdginticn-dudile mvigybe
crosslinked wth actinic radiation include, for exanple, (nmeth)acrylic

aci ds andnresdmerisictt hefhes curd®lceisCSiRb intidiadmay, Joe&h@pR, conipekéld:0P, NONoest er s,
vinyl acetate, vinyl ethers, vinylureas, and the |Ii1ke. Further exanples

that nay e s@iity. ones doRpbude nalyydiRREoBhse @kedadRinblaliylsadts pol yet hyl ene
gl ycol dameth)acryl ate, 1, 3- but anedi ol danet h) acryl ate, vinyl

(et h) achyddke thidl, pihary ARAA) nAPSYe&nBary@hyiegr ol trameth)acryl ate,
trimethyl ol -propane tranmeth)acrylate, frinethylol propane daneth)-acryl ate,

styrene, (§018y! t Ol 14€B&ain Bin¥dIINERE MGGt REMEAR MhnlpoldPdomphikdsmet h) acryl at e,
pentaerythritol tetra(meth)acrylate, dipentaerythritol penta(neth)acryl ate,

propyl enenghyeQhic ol Het é})c%ﬁé%h% s REKRAGH “AhetabFREWAGKY l@hSreters

et hoxyet hoxyet Ryl “acryl at e, vi nyl pyrrol i done, phenoxyet hyl acryl atc,

di net hyl anj - - - t hyl
L metnyl aginng %Q&l }1@‘%1@/ l{llﬁ%&res g@g?ﬁ%gl%ﬁ%{h%/ Slgta@)e%ﬁ{ebﬁ(')j%ﬁla ipgy @ryethy

acryl ate, 1soborn met h) acr crylam cl opentyl

wh o mirdlf PR P A BT R BB CTEN RSP bBorknduso” eor

exanpl e, the t rvlate gr be separ at ed ol yoxybut yl ene
SR o e e LS p AL R S BB cRu SIRA B B Dhe B BRI URE ¥ OTF

reaction product of 2 noles of acrylic acid with one nole of a clinmer fatty
al cohol having generally 36 carbon atons. M xtures of the above nononers
are al so suitable. Further exanples of5s suitable reactive diluents curable
Wi th actinic radiation are those described in Ronpp 1 ,exikon 1, acke und
Druckfarben, Georg Thiene Verlag, Stuttgart, New York, 1998, on page 491
under the entry on "Reactive diluents”, incorporated herein by reference in
its entirety. The solvents and/or diluents can conprise up to 50 percent by
wei ght of the conposition, based on weight of the conposition. [0029] The

L Y T o o ~ 1 .



i ncludes a reinforced polyam de substrate; a reinforced pol yam de substrate
is a pol yam de substrate constructed froma pol yam de that has been

r ei nf or cewlot2broonzgtset he i ncl usi on of, for exanple, fibroesTrme@viosdsss such
as glass fiber or carbon fiber, or inorganic fillers, such as cal cium
carbonate, to produce a polyam de having increased rigidity, strength,

and/ or heat resistance relative to a simlar polyam de that does not

i n_cI ude %ﬁ&%)a"cﬁﬁa!ﬂés%ﬁéoﬂg (rﬁ&ﬁﬁéﬂyﬁte%; anﬁ%éﬂnﬂﬁ&&%ﬂﬁ%ryﬁm.dﬁ% nube£ D are
suitable for use as a substraté material in accordance with certain

embodi Ment g, f &R We PE“M&"Y&'}B&QQomﬁ’éu%d§&'ﬁ?}?ﬂlfg‘éiﬁ%!rﬂ 2()_0?% Eﬁ),b(%?k@chaa@d

igcludea or  exanple, those materials commercially aval e fron1Sonay

A - . i .

| x\é?g; Toda™ YEEH° ?%8%?0"%%8648h%*§6%?7@8*§§“%f g ek BRI | o7,
EMS- e lnc i I | VORY, ORB
"N and <o B Pt o SEESO R AR SR b T

those sold under. the 11 .l ERM.X and | t e S.1.1.0033] The
conpos: 1 FARLOAEL NG ahe Ry PR AR Re PRRC AR B e

conventi onal 0 .includi ng spraying, brushing, roller painting or
dipping,cﬁﬁ?% y%%?%%g“%QFWF@ﬁF§?¥5 rglegant i f thg conposit?on i's g coati ng
or relatiyely non-viscous adhesive, or ra un, squeezi e or other
Qb Loy o BT oo R BrP RS S PR D e SR e el t i on

is a putty or viscous, adhesiye. A particular suitable applicatjon nmeans
when t he 8K ER Bf‘ﬁta}“s‘)t%f”fEﬁé?‘il%mgﬁa“aﬁ?nl?ﬁ%? prathang ikpgs. g&ﬁ‘&f‘ﬁ’t us, wherein
two or nore conponents are sprayed via a spray nozzle. In a non-limting
enbodineﬁ??hé”gﬂﬁhéW%?%ﬁWWQ§W%WIéﬁ?%ﬁ%?%ﬁﬁgma WﬁBEmBV§Km€BW€U@6ﬁH%QCiaIIy
under the designati on GUSMER VR-H 3000 proportioner fitted wth a GUSVMER
Model GXFercdgst ipdustirPt g lysacyiade suchgs ¢ frhexyesindene dipegansts Pe@r st r eans of
the A- and B-side conponents are delivered fromtwo separate chanbers and
are i npadweberere JiirpivaRe ighuiinedsrepanyr e tnddivig HYarbBEreYt. #dhni x the two
conmponents and forma coating conposition, which may be applied to an
uncoat ed hgdrogysdiyd onepeylate sachyas hygroxsh g pmetp agiyhte @dive hydokwadiye devi ces
are comrercially available fromDeVil biss, such as the DEVILBISS HPLV spray
gun. [ 003apthfacetate piieipodyisooyanaf ceolrpessited with ¢ hydiexyphkeb@rth)hanylettis on, cure
can be effected by exposure to high energy or actinic radiation. A class of
hi gh enerlglyedoorisatrdient can he faaded weher Ye/QHelhwigtlewmaiosueder dsntlfosander i ved
fromisotopes such as strontium 90, or intense el ectron beans produced by
parti cl e aad€#)-ermtining reaficagirodmat thgaan tan bachagarxtdndedhwosii a pelgdlubich as a
applications where very rapid and econom cal rates are desired. In sone
syst ens, dadot ngl, pardxadsle ¢f4-Huess dioharp-bdxant diclad seamthyid prdpancused, which is
a total radiation dose of |ess than about 0.25 negarads. [0035] A cl ass of
actini ¢ maainples Gfpolieabiimed)adylange the rtdecopprodaind oflaruemydcemiciasidwk t r avi ol et
light; also suitable are other fornms of actinic radiation that are normally
found i n ahigdriat ivan a @olybl aithfas GIst M@ lsSid wdholb liAiMdid Alkylabd@polsasike@sassuch as
Type RS Sunl anps, carbon arc |anps, xenon arc |anps, nmercury vapor |anps,
tungst en phapokflfed aidR%d &k, thx@mbiek 8f pdiddly ML Bi-bh@AH @bl 08-HiRdheARIUSED DSt
efficiently if the coating conprises a photocur ng rate accelerator. Curing
periods QbodebQMyidcsiacifiRmhyloPpbpardl Bokofidap&ideYyRhiGadl and E%@@Jﬂi&?l,@f y film

t hi ckness of the cured coating or adhesive, or dry thickness of the putty

or adhesin¢@me QRN §RcRE ¥ xRl Fduitdpi Ser @feh ted BE oB¥QPPI €, range from
0.1to 10 nﬁfs, s%%ﬁ asxgﬁgsto g'of&% to(%gb)ni %? Itgﬁkll be appreci at ed

that cer tqh,Rfgh %,"tﬁ&e%%élﬂ?@paﬁ@&ﬁm%ﬁlﬂa‘c}ﬁﬂé,'p%#ft@er&tﬂriioﬁ"&i(ﬁwtﬁ}a%ﬁ@ﬁ«% Inees and

desired dry thickness, I'e ‘ot her adhesi ves may be nore putty-like in

t hese qu%k&ﬁ%gﬁﬂég?’aé&%ﬁ%gﬁm£P the art can determ ne the nost appropriate

means of “applyin e conpositions of the present invention, as well as the

oSt app/r[g(ﬁgi ate dfy.f Qe% %:ﬁ%?i?a?edl%ﬁa? fil r&'cﬁﬁ%{bnfscﬁ?a@1etc'8ln§91|§1%d3h%e& ilﬁﬁg{l;aggds of the

user and/or the particu ormulation o e conposition. ]It is

bel i eved t aé. in.thaose odi ment.s, ¢ i sin ol yt hi.ol .. .during. the curing
ctep bot facy b ARG ATRRONIERL S, ARG BU BB R B IR 5

M chael addition reaction is occurring. Consequently, if free radical
addition reaction cure is insufficient to conpletely cure the conposition,
M chael addition reaction will conpletee, or substantially conplete, the
cure. This is in addition to cure via the isocyanate/active hydrogen route
or routes. The inventors do not wish to be bond by any mechani sm however.
WO 2010/ 027756PCT/ US2009/ 054825 [ 0038] As not ed above, the present
conpositions may be wat erborne or sol ventborne conpositions. In certain
enbodi nents, the conpositions may be substantially solvent-free. By

o, . N o " o o1 —



a substrate, conprising applying to at |least a portion of the substrate any
of the conpositions described herein. Any of the substrates described above
can be uswo0 20ppl2rmati on and cure can al so be by any of trhe/useeaassadescri bed
above. [0041] As used herein, unless otherw se expressly specified, al
nunbers such as those expressing values, ranges, anounts or percentages nmay
be read as if prefaced by the word "about", even if the term does not

eXpreSS'Ymﬁ@ﬂ%ﬁﬁml&hﬁ@anﬁ&%uﬁﬂUﬁ&mﬁﬁémﬁﬁ@&ﬁﬁﬁ@&b&ﬁdﬁh%&%mﬂmhﬁ ifpt ended to
include all sub-ranges subsumed therein. Singular enconpasses plural and

Vi Ce Ver $@aif Qb &HATRY, 6 wﬁ‘&ﬁ Hf?il:‘t%hafugftﬁa& RERvS wﬁﬁ%cﬁﬁ!ltgﬁsrhlsfogares@m on,

radi ati on-cur abl e conpound cyanate, "a" polyth

unsat ur attl‘f‘e%&%%&ﬁe&trﬁﬁeb&%@%%l QdéhthﬂEﬁBnah@n\@ﬂH%aWtﬁ i RIGH eq.I::ngétheS e and any

ot her conponents can As used rein, the term po refers to
oI|goner%mﬁggcgpr&xﬂgggﬁolyners and copol yners, and the preflx "pol y"
WO or

refers to nor e ncl udi ng and |i ke terns neans i ncluding but not
limted ﬁ XAMPI ? 2] The follomnn es _are . in e
illustra &n§ e |ﬂ¢3ﬁ Hgﬁlan TSRO U Om?mb onéeF&% rmeapl ﬂngnYhe

i nvention I

ScTyIate S kﬁ%ﬁ%@?‘&“%%“%@ﬂ?f? 8n§%$%ﬂﬁ?Fgﬁ%Lﬁg$U§% %? 5ﬂgéﬁygggﬁorone
Sci., 757. 8
f?éiofﬁﬁf‘ﬁ‘%@h Eﬁl;ﬁ B Gl RSB TaALets SOYR I it oA R8O - 1
, 3.92
grﬁg§20x3@FH§%;gE$9¥é¥ﬁ %@g%htﬁﬁf ‘ﬂ%éggs Eé&t@ﬂﬂggé#g"gﬁgggfhe cour se

of 45 mnutes while maintaining the reaction tenperature at 75C. The

mi xt ur e WHSEHENHBSEBE POYBHEBRASD S hUTEEn Thal sk iPeh @ Alh cool ed
to 60C. Then, 1,4-butanediol (10.0 grans) was added drop wi se and then the
react i on 4ningteapingiensRé pechdinkigoe ?hﬁpoaﬁhlala s idhe posen iRygngsn incRkdghowed no
i socyanate functionality remai ned. Finally, butyl acetate was added (150.1
grans), &Heere Rt limied (f enagprialsrof fhederinplasd.  Ur et hane Acryl ate #2 [ 0044] A

uret hane acrylatc was prepared by stirring a roomtenperature m xture of

i sophorone diisocyanate, DESMODUR ZARi4438):f r om Bayer Material Science (893.0
grans), a free radical inhibitor, IONCL (1.35 grans), dibutyltin dilaurate
(0. 85 gr avhsiein Rinigl applypﬁ@mbrgapih@rsmw el 1f B ag integenntsdt lagptcle suchias soen. Then,

2- hydroxyet hyl acrylatc (152.3 grans) was added drop wi se over the course
of 20 m h0A18% whi | MombBimiingicrdmmyest Heuitabigtolyoinols enpele dtuupre nat lingisa. to,Then

1, 4-butanediol (6.8 grans) was added an at once, with the reaction

t enper at wsters pf gicdlgonteinBigGeidd hthe Eamtiiadis- Ri-KOWHewvasin b iisr amedgdnarmaiety
additional 60 mnutes at 75C. Finally, butyl acetate (dried for one day
over 4A roilhgolhsdrosy exngspndvas tleddecuic QOB griastah R; and orgaaicmoiétyand bri ef |y
stirred. Urethane Acrylate #3 [0045] A urethane acTyl ate was prepared by
sti fling nas fiametreTREk &t DY @pitdlNt2ub 6. dhest coOmpecareinlyd atedindsicmitanat e,
DESMODUR N 3600 from Bayer Material Science (515.3 grans), a free radical

i nhi bi t ocofdiyshs QelivOFFIGhivTRRRE e geaérligtrulBe28 grans)), dibutyltin
dilaurate (0.25 grans), and butyl acetate (140.8 grans) under nitrogen.
Then, 4-hydroxybutyl agyybate,-§@g4.2 grans) was added dropw se over the
course of 60 m nutes whilejmaintaining the reaction tenperature at 70C.
Butyl acetate was added (58.2 grans), and the m xture was then naintained

at 60- 65C for two hours. Urethane Acrylate #4
wherein R,, R; and n are as defined above.

[0020] Examples of thiol-containing acids are thioglycolic acid (HS-CH,COOH), a-
mercaptopropionic acid (HS-CH(CH3)-COOH) and B-mercaptopropionic acid (HS-
CH,CH,COCH) with polyhydroxy compounds such as glycols, triols, tetraols, pentaols,
hexaols, and mixtures thereof. Other non-limiting examples of suitable polythiols include,
but are not limited to, ethylene glycol bis (thioglycolate), ethylene glycol bis(p-

7



[ 0046] A m xture of n-amyl propionate (178.25 grans) and triphenyl phosphite
(1.46 grams) was heated under nitrogen to reflux (157-158"C). Then a

m xt ure oWo2emtdrytshexyl acrylatc (219.04 grans), hydroxyetrtyskooomsdsacsr yl at e
(336.98 grans), isobornyl nethacrylate (98.57 grans), acrylic acid (12.64
grans), styrene (175.23 grans), tert-dodecyl nercaptan (4.19 granms), n-anyl
propi onate (49.63 grans) and LUPEROX DTA (D -t-amnyl peroxide, avail able

from Ar kefReabRroploadte 3 & i TSI lop YRS ridRis Sy H1QPWM S tBYAprop e urs while
hol di ng the ar ealéotpl one)rgn >1<t Jlf?};g&gt()p nug t%r);pergabt Jr egg)gl r8E175tr(1 . An

addi tion re of
PR T e e e o

30 minutes,, !‘obﬁ) [&hﬁ@} %§hg&rgﬂﬁe&&aml on m xture at 175C. An additi onal

11. 38 grans n- arry pr opl onate was added and the reaction was relluxed
(173C) f addi ct ni trogen
at rmsphe?éoﬁﬂd subm ap:ﬂ Pe%{agggﬁbﬁt%gﬁged ah%@glg hl(ﬁ%g%%ﬁo‘%gnltﬁ@ﬂgg)l@%t yrene

st andar ds 4 92 13 Mz 13367 oI ids 75.54% OH val ue 127.1 Acid
val ue 6. SHHEOR ovfgmﬁ@rO%O.?’?fercgf& R éf By R e

e ﬁgg? ;W%Qt%ﬁms lﬁég'i@f%%pgﬂ Pdiatip il r@%@;le?w it
addi ti ondP 0‘?5‘8%1"3”%? d Ot e, lfﬁaeﬁ'?zds%m%ﬁ fenaéﬂvﬁf@eﬂ%ddﬁwa% d
5 1.46
P O e B SRt ke T e B SR iiheirahid Eﬁ\@miy cate

acrylatc (176.92 grans), hydrox et hyl methacryl ate (336.98 qram;

i sobor nyIac‘i’?@ioﬁagl?efp%ﬁlémff@SaISI?V‘&Yea%PéﬁmC %fcﬁ‘%}?%l é“t‘?afE]ie@Pa"(ei 2Ciga V@‘r B‘?T%‘I)‘Cha%lt yrene
(217.35 grans), tert-dodecyl nercaptan (4.19 grans), n-anyl propionate
(49.63 g@aﬁﬁ‘ynrgﬁﬁwﬂmﬁma@m%@gw @agﬂrg?ﬁéﬁlew%d@é@%%ﬁ hadovever four
hours while holding the reaction m xture at reflux tenperatures

(169- 175'C@P.0cms Bddlias PBAAIDSTAC ZGergingirificsmt wdiahyn cuse dss anacewash added and a
m xture of LUPEROX DTA (4.12 grains) and n-anyl propionate (5.37 grams) was
added oven cBOcHPReneRIDSFds evheei the eiahdigpnadide ceriediddoviilpdukiciene ragaliof 5C. - An
additional 11.38 granms of n-anyl propionate was added and the reacti on was
r et | uxed eparZBE)ctfeercoapletdiice- i onal hour. The product was then cool ed under a
nitrogen atnosphere and submtted for anal ytical analyses: GPC [in THF,

pol yst yr éo22%t andandsdifdiy cduaid emiilih&aByof tzprée@ddinyentiBo | tha®nippsiB&94sOH val ue
128.7 Acid value 7.54 The resulting acrylic resin (694.4 grans) was heated
t o 65C undesltiohpagetrconmphgtion ri thlirengohylt adepdsBion4viD b8 ugteasw) anas added
drop wi se over one hour while maintaining a tenperature of 60-65C. Then,
butyl acebaing imabichdaids cdidfondntga@nBiintainet] deharaiyxintl ostaisr ®tapplicadoat 65C
for an additional two hours. Itaconic Resin #1 [0048] A m xture of

1, 3- pr opanes firekarhd10,kde @poyitiohysaregudaemporcht. (B2K)) or p et doopynghenol (2. 00
g), butylstannoic acid (4.11 g), itaconic acid (1040.80 g), and xyl ene
(102. 8 g)“3mas cdiihg [rechitinge firdd céhA@eM dompased thk-unfdi@gied bolyésed pvlybh a
Dean-Start trap for azeotropic distillation. The reacti on was progressively

heat ed, ©abdR&tahddf Wad &y biheiadiBgorReRMERIPouAd, 3t thtBdcbhd Eddgponiiter nal
tenperature reached 185C. The acid value at this point was 5.75. The

product \WBSpRRY B ahabQ tﬁ@d‘@on’%ﬂé&erﬁ ety ERGbmISRmdisRombFses POkMRIY E&he
standards] (Mwv 1145, Mh 584, 2002)
of these components can further comprise one or more additional additives known in the art
of formulating compositions as disclosed herein, such as coatings, adhesives and putties, such

as colorants, plasticizers, anti-oxidants, hindered amine light stabilizers, UV light absorbers

and stabilizers, surfactants, flow control agents, thixotropic agents, fillers, organic cosolvents,



OH val ue 258.2 Itaconic Resin #2 [0049] The azeotropic distillation nethod
used to make itaconic resin #1 was foll owed using a m xture of

1, 3- propawednmlo2(B64. 24 g), glycerol (80.90 g), ionol (@CBASY)09/054825

butyl stannoic acid (3.16 g), itaconic acid (750.00 g), and xylene (79.00
g). The distillation was run until an internal tenperature of 186C was
reached. The acid value was 5.30 GPC [in THE pol kystyrene standards] (Mw

998, M GRlisioMelRhRp artglésw%&éa% §§Qan§ &%ﬁﬁps Erindl YeRRlds NS rddical HBibABEE Made
using the |ngred|ents shown as fol Coating #1 #2 #3 #4 #5 #6

Addi tive aﬁ@gl!ﬁé%st%mér%/ i liaries.

[0023] An “abrasion resistant particle” is one that, when used in a composition, will
impart some level of abrasion resistance to the coating as compared with the same
composition lacking the particles. Suitable abrasion resistant particles include organic and/or
inorganic particles. Examples of suitable organic particles include but are not limited to
diamond particles, such as diamond dust particles, and particles formed from carbide
materials; examples of carbide particles include but are not limited to titanium carbide,
silicon carbide and boron carbide. Examples of suitable inorganic particles, include but are
not limited to silica; alumina; alumina silicate; silica alumina; alkali aluminosilicate;
borosilicate glass; nitrides including boron nitride and silicon nitride; oxides including
titanium dioxide and zinc oxide; quartz; nepheline syenite; zircon such as in the form of
zirconium oxide; buddeluyite; and eudialyte. Particles of any size can be used, as can
mixtures of different particles and/or different sized particles. For example, the particles can
be microparticles, having an average particle size of 0.1 to 50, 0.1 to 20, 1 to 12, 1 to 10, or 3
to 6 microns, or any combination within any of these ranges. The particles can be
nanoparticles, having an average particle size of less than 0.1 micron, such as 0.8 to 500, 10
to 100, or 100 to 500 nanometers, or any combination within these ranges.

[0024] 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 composition in any suitable form, such as 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. In certain embodiments, the compositions contain one or
more transparent pigments, such as colloidal silica, and colorants that are soluble in the

coating composition such as dyes. These ingredients, if used, can be present in the



34.49 34.4g 34.49 34.4g 34.4g Urethane Acrylate #1 77g 779 779 89g 89¢g
88g Itaconic resin #1 None 15.8g 15. 8¢
WO 2010/027756 PCT/US2009/054825

composition in amounts of up to 20, such as up to 10 percent by weight based on weight of
the topcoat composition. If the composition is a coating that is a clear coat, that is, a coating
that is substantially clear, the colorant used does not impart significant opacity to the coating.
It will be understood that certain colorants will impart color and/or other visual effect to a
clear coat and the clear coat will still be substantially clear.

[0025] As noted above, the compositions of the present invention are believed to
undergo multiple cure mechanisms; that is, the “multi-cure” coatings cure by two or more
different means. In a first cure mechanism, the isocyanate reacts with the active
hydrogen-containing compounds. This can include the hydroxy on the unsaturated polyester
polyol oligomer, the active hydrogen, if any, on the radiation-curable compounds, if used,
and the active hydrogen on the polythiol compound, if used. Accordingly, in certain
embodiments of the invention, one or more of the composition components, such as the first
component, may comprise a catalyst for the reaction between the isocyanate and the active
hydrogen-containing compounds. Suitable catalysts include tin (IV) compounds, such as
dibutyltin dilaurate, tertiary amines such as DABCO, amine salts such as the triethylamine
salt of dibutyl phosphate, acids such as phenyl acid phosphate and acetic acid, and metal
chelates such as zirconium acetylacetonate, all of which are known to those skilled in the art
to catalyze the reaction of isocyanates with active hydrogens

[0026] Another cure mechanism that occurs within the composition of the present
invention is the reaction between the olefinic double bonds on the unsaturated polyester
polyol oligomer with themselves and, if a radiation-curable compound is used, the radiation
curable moieties therein. Accordingly, in certain embodiments, one or more of the
components, such as the first component, of the composition may further comprise a free
radical initiator. Suitable free radical initiators include IRGACURE 184 and IRGACURE

819, both products of Ciba Speciality Chemicals.
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18.3g 18.2g None SR 355 26.6g 11.6g 11.6g 14.3g 4.3g 31.0g Anyl
propi onate 10.6g 10.6g 10.6g 5g 5g
WO 2010/027756 PCT/US2009/054825

[0027] Another cure mechanism that may occur is the Michael addition reaction as
discussed above, wherein the thiol function reacts with a Michael acceptor, such as the
olefinic double bonds on the unsaturated polyester polyol oligomer and, if used, the
radiation-curable compound. Accordingly, one or more of the composition components may
further comprise a catalyst for the Michael addition reaction. Suitable catalysts include
primary, secondary or tertiary amines, strong bases such as sodium ethoxide, weaker bases
such as potassium acetate, free radical initiators including UV photoinitiators discussed above
and acids such as para-toluenesulfonic acid.

[0028] One or more of the components of the present composition can further
comprise a solvent and/or reactive diluent. Suitable solvents include water, mono- or
polyhydric alcohols, for example, ethylene glycol and butanol, and glycol ethers or esters, for
example, diethylene glycol dialkyl ethers containing a C; to Ce alkyl, butyl acetate, acetone,
methyl propyleneglycol acetate, amyl propionate, methyl isobutyl ketone, ethyl acetate, and
methyl amyl ketone. Suitable reactive diluents include reactive diluents that may be
crosslinked with actinic radiation include, for example, (meth)acrylic acids and esters thereof,
maleic acid and its esters, including monoesters, vinyl acetate, vinyl ethers, vinylureas, and
the like. Further examples that may be mentioned include alkylene glycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, 1,3-butanediol di(meth)acrylate, vinyl (meth)acrylate,
allyl (meth)-acrylate, glycerol tri(imeth)acrylate, trimethylol-propane tri(imeth)acrylate,
trimethylolpropane di(meth)-acrylate, styrene, vinyl toluene, divinylbenzene, pentaerythritol,
trilmeth)acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythritol penta(meth)acrylate,
propylene glycol di(meth)acrylate, hexanediol di(meth)acrylate, ethoxyethoxyethyl acrylate,
N-vinylpyrrolidone, phenoxyethyl acrylate, dimethylaminoethyl acrylate, hydroxyethyl
(meth)acrylate, butoxyethyl acrylate, isobornyl (meth)acrylate, dimethylacrylamide,

dicyclopentyl acrylate, the long-chain linear diacrylates described in EP 0 250 631 Al with a
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17.59 4T Thiol 12.4 12.4 12.4 None None None DEM _ None None 0.1g None
0.1g None Coal ing #7
WO 2010/027756 PCT/US2009/054825

molecular weight of from 400 to 4000, such as 600 to 2500. For example, the two acrylate
groups may be separated by a polyoxybutylene structure. It is also possible to use 1,12-
dodecyl propanediol and the reaction product of 2 moles of acrylic acid with one mole of a
dimer fatty alcohol having generally 36 carbon atoms. Mixtures of the above monomers are
also suitable. Further examples of suitable reactive diluents curable with actinic radiation are
those described in Rompp Lexikon Lacke und Druckfarben, Georg Thieme Verlag, Stuttgart,
New York, 1998, on page 491 under the entry on "Reactive diluents", incorporated herein by
reference in its entirety. The solvents and/or diluents can comprise up to 50 percent by
weight of the composition, based on weight of the composition.

[0029] The compositions of the present invention can comprise, for example, O to 50,
such as 5 to 35 or 15 to 25 weight % unsaturated polyester polyol oligomer, and 10 to 50,
such as 10 to 40 or 25 to 35 weight % isocyanate. When used, the composition can comprise
10 to 70, such as 15 to 55 or 35 to 45 radiation-curable compound and/or O to 10, such as 2 to
8 or 4 to 6 weight % polythiol, with all of the weight percents based on total solids weight of
the composition. Additional components, if used, can comprise up to 15 weight %, such as
up to 10 weight % or up to 7 weight %, with weight percent based on the total solids weight
of the composition.

[0030] The present compositions can be applied to any substrates known in the art,
for example, metallic or non-metallic substrates including polymeric, plastic, polycarbonate,
polycarbonate/acrylobutadiene styrene (“PC/ABS”), polyamide, wood, veneer, wood
composite, particle board, medium density fiberboard, cement, stone, biodegradable plastics
such as cellulose, poly(lactic acid), poly(3-hydroxybutyrate) and starch based plastics, and
the like. The substrate can also be one that has already been treated in some manner to

impart color or other visual effect. For example, a wood substrate that has been stained may
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then be coated according to the present invention, as can a substrate that has already had one
or more other coating layers applied to it.
[0031] As used herein, the term “polyamide” in reference to a substrate means a

substrate constructed from a polymer that includes repeating units of the formula:

, wherein R is hydrogen or an alkyl group. The polyamide may be any of a
large class of polyamides based on aliphatic, cycloaliphatic, or aromatic groups in the chain.
They may be formally represented by the products of condensation of a dibasic amine with a
diacid and/or diacid chloride, by the product of self-condensation of an amino acid, such as
omega-aminoundecanoic acid, or by the product of a ring-opening reaction of a cyclic lactam,
such as caprolactam, lauryllactam, or pyrrolidone. They may contain one or more alkylene,
arylene, or aralkylene repeating units. The polyamide may be crystalline or amorphous. In
certain embodiments, the polyamide substrate comprises a crystalline polyamide of alkylene
repeating units having from 4 to 12 carbon atoms, such as poly(caprolactam) (nylon 6),
poly(lauryllactam) (nylon 12), poly(omega-aminoundecanoic acid) (nylon 11),
poly(hexamethylene adipamide) (nylon 6.6), poly(hexamethylene sebacamide) (nylon 6.10),
and/or an alkylene/arylene copolyamide, such as that made from meta-xylylene diamine and
adipic acid (nylon MXD6). The term “nylon” includes all of these products as well as any
other compound referred to in the art as nylon. Amorphous polyamides, such as those
derived from isophoronediamine or trimethylcyclohexanediamine, may also be utilized.
Blends of polyamides may also be utilized.

[0032] As used herein, the term “polyamide”, when used in reference to a substrate,
includes a reinforced polyamide substrate; a reinforced polyamide substrate is a polyamide
substrate constructed from a polyamide that has been reinforced through the inclusion of, for
example, fibrous materials, such as glass fiber or carbon fiber, or inorganic fillers, such as
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calcium carbonate, to produce a polyamide having increased rigidity, strength, and/or heat
resistance relative to a similar polyamide that does not include such reinforcing materials.
Reinforced polyamides, which are suitable for use as a substrate material in accordance with
certain embodiments of the present invention, are commercially available and include, for
example, those materials commercially available from Solvay Advanced Polymers under the
IXEF name and, include, for example, the IXEF 1000, 1500, 1600, 2000, 2500, 3000 and
5000 series products; from EMS-Chemie Inc., Sumter, South Carolina, under the
GRILAMID, GRIVORY, GRILON and GRILFLEX tradenames; and DuPont Engineered
Polymers, such as those sold under the THERMX and MINLON tradenames.

[0033] The compositions according to the present invention can be applied by
conventional methods, including spraying, brushing, roller painting or dipping, which may be
particularly relevant if the composition is a coating or relatively non-viscous adhesive, or by
spray gun, squeezie or other suitable applicator, which may be particularly relevant if the
composition is a putty or viscous adhesive. A particular suitable application means when the
composition is a coating is an external mixing apparatus, wherein two or more components
are sprayed via a spray nozzle. In a non-limiting embodiment, a commercially available
mixing device available commercially under the designation GUSMER VR-H-3000
proportioner fitted with a GUSMER Model GX-7 spray gun may be used. In this device,
pressurized streams of the A- and B-side components are delivered from two separate
chambers and are impacted or impinged upon each other at high velocity to mix the two
components and form a coating composition, which may be applied to an uncoated or coated
substrate using the spray gun. Other suitable devices are commercially available from
DeVilbiss, such as the DEVILBISS HPLYV spray gun.

[0034] After application of composition of the present invention, cure can be effected

by exposure to high energy or actinic radiation. A class of high energy bombardment
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includes energetic electrons such as those derived from isotopes such as strontium-90, or
intense electron beams produced by particle accelerators. Electron beam curing can be most
useful in applications where very rapid and economical rates are desired. In some systems,
curing periods of less than about one second may be used, which is a total radiation dose of
less than about 0.25 megarads.

[0035] A class of actinic radiation useful according to the present invention is
ultraviolet light; also suitable are other forms of actinic radiation that are normally found in
radiation emitted from the sun or from artificial sources such as Type RS Sunlamps, carbon
arc lamps, xenon arc lamps, mercury vapor lamps, tungsten halide lamps, and the like.
Ultraviolet radiation may be used most efficiently if the coating comprises a photocuring rate
accelerator. Curing periods of from 1 second to 15 minutes are typical.

[0036] The dry film thickness of the cured coating or adhesive, or dry thickness of the
putty or adhesive, can be any desired thickness and can, for example, range from 0.1 to 10
mils, such as 0.5 to 8 or 15 to 2.0 mils. It will be appreciated that certain adhesives may be
more coating-like in their viscosities and desired dry thickness, while other adhesives may be
more putty-like in these qualities. One skilled in the art can determine the most appropriate
means of applying the compositions of the present invention, as well as the most appropriate
dry thickness based upon such things as the needs of the user and/or the particular
formulation of the composition.

[0037] It is believed that, in those embodiments comprising polythiol, during the
curing step both a free radical addition reaction caused by the radiation and a Michael
addition reaction is occurring. Consequently, if free radical addition reaction cure is
insufficient to completely cure the composition, Michael addition reaction will complete, or
substantially complete, the cure. This is in addition to cure via the isocyanate/active

hydrogen route or routes. The inventors do not wish to be bond by any mechanism, however.
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[0038] As noted above, the present compositions may be waterborne or solventborne
compositions. In certain embodiments, the compositions may be substantially solvent-free.
By “solvent-free” is meant that less than 10 weight %, such as less than 5 weight % or less
than 2% of the composition is solvent, with weight % based on total weight of the
composition. The present compositions may be especially suitable for use as a high solids or
a substantially solvent-free composition, such as 100% solids, > 99% solids, > 97% solids, or
> 95% solids. In certain embodiments, the theoretical volatile organic content (VOC) of the
composition is less than 450 g/1, such as less than 300 g/1, or less than 250 g/1.

[0039] The compositions according to the present invention can be used as, for
example, a primer, base coat or clear coat, and can also be used as an adhesive or putty. The
compositions are particularly advantageous for use as a coating for car repair, since they are
easily sprayable and can be applied at ambient temperatures. In certain embodiments, the
coating of the present invention is a clear coat, and is used in conjunction with a pigmented
base coat.

[0040] Accordingly, the present invention is further directed to a method for treating
a substrate, comprising applying to at least a portion of the substrate any of the compositions
described herein. Any of the substrates described above can be used. Application and cure
can also be by any of the means described above.

[0041] As used herein, unless otherwise expressly specified, all numbers such as
those expressing values, ranges, amounts or percentages may be read as if prefaced by the
word "about", even if the term does not expressly appear. Also, any numerical range recited
herein is intended to include all sub-ranges subsumed therein. Singular encompasses plural
and vice versa. Por example, although reference is made herein to "a" radiation-curable
compound, “an” isocyanate, “a” polythiol, and “an” unsaturated polyester polyol oligomer,

one or more of each of these and any other components can be used. As used herein, the term

16



57.1g 57.1g None None Urethane Acrylate #5 None None 56.7g 56.7g Itaconic
resin #6 26.6g 26.6g 26.6g 26. 69 Z4470 21.4g 21.4g 21.4g
WO 2010/027756 PCT/US2009/054825

"polymer" refers to oligomers and both homopolymers and copolymers, and the prefix "poly"

refers to two or more. Including and like terms means including but not limited to.

EXAMPLES
[0042] The following examples are intended to illustrate the invention and should not

be construed as limiting the invention in any way.

Example 1
Urethane Acrylate #1
[0043] A urethane acrylate was prepared by stirring a room temperature mixture of

isophorone diisocyanate, DESMODUR 7 4470 from Bayer Material Science (757.8 grams), a
free radical inhibitor, IONOL (1.070 grams), dibutyltin dilaurate (2.14 grams), and triphenyl
phosphite (3.92 grams) under nitrogen. Then, 2-hydroxyethyl acrylate (232.7 grams) was
added drop wise over the course of 45 minutes while maintaining the reaction temperature at
75°C. The mixture was then heated to 80°C for 60 minutes. The mixture was then cooled to
60°C. Then, 1,4-butanediol (10.0 grams) was added drop wise and then the reaction mixture
was held at 60°C for an additional 30 minutes. IR showed no isocyanate functionality

remained. Finally, butyl acetate was added (150.1 grams), and the mixture briefly stirred.

Urethane Acrylate #2

[0044] A urethane acrylate was prepared by stirring a room temperature mixture of
isophorone diisocyanate, DESMODUR 7 4470 from Bayer Material Science (893.0 grams), a
free radical inhibitor, IONOL (1.35 grams), dibutyltin dilaurate (0.85 grams), and triphenyl
phosphite (2.31 grams) under nitrogen. Then, 2-hydroxyethyl acrylate (152.3 grams) was
added drop wise over the course of 20 minutes while maintaining the reaction temperature at

75°C. Then, 1,4-butanediol (6.8 grams) was added all at once, with the reaction temperature
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rising to 81°C. The reaction mixture was stirred for an additional 60 minutes at 75°C.
Finally, butyl acetate (dried for one day over 4A molecular sieves) was added (109.6 grams),

and the mixture briefly stirred.

Urethane Acrylate #3

[0045] A urethane acrylate was prepared by stirring a room temperature mixture of
1,6-hexamethylene diisocyanate, DESMODUR N 3600 from Bayer Material Science (515.3
grams), a free radical inhibitor (hydroquinone monomethyl ether (0.28 grams)), dibutyltin
dilaurate (0.25 grams), and butyl acetate (140.8 grams) under nitrogen. Then,
4-hydroxybutyl acrylate (284.2 grams) was added dropwise over the course of 60 minutes
while maintaining the reaction temperature at 70°C. Butyl acetate was added (59.2 grams),

and the mixture was then maintained at 60 — 65°C for two hours.

Urethane Acrylate #4

[0046] A mixture of n-amyl propionate (178.25 grams) and triphenyl phosphite (1.46
grams) was heated under nitrogen to reflux (157-158°C). Then a mixture of 2-ethylhexyl
acrylate (219.04 grams), hydroxyethyl methacrylate (336.98 grams), isobornyl methacrylate
(98.57 grams), acrylic acid (12.64 grams), styrene (175.23 grams), tert-dodecyl mercaptan
(4.19 grams), n-amyl propionate (49.63 grams) and LUPEROX DTA (Di-t-amyl peroxide,
available from Arkema Inc. (29.38 grams)) was added dropwise over four hours while
holding the reaction mixture at reflux temperatures (169-175°C). An additional 11.38 grams
of n-amyl propionate was added and a mixture of LUPEROX DTA (4.12 grams) and n-amyl
propionate (5.37 grams) was added over 30 minutes while maintaining the reaction mixture at

175°C. An additional 11.38 grams of n-amyl propionate was added and the reaction was
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Mat eri al Sci ence [0050] Procedure: U earcoats were bl end together prior to
application apd appld£d,
OH value 127.1
Acid value 6.84
The above acrylic resin (710.1 grams) was heated to 65°C under nitrogen. Then urethane
acrylate #3 (481.4 grams) was added drop wise over one hour while maintaining a

temperature of 60-65°C. Then, butyl acetate was added (139.5 grams) and the mixture was

stirred at 65°C for an additional two hours.

Urethane Acrylate #5

[0047] A mixture of n-amyl propionate (178.25 grams) and triphenyl phosphite (1.46
grams) was heated under nitrogen to reflux (157-158°C). Then a mixture of 2-ethylhexyl
acrylate (176.92 grams), hydroxyethyl methacrylate (336.98 grams), isobornyl methacrylate
(98.57 grams), acrylic acid (12.64 grams), styrene (217.35 grams), tert-dodecyl mercaptan
(4.19 grams), n-amyl propionate (49.63 grams) and LUPEROX DTA (29.38 grams) was
added drop wise over four hours while holding the reaction mixture at reflux temperatures
(169-175°C). An additional 11.38 grams of n-amyl propionate was added and a mixture of
LUPEROX DTA (4.12 grams) and n-amyl propionate (5.37 grams) was added over 30
minutes while maintaining the reaction mixture at 175°C. An additional 11.38 grams of n-
amyl propionate was added and the reaction was refluxed (173°C) for an additional hour.
The product was then cooled under a nitrogen atmosphere and submitted for analytical
analyses:

GPC [in THF, polystyrene standards] (Mw 4471, Mn 1457, Mz 10017)
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via a DeVilhiss I W N spray gun onto substrate panels APR5174 from ACT
that were previously coated with PPG ENVI ROBASE basecoat. WO

2010/ 027 A56RGIV 282009/ 054825 [ 0051] The cl ear coat ed t estPCparsedm/ossee
flashed 5 mnutes and UV cured for 5 mnutes using a 400 watt H&S Au t oShot
| NAAOO. [0052] G oss was neasured at 20 degrees by a BYK Gardner
mcro-'1"RI-gloss gloss neter. Konig was neasured by a BYK Gardner pendul um
| | ardness appagaids.gsgpati ng Number 20 d oss Koni g Hardness 24 hour

Koni g Hardness 1.5 week #1 88 54 58 #2

OH value 128.7

Acid value 7.54
The resulting acrylic resin (694.4 grams) was heated to 65°C under nitrogen. Then urethane
acrylate #3 (470.8 grams) was added drop wise over one hour while maintaining a
temperature of 60-65°C. Then, butyl acetate was added (136.4 grams) and the mixture was

stirred at 65°C for an additional two hours.

Example 2
Itaconic Resin #1
[0048] A mixture of 1,3-propanediol (1014.53 g), hydroquinone (0.82g), p-methoxy

phenol (2.00 g), butylstannoic acid (4.11 g), itaconic acid (1040.80 g), and xylene (102.8 g)
was stirred under nitrogen in a 3-L flask fitted with a Dean-Start trap for azeotropic
distillation. The reaction was progressively heated, collecting water from the Dean-Stark
trap, until the internal temperature reached 185°C. The acid value at this point was 5.75. The
product was poured into cans and analyzed.

GPC [in THF, polystyrene standards] (Mw 1145, Mn 584, Mz2002)

OH value 258.2

Itaconic Resin #2

[0049] The azeotropic distillation method used to make itaconic resin #1 was
followed using a mixture of 1,3-propanediol (664.24 g), glycerol (80.90 g), ionol (0.82 g),
butylstannoic acid (3.16 g), itaconic acid (750.00 g), and xylene (79.00 g). The distillation
was run until an internal temperature of 186°C was reached. The acid value was 5.30

GPC [in THF, polkystyrene standards] (Mw 998, Mn 631, Mz1619)
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OH value 350.3

Example 3

Coatings 1 - 18 were made using the ingredients shown as follows:

Coating #1 #2 #3 #4 #5 #6
Additive

Package 1 34.4g 34.4¢ 34.4¢ 34.4¢ 34.4¢ 34.4¢
Urethane

Acrylate

#1 77g 77g 77g 89¢g 89¢g 88¢g
Itaconic

resin #1 None 15.8¢ 15.8¢ 18.3¢ 18.2¢ None
SR 355 26.6¢ 11.6¢ 11.6¢ 14.3¢ 4.3g 31.0g
Amyl

propionate 10.6g 10.6¢ 10.6¢ Sg Sg 17.5¢
4T Thiol 12.4 12.4 12.4 None None None
DBDTL None None 0.1g None 0.1g None
Coating #7 #3 #9 #10 #11 #12 #13 #14
Additive

Package 1 34.4g 34.4¢ 344g  344g 344g  344g 344g 344¢
Urethane

Acrylate

#1 None None None  None 98¢g 98g 543g 54.3¢
Urethane

Acrylate

#2 97.4¢ 97.4¢ 55.1g 55.1g None None None  None
Itaconic

resin #1 26.3g 26.3¢g 26.3g  26.3g 26.3g  26.3g 26.3g  26.3g
DesN

3600 None None 28.5g  28.5g None  None 292g 29.2g
amyl

propionate  15g 15g 29¢g 29¢ 15g 15¢ 29¢g 29¢g
DBDTL None 0.1g None 0O.lg None 0.1g None 0O.1g
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Coating #15 #16 #17 #18
Additive

Package 2 57.6g 57.6g 57.62 57.62
Urethane

Acrylate #4  57.1g 57.1g None None
Urethane

Acrylate #5 None None 56.7¢ 56.7¢
Itaconic

resin #6 26.62 26.6g 26.6g 26.6g
74470 21.4g 21.4¢g 21.4g 21.4g
DesN 3600  15g 15¢g 15¢g 15¢g
3T Thiol None S5g None S5g
4T Thiol S5g None S5g None

Additive Package 1

2.3g
1.1g
0.5¢
5¢

lg

4.5g
20g

TINUVIN 384-2 from CIBA SPECIALTY CHEMICALS
SANOL LS 292 from SANKYO CO

BYK 300 from BYK Chemie

ESACURE ONE from Lamberti USA

IRGACURE 184 from CIBA ADDITIVES

amyl propionate from DOW CHEMICAL CO

MIBK from EASTMAN CHEMICAL

Additive Package 1

2.3g
1.1g
0.5¢
5¢

lg

4.5g
20g

SR 355
4T Thiol
3T Thiol

TINUVIN 384-2 from CIBA SPECIALTY CHEMICALS
SANOL LS 292 from SANKYO CO

BYK 300 from BYK Chemie

ESACURE ONE from Lamberti USA

IRGACURE 184 from CIBA ADDITIVES

amyl propionate from DOW CHEMICAL CO

MIBK from EASTMAN CHEMICAL

DBDTL Dibutyl Tin Dilaurate T-12 from Air Products
DesN 3600 DesmodurN 3600 from Bayer MaterialScience

74470

[0050]

DesmodurZ 4470 from Bayer MaterialScience

Di-trimethylolpropane tetraacrylate from Sartomer
Pentaerythritol tetra(3-mercptopropionate) from Bruno Bock Chemische
Trimethylol Tri(3-mercaptopropionate) from Bruno Bock Chemische

PCT/US2009/054825

Procedure: Clearcoats were blend together prior to application and applied

via a DeVilbiss HPLV spray gun onto substrate panels APR5174 from ACT that were

previously coated with PPG ENVIROBASE basecoat.
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[0051]

using a 400 watt H&S AutoShot UVA400.

[0052]

meter.

Konig was measured by a BYK Gardner pendulum Hardness apparatus.

PCT/US2009/054825

The clear coated test panels were flashed 5 minutes and UV cured for 5 minutes

Gloss was measured at 20 degrees by a BYK Gardner micro-TRI-gloss gloss

Coating 20° Konig Hardness Konig Hardness
Number Gloss 24 hour 1.5 week
#1 88 54 58
#2 88 50 61
#3 91 59 69
#4 88 58 73
#5 89 70 80
#6 87 53 54
#7 84 61 58
#3 81 64 55
#9 64 51 54
#10 79 58 65
#11 79 43 61
#12 80 42 67
#13 84 52 56
#14 82 55 60
#15 80 36 53
#16 88 38 43
#17 90 33 43
#18 89 33 43

As can be seen in the above table, the coatings of the present invention have relatively high

20° Gloss. The higher the Konig Hardness number, the harder the through cure of the

coating. The increase over time shows the post cure that can occur with the isocyanate

reaction. These values are acceptable for automotive refinish.

[0053]

Whereas particular embodiments of this invention have been described above

for purposes of illustration, it will be evident to those skilled in the art that numerous
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38 43 #17 90 33 43 #18 89 33 43 As can be seen in the above table, the
coatings of the present invention have relatively high 20" d oss. The

hi gher thwoKorim7idar dness nunber, the harder the througkrctwseoohsisbe
coating. The increase over tinme shows the post cure that can occur with the
i socyanate reaction. These val ues are acceptable for autonotive refinish.

[ 0053] Whereas particul ar enbodi nents of this invention have been descri bed

above for,RUROSERe Qlailslol HR &L Hvendidn My de RRISMINIEMepirBnd AOS®esKi | 1 ed i n
the art that nunerous variations of thée details of tRe present invention

may be mpde, W RAVEnAERBLLpAGald @ik he i nvention as defined in the appended

cl ai ns.
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CLAI M5 1. A conposition conprising: a) an unsaturated pol yester polyol

ol igoner; b) isocyanate; and c) a polythiol conprising esters of

t hi ol -contai ning acids. 2. The conposition of Claim1, wherein the

unsat urated pol yester polyol oligoner is the reaction product of a

pol yaci d/ anhydri de and a pol yol, wherein the pol yacid and/or polyol are
unsat ur &ledMS. The conposition of Caim2, wherein the acid/ anhydride
conprises itaconic acid/ anhydride. 4.The conposition of Caim2, wherein

t he p_oI yol canpri sesonpcditimapaigisitigpl . 5. The conposition of Caim 2,
wherein the acid/anhyd?ide conprises itaconic acid/ anhydride and the polyol

conpri ses 1, 3-propane dfQhsa:raESoRRERPSbbANiRIE ai m 1, furt her
conprising a radi a?i on-cur%%@g cg)r(r)%;);(gjund.ﬁ % Thleg%cgrfposi tion of Claim6®6,
wherein the radiatjon-curabl e coampound conprises a pol yuret hane havi ng
(meth)acryl ate raé#ati6ﬁp¥ﬂF§bﬁg¥8roups. radi ati on-curabl e groups further
conprises hydroxy functiona osi.tion,of Caima1l,

ity. .. 9. The.
wher ei n the pol yt §? ol @WL’J'S&OIPPIFSA%& WIBPP&F@%@- REIRAEE D opi onat e) .

2. The composition of Claim 1, wherein the unsaturated polyester polyol
oligomer is the reaction product of a polyacid/anhydride and a polyol, wherein the polyacid

and/or polyol are unsaturated.

3. The composition of Claim 2, wherein the acid/anhydride comprises itaconic
acid/anhydride.

4. The composition of Claim 2, wherein the polyol comprises 1,3-propane diol.

5. The composition of Claim 2, wherein the acid/anhydride comprises itaconic

acid/anhydride and the polyol comprises 1,3-propane diol.

6. The composition of Claim 1, further comprising a radiation-curable
compound.
7. The composition of Claim 6, wherein the radiation-curable compound

comprises a polyurethane having (meth)acrylate radiation-curable groups.
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10. A clear coat obtained fromthe conposition of claim1. 11. The
conposition of Claim1, wherein the conposition is a three-conponent
conposition and the unsaturated pol yester polyol oligoner is in a first
conponent, the isocyanate is in a second conponent, and the polythiol is in
a third conponent. 12. The conposition of Caim1l, wherein the first
conponent compr i siThg cbi@oditismbiiCatred, whtrgmsthe polyoteyieine bhvigg teethjagritiiter
conprises a free radical initiator. 13. A nethod for treating a
substr atfdlammaﬁme Eﬂ)uﬁpﬂlrhﬂef‘gorhﬁh@% hi@asy filmchORdlitpn of the substrate the
conposition of Caim . A substrate treated, at least in part,
with the clear coat of cIa|n112. 15. A substrate coated at least in
part with a pignented base coat over which is deposited at least in part,
the clear co . 16. conposi t r|S|n a first
conponent co r|sﬂ%%coﬁ@om1?“8fﬂ§ﬂng9$%%5ﬂ53Pﬂyﬁﬂqr S8t“%@%%ﬁ%h of a
pol yaci d/ anhydri de and a_polyol; and ii) a radiation-curable conpound;

b) a se@wﬁdn@6%§6W@ﬁﬂm€@%prlS|ng i socyanate; and c) athird
conponent conprising polythiol conprising esters of thiol containing acids.
17. The conposition of Caim 16, wherein the polyacid/ anhydride conprises

i taconi ¢ aci d/ anhydri de and the pol yol conprises 1, 3-propane diol.

18. The conpasiti encledr hedbtaihed framethe compdwitionaeli cdddiinoh- cur abl e conpound
conprises a pol yurethane having (nmeth)acryl ate radi ati on-curabl e groups.
19. A conposition conprising: a) an unsaturated pol yester

pol yol oligoner; b) isocyanate; and

11.  The composition of Claim 1, wherein the composition is a three-component

composition and the unsaturated polyester polyol oligomer is in a first component, the

isocyanate is in a second component, and the polythiol is in a third component.

12.  The composition of Claim 11, wherein the first component comprising the

unsaturated polyester polyol oligomer further comprises a free radical initiator.

13. A method for treating a substrate, comprising applying to at least a portion of

the substrate the composition of Claim 1.
14. A substrate treated, at least in part, with the clear coat of claim 12.

15. A substrate coated at least in part with a pigmented base coat over which is

deposited, at least in part, the clear coat of Claim 10.

16. A composition comprising:

a) a first component comprising:
26



c) a polythiol, wherein the polythiol conprises trinmethylol tri(3-
nmer capt opr opi onat e) .

i) a hydroxyl-containing reaction product of a

polyacid/anhydride and a polyol; and

i1) a radiation-curable compound;
b) a second component comprising isocyanate; and
c) a third component comprising polythiol comprising esters of thiol

containing acids.

17.  The composition of Claim 16, wherein the polyacid/anhydride comprises

itaconic acid/anhydride and the polyol comprises 1,3-propane diol.

18.  The composition of Claim 16, wherein the radiation-curable compound

comprises a polyurethane having (meth)acrylate radiation-curable groups.

19. A composition comprising:
a) an unsaturated polyester polyol oligomer;
b) isocyanate; and
c) a polythiol, wherein the polythiol comprises trimethylol tri(3-

mercaptopropionate).
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