MULTI - CURE COVPCSI TI ONS COVPRI SI NG POLYTHI OL FI ELD OF THE | NVENTI ON [ 0001]
The present invention is directed to conpositions that conprise an

unsat ur atwo 20meesker pol yol oligonmer and i socyanate. BRACKGERGAMIDsEs THE

| NVENTI ON [ 0002] Radi ation curing of autonotive refinish conpositions is
becom ng of increasing interest for use in body fillers, priners, surfacers
and topcoats. The advantages of radiation curing are that it is quick, can
be conducted at gﬁhﬂ § Fﬁﬂ@ MBS nad i nposi ti ons can
be fornul ated at |éﬁp§g>|dsécontgg?9ﬁ§g¥2 |s§2ﬁ€??g%ﬁg%%a | y desirable.
However, a problemin coating autonobile bodies wth radiation-curable
conpositions lies in the curing of areas not directly accessible to
radiation such as shadow zoness; (§ B BRI 8y ities, folds and ot her
undercuts resulting frOﬁlthe_H&fUﬁUTTVFTTWWKEéggLHing process. Al so,

Pi grent eyt i N9 FOMPASH |k S MRY,Cont A0 RLATEDS, Ak Ahsarh,Lag! ati on,
such as carbon bl ack fand™t'itani U ai oxi de, esqulng I hsut i eiient

radi ati on fotcurF %@e res%gpus fiLn}forning bi nder. Finally, ultraviolet
radi ati oR° PR YHE Y200 285" HEASIRY " wavel engt h range, al though 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
conposition that cures we jation and al so cures via an
al ternate curing nmechani sttwheh o i ficient to bring about
conplete cure. SUVMARY OF THE | NVENTI ON_[0004] The present invention is

di rect ed (9092} ¢ onpisdiatiop fuignsr PEOPRYVAFiininh eesiiPat B BesesiRedt er pol yol

ol i gonmer; and b) isocyanate. . .
increasing interest for use in body fillers, primers, surfacers and topcoats. The advantages of

radiation curing are that it is quick, can be conducted at ambient temperature, and radiation-
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:



[ 0005] The present invention is further directed to a conposition
conprising: a) a first conponent conprising: i) the reaction product of a
pol yaci d/wohydvizaseand a pol yol; and ii) a radi ati on- curablus2aonpsend; b) a
second conponent conprising isocyanate; and c) a third conmponent conpri sing
pol yt hi ol . DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0006] The present
invention is directed to a conposition conprising: a) an unsaturated

pol yester pol yol qllgoqgﬁmmﬁﬂgapﬂﬂhgg9¥@g§Q@rmﬁ@emﬁpnp03|t|on is sonetines
referred to herein'as a "multi-cure coating”, because it is believed to
undergo cure through tqgmgémgpre di fferent nmechanisns. Certain enbodinents
of the i nvention ut|I|ze I omass derived products. As used herein, the term

" bi omass [?\ﬁl\’/ 5pved” W r#res@f*?t 60k (Plﬂrﬁwf &%%d‘&% %(?ﬁﬁ&)sftg rﬂ}t)ljmlm ng or

recently I ng organi r exanpl e ants rees) or aninmals

and not froma petfole nposition" as used herein refers
to any conp05|t|oﬁb su%ﬁﬁg%gggg%%E&ﬁgnmm'heS|ve putty, and the I|ike.

[ 0007] Any suitabl e unsaturated r fomer e _used
according to the presenf |nv§ﬁzF§%1%ﬁ&§ﬁP{£%ﬂ Cﬁﬁ?g u%%fg%aBo 8‘§%er pol yo

ol i goner can be prepare for . reacting a polyol and a
pol ycar boxyl i c aC|d/anH€dr|85KﬁﬁH3fg?Rb %@pﬁgﬁyol and/ or the pol ycarboxylic
aci d/ anhydri de co rise un%gturatlon reaction groduct is sonetines

referred to herein as e 89§HWF36P§@§WB%§§TW%M?é§ tion product” and |ike

terms. [0008] Any suitab)e pol can be used to prepare the

pol yol / pol ycar boxy¥i ¢ @é&H{&HW%BWBB%@?HMQQQQ%%%ﬁ wi Il be understood by
those skilled in the art as a conpound having two ornore hydroxy groups. In
addition to the polyols listed above, suitable polyols can include, but are

not limted to, small nol ecul es containing nore than one hydroxyl group,
for exanpl e DETAILED DESCRIPTION OF THE INVENTION

[0006] The present invention is directed to a composition comprising: a) an
unsaturated polyester polyol oligomer; and b) isocyanate. The composition is sometimes
referred to herein as a “multi-cure coating”, because it is believed to undergo cure through
two or more different mechanisms. Certain embodiments of the invention utilize biomass
derived products. As used herein, the term “biomass derived” will be understood to be
derived from a living or recently living organism, for example, plants (including trees) or
animals and not from a petroleum-based source. “Composition” as used herein refers to any
composition, such as a coating, adhesive, putty, and the like.

[0007] Any suitable unsaturated polyester polyol oligomer can be used according to
the present invention. A suitable unsaturated polyester polyol oligomer can be prepared, for
example, by reacting a polyol and a polycarboxylic acid/anhydride, wherein the polyol and/or
the polycarboxylic acid/anhydride comprise unsaturation. This reaction product is sometimes
referred to herein as the “polyol/polycarboxylic reaction product” and like terms.

[0008] Any suitable polyol can be used to prepare the polyol/polycarboxylic reaction

product. A polyol will be understood by those skilled in the art as a compound having two or



neopentyl glycol, glycerol, pentraerythritol, isosorbide and/or
propanedi ol , or polyneric polyols such as a pol yester polyol or an acrylic
pol yol . Swotatwee7pel yol s are widely commerci al |l y avai | alece/usBaminssses ar | y
sui t abl e pol yols have an Wnh of 500 to 100,000, such as 500 to 10,000. In
certain enbodi nents, the polyols can have hydroxyl values of 20 to 400,
such as 40 to 300; in other enbodi nents, the hydroxyl value can range from

1200 to 2400n &&@@r%slﬁp&dftgnw&gpol&&gﬂald IESLARMpATROdh IRALS, at | east

sone of the polyo is biomass derived. These polyols can be derived from
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groups includ t me zone, air ation, act i per oxi des
o Chyar ofustyacd S Piidhes shbaiBEa® e Sebrgbit g Mot GaRdelinekd, b
FWdrofor Iathg&}of oybean Ql", Journal of Polyners and the Environnent,
Vol une 167¢ 1906 pages 49-52, April, 2002, incorporated herein in
its entiret A partlcula rl'y suitable bionass derived pol yol is a soy

pol yol . Wﬂ)ol yol & citain ehpriments 2} ash yomg Afgheapqlyd is beempgs dFrivedc Thesgy et hane
Soy Systens Co. and Bi oBased Technol ogies. In certain enbodinments, the

et hyl eni @Ol &ruPedsried ftommaaral edvuFlpes GIpEERIE PeRRhoth 052N OB AT $498kh t he
polyol; that is, the polyol has ethylenic unsaturation that does not react
inthe forHafliehvdsexy ar@umrys@nt/lp&%wq@&séweé Polyle £ NgrBAlyCCuTTipg @fer t ai n

enbodi nent s,
they can be introduced, for example, by modification of carbon-carbon double bonds present

in the oils. Natural oil derived polyols are described in United States Patent Application
Publication Number 2006/0041156 A1, United States Patent Number 7,084,230, WO
2004/096882 Al, United States Patent Number 6,686,435, United States Patent Number
6,107,433, United States Patent Number 6,573,354 and United States Patent Number
6,433,121, all of which are incorporated in their entirety herein. Methods of modifying
carbon-carbon double bonds to introduce hydroxyl groups include treatment with ozone, air
oxidation, reaction with peroxides or hydroformylation (as described in “Polyols and
Polyurethanes from Hydroformylation of Soybean Oil”, Journal of Polymers and the
Environment, Volume 10, Numbers 1-2 , pages 49-52, April, 2002, incorporated herein in its
entirety). A particularly suitable biomass derived polyol is a soy polyol. Soy polyols are
commercially available from Cargill Inc., Urethane Soy Systems Co. and BioBased
Technologies. In certain embodiments, the ethylenic unsaturation in the reaction product can

be derived from the polyol; that is, the polyol has ethylenic unsaturation that does not react in



conbi nati ons of polyols can be used. [0010] Any suitabl e polycarboxylic
aci d/ anhydri de can be used according to the present invention. It wll be
under st oostoliwdromse skilled in the art that a pol ycar borgrius2@ojos4ses one
that has two or nore acid functional groups, or residues thereof, such as
anhydri de groups. Suitable polycarboxylic acid/ anhydrides include naleic
aci d/ anhydri de, fumaric aci d/anhydride, and itaconic acid/ anhydride. In

certain %ﬂh@ﬂhﬂ%ﬂb?&mbb@oMR%%%%BQ@%M&kﬁo@ﬁ&@&ﬁnﬂMQﬁ&ﬂ%mb&ﬁﬁgﬁko”HS5 derived
pol ycar boxyl i c aci d/ anhydri de. A suitable exanple includes itaconic

aci d/ anhydrhQ&iond SoydiScayanElci al Iy available from Cargill, Aldrich,
Acros and the |ike. us, the ethylenic unsaturation in the reaction

product iﬁ(&lgﬁée der}\l‘(fﬁ%ﬁl%@%l&%ﬁ%@%ﬂiyﬁ/ MideGeaRt Bl ALY hAG-pd 0011] In

certain i ments, ycar boxyl1c reaction product is further

ted wt | A ' 1 d...AnY. SHi I |- b i
e can e SuPEE AR SR ARLE ARl LR AR INESBIEOT Y o

by those issgr{elttlla% as}t(]xzotoh?no?‘er tcicf gcttio?ialh (?}J'i)(s),xo¥ lre-sf: ugsbt%f):(rx#, g c’ﬁl% i(ljnhI gric%ne t hat _has
one or nore acl unctional groups ore "Sr "Rore hydiroxy i groups, and is

sonetinmes callgd a h &%o cid W@g ui t abl e, ex l e, clﬁEe 12-
Py dr oxy s SEEPF-c S PORRHRS RS S P S P e SR S8R e cnen cal
Co. [0012]. Tgﬁic npositions of the present. i nyention &ur her canprise an
| socyanaBaaFdn 8t et esdypabubel TR uaePhRRBRA B T et nd w del y
avail abl e commercially. For exanpl e, sujtable polyisocyanates are di scl osed
in Uni t ed“igrahesidpiadhiemigs Ageied 8¢ lgif’é'i’of‘i/gc agd/ @&ygl’r‘r‘%(?s AS,S‘X"Ia lrexampye 36,
i ncorporated by reference herein in relevant part. Exanples of comrercially
avai | abl dnuieyitacgry aridfaaiydrife Wik ipesvrpscrlixgegable fRmargild. Aldrieh-hy Bayer
Cor poration and TOLONATE HDT90, which is sold by Rhodia Inc. Suitable
pol yi socy¥sftaed thedikp-udusnihe eihyighic Lpoiartiondp By sigtiensproguch pg heglegyed
mul tifunctional
from the polycarboxylic acid/anhydride.
[0011] In certain embodiments, the polyol/polycarboxylic 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 by those skilled in the art that a
hydroxyl-carboxylic acid is one that has one or more acid functional groups and one or more
hydroxyl groups, and is sometimes called a hydroxy acid. A suitable example includes 12-
hydroxystearic acid, which is commercially available from Arizona Chemical Co.
[0012] The compositions of the present invention further comprise an isocyanate.
Suitable polyisocyanates are well known in the art and widely available commercially. For
example, suitable polyisocyanates are disclosed in United States Patent Number 6,316,119 at
columns 6, lines 19-36, incorporated by reference herein in relevant part. Examples of
commercially available polyisocyanates include DESMODUR N3390, which is sold by
Bayer Corporation and TOLONATE HD'T90, which is sold by Rhodia Inc. Suitable

polyisocyanates include multifunctional isocyanates. Examples of multifunctional

polyisocyanates include aliphatic diisocyanates like hexamethylene diisocyanate and



pol yi socyanates include aliphatic diisocyanates |ike hexanet hyl ene

di i socyanat e andi sophorone diisocyanate, and aromatic diisocyanates |ike

t ol uene dwoomymmasbe and 4, 4' - di phenyl nmet hane di i socyamratrais20iom54825

pol yi socyanat es can be bl ocked or unbl ocked. Exanples of other suitable
pol yi socyanat es include isocyanurate trimers, allophanates, and uretdi ones
of diisocyanates, and pol ycarbodiim des such as those disclosed in United

States PaloSRrofRRlshGAhdQRnEabndlic MBBRha Q28R4 dc ﬁﬂte'\ﬁaqh; 27, 2008,

incorporatéed by reférence inits entirtety herein. Suitable pol yi socyanat es

are Wel | gioinbfladeftistlyhn A rith AGLYC YRS | APHEL GBS Girlchots, hARPRL 1t wi Tl

be appreciated by those"skilled i e art that the unsaturate ol yester

pol yol ol Q&Qiesﬁut{lb%'ﬁcﬁﬁ% DS ] ) o %ﬁ%{] ale” tﬁrﬁ%& allo}i?aﬁlagé)%{i Pﬂ:@%deé under go

radi ati on cure via saturatlon I I gome 0 undergo

cure upon dl‘las%(é}gatngtes %d n%(nﬁ%alr’%%]l%% R ld? &10&\—9 ({IQ:IOSQC? 1nI I?n(i)t%éf g%?ets %atell 014] The

present conpos tl ona conmponent s

that contri % f.il.m Qgé 03|t|on For
exapl o, ARERERSEE FaRe cé@é’%%’f)séﬂeg&m%fe 5 SRR A

"radi ati oncur u ed her n w.ll be unde t 00 s referring
o any. cORGEUTTh At RgR Bt tr rEkToath e i Vi eff-vaﬂab?ossnnk. ng
W th |tself and/ or anot her radiati oncurabl e conpound. Typically, such

conmpound$°¥Bi 4 ¥e a "radiation-curabl e nDiety" t hrough whi ch radiation
cure occ 4, ouch noieties may, for exa rise C=CH2 functionality.
These coi@@éhds na%“@ﬁ??ﬂ@F”@ pitse gk B nﬁ%ﬂ@ﬁﬂﬁﬁWﬁVdQHQﬁmgs
hydroxy, thiol, primary am nes and/or secondary am nes. [0015] In certain
enbodi neMPYO! PligemeLignders Bn cealing b EmdﬁﬁboJﬁﬁ“@8&%Wﬂ§@§b§m€ﬁﬁﬁﬁwéﬁ¥wI|c

pol ymer or copolyner. As used herein, "(neth)acrylic" and like terns refers
both to tVF?éh%El?S?‘lufaém%tkah? AkiSoRISF pRSTSRIRONGIFFE? Fe Plgﬂni ractigy, pf the hglroxy

(meth)acrylic polyners
groups with the isocyanate.

[0014] The present compositions may further comprise one or more additional
components that contribute to the cure and/or film formation of the composition. For
example, the compositions can also comprise a radiation-curable compound. A “radiation-
curable compound” as used herein will be understood as referring to any compound that,
when exposed to radiation, will undergo crosslinking with itself and/or another radiation-
curable compound. Typically, such compounds comprise a “radiation-curable moiety”
through which radiation cure occurs. Such moieties may, for example, comprise C=CH,
functionality. These compounds may further comprise a second functionality such as
hydroxy, thiol, primary amines and/or secondary amines.

[0015] In certain embodiments, the radiation-curable compound comprises a
(meth)acrylic polymer or copolymer. As used herein, “(meth)acrylic” and like terms refers
both to the acrylic and the corresponding methacrylic. Suitable (meth)acrylic polymers
include (meth)acrylic functional (meth)acrylic copolymers, epoxy resin (meth)acrylates,

polyester (meth)acrylates, polyether (meth)acrylates, polyurethane (meth)acrylates, amino



i nclude (nmeth)acrylic functional (neth)acrylic copolynmers, epoxy resin

(met h)acryl ates, polyester (neth)acryl ates, polyether (neth)acrylates,

pol yur et moeo{wetispacryl at es, am no(neth)acryl ates, sil PCONES2009/054825
(meth)acrylates, and nel am ne (neth)acryl ates. The nunber average nol ecul ar
wei ght ("M") of these conpounds can range from 200 to 10,000, such as 1200
to 3000. These conpounds can contain any nunber of ol efinic double bonds

that al | QMeihherEReaPaiise HRcRRch Al Bl inAS HPORIBARPRIL eTichuhdi ati on; in

certain enbodlnents t he compounds’ have an ol efi'nic equival ent melght of

500 to 2000, O%am&e&ﬂﬁ“r‘% 9(“)()111”5:0&9&)4%5 ound@cdiGa nrég%%hp)()@ltb REBb, Suand/ or

aromati c. I'n certain enbodlnent t he h)acrylic ‘copol ymer

conpr i Seﬁz | L@b(’?aﬂ‘f‘esé &d?l‘ﬁj%gﬁds AR ordifin 8@ AL 9114?&{ 1@@8%‘%&ttﬁm%ﬁ&v conpri se

a uret hane age, ferm nal acryl at group, roxy group
S fi t t duct f
= pol yi Eé%y%@éf?dstﬁ%ﬁ%ﬁ?ﬂ%h RS el Ray f@?isﬁlc LB pLBSRNHAR RLOCHr one

di i socyanat e udi ng.i. saoc urate i ive ereof, with
o oxyal B ﬁ%faaw%aﬁn&c ST AP Rl q‘@n@%&m 55 BUERER ) or
hydroxypro Q te The polylsocyanate can be reacted with the
hydroxyalﬁ£¥ %&g%ﬁlg% éaﬁﬂmﬁpl 1 equival ent ratio or can be reacted

w th an gH vakent E%ﬁ gt ter th 1 to forman NCCﬁcontalnlng
reactionl 8 ct é?r%%ﬁm’ CHagt @ﬁﬁ@ﬂyﬂF¥ﬁmﬁnﬁﬁPy8?f@ﬁch as a
diol or trj for exanpl e 1, 4-but ane di ol 6- hexane di ol and/ or
tri met hyg agﬁr %é‘h%ﬂrta%g% CRRORICRE FARLOPBFiSy WFW?%&H}‘F%& aLraal t he reaction
products of a (meth)acrylic acid or anhydride with a polyol, such as diols,
triols areyiasgay: énd 1 e S PaISREAiAG SAMBlSS %lP%lyur%lb%fﬁ (Ehychirsat ed
diols and triols. anpl es of polyols include 1,4-butane diol, 1,6-hexane
di ol , neé‘ii’é%‘ffyﬂ’m‘é‘}% 2 PO{YFSP%P% P“Eﬂh ap | Speivanetpdeneshippeaanateddfoaer yt hri t ol
and propoxylated 1, 6- hexane diol. Specific exanples of suitable polyester
(et h) acrispphereee dilsecygnaye drchidingripqeyprmiagidivederyaiveebppprloMihopane
tri(nmeth)acrylate, pentaerythritol tri(nmeth)acrylate and

hydroxyalkyl (meth)acrylate such as hydroxyethyl (meth)acrylate and/or hydroxypropyl

(meth)acrylate. The polyisocyanate can be reacted with the hydroxyalkyl (meth)acrylate in a

1:1 equivalent ratio or can be reacted with an NCO/OH equivalent ratio greater than 1 to form

an NCO-containing reaction product that can then be chain extended with a polyol such as a

diol or triol, for example 1,4-butane diol, 1,6-hexane diol and/or trimethylol propane.

Examples of polyester (meth)acrylates are the reaction products of a (meth)acrylic acid or

anhydride with a polyol, such as diols, triols and tetraols, including alkylated polyols, such as

propoxylated diols and triols. Examples of polyols include 1,4-butane diol, 1,6-hexane diol,

neopentyl glycol, trimethylol propane, isosorbide, pentaerythritol and propoxylated 1,6-

hexane diol. Specific examples of suitable polyester (meth)acrylates are glycerol

trilmeth)acrylate, trimethylolpropane tri(meth)acrylate, pentaerythritol tri{meth)acrylate and

pentaerythritol tetra(meth)acrylate.

[0017] It will be appreciated that the radiation-curable compound used in certain

embodiments in addition to the unsaturated polyester polyol oligomer will aid in cure and/or



pentaerythritol tetra(nmeth)acrylate. [0017] It will be appreciated that the
radi ati on-curabl e conpound used in certain enbodinments in addition to the
unsat ur atwo 2pologesber pol yol oligormer will aid in cure aou/usedoolomastor mati on
of the conposition via the radiation-curable noiety of the conpound. In
certain enbodi ments, in which functionality that is reactive with

i socyanate is also present on the radiation-curabl e conmpound, such

funct i ongfyh tyriibd of tBAImpMsitibn {A8hd BAGYAN@ESId RoikGlor ARALRBLuRUTE MeChani sm
[0018] In addition, the present conpositions may further conprise a

pol yt hi Olcerteﬁrﬂéfmﬁd&uham & Pﬁkﬂhﬁbt@émﬁ@@ha@ & 1@%@6 Lith Eslagyaﬁﬁéﬁs' ansgﬁ)r&t@:ntto%e

pr esent |nvent|on yt hi ol pol ythiol functional material" refers
to pol yf : onal groups
o py el spni e e L e o

| i nkages ding polysulfide linkages (-Sx-), wherein x is at
| east 2, a&nﬁﬁcum f%%%%gto 4, and conbi nations of such |inkages. The

polythio ]% us resent invention |n | ude a ot, l[imted
mat el of tnaﬁ %1?%15lfl’apfeﬁsflt OIS e Erth ofbydlarak or gani <
nnlety and er of ,at | eas

Non-1i mi £} é"ﬁ%‘? C&“ “%eﬂﬂ? %F%a“ﬂi%i %tﬁ? %rF%enFIHX‘T“&B% bB?ly‘%f"’g ?%]ot | imited
to, esterslo i nH§| ngFaC|d 0 %ﬁ . eln Ris
an organi & CW"F‘ ik h§F %Wom ?aﬁla]ts ﬁ%n @P‘r“éé‘f’%?rem%
wherein R3 is norgnlc nd n is an integer of 5
typlcaII¢”§“?%36“m$h E@%ﬁ@ﬁéﬁﬁ?ﬂéﬁﬂwbgﬂwggef@» ?éh F%%F% condi tions
to give polythlols haV|n the(PeneraI structure: R3- (OC—R2 SHn Il O

linkages (-S-), including polysulf1 ¢ linkages (-Sx-), wherein y is at least 2, such as from 2 to

4, and combinations of such linkages. The polythiols for use in the present invention include,

but are not limited to, materials of the formula:

- (SH)n

wherein R, is a polyvalent organic moiety and n is an integer of at least 1, such as 2 to 6.

[0019] Non-limiting examples of suitable polythiols include, but are not limited to,

esters of thiol-containing acids of the formula HS-R,-COOH wherein R; is an organic moiety

with polyhydroxy compounds of the structure R3-(OH), wherein Rs is an organic moiety and

n is an integer of at least 2, typically 2 to 6. These components can be reacted under suitable

conditions to give polythiols having the general structure:

R3-(OC-R,-SH),

Il
0O

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



wherein R, R3 and n are as defined above. [0020] Exanpl es of

t hi ol -containing acids are thioglycolic acid (HS-CH COOH), a-

mer capt opwopbmni2e7saci d ( HS- CH( CH3) - COOH) and b- ner capt opcopisesosses d ( HSCH
2CH2COCH) wi th pol yhydroxy conmpounds such as glycols, triols, tetraols,

pent aol s, hexaols, and m xtures thereof. Qher non-limting exanpl es of
suitabl e polythiols include, but are not limted to, ethylene glycol bis

(thioglyGol-ab&bropfinky], %ﬂﬁet@l ﬁf?)lpa&' i Qﬁl@?f&ﬁﬂ&)of?fn%{m% Bdne tris (B-

trlnethylolpropane tri's (thioglycolate rinmet hyl ol’propane tris (b-

Ter CAPt ORKARDRARD Bhc PAOKASTHLN Lkl (BONAKIS, (Ripamlrealel Ehuand.

pent aerythri etra b~ nercaptopro ate), and ‘m xtur

[0021] | tme%aé Opﬁglo%gtgf ﬁgdn@}x‘ﬁﬂesttﬂ?r%of when used, t he pol yt hi ol may al so

contribute t cure or fti formation of the conp05|t|on The t hi ol

group a”ﬁ’o@igt unsaf yf,g % Brddlacy ate’d*H?at fv’v\f ﬁtu%'erda 53%8&&1%&% 50 %8111&’ B’ute R dthgoner

and the i on- cura Ironcur i f used,
e, uner i b B Ry Ol B RSP o e
?”nSQ?f}Ld?lﬁ%aE%aw%wsw R R S quhaeprg&e Wl arl y
reas on wibEEOPAFY Ghdann CupRr e ?é”doﬁ‘ftao[tfwerm&% (g8 ccur . "such

as on curved or_hent substra ere the co t|n not be ntacted wth
suffi ci eﬁ?aCP%W‘é]tqedﬂd‘érﬁtB?‘g?/y “ﬁ%seé ledtint E?)?Ff)?se Fé‘@?li? XE‘EIE‘F ing to

certain enbodi nents of the present .invention, the conp05|t|on is a

mul ti - cotffoRERt %Pﬁfééfilim 6! m)ﬁPlﬁ%W(?m“c%rrF%??é Fﬁter%ﬂ‘ﬁ@§l ¢ysiviathg Mighael
understood as a coating in which various conponents are maintained

separ at el*ditipg fepetjop dt Papiquisly enedisisl focdtliegiihe gteef “thadove cefpl Badee

conmposi tion can be two-conponent ("2K"') or a three-conponent ("3K") coating
i n whi ch SEREOCEYTT Hrareap Ap d AdKtrae shpreingse 1Cteﬁbfaéﬁ§%lt e adesd nplicgEstush apol yol

on curved or bent substrates where the coating cannot be contacted with sufficient radiation
energy to effect complete cure.

[0022] According to certain embodiments of the present invention, the composition is
a multi-component composition. A multi-component composition will be understood as a
coating in which various components are maintained separately until just prior to application.
Here, for example, the composition can be two-component (“2K”) or a three-component
(“3K”) coating in which the first component comprises the unsaturated polyester polyol
oligomer and, if used, any other radiation-curable compound, and the second component
comprises isocyanate; a third component in certain embodiments comprises polythiol. Each
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,



ol igonmer and, if used, any other radiation-curable conpound, and the second
conponent conprises isocyanate; a third conponent in certain enbodi nents
conpri seswpabwirek. Each of these conmponents can furthecTasepwiosss2one or
nore additional additives known in the art of fornulating conpositions as
di scl osed herein, such as coatings, adhesives and putties, such as
colorants, plasticizers, anti-oxidants, hindered amne |ight stabilizers,

W 1ight ,ahser RefanAd b aRldive gﬂlﬁemsseartah%t M Bvehf QW& ARiERtnnARBAL S
thIXOtrOpIC agents ers organi c cosol vent s, abraS|on resi st ant

part|Cle%mj&%éth¥ﬁwg%h%%Q&§. catal ysts, grind vehicles, free radical
i nhibitors, and other customary auxiliaries. [0023] An "abrasion resi st ant

particl e 023 one tgﬁnabrm%q%ﬁ@ﬁggérﬂclg’ ﬁ%ﬁ@@lﬁﬂ %&pusea\’ir{]al coing&@l[lgn 41e | evel

of abraS|on reS|stance to the co |ng as conpare same conposition

| acki ng rp s%'iﬁe lgve?gf ab?% OEI% S!IS? n@«p & &)Q.tl egs c% %Qrted Q/?t la%% i ncl ude
cl'es ples

organic an SUIta I'e organlc particles
part .“Sfeﬁgftng@s&%n cihn&tﬁ@ t e%c#%%ééu%a?%%%%%s?%rrt 'ls?an‘?s%r%@s QB SRR S b e
particles inclu ut _are not ’ Ilcon car bi de
and bor oA C&"Hi Pc?éuc eéx&ﬁ%?@%s %ffsu‘%ﬂr??]ﬁ%?“éc Raﬁtbc edé‘h‘ilf‘érgeg’ﬁ ?rF E?telgm 1Al ude but
are not |j X mn ilica alum na;

o Kal 1 alkiog e e S g i Pt nab ot edia fi 548 bor on
nitride and silicon ni oxi des .including titani um di oxi de and zinc
oxi de; qlﬁ%ﬁtec“i‘is HEpRES © @I@@%W%@S ip¢lpdediyt &G tlgglt‘?%ﬁo flﬁéluﬁb?af‘ﬁl%f zi rconi um
oxi de; buddeluyite; and eudialyte. Particles of any size can be used, as
can nlxtGP@%n6¥b%??W¥9¥9ﬂC%%ﬁ% @BR%HHWB@ﬂﬁF@ﬁﬁ?%ﬁ%“%?%é@hﬁépPVg?es For
exanpl e, the particles can be mcroparticles, having an average particle
si ze of G‘Otlhff“éed% siliga; glungna gluming sicgts; sificapadnmipa; adfali Alunpngsiligler ons, or any
conbi nation within any of these ranges. The particles can bhe nanopartlcles
havi ng amoByidicygelagsapitide mchiding bgron|niigide izt icon nitides pydes isgledingas 0.8 to

500, 10 to 100, or 100 to 500 nanoneters, or any conbination within these
ranges. titanium dioxide and zinc oxide; quartz; nepheline syemte 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



[0024] As used herein, the term"colorant” nmeans any substance that inparts
col or and/or other opacity and/or other visual effect to the conposition.
The col orwot2omzn7isé added to the conposition in any sui alplms260mms2such as
di screte particles, dispersions, solutions and/or flakes. A single col orant
or a mxture of two or nore colorants can be used in the coatings of the
present invention. In certain enbodinents, the conpositions contain one or

nore t ra%ﬁ?&s‘ﬁ% iRLYDRIN Stuptyef B £AbOIFR it b Geh@AddCAWigRLS that are
soluble in the coating conposition such as dyes.” These ingredients, if

used, c a@hebtﬁfﬁ&gg&&{e%sm& tUPgE QHﬂﬂg&jﬁo&lQ@a -&(ﬁltiﬁ%‘ﬁ%ﬂ% § cRir 148, 1 Ky ol as up

to 10 perce i ght based oh wei ght of topcoat conposition. If the

conposi t it IE"si sib n‘ﬁgl?}; é:tlﬁag, t%:l% IOIiaI?t u@ecf:(_Ilo ngtql(ﬁﬁ&rt si}gtﬂﬁéant §pacﬁ’y o9 éoqgné hat is

substanti a fy clear, orant use oes not 1 npart significant” opacity
to the coqating. i b [ h rtaj I t i i npart
col or an ?%#ﬂ%fﬁg%m§$%%gf%% ?gﬁ?ﬁ%ﬁggﬂ%?Q%?%§g§$”§ﬁ§@¥ﬁ%gﬁfﬁgﬁ%{%at wi ||
still be substant.i I&&Hcl OZS%aﬁﬁm o&gg above, the conpositions of

Clepr coa and. the ¢oa %/rlll'l st[l ¢ 50 . . )
the present invention are befieve 0 undergo nultiple cure nmechani sns;

that is, @& "multi-cure" coatings cure g two or nore different neans. In
a tirst AP mecnat S e R Rrdp oCte pES Gt Ring ditbifisd b
hydr ogen- cont ai nj ng conpounds. This cap include the hydroxy on the
Unsat ur at BTy LELAE BB b Mbivebe BHA-HE FOLIRYHIOBENT® TP %Ry, on the
radi ation-curable c unds, if used, and the activ E drogen on the
pol yt hi oldif ‘ﬁﬁaﬁﬁﬁ;?gggﬁ%EH?HﬁEFBPH$ﬂﬁﬂ%&yﬁ%wéﬁ?Fﬁpﬁl Jdf nents of the
i nvention, one or nore of the conpositijon coggpnents, such as the first
conponentydRgs- iSO MPoRndsy s cat Gelugl e hudiexy ghthp BesgriEricd podvessbeyanat e
and the active hydrogen-contai ning conpounds. Suitable catal ysts include
tin (1V) Pebpbdisast tepetvedydenesi ihany; on B¢ radigtian-eurahle pempaupdsaifivies such as
DABCO, ami ne salts such as the triethylam ne salt of dibutyl phosphate,
aci ds su@pd 8§ agfiveiyfirogen on thhpephil eorapryngdbysed Aejoalinglndn ptaH]l chel at es
such as zirconium acetyl acetonate, all of which are known to those skilled
in the arcmbodiments 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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to catal yze the reaction of isocyanates with active hydrogens [0026]

Anot her cure mechani smthat occurs within the conposition of the present

i nvent i orwootde71seact i on bet ween the ol efini c doubl e beodasewotobs2s

unsat urated pol yester polyol oligonmer with thenselves and, if a

radi ati on-curabl e conpound is used, the radiation curable noieties therein.
Accordingly, in certain enbodi nents, one or nore of the conponents, such as

Fh? TirSqomﬁﬂponeﬂAmHBQcﬁ@@m&gﬂﬂﬁ§&éﬁﬁQuﬁﬁMﬁgHk%@@ﬁw?&ﬂﬂkh%&mémf&ee radi ca
initiator. Suitable free radical initiators include | RGACURE 184 and

| RGACURE (&1 9usc P e, RIBRHES th@f1 fédchéh éQ&é?lﬁ/gié lh Motﬁgﬁi&%&u&ﬂ’ Q2fL Anot her

cure nechanismthat may occur is the Mc additio eaction as discussed

above, Vw&?éfi%jcgiggllg? 863818% tﬁe‘{ﬁ%{;{g{ég h@g%er? g%‘}dggfbd%fﬂ}{'excﬁlﬁ%u qegptor, such as

the olefinic nds on t yester polyol oligoner and,

i f d, 1€, i.atian- | . i . f th
|1 use .récﬂe%o%-%g}oaﬁfek@@pﬁ%@%?yﬁ@?@%@% fOFEQ A Sl{lgipgorn%{o gﬂ?ﬁ%ﬁ the

conposi tion conpone conprise a catal‘ys ae

addi ti on .8aet{ o Sl LADLE, GRLALYSLSaDEIUAR PR TR SEEORIRLY OF
tertiary amnes, s?rong baded® SUcH A IOl M Bt RoXT de; aker Dbases such as
potassium.acetate, free radical initiators incl diqﬁ U%lpho oinitiators

di scussed By AN Yy FENes 05 %Sf’soﬁ“ﬁ‘lé Sesgﬁ’lufrb PRI VL 56%8] one or
nore of the conponents of .the present co sition can.further conprise a
Sol vent AdrSPORRRE prit fen il BROR A baEs YRS THA T st ™ Wono- or
pol yhydri c_al cohols, for exanple, ethylene glycol and butanol, and glycol
ethers orndaq %Eh?%HMWi?&ﬁBPgB“H%%% yl ene glycol dial kyl ethers containing
a G to Ce al kyl, butyl acetate, acetone nethyl propyl enegl ycol acet at e,
anyl proéwgﬁbte, H@?ﬁ?ﬁmﬁg8ﬁﬁ?QWm%E?%ﬁ%@h%PW§W %E@%%f%?cﬁﬁgﬁﬁﬁthyl anyl

ket one. Suitable reactive diluents include reactive diluents that nmay be
crossl i nkeaPietasolentans/er reagivadilemt i Sratablg solvensy inglidgriyiter, MOARtH) acryl i c
acids and esters thereof, maleic acid and its esters, including nonoesters,
vinyl ac @pbf{l@,rlc\pﬂc‘ﬁyqﬂs,efpwlaglplevt;thx}q:r@rgég:@} angpfgtanol, 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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the like. Further exanples that may be nentioned include al kyl ene gl ycol
di (neth)acryl ate, polyethylene glycol di(neth)acrylate, |, 3-butanedi ol
di (et h) asoybaeey7s¢i nyl (neth)acryl ate, allyl (neth)-acreglraisegoogbkiseer ol
tri(nmeth)acrylate, trinmethylol-propane tri(neth)acryl ate,
trimet hyl ol propane di (neth)-acrylate, styrene, vinyl toluene,

di vi nyl benzene, pentaerythritol, tri(neth)acrylate, pentaerythritol

t et r a( metii@alay WeloRe ofHoREM0AS tYdN Gichal 6MPBLBOMEER LRGP, AcEwoREQRY] ene
gl ycol di (neth)acryl ate, hexanediol di(nmeth)acrylate, ethoxyethoxyethyl

acryl at e’grdﬂ'pyhﬁzlb@y Eﬁ{e%lﬁggﬁygggépgﬂgﬁ@%@wmrécftﬂ aﬂ‘go%oss%lgﬁ}mllﬁﬁi noet hyl

d
acryl ate,” hydr oxyet hyl te, butoxyethyl "acrylate, 1sobornyl

[ mear i Seroftr QoCHR O AR AT BRoy LR R SR Bk el Bl Gne ot
from 4000, 40800 SHANLBS 8000123000 FR. FHATRL St Db YRARENLRL € o oups

may be separa oxybutylene struc SO possSible to use
1, 12- dodecyl. pro diol and the react.i on product. of. 2 nples.of acrylic
aci d wi t AegReRlsr doare sXamile o ARl TR RS TRYe S 3 AR R B bon
atons. M xtures . of .the above nonopers ar éso ui table. F rtge exanpl es
o “sui ¢ abbe PSR A G PR KT RE PR B FrERET vl Py il SFhefnoce
describe&ii R Lexi kon Lacke. und Dryckfarben, Georg Thie Ver | ag,
Stut t gar tNERRYER, OrSE I GROSABR PR g Tibieat iy g kiess b
diluents",f i ncar por at ed herehn by ée%$ ence inits entirety. he sol vents
and/ or diffIEREREdN ES RS PsE Bl /s léfé‘i‘té I COBY iR BETCPHEY conposi ti on,
based on wei ght of the conposition. [0029] The conpositions of the present
i nvent i ofV6holBaprmRositiop.ascdhonpsight obthe s0mppsitigich as 5 to 35 or 15 to 25
wei ght % unsat ur at ed pol yester gglyol oligonmer, and 10 to 50, such as 10 to
40 or 2590985 vei HIStcompPEiRns of Hie @resei diyepiian epBptisenipbeRrPln0 €ai: conpri se
10 to 70, such as 15 to 55 or 35 to 45 radiation-curable cquound and/or O
to 10, sutd &9 1233 er B oS aeieht B unsateated pplyeisrirrlyel oligaieh agd 10 €50t he wei ght
percents based on total solids weight of the conposition. Additional
conponentsach dsflO (e dor 204m 3T Brighi Basogpangis. YEhepapeghthe opmpeseipngan 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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up to 10 weight %or up to 7 weight % wth wei ght percent based on the
total solids weight of the conposition. [0030] The present conpositions can
be appl i estotz0108my7ssubstrates known in the art, for exampce/usombabkisee or
non-netal lic substrates including polyneric, plastic, polycarbonate,

pol ycar bonat e/ acryl obut adi ene styrene ("PC/ ABS"), polyam de, wood, veneer,
wood conposite, particle board, mediumdensity fiberboard, cenent, stone,

bi odegr agighlng cPh@Pid6ring & the PesGR idvihR3Cas ARh ¥{HsBEE kifat RGIa#ady had one
pol y( 3- hydroxybutyrate) "and starch based plastics, and the like. The

substrat ¢, GRR fhSQRGe FRers P@kﬂQ@ﬁ.already been treated in sone manner to

i npart color or other visual effect. For exanple, a wood substrate that has

been st aié&t%ﬂ mayt h&é‘?sgﬁh%%t t%gte%e‘%ol élﬂﬂe’tfﬁr&#ﬁ%n&&@%@ﬁﬁsﬁt{@‘ﬁ%ﬁﬁé PN, as can a

substr at hat has already had one nore other coating layers applied to
it. [003 10, rm’" 1 de" | rence to a substrate
nmeans a §ﬁ%§??§§§HB§§iﬁ¢@€¥%§$¥%gﬁ?@“@%#%ﬁ%%g%‘%?QPﬂ§%ﬁﬁ§%ﬁrepeating units
of the formula: R- CGN- , wherein Ris hydrogen or an al kyl group. The
pol yam de may b% any of a large class of polyam des based on aliphatic,
cycl oal i phati(z-Ne+ aromatic groups in the chain. They nmay be formally
represented Hy the products of condensation of a dibasic amine with a

di aci d and/ or” di aci,evhefeindR isdsdrolyn drva afiybghoop. ‘te élafrideangersay bbm of an
am no acid, such as onega-an noundecanoic acid, or by the product of a

ri ng- opemirpgclisat pol@amiaés tasaloal aliphdtiaCdyalonlifghtiad) oasromags fib@stiame chain.

| auryl | actam or pyrrolidone. They may contain one or nore al kyl ene,

aryl ene, Toey ababkiorane kepeated B theprdducts D €orfdehsyadi cfa dimyichsierwigial | i ne or
anor phous. I n certain enbodi nents, the pol yam de substrate conprises a
cryst al | idpeidpabiwaicle cobri@d, ky the peodi g adli-Bghdbibhiich dTaM hmghof dc@Mudh b 12

carbon atons, such as poly(caprolactam (nylon 6),
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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poly(lauryllactanm) (nylon 12), poly(omega-am noundecanoic acid) (nylon 11),
pol y( hexanet hyl ene adi pam de) (nylon 6.6), poly(hexanethyl ene sebacam de)
(nyl on 6.M0)2p102md7/ser an al kyl ene/ aryl ene copol yam de, sech/msomhsis2imade
from nmet a- xyl yl ene di ami ne and adipic acid (nylon MXD6). The term "nyl on”

i ncludes all of these products as well as any other conpound referred to in
the art as nyl on. Anorphous pol yam des, such as those derived from

. h ! .a n | i . . idil I a T fl i d.
i sophor ongdiuatiaRRnQE, b HidaBE W dmAS] mﬁm@%?gao%dﬁyt Ab®0aRor il i ze

0
Bl ends of polyam des nay al so be utilized. uséd herein, the term

" polyam geiandRivs &t Jirﬂﬂeﬁ?o%ﬁﬂﬁ%a& Qo& mHRSHiALEh rdifiGicHdGRu il Nf or ced

pol yam de substrate; a relnforced polyam de substrate is pol yam de

substrat (ﬂ%(%(f Gafiflads rx%ﬁlf‘?rg QBT Gk Qé‘% sd%@éat@ﬁgﬁriglq+ QJchd%ﬁ% Wiftf ough the

i ncl usi on of, exanpl e, rous materials, such as gl ass er or carbon

fiber, Mt . i ch |.cl .
| ber Orceﬂta{?l?Elﬁgé}fIll%eJté {;ifl St@%&rﬁeéﬁ ﬁn?/i’éﬁ,gl{ecéoﬁ%@%@hﬁyﬁ%ﬁ%&i&%@g&ﬁ@&@% a

pol yam de havi ncre reng resi stance
relative to i m|ar .pol yam de .t hat. s not include.such reinfarcing

ot ori o €l Todl nRlcBR W RRAR0 150 SR S IRLHES DHR R UILRE L DY,
mat eri al i p,.accordance with certain i S i nventi on,
e coamdkEr BRFOLECR figf b bk Ay rH3° R RS 0h 200G AE 00 whd e o

COMTEr Ci avail able_fr vay Advanced_Pol ynmer.s under, t he | XEF nane
ot b s o @i s TR i an (GBS 50 Vbt VB He De00 . 5006 and
5000 series. produ . from EM3-Chenie |Ing,, Sunter, South Carolina, under
the GRIL Ib,RN%ﬁr @@@Rwﬁé@ﬁ@e Rl dﬁwawj?u%aﬂ@%mfﬁ?

Engi neered Pol yners, such as those sold under the THERMX and M NLON

t r adenaneYIE0 3 arhescwifiydrt ho AEERMEb i MPNL@N {adenges ent i nvention can

be applied by conventional nethods, including spraying, brushing, roller
painting[gp3ﬁipmlﬂfe%%W%%“%ﬁ9“E@hb%¥¥¥%ﬂﬁ%?ﬂﬁ“ﬁ@P% appligddy conposi ti on
is a coating or relatively non-viscous adhesive, or by spray gun, squeezie
or ot her cswicpigsrbmebpds @aﬁéﬁng SRIAYiES bppingerofermrintng arr&/igp% Né\#gﬁ@awhe t he

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

14



conposition is a putty or viscous adhesive. A particular suitable
application neans when the conposition is a coating is an external m xing
appar at uswowher®erTs¢t Wo or nore conponents are sprayed viPaTASI@OAy4spozzl €.
In a non-limting enbodi nent, a commercially available m xi ng device

avai l abl e commercially under the designati on GUSMER VR- H 3000 proportioner
fitted wth a GUSMER Model GX-7 spray gun may be used. In this device,

pressuri 2e4,&4 ERAMEC Ofcttdis sdn a@ﬂfés&i&'v&?fr&ﬁ”%%%@&&h% &rofglihvergd fromtwo
separate chanbers and are inpacted or inpinged upon each other at high

vel oci ty 1ﬁt9ns€1e1>éct}dheoe51‘ﬂ9 1%815‘3%8 'ngﬁr%clé'agcefe?a&&% AR AR 1 CRAROSH bl s WHI Ch

may be applied to an un oat ed coat ed substrate using the spray gun.

O h h

the vt U8 T TGRS B T T R B APl T ot Bt P of
t he pres%”%ngd@a‘{%@}éfi&s Hall oug%‘ﬁei Eon%fr}cur%rq:;e%ge&))@hFﬁQsogiitﬂ[a?ra\d% dlhﬁ gh.gpergy or

actinic ass ene orbar es energetic

el ect ron§ éagse de i ved from i sot opes such as strontium 90, or
ana me arads

i ntense e rén'h uced by particle accelerators. Electron beam

curing c nost , usef in a Ilcat ere ver a and econom cal
rates ar Zﬁb&ggl red. A FRSS %ﬁﬁtl%ﬁ?ggﬁgnusg f‘?‘fﬁvgs toélﬁ?spr%slﬁmi E%eéltl?rh]ﬁn about one
second ma di.ati o e | ess, t han .about 0.25
Tegar ads ! *fadts%%?lgbi ohuigs S ehfofms BRHRE gh a&%?‘ﬁ e G e
present inyvention is ultraviolet al so suit e ot her forms of
actini c rRuepegtedipm é? SUn5 ) "I‘ryg?lﬁaltfﬂ'dm?srfuf’lh?ﬁ %ﬁa{élﬁiafn&’écfa@%m the sun
or fromartificial sources such as Type RS Sun| anps, carbon arc | anps,

xenon ar @9 %X@%ﬁwﬁvagﬁwrxm amPfJﬁ‘@@f‘tE‘hhaH’élFllaﬂ@sl %{‘Hﬁ%e lik¢nd the 1ike.
Utraviolet radiation may be used nost efficiently if the coating conprises
a phot oc MFWQOI?%?‘EM%Y&%‘%? mospgificikgtip e theg@atingf coppgpas # PERCBHEEIHC 15

m nutes are typical. [0036] The dry filmthickness of the cured coating or
adhesi ve acqu}erfa@ry Quﬁling Rerisls opfromd gecond 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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putty or adhesive, can be any desired thickness and can, for exanple, range
fromO0.1 to 10 mls, such as 0.5 to 8 or 15 to 2.0 mls. It wll be

appr eci atwo 2tfvak7er t ai n adhesi ves may be nore coati ng- IPCltaseevobses
viscosities and desired dry thickness, while other adhesives nay be nore
putty-like in these qualities. One skilled in the art can determ ne the
nost appropriate neans of applying the conpositions of the present

i nventionggsgs Wel | A@soitdotD e RRRAQBMDE Gy bR WaltARPR: RASRhiRAN such
things as the needs of the user and/or the parglcular formul ati on of the

conposi t icQﬁgoJitQﬂ?’.Hn cleftaih %mpgdﬂn@f{tg,c%é é?)?#posih&st sﬁlggt?efﬁ ;lﬂ ﬁ\%n@ﬂ)ég.)r i si ng

pol ythiol, during the curing step both a free radical addition reaction

caused %r,ﬁﬂaavé@.%ife@t i %agﬂf?at sg/lé%m@lve@m,téugﬂaglsgqﬁdn%&ggﬁ%gsi ng.

Consequently, 1 ree radica Itron“reaction cure 1s | Icrent to

conpl et el pQsi tipn ha agdi bion o i1l conplete,
or substg%??grﬁvhggﬁ%%€¥§?kﬁﬂge%hg%gwgﬁbgﬁgg&ﬁﬁgg)%S?%%%gﬁ%gture via the
isocyanate/activejﬂgdrqﬁgn route or routes. The. %EM%ntors LRot wi.sh to be

. 0

bond” by anYPRECHani"s R ROWEY OrSIT“FBSo‘ﬁ@j PASPHEYIE AEBGVET MY AR PERSENE O
conposi tions be. wat er borne .or sol ve @?gr e _CO sitian In.certain
enbodi medte S PRENCERSBE T SHESHRG: Bt RPANT o Lot s 21 aidSy
"sol vent - f "s ant that .less than 10 weight %  such a ﬁl ss . than 5
v ght 501 S TSRS S BT R LR oAl O Glal i o6 based
on total weight of the c sitjon. The present conpqgsjitions may be
especi al I9MBUTHORSS ](-‘f‘fssftg?n %5&9%%16 apje pgbﬁo » grlesy tl?&%gb §}ﬁ*t ially
sol vent-free conposition, such as 100% solids, > 99% solids, > 97% solids,
or > 95%9%¥] ds. | Hhecerpatitiens aerosd ipgietthe Pressat inKagPR et ussbisalof | e or gani ¢
content (VOC) of the conposition is |ess than 450 g/1, such as |ess than
300 g/ 1, eHMNegPrKEdassmagrtlear uBgnd PRalse bapedi% pbMthesre or¥itig Tho t he
present invention can be used as, for exanple, a prinmer, base coat or clear
coat, andOBBPPitEINS arefpartigalady adyaplALeRlh B PReers reopiietiyr carFrpaip §HEDIRY Méns ar e
particul arly 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
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easily sprayable and can be applied at anmbient tenperatures. In certain
enbodi nents, the coating of the present invention is a clear coat, and is
used i n cwojorora Wi th a pignented base coat. [0040] Actarsdeca@kis2st he
present invention is further directed to a nethod for treating a substrate,
conprising applying to at least a portion of the substrate any of the
conpositions descri bed herein. Any of the substrates described above can be

used. APPhAIGALH OFer@ B IBIRrsGAM bth $8mBFo1Yer@ BN QbokRErsTRANR. Hegcijoped above.
[ 0041] As uSed herein, unless otherw se expressliy specified, all runbers

such as tfese R%{/Hr%&.”ﬂcl\ﬂé‘i gg& liﬁe%}%%eaﬁm&ﬂ&iﬁ% Bl RELGRAF B9eS may be read

as if prefaced the word "about™, even If the Term does not expressly
appear. Al so, any nunerical range recited herein is intended to include al
sub-ranges subsuned therein. Singular enconpasses plural and vice versa.

For exanpl e, although reference isE$§ﬂﬁ?E§rein to "a" radiation-curable

conpound, "an" isocyanate, "a" pol , and "an" unsaturated pol yester

pol yol ol r, e nore of .each of .the and.any ot her .co nents can
e e IWERTCCy RRAPNo TRE SRl AR i 1S P BICud s ) SETRART o1
honopol yners and. copol. rs, and.the prefix "poly" refers to two or nore.
ncl Udi nd® SAETH S TERpREG B (i g but not 1im ted to. EXAMPLES

[ 0042] The followi ng exanples are i tenpqd toillustrate the invention and
shoul d not be construed as Iinitin&QFQBEFﬂvention in any way. Exanple 1
Urethane Acrylate # 1 [0043] A urethane acrylate was prepared by stirring a
roon1tenﬂ595%ﬁF§“ﬂW§#&re of isophorone diisocyanate, DESMODUR Z 4470 from

Bayer Material Science (757.8 grans), a free radical inhibitor, | ONCL
(1.070 gﬁ%} , di b‘ﬁt‘lﬂfﬂﬂtainﬁ a‘HYlF“édYaéPE@P(‘rﬁq W{St@?l% JOONLRP TR FHBI 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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phosphite (3.92 grans) under nitrogen. Then, 2-hydroxyethyl acrylate (232.7
grans) was added drop wi se over the course of 45 m nutes while maintaining
t he reactwonotsnpssat ure at 750C. The m xture was then kreatusdomwoss090C for
60 m nutes. The m xture was then cooled to 600C. Then, 1, 4-butanediol (10.0
grans) was added drop wi se and then the reaction m xture was held at 600C
for an additional 30 mnutes. IR showed no isocyanate functionality

remai ned.jsfib R@b 19, N tAbIRGRKkALEWNIOSiRI R0 tdBGorki & AlBles a@RGCt he m xture
briefly stirred. Urethane Acrylate #2 [0044] A urethane acryl ate was

prepar ed gy sty b 00 B LRIRE R £ Bl bi s“r‘evg% w3 90RAT PRy giaf'n%?CY?“at €,
DESMODUR Z 4470 from Bayer Materiral Science (893.0 grans), a free radical

i nhi bi tor g@gﬁ 5@&@), di butyltin dilaurate (0.85 grans), and
triphenyﬁm%kbsp |%%H%§¥%' grans) under nitrogen. Then, 2-hydroxyet hyl
acrylate (152.3 grans) was added drop wi se over the course of 20 m nutes

whil e maintaining the reaction tenperature at 75C. Then, 1, 4-butanedi ol

(6.8 gra was, added,.all at once, with the reaction tenperaturerising to 8
10C. Theqﬁég%efgﬁyﬁfx:%re was stirred for an additional 60 m nutes at 750C.

Finally, I t dried f er 4A nol I '

nddod {160 or e orubhorEis G aRaeisd PLr et (P Gt TuRbREr 1 e 43
0045] A th /] at i I [ 1 t

mixt ur e ot naE e anROBGLRL ook b fncs BBt e PE Misayer

Mat eri al Sci 515.3 qar f di i nhi bi t hyd [

e ot hyrbEndr et oh PR b b 1 el ke "
butyl acetate &i40.8 grans) under nitrogen. Then, 4-hydroxybutyl acrylate
(284.2 gﬂ&ﬁgyﬂ %5§B@>da@ﬁ@%ﬂﬁ%ﬁ“%@épgﬁ%%n%88#§@H%%“Bdnﬁﬁnutes whi | e

mai ntai ni ng the reaction tenperature at 700C., Butyl acetate was added (59.2
granms), driydipebuybeciviate GES2 ek wal #idsd deawise 0wy the gntyeof & minigss hour s.

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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Ur et hane Acrylate #4 [0046] A m xture of n-anyl propionate (178.25 grans)
and triphenyl phosphite (1.46 grans) was heated under nitrogen to refl ux
(157- 158Gyo0 20tven7mem xt ure of 2-et hyl hexyl acryl ate (219C@ASgrRMB825

hydr oxyet hyl net hacryl ate (336.98 grans), isobornyl nethacrylate (98.57

grans), acrylic acid (12.64 granms), styrene (175.23 granms), tert-dodecyl

nmercaptan (4.19 grans), n-anyl propionate (49.63 grans) and LUPEROX DTA

(D -t - amylmRed 0%5 48, foMalaliBBhA hbi O Thép KBHER walthen (&ed3fhatl @rﬁﬁ’%%enwas added
dropwi se over four hours while holding the reaction m xture at refl ux

t enper at Yp skt hakthired A% agdlhidal SHARkes11- 38 grams of n-anyl propi onate was
added and a anture of LUPEROX DTA (4.12 grans) and n-anyl propionate (5.37

h i (412 grans) propi onate (5. <
7750 an-adai o) T P, Sl Gagm g g M ed and the.

reacti on wasr %Sloﬁqe%.ﬁ%??’ 0C) for an additional hour. The product was then

cool ed under & nitr ogen at nosphere and submitted for analytical analyses:

GPC [in THF, Bﬂ\)]/%t?ylr ;/eie standards] (Mwv 4692, M1 1316, Mz 13367) %ol i ds
75.54% OH val ue . 195 Aci d val ue 6.84 The above acrylic resin (710.1 gramns)

was heated to G@O%uggggr nitrogen. Then urethane acrylate #3 (481.4 grans)
was added drop Wi '€8°8¥&r one hour while maintaining a tenperature of 60-65

0C. Then, butyl acetate s added 39. and the m xture was stirred
ot 6500 1P dinte it fic Romal TSRS G hoR Do otaues Ploseas et bR A m xt ur ¢
of n-anyl opi.o 178. 25 granms) and triphenyl phosphite (1.46 grans)
was heat é‘&%ﬁd@ragﬁ g%g@hwe%dﬁgfqlrgé W(%’Y‘?rf?gé‘?‘?”ﬁﬁlﬁﬂl YRe dr e of

2-ethyl het'\é(n%/[lerature 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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acrylate (176.92 grans), hydroxyethyl nethacrylate (336.98 grans),

i sobornyl nethacrylate (98.57 grans), acrylic acid (12.64 grans), styrene
(217. 35 gwearmsio/2tmset - dodecyl nercaptan (4.19 grans), n- 2OYIUSPEOPEBRAL €
(49.63 grans) and LUPEROX DTA (29.38 grans) was added drop w se over four
hours while holding the reaction m xture at reflux tenperatures (169-175C).
An additional 11.38 grans of n-anyl propionate was added and a m xture of
LUPEROX DTA (4,5lgq0f7a%s) and n-anyl propionate (5.37 granms) was added over
30 minutes while maintaining the reaction mxture at 175C. An additi onal
11. 38 grams ofynamkliopKopi onate was added and the reaction was refl uxed
(173 0C) for an additional hour. The product was then cool ed under a

ni t rogen at”D%Bﬁs%ﬁ,%QQ submtted for anal ytical analyses: GPC [in THF,

pol ystyrene stan args] (Mwv 4471, ©Mh 1457, Mz 10017) %Sol ids 77.85% OH val ue

128. 7 Aci | 4 L Li i i 4 s heat ed
Lol stoe i YRUME, fordtl L0 GRS QBRI G S5 XU fded. ThEMBINIRS DS S
drop W se over, 0 our whi | intaining atenperature .of 60-65 0C. Then,
Duoo "o SRR 4205 Bt g TRas 100G e hSTRGIR iR £ Pog st bmoc

for an additional S. 2 ltacpnic Resin # 0048] A m xture
of 13- propiireof 05584 el gyt Bl fn HERE 06 8555 Toni BB Yaheno
(2.00 g), .butyl stapnoic. aci 4.11 g), itaconic acid (1040.80 g), and

xyl ene (fﬁ%@%xé?(agga%?¢ﬁWE%“%ﬁ&€F“nitrogen ina3-L flask fitted with a
Dean-Start trap for azeotropic distillation. The reaction was progressively
heat ed, collecting water fromthe Dean-Stark

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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trap, until the internal tenperature reached 185C. The acid value at this
point was 5.75. The product was poured into cans and anal yzed. GPC [in THF,
pol yst yr eme 28toemamsds] (Mv 1145, Mh 584, Mz2002) OH val meTA58008/0548a€0Ni C
Resin #2 [0049] The azeotropic distillation nmethod used to nmake itaconic
resin # 1 was followed using a m xture of 1, 3-propanediol (664.24 ),

gl ycerol (80.90 g), ionol (0.82 g), butylstannoic acid (3.16 g), itaconic
aci d (75Q 90,180 350and xyl ene (79.00 g). The distillation was run until an
internal tenperature of 186C was reached. The acid value was 5.30 GPC [in
THF, pol kystyrene standards] (Mwv 998, M1 631, Ml 619) CH val ue 350. 3 Exanpl e
3 Coatings 1 - 18 were nmade using the ingredients shown as follows: Coating
# 1 #2 #3 #4 #5 #6 Additive Packag%%%m3%§49 34.49 34.49g 34.49 34.49g 34.4g
Urethane Acrylate # 1 W W W 89g g Itaconic resin # 1 None 15. 8g

1550 15.30,48.20 000 5 355,25, 00,08, 80,15 R34 0 490 31 03 Ay

pr opi onat e

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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4T TMol 12.4 12.4 12.4 None None None DBDTL None None O. 1 g None O g None
Coating #7 #8 #9 #10 #11 #12 #13 #14 Additive Package 1 34.4g 34.4g 34.4g
34. 49 34.¥WQ 28t/04g7584. 49 34.4g Urethane Acrylate # 1 NoneciRaseodloss2iNone 98¢
98g 54.3g 54.3g Urethane Acrylate #2 97.4g 97.4g 55.1g 55.1g None None None
None Itaconic resin # 1 26.3g 26.3g 26.3g 26.3g 26.3g 26.3g 26.3g 26.3g
DesN 3600 None None 28.5g 28.5g None None 29.2g 29.2g anyl propionate 15g
159 29g 29g 15g 15g 29g 29g DBDTL None O 1g None O lg None O Ilg None

O | gCoati gatﬁ Addi ti 7.6g 57.6g 57.6g 57.69g
Ur et hane Agryra . S
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 21.4¢g 21.4¢g 21.4g 21.4g
DesN 3600  15g 15g 15g 15g
3T Thiol None S5g None S5g
4T Thiol S5g None S5g None

Additive Package 1

2.3g TINUVIN 384-2 from CIBA SPECIALTY CHEMICALS
1.1g SANOL LS 292 from SANKYO CO

0.5z BYK 300 from BYK Chemie

5g  ESACURE ONE from Lamberti USA

lg  IRGACURE 184 from CIBA ADDITIVES

4.5g amyl propionate from DOW CHEMICAL CO

20g MIBK from EASTMAN CHEMICAL

Additive Package 1

2.3g TINUVIN 384-2 from CIBA SPECIALTY CHEMICALS
1.1g SANOL LS 292 from SANKYO CO

0.5z BYK 300 from BYK Chemie

5g  ESACURE ONE from Lamberti USA

lg  IRGACURE 184 from CIBA ADDITIVES

4.5g amyl propionate from DOW CHEMICAL CO

20g MIBK from EASTMAN CHEMICAL

SR 355 Di-trimethylolpropane tetraacrylate from Sartomer

4T Thiol Pentaerythritol tetra(3-mercptopropionate) from Bruno Bock Chemische
3T Thiol Trimethylol Tri(3-mercaptopropionate) from Bruno Bock Chemische
DBDTL Dibutyl Tin Dilaurate T-12 from Air Products

DesN 3600 DesmodurN 3600 from Bayer MaterialScience

74470 DesmodurZ 4470 from Bayer MaterialScience

[0050] 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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Acryl ate #5 None None 56.7g 56.7g Itaconic resin #6 26.6g 26.6g 26.6g 26. 69
Z4470 21.4g 21.49g 21.4g 21.4g DesN 3600 15g 15g 15g 15g 3T Thi ol None 5g
None 5g AWoTBhionli275g None 5g None Additive Package 1 2. 3@CTiusebdoMs4332l-2 from
Cl BA SPECI ALTY CHEM CALS 1.1g SANOL LS 292 from SANKYO CO 0.5g BYK 300 from
BYK Chem e 5g ESACURE ONE from Lanberti USA I g | RGACURE 184 from Cl BA

ADDI TI VES 4. 5g anyl propionate from DOWV CHEM CAL CO 20y M BK from EASTMAN

CHEM CAL édifé(iit | verRagdagsfich &t fehelt UMM dBHmenulds A EVBAraaR&S Mnkies
CHEM CAL g SANOL LS 292 from SANKYO CO 0.5g BYK 300 from BYK Chenie 5g

ESACURE gs\lﬁ%ﬁﬁ@@lvkﬁﬂf‘&%ﬂ&ﬁtoﬁ%ﬁm bBGACURE 184 from CI BA ADDI Tl VES 4. 5g anyl
pr opi onate Trom DOW CHEM CAL M BK from EASTMAN CHEM CAL

[0052] Gloss was measured at 20 degrees by a BYK Gardner micro-TRI-gloss gloss
meter.

Konig was measured by a BYK Gardner pendulum Hardness apparatus.

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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SR 355 Di-trimethyl ol propane tetraacrylate from Sartoner 4T Thi ol
Pentaerythritol tetra(3-nercptopropionate) from Bruno Bock Chem sche 3T

Thi ol Triwetoylml7séri ( 3- mer capt opr opi onate) from Bruno Bothis@enssehe DBDTL
Dibutyl Tin Dilaurate T-12 from Air Products DesN 3600 DesnmodurN 3600 from
Bayer Material Sci ence Z4470 DesnodurZ 4470 from Bayer Materi al Sci ence

[ 0050] Procedure: Clearcoats were blend together prior to application and

applied VhgyRnloMhd BitaR ol Yr& Bl 8 e B4 @RHRQ iR SHihdhQcpAIR BopARS174 from
ACT that were previously coated wth PPG'ENVI ROBASE basecoat.[0051] The

cl ear coqﬁ\%gﬂ(;neagtde%g%gle\éﬁ[g&dgd ashed 5 mnutes and W cured for 5 mnutes
using a 400 watt H&S Aut oShot UVA400. [0052] d oss was neasured at 20
degrees by a BYK Gardner nmicro-TRI-gl oss gl oss neter. Konig was neasured by
a BYK Gardner pendul um Hardness apparatus. Coating 20 Koni g Hardness Konig
Hardness Nunmber 3 oss 2 4 hour 1.5 week ##11 8888 5 4 5 8 ##22 8888 5 0 6 1
##33 9911 5 9 6 9 ##44 8888 5 8 7 3 ##55 8899 7 0 8 0O ##66 8877 5 3 5 4
##77 8844 6 1 5 8 ##88 8811 6 4 55
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##99 6644 5 1 5 4 ##1100 7799 5 8 6 5 ##1111 7799 4 3 6 1 ##1122 8800 4 2 6
7 ##1133 8844 5 2 5 6 ##1144 8822 5 5 6 0 ##1155 8800 3 6 5 3 ##1166 8888 3
8 4 3 ##M0Gr0080Q0758 3 4 3 ##1188 8899 3 3 4 3 As can beprsears2om/o54325 above
table, the coatings of the present invention have relatively high 20 d oss.
The hi gher the Koni g Hardness nunber, the harder the through cure of the
coating. The increase over tine shows the post cure that can occur with the
i socyanatg yiRgcti on. These val ues are acceptable for autonotive refinish.

[ 0053] Whereas particul ar enbodi nents of this invention have been descri bed
above for pur ﬁ).osesAggmg(gslid@tcgﬁgféhgﬁg it wll be evident to those skilled in
the art that nunmerousvariations of " the details of the present invention my
be made without departi ' ' defined in the appended

cl ai ms. CLAI M5 1. AéBConﬁggfl{alﬁg%&%%@nﬁsﬁg?ﬁgél%g)g@rgﬁ’ %Ir?sat urat ed pol yester

pol yol ol i goner; d b)isoics%%féa”at e. 2. The conposition of Caim1, wherein
t he unsaturated 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 at ed.

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 (meth)acrylic copolymer.

8. The composition of Claim 7, wherein the (meth)acrylic copolymer comprises

urethane linkages.

25



3. The conmposition of Caim2, wherein the acid/anhydride conpri ses

i taconi c acid/anhydride. 4. The conposition of Caim2, wherein the polyol
conpri seswb,28tpnopane diol. 5. The conposition of O ai mpgr/usben®s4325 he

aci d/ anhydri de conprises itaconic acid/anhydride and the polyol conprises
1, 3-propane diol. 6. The conposition of Caim1l, further conprising a

radi ati on-curabl e conpound. 7. The conposition of Caim6, wherein the
radi ati on-curabl e conpound conprises a (neth)acrylic copolynmer. 8. The
conposition of Claim7, wherein the (nmeth)acrylic copol yner conprises

ur et hane linkgges”ﬂwc$ﬁﬁoﬁ&ﬁpﬁ'd&hﬂﬂwﬁ@mﬁhﬁéH%&hm&@ﬁ%ﬁ%$%ﬁ@ﬁﬁﬁﬁalh)acryliC

copol yner further conprises hydroxy functionality. 10. e conposition of

Claim1, - LSing:..pol ythiol. 11. The conposition of Caim 10,
wherein fh@ﬁ%%gé¥ﬁl I %%%%%Fges trimethylol tri (3 -nmercaptopropionate)

12. The conposition of Claim1, wherein the conposition is a clear coat.

13. The conposition of Caim 10, wherein the conposition is a

three-conponeTé c osition aqqnth %gagturated ggf ester pol yol ol i gomer
‘ a eco

. . H € CO 0s1t10Nn Q alm €I COTPrisin 0l.
isin afirst conponen?? THe I'socyanate 1S i°ae nd conponent, and the

polythiol is in a third conponent. 14. The conposition of Caim 13, wherein
the first conponent conprising the unsaturated pol yester polyol oligoner

further conprhﬁes free radic%i.initi t reating a
gm0 bl

or. 15 t hod for
substrate, conpri sigCaRBIYIHY Hymald: p gg?lgﬂﬁ%W@Pg%nEW“?ﬁ%mg Bl rate the

conposi ti of Claiml.
P tr?{%—mercaptopropionate).

12. The composition of Claim 1, wherein the composition is a clear coat.
13. The composition of Claim 10, 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.

14. The composition of Claim 13, wherein the first component comprising the

unsaturated polyester polyol oligomer further comprises a free radical initiator.

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

the substrate the composition of Claim 1.
16. A substrate treated, at least in part, with the composition of Claim 1.

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

deposited, at least in part, the coating of Claim 12.
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16. A substrate treated, at least in part, with the conposition of C aim 1.
17. A substrate coated at least in part with a pignmented base coat over

whi ch i s weponimeds at | east in part, the coating of C acmub200854885 net hod

for treating a substrate, conprising applying to at |east a portion of the

substrate the conposition of Claim10. 19. A substrate treated, at least in
part, with the conposition of Caim10. 20. A conposition conprising: a) a

first conponent conprising: i) the reaction product of a pol yaci d/ anhydri de
and a polyol; and ii) a radiation-curable conpound; b) a second conponent

conpri sing i sggyang ﬂmﬁQﬁwﬁ%u &Q&&ﬁu @%ﬁghpggﬁﬁﬁb &%t@@hﬁ&#b@' 21.

The conposition of alm 20, erein t onpri ses

i taconic @£h9$9@$§?%¥ggmﬁuﬁ°f@ﬁm99%y°| cpnprlses 1,3 -propane diol. 22. The

conposition o erein the radiation-curabl e conpound conprises a
(meth)acrylic copol yner.

19. A substrate treated, at least in part, with the composition of Claim 10.
20. A composition comprising:
a) a first component comprising:
i) the reaction product of a polyacid/anhydride and a polyol; and
ii) a radiation-curable compound,;
b) a second component comprising isocyanate; and
c) a third component comprising polythiol.

21. The composition of Claim 20, wherein the polyacid/anhydride comprises

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

22. The composition of Claim 20, wherein the radiation-curable compound

comprises a (meth)acrylic copolymer.
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