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UV Curabl e Coating Conpositions Containing Aliphatic
Ur et hane Acryl ate Resi ns BACKGROUND The present

w0 nooensi’en rel ates generally to form ng pol ynmeP¢T/US2008/065301

coatings on substrates, and in certain enbodinents to
coating conpositions, coated articles, and nethods for
their production, that involve the use of a blend of

sel ected types of resins. As further background,

pl astic substrates such as but not limted to

pol ycar bonat®V Ganable; (PabingCempashtapnsised in
a v@ortaiciingpRAlcgpharts asUrelilsapree®fcrydaterResins
traditional materials such as glass. Plastics can

of fer excellent properties such as inpact resistance
and optical clarity whil &grigsheiMeg wei ght reduction
and abundant design flexibility. Despite the nunerous
benefits that plastic offers, they have a nmjor

dr awbdaclk pretskat: tiheynefiben rdd anets proeirdé 1tyhe odgsirmedg
degree of chem.cal, scratch, mar and abrasion

PESIYEFARCe COOVIFEST SPaft@Sand/ 61 efPer i'Or CAGrA6M ity.

ehnplos:  kiaowr tt%afcoka@mgc eRYRR: enalh st hemml ccured -ard, ang
ultraviolet (UV) cured coatings for exterior
apphiocat ifers térhirbicriong csarat cihand 1alycdgicorhe use of a

Lesist ance hae of feged adequatg protection and
performance of t hesé“various

As further background, plastic substrates such as but
not limited to polycarbonate, acrylic and polyester often
are used in a variety of applications as replacements for
more traditional materials such as glass. Plastics can
offer excellent properties such as impact resistance and
optical clarity while providing weight reduction and
abundant design flexibility. Despite the numerous
benefits that plastic offers, they have a major drawback
in that they often do not provide the desired degree of
chemical, scratch, mar and abrasion resistance, UV

resistance and/or exterior durability.

It is known that both conventional thermal cured and
ultraviolet (UV) cured coatings for exterior applications
exhibiting scratch and abrasion resistance have offered
adequate protection and performance of these various
plastic substrates when direct exposure angles or
durations are limited. It is also known that UV cured
coatings are often the preferred coating of choice because
they offer distinct advantages such as improved cycles
times and reduced work in process over conventionally

cured alternatives.
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pl astic substrates when direct exposure angles or
durations are limted. It is also known that UV cured

W@ omvi#g8l are often the preferred coating of cPhOI/U82008/065301

because they offer distinct advantages such as

i nproved cycles tines and red#ced work in process over
conventionally cured alternatfves. Despite the nmany
advant ages of current exterior coatings - and nore
specifically of UV curable coatings - they still do
not nmeet the all expectations and often | ack desirable

propemkis %t%th%O%Qhﬁa%h%ﬁ%pQEe%r%E?%h&%%n%h%&t%&%or
very difficult to achieve with traditionally avail abl e
teelnolbegy. anidadictricosakeciVicepdrars Hor coigrdtleh caadings -

%%%as%%q &6%58%%%tm%% l%%%tngsen%%%tgﬁg%%saé%ﬁ.often lack
conmprised primarily of high anct onality an i ghly
Headtriave caghyhbatres e sAbhhioughotihese oehkandc bebicstitéss that

i npart the desired hardness properties, they are prone

F&Cciréd FeditnCshiti rkagehand Sstieric thPAdranee  lyhevatlable
gehh e 100Rdr ance fiesihly by 2-8.0her BN deshtedang

er of “unreacted acrylate bonds in the cure
polrpeonr e@sisn swanch apake celie ocgr ed stoatfiteg rore comprised

suscept.i.bl e to.prenature UV_and environnment al :
FEGradatvon s RGPt ORSTRY hicwn 00 Pofbod: & 2agsH e

GlfriyNg tekeat @lanbhghd t hieRbl exibhe teeatkictigs Sughrt the

i nfl exi bl e coati ngs when subjected to conditions of .
eRpansionasEnNEsht PACPRET 168Gr i NPT 6EE€sHIrRGSoitOof icalrgd resin

%%%i%&age and steric hindrance. The steric hindrance
results in a higher than desired number of unreacted
acrylate bonds in the cured polymer resin which make the
cured coating more susceptible to premature UV and
environmental degradation. Additionally, known UV
topcoats upon curing create a rigid, inflexible coating.
Such inflexible coatings when subjected to conditions of
expansion or contraction during processing or field use or
when applied to materials containing high internal stress
result in inadequate performance such as cracking,
compromised exterior durability or other imperfections.
Thus it can be difficult for a single coating composition
to provide the desired level of a high surface hardness,
scratch resistance, chemical resistance, UV resistance and

exterior durability.

In preferred embodiments, the present invention
addresses the need for UV curable coatings that along with
high scratch and abrasion resistance offer properties of
improved exterior durability, UV stability, thermal
stability and flexibility especially for design

applications that subject the coated material to strenuous



when applied to materials containing high interna

stress result in inadequate performance such as
W@e@ekizTgl conpronmi sed exterior durability or BCHES2008/065301

i mperfections. Thus it can be difficult for a single

coating conposition to provide the desired | evel of a

hi gh surface hardness, scratch resistance, chem ca

resi stance, UV resistance and exterior durability. In

preferred enbodi nents, the present invention addresses

ERY TReagerse - U\/Aéﬁillgﬁpélaé&é(t’l NS CHEESRCord VRPTH ORI gh
%%%E%%e%th%bb%%b%@s%%SE%Eaﬂ%%n%f%%%s%r%ﬁ%%kl%iso%nd the
i nproved exterior durability, UV stability, thermal

seabilltiing avd tEldexirbillciliey .especi al |y for design
applications that subject the coated material to

strenuousenvi ronnents. Additionally, the current

i nvention describes the processes for using these
materials and the resulting coated articles. SUMWARY I n
certain aspects, the invention provides a coating
conposition that includes a unique blend of UV-curable
resins. Afirst resin of the blend is an aliphatic
uret hane acrylate fornmed by the reaction of an

al i phati c pol yi socyanate conponent contai ni ng

i m nooxadi azi ne di one, isocyanurate, uretdione,

uret hane, all ophanate, biuret or oxadiazine trione
groups, with an al cohol component with a nol ecul ar

wei ght of about 100 to about 2000 and cont ai ni ng
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at | east one nonobasic, hydroxyl-functional |inear or
branched al kyl ester of nmeth (acrylic) acid. This

w@ompitggsconposi ti on al so i ncl udes at | east a BEDUSN08/065301

al i phatic urethane acrylate, which in certain
enbodi nents (i) is formed by hhe reaction of a
mul tifunctional acrylate with an aliphatic urethane

based on a pol ymer of alkyl carbononocycle

di i socyanate; or (ii) |s enco assed by Fornul a |

di scl osed her ei nbel ow. ggﬁ¥ed aspects, the first

al i phati c urethane acrylate has a nol ecul ar weight in

the range of about 800 to about 2500 g/ Mdl, and/or the
first lal icphaeiio aseckanse a@eyﬁawenéé@mameVé@@@tascp@ting
about 5 olyn%flzabl %_rylate %5%u%§

r
pre gﬁﬁgéogspectslnfhe ol Ecul ar melgﬁg%'P t he 5558% e

akisphat.i c aurretrhanecachy @t & hies bilentthe st ange 16kbhakout
500 to about 2000 %/Nbl The coating conpositions can
HSGheaft ALK YA2S6l FORPSEhRY ASSi $€SCIA OfoRET 6P| édiphatic

%Bﬁgﬁ%%kb%%a%%dcB%%%%%%%n%oﬁEalﬁ%n@a flibhdboxall8zine djone,

coating conpositions can also contain at least two and
nsre ypnefrertabl yrefideener, mmeehmubtlbadoph@nate, biuret or

acryl.ates each havi ng nol ecul ar we et ween 1
ARl e her t oy LA IR, CEL Rl A LI L ARED 8T wich &
mas atunatededuaups rpeboml ecul eo Eb@u%oab@@gand containing
conmpositions can also include stabilizers such as

Ritndeéréd &RENEONCHRE 1§t abivdirPErsafdheic 10VadbsdnBers Oaf
%Q%n%%%ép%ﬁk§§oggt%r %%n%%E%I%%EgﬁlC acid. This coating

composition also includes at least a second aliphatic
urethane acrylate, which in certain embodiments (i) is
formed by the reaction of a multifunctional acrylate with
an aliphatic urethane based on a polymer of alkyl
carbomonocycle diisocyanate; or (ii) is encompassed by
Formula II disclosed hereinbelow. In preferred aspects,
the first aliphatic urethane acrylate has a molecular
weight in the range of about 800 to about 2500 g/Mol,
and/or the first aliphatic urethane acrylate contains
about 3 to about 5 polymerizable acrylate groups per
molecule. In preferred aspects, the molecular weight of
the second aliphatic urethane acrylate is in the range of
about 500 to about 2000 g/Mol. The coating compositions
can also contain a solvent that assists in controlled
application and processing of the material. The coating
compositions can also contain at least two and more
preferably three or more multifunctional acrylates each
having molecular weights between 170 and 1000 and a
minimum of two polymerizable unsaturated groups per
molecule. The coating compositions can also include

stabilizers such as hindered amine light stabilizers
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conpositions can al so contain one or nore

WwW@e@ansvshorgani ¢ hybrid material s synt hesi zedP@TU8299$1065301

a sol gel process. In additional enbodinents, the
present invention provides costed articles and coating
processes involving the use of the coating
conpositions described herein. In certain fornms, an
inventive coated article will have a base Iastlc

RREPTal 'haPPRG P8 ohPek eSS PBR ZRBGUE 26 175 oo D31 St a2 ine

an6hia ieur ed L R G9ak1iRG of ehERd BY T eaet L8R Ghqa
coati ng conp05|t|on as described herein and having a

thinckwess oing the edrge cofitaboutn® e aboet c35amicrons.

E%%rcgh?% %&%rﬁ%a%h%%r%%q&prOVI %sqze h de g%e o%ol gel
SErateh; “abrasion, “mar “an eni cal reS|s e a
wirblkesgperi or UV resi stance, exterior durablllty and
thermal stability. In certain fornms, inventive

processes will include the application of a coating
CONMPOS,t 'a%ﬁ%o%%ﬁ%&n%%@lﬁ%%%' N By SPk %éég%%amventlon

fl owcoat or curtain coat techni ques . I tional
erbodideentsadskdt he tprésentnidneenttiioy @sowebbea51nvolving

f eatures n% advan es thereof .will be ev from

ERG. HeeeF i ptTons Hordin B EE OESCRI PTRONLCE T =0 In
Fe@URES Fb@ms] phovhedestaveekspeet wethanti ali 1guhaway g
base plastic material having a thickness of about 0.75 to
20 mm, and a cured top coating formed by reaction of a
coating composition as described herein and having a
thickness in the range of about 3 to about 35 microns.
The cured top coating can provide a high degree of
scratch, abrasion, mar and chemical resistance along with
superior UV resistance, exterior durability and thermal
stability. 1In certain forms, inventive processes will
include the application of a coating composition as
described herein by spray coat, flowcoat or curtain coat

techniques.

Additional embodiments of the present invention as
well as features and advantages thereof will be evident

from the descriptions herein.
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illustration of a vehicle having a coated forward
lighting | ens according to one aspect of the

WO paoensi’en. FIG 2 provides a side partial cutBOEYS2008/065301

illustration of the vehicle of FIG 1 .DETAILED
DESCRI PTI ON For the purposes of pronoting an
under st andi ng of the principles of the invention,
reference will now be nmade to certain enbodi nents and
specific |language will be used to describe the sane.

It will nevertteldsP b tder ¥t ddd that™ 15 i t ati on
of the scope of the invention is thereby intended,
such alterations and further nodifications in the

i |l ustl&t.ed devivéelesandrsusketiitke pagppkilc atitems vof
Lhe princlples of thg;lhvention as deseribed Nerein;gnying
being conte Iated as woul norﬁﬁlly Sccur

Skeinls| a@clomdtlhq ant ohe wiipektt be |tm\éenhwmtnelr1at es . As
di scl osed above, in certain of its aspects, the
present invention relates to unique coating
Conpogirl.0ns 3 ;o ome! Rods and (603l edrauklCligs Lhakeion
enpl oy or include the coating conpositions.

prreftéer eghfiorles o fcdatsi.ng .conposi ti ons |nclude a novel
bl end of resins, the blend including first and second
acryl ated aliphatic urethane resins. Such coating
conpositions include at |east a first urethane
acrylate resin which is forned by the
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reaction of an aliphatic polyi socyanate conponent
cont ai ni ng i m nooxadi azi ne di one, isocyanurate,

woe@vdiose, urethane, allophanate, biuret or ORGEHUS20$1665301

trione groups with an al cohol conponent containing at

| east one nonobasic, hydroxyl-functional |inear or
branched al kyl ester of neth (acrylic) acid. In
preferred forns, the first urethane acrylate resin has
a nol ecul ar wei ght bet ween about 800 and about 2500

g/ Mol . More preferadt§LAHHE fRHEtR kit ed al i phatic

ur et hane has a nol ecul ar wei ght of about 1000 to
about 1600 g/ Mol, with a nol ecul ar wei ght of about 1400
g/ Mol Foei nget e rwose spréf proad tiinowaink ungedattenddsg of the

woul d .b und%r%%pod nol. ecul ar i%hts f or,
r1n01P.es O & invention, reference will now be made to
Eolyne izabl'e resins given Nherein are nunber average

relreeuhaemyeiddhtes tunlkess speherwics e aspeeickl @d.11The used to
al cohol conponent used in_the formation of the first
Geeckake ééﬁyﬁ§@§-re§ﬁnwééﬁ ﬁ&V@réhﬁéﬁééupﬁrU%@?ﬁﬁFoéﬁ

aboyt 1100 ;4,0 ;ahaul, 200Q,,a/ Maloool B CeRLaliR VALl apt § g

the first urethane acrylate can be the reaction

phededbty ahtefapda polcy sdcpanatencoapondntr tbemt ai ni ng
from2 0. to 100 e%. .based on the nmoles of. the

BB a685dnate "ComBondnt To6F A NimaEXAdrazPRE dFghe FuTther
gbRupceenbaisniorg tpel Yirs eey anate offr ither s nekeenpassed by
the formula I : wherein

described herein being contemplated as would normally
occur to one skilled in the art to which the invention

relates.

As disclosed above, in certain of its aspects, the
present invention relates to unique coating compositions
and to methods and coated articles that employ or include
the coating compositions. In preferred forms, coating
compositions include a novel blend of resins, the blend
including first and second acrylated aliphatic urethane
resins. Such coating compositions include at least a
first urethane acrylate resin which is formed by the
reaction of an aliphatic polyisocyanate component
containing iminooxadiazine dione, isocyanurate, uretdione,
urethane, allophanate, biuret or oxadiazine trione groups
with an alcohol component containing at least one
monobasic, hydroxyl-functional linear or branched alkyl

ester of meth(acrylic) acid.

In preferred forms, the first urethane acrylate resin
has a molecular weight between about 800 and about 2500
g/Mol. More preferably, the first acrylated aliphatic

urethane has a molecular weight of about 1000 to about
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Rl, R2 and R3 of fornula | are the sane or different
and represent |inear or branched, C4-C20 (cyclo)al kyl

w@e@apss7sand X is the same or different and r epCEES2WS065301

i socyanate groups or isocyanate group-containing
radical s that al so contain imnooxadi azi ne di one,
i socyanur ate, uretdione, urethane, allophanate, biuret
or oxadi azine trione groups, wherein RlL, R2 and R of
fornul§ | are attached to_a nitrogen atom wth b ) an
al°08n6Y Yedmparéht 2cBRLECHIAG HET g&spfoﬁl@%ﬁnéé&&i g/Mol
hrdrexynbupgeti-opakeli-agan nogohianched +€1- Ch2 abkylk be
ester of (nmeth) acrylic acid. Additional information
conlegsitiong, s ol cgrdeame Llgbityl dte Pedivasrsgiaball eckons
uﬁ%eknhtqgi resent i%%%n%%ogai% %% %%uhgru%gge t%t%% %ss
Bat'ént 'No-'6, 19T, 181 “whitdh ¢ hereby incorpoﬁated
benheirfviky kekergned.i nThis aerbhoet yomodekudi ngebonn ke
di scl osure of preparative nmethods and final urethane
&CEYPAteTr 41 FPCorpPETndy FEREP CaR Ch¥ 1ds6d Fef ihgan have a
RLESENt 2hNYenLihen o sSulhak! € phesinshor ¥$9oas e . 1n
first aliphati'c urethane acrylate nmay be obtai ned for
exarrplie feoreBaper thiet ériraltSoirentengnder vilhé et cadebamehe
In certaiin enbodi nents, the first urethane

De l.ux.
&@%&E&#g R&SEFufdtional ity of about 2 to about 6 ,

nore preferably about 3 to about 5, and nost

preferably about 3.5 to about o
(a) a polyisocyanate component containing from 20 to

100 mole%, based on the moles of the polyisocyanate
component, of iminooxadiazine dione group-containing

polyisocyanate trimers encompassed by the formula I:

{

1 1
I ~ .

| O
&ﬁi“x 'L\ R
5 ?f”“xﬁf*~\x>

J,R3
x

wherein:

R?, R’ and R’ of formula I are the same or
different and represent linear or branched, C4-Cjg

(cyclo)alkyl groups, and

X is the same or different and represents
isocyanate groups or isocyanate group-containing
radicals that also contain iminooxadiazine dione,

isocyanurate, uretdione, urethane, allophanate,
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4 . In addition or alternatively, the first urethane
acrylate can exhibit the capacity for ultraviol et

WO 200044378 curing to provide a hard coating, fBRPET/US2008/065301

exanpl e having a pencil hardness above 4 , e.g. about

4 to about 7 . The first alippatic uret hane acryl ate

resin can be provided al one or can be provided adm xed
with one or nore reactive diluents, for exanple HDDA

(1, 6 Hexanedi ol diacrylate) , TPGDA 5
(tri pPopyFén&gl Y& idicacrycatere, Jupaps, wherein R, R’ and

(di prapybeneglygok @Ié\%yg@&g&hedwﬂé nitrogen atom, with
(trimethyl ol propane triacrylate) , and/or GPTA

(gl ycerol propoxy triacrylate) . \When adm xed with one

or %ﬁ ra%a%tllc\é Oql l U & nto%e I’ltth e Ofl’lltra%}l l%lgl %I%at le O ne
ur et hane acrylate r &S| can constictute fabout ?5&

@b@@ba%@%)OhyﬁﬁexﬁkfbﬂbalbﬁaQerﬂah@aeﬁbadbﬁ%ﬁb&eﬁncl Cis
certain enbodi ments, the coating compositions of the
PRVERt £6hSal §6 |W@deécéyéé€oﬁ&lgretﬁ&ﬁétéépﬁﬁaﬂéformatlon

c%%b%rgﬁ %e 6k r%%h%%% f'&%ﬁa%%e Q@@%sa%ﬁXE%%Qe for use

resin. The second urethane acrylate resin can
fior bet pyeﬁbetreaNEmanoofla relunidf unc Unarald @aﬁybatéatent

cul ar. i ght of about 1
850 End SR odear nMG ke Fe R DT dECRePy e Eonpra Bt by
@@&@&@h@bedngﬁ@@p%nﬁﬁ&eﬁgLeQ%thdWhhhf@& alispbaticC osure of
ur et hane based on a pol yner of al kyl carbononocycl e
fireesepanate "t dgl Rafepanydl UpsItyaseypatredatel gesin

%%%.%bﬂd%”?%%%”%%%s ot Recseq ?”Qh%rgE%%%%ta9%¥%%E§on.

res S enconpasse by the formul
Sultable resins for use as the first aliphatic urethane

acrylate may be obtained for example from Bayer

MaterialScience under the tradename Desmolux.

In certain embodiments, the first urethane acrylate
has a functionality of about 2 to about 6, more preferably
about 3 to about 5, and most preferably about 3.5 to about
4., In addition or alternatively, the first urethane
acrylate can exhibit the capacity for ultraviolet
radiation curing to provide a hard coating, for example

having a pencil hardness above 4, e.g. about 4 to about 7.

The first aliphatic urethane acrylate resin can be
provided alone or can be provided admixed with one or more
reactive diluents, for example HDDA (1,6 Hexanediol
diacrylate), TPGDA (tripropyleneglycol diacrylate), DPGDA
(dipropyleneglycol diacrylate), TMPTA (trimethylolpropane
triacrylate), and/or GPTA (glycerolpropoxy triacrylate).
When admixed with one or more reactive diluents, the first
aliphatic urethane acrylate resin can constitute about 70%

to about 90% of the mixture in certain embodiments.
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All A wherein Al, A2, and A3 are each a group of the
formula Ill:wherein Rl, R2, and R3 of formula II1,

woRieh48n be the sane or different, are each BCT/U8®88/065301

al i phatic group having from2 to about 12 carbon

atons, or a cycloaliphatic grP p having from4 to

about 12 carbon atonms. Rl, R2,”" and R3 of formula Il

are each preferably an al kyl ene group having from2 to

about 12 carbon atonms. Conpounds of Formula Il can be

prepared, for exanple, as described in United States

Pat ent No. 5,658,672, which is hereby incorporated

herein by reference in its entirety, including for its

di scl dsurcershipr ephratiinca tvet hogs cand iofy fiomplositions of

eampaunds cencompassed by Lormiall, abaye that gy be

used t've resent |nvent|on fﬁ gf? at'ent “t&acnes

rleati nE@Qefrfyélr 830k roytee SurfacerSpecnal taucegf,l adeyreain.

GA) , which may be used in the present invention, is a

QP@n@ePﬁ@ﬁu&Fﬁéhénﬁl@Géﬁﬂaéﬁdrﬁsﬁéx§ﬁ@n@€|éﬁéﬁed by the
Shykalbe old gorpl :a9e0Ldling ho tormuka 1k N g.ei ght

ratlo of about 48:52, respectlve Y, MAth the diluent

m@dﬂgu@emhwbeqéil@ﬁeabpmené9@lyoobbamacﬁpwaaed(b@@é@lning

I acryl at e) nost eth n
A ad b Eo ey B r e -t rb Eo Tt et rong - debe RFe
fn@&le@uh@s azlml eeuban pweicght virethheer aageobnabopb198@r of

to about 2000 . .
alkyl carbomonocycle diisocyanate with alkanepolyol

polyacrylates. 1In certain embodiments, the second

urethane acrylate resin is encompassed by the formula II:

AR

II

wherein A', 2%, and A’ are each a group of the formula III:



10

15

20

25

30

g/ Mol , nore preferably about 800 to about 1000 g/ Mol,
and nost preferably to date about 800 g/Mdl. In

w@eowaissenbodi nents, the second urethane acr yPEr/ES1968065301

a functionality of about 2 to about 10, nore
preferably about 4 to about 81, and nost preferably
about 6 . As disclosed above, lcertain enbodi nents of
the invention relate to coating conpositions which
include a blend of resins including a first urethane
acrylate resin as discussed above and a second

uret hane acrylate resin as di scussed above. In
prefegred such gnbodi ts, exclusive of any inert

sol vefjt jpresent¢i n the jcogposition, the first urethane
acr yaEN+s+ ¥ c NG EIN-e s ~aberH, —k086-00 about 40% by
wei ght of t hel condosi tion. Mre prefeﬁably in such
enbodinent%ﬁg%xg stye of any inert s§FV%nt priesent ,
the first urethane acrylate resin nmakeg up about 10%
to about 30% of 8t he conposition, eveniinore preferably
about 15 to abo 25% As to the secoR#: uret hane

acryl ate resin, yexclusive of any solvent present, it
preferably consti&tutes about 20%to about 50% by

wei ght of- the céating conposition, nore preferably
about 25 to 35% |n otheryenbodi ments of the invention

defined herein, cighecd, L isloeupgthape acrylate resin and
the second acrylate resin are included in the coating
conposition in a weight

wherein R?, R2, and R of formula III, which can be the
same or different, are each a linear aliphatic group
having from 2 to about 12 carbon atoms, or a
cycloaliphatic group having from 4 to about 12 carbon
atoms. R?, R2, and R° of formula IIT are each preferably
an alkylene group having from 2 to about 12 carbon atoms.
Compounds of Formula II can be prepared, for example, as
described in United States Patent No. 5,658,672, which is
hereby incorporated herein by reference in its entirety,
including for its disclosure of preparative methods and of
final compounds encompassed by formula II above that may
be used in the present invention. This ‘672 patent
teaches that Ebecryl 8301 (Cytec Surface Specialties,
Smyrna, GA), which may be used in the present invention,
is a blend including a diluent and a hexafunctional
acrylate oligomer according to formula ITI in a weight
ratio of about 48:52, respectively, with the diluent being
(ethylene-/diethylene glycol diacrylate (based on
hydroxyethylacrylate), mostly ethylene glycol diacrylate.
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ratio, or in a nolecular ratio, of about 1:10 to about
10: 1, respectively, nore preferably about 1:5 to 5:1,

waeaomessl pref erably about 1:3 to about 3: 1. |PCT/ES1088/665301

speci fied enbodi nents, the first and second urethane
acrylate resins wll be preseﬂg in a weight ratio, or
in a nolecular ratio, of about”“1:2 to about 2:1,
respectively. When included in a blended resin coating
conposition, the first and second urethane acryl ate

r esi n$ TE&R APV d éhﬁréﬁéppéduééﬁﬁé§et@6ﬁ§'ﬂﬁlcﬁeﬁépwpas a

Hgl%%ﬁﬁgrc%%ﬁh%gslgf W%tﬁa%g%'%ﬁ degreesoh surkacet 2000
har dness as nmeasured with steel wool per FWSS108 and

vdber , abrasi oneper aASTMEDDO44 8 0Addict iedraltl ¢ 000r ef/ #orled and
bi.ended coatings fneluding these uretpane aerylates,

provi de exce vveat ering proper Ires as quantirtie

bynwelimcaceepted aeceher atredhand natrynaleweaisheri ng
test nethods and thermal crack resistance. Also, the y
éPPéFlﬁﬁﬁéﬁFég@éu§b@&FlﬁgtPaﬁ@§U§néOwa@@ﬁ@apreferab Y

compat i1bicli by, he S%%%a%%sﬁabQ%%%§a%ﬁyr%%bﬂtb%end

coati ng conp05|t|ons as di scl osed herein can

further |nproved with the addition of an acrylated
organic-inorgani c, hybrid materi.al, produced

Choongs HIgEHRNn BEOLES WRLEHLA b yBRRNY REOde

QhgamniG onN@kganicC thykbiad iing ecompbenitsed sofyhsichi Gaciude a

gartlcles in the range of about 5 nmto about 100 nm
R&indapd §€ﬁéﬂﬁc&PClﬁéﬁnﬁoﬁoééréﬁdUéﬁéhﬁﬁ@u§céﬁéa§e resin

as discussed above and a second urethane acrylate resin as
discussed above. In preferred such embodiments, exclusive
of any inert solvent present in the composition, the first
urethane acrylate resin constitutes about 10% to about 40%
by weight of the composition. More preferably in such
embodiments, exclusive of any inert solvent present, the
first urethane acrylate resin makes up about 10% to about
30% of the composition, even more preferably about 15 to
about 25%. As to the second urethane acrylate resin,
exclusive of any solvent present, it preferably
constitutes about 20% to about 50% by weight of the

coating composition, more preferably about 25 to 35%.

In other embodiments of the invention defined herein,
the first urethane acrylate resin and the second acrylate
resin are included in the coating composition in a weight
ratio, or in a molecular ratio, of about 1:10 to about
10:1, respectively, more preferably about 1:5 to 5:1, and
most preferably about 1:3 to about 3:1. 1In certain
specified embodiments, the first and second urethane
acrylate resins will be present in a weight ratio, or in a

molecular ratio, of about 1:2 to about 2:1, respectively.
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mul tifunctional acrylate with a nol ecul ar wei ght of
about 200 to about 450 and at |east two pol ynerizable

waa®ater7at ed groups per nol ecul e. The pref err eRCEUSN08/065301

nol ecul ar wei ght the organic-inorganic hybrid is

bet ween about 500 and about 3000. | nproved surface
har dness properties can be achieved with additions of
about 5% to about 35% by wei ght (exclusive of any
inert solvent present) of such acryl ated

organi c-inorganic hybrid materials. Mre preferably

the cwﬂb%n&n%ﬁub%%_a%rﬁl%Q%%dgag%@@qnl%%%ga&@cc%%96%Qtlon,
when included, is about 8% to about 18% by wei ght

kel dsinge @fndaﬁ@qonér ursoheert apredent. rEsampl esnoprovide
suitabl e organi ¢-inorgani ¢ matart als that, C%%a?% used ¢

rpn COfT'pOSItI Ons, “coati ngs and cogt artl clde tnlg
wA&Nntk e[ ghn @b@d@ eEber eure 2681 Aa3oncElkebeume a6 iBd3%,ith

Et ercure 601C- 35, Etercure 601H 35, (Eternal Chem cal
E5/FanY OLt BSTTAIMNAR) 04nd RXTER62 @é&@ééogupﬁéc@STM D1044.

2ReGHalhhes .y, S@fre'%%'rr%) g@%%‘d'eﬁg c%%‘EH%%' { '19'&%11%1 ngh@hese

I nvention can al so i1 nclude one or a pl urallty of
mrkethborc bicandla tacr pratvesie éh@edabmmfwe@th@mabg properties

A G B B NE T stttk s e s Ret rga ol
Weseasirtivg apphi eathedsmehiodhareape bfr@bnzam@%lstance

properties. Eyplcal mul ti functional acrylates are of
PREr e&EEYY € Tdrruent 2D BEcREV Ry raAolrétaiSarNReNgherér 1

%%%5%tlblllty.

The surface hardness of resin blend coating
compositions as disclosed herein can be further improved
with the addition of an acrylated organic-inorganic hybrid
material, typically produced through a sol gel process.
The preferred organic-inorganic hybrid is compromised of
silica particles in the range of about 5 nm to about 100
nm that are spherical, non-porous and amorphous and a
multifunctional acrylate with a molecular weight of about
200 to about 450 and at least two polymerizable
unsaturated groups per molecule. The preferred final
molecular weight the organic-inorganic hybrid is between
about 500 and about 3000. Improved surface hardness
properties can be achieved with additions of about 5% to
about 35% by weight (exclusive of any inert solvent
present) of such acrylated organic-inorganic hybrid
materials. More preferably the content of the acrylated
organic-inorganic hybrid, when included, is about 8% to
about 18% by weight, exclusive of any inert solvent
present. Examples of suitable organic-inorganic materials

that can be used in compositions, coatings and coated
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170 to about 1000 and contain at |east two
pol yneri zabl e unsat urated groups per nol ecul e.

WRepprasEst ati ve nul tifunctional acryl ates inclBdBUS2008/065301

di propyl ene gl ycol diacrylate, triproplyene glyco
di acrylate, 1 , 6-hexanedi ol gLacrylate,
pentaerythritol triacrylate, ntaerythritol tetra
acrylate, tricyclodecane di net hanol diacryl ate,

di trinethy IoI%fopane tetraacryl ate dlpentaert%prltol
pert gactyPat &Nt rrERhyPel pré é&ﬁ@ Eteacryratd .

E%%&%%E@l%@QQL%%OlEQb@%ﬁX%a%@&Ca@@ t@%e ke E@@H 35,
preferred coating conposition includes two such

ﬁﬂhﬁmﬁ@ﬁcﬁh@mabaécﬁpm@ﬁ@g,eé@d,|ﬁaawaaﬁo@nﬁ gKladout (Cytec

%%&%Ocab “tc?%%%l Sme% g_rtain preferred
enbodi-re a coati'ng onp05| ion of the invention
wi || |nclude about 5% to about 15% of a first such

mul tifunctional acrylate with two polynerizable
unsat §PafédIgreapS Spér orsl eultécand VEBGUO 1 5% 6 1&Bout

2% Al o$ecend 4 S%@Er@ﬁ'E'f%%C%MQQQEu%%EXbﬁ%Q Wcﬂ}lates

three polyneri zable unsat darat ed groups per nol ecule.
Wheymphaudmnwtuam@ﬂsaam@ﬂ@mesensempiewedane swiattable
for _use i.n_coatd g%_ 03|t|ons f the invention

&ﬁ@ﬁﬁ?ﬁél§P8u8§ s&Pt&BFéOBhgﬁ InFPsrs: Sogpe the desired

dicpenylkphesphiirecexitde type iphetiohnikitaber snsuek r&% rmance
2,4,6- trinmethyl benzoyl di phenyl phosphi ne oxi de and
BiroPer4 165 -t r TNBLRGLbENI by EnFhRyFph6SEHIlAE coxiPdE; Of the

Q%%%thbygﬁﬁb%%% type having a molecular weight of about
170 to about 1000 and contain at least two polymerizable
unsaturated groups per molecule. Representative
multifunctional acrylates include dipropylene glycol
diacrylate, triproplyene glycol diacrylate, 1, 6-hexanediol
diacrylate, pentaerythritol triacrylate, pentaerythritol
tetra acrylate, tricyclodecane dimethanol diacrylate, di-
trimethylolpropane tetraacrylate, dipentaertyhritol
pentaacrylate, trimethylolpropane triacrylate,
tetraethleneglycol diacrylate, and the like. The
preferred coating composition includes two such
multifunctional acrylates each in an amount of about 5% to
about 55% by weight. In certain preferred embodiments, a
coating composition of the invention will include about 5%
to about 15% of a first such multifunctional acrylate with
two polymerizable unsaturated groups per molecule and
about 15% to about 25% of a second such multifunctional
acrylate with three polymerizable unsaturated groups per

molecule.

Many photoinitiators and/or sensitizers are suitable

for use in coating compositions of the invention. Among
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type such as oxy-phenyl-acetic acid 2- [2 oxo0-2
phenyl acet oxy- ethoxy] -ethy ester and

W@009p¥E8Y| - aceti c 2- [2- hydroxy-ethoxy] -ethpCT/ES1008/065301

a- hydr oxyket one type such as

1- hydr oxy- cycl ohexyl - phenyl - kF one, 2-hydroxy-I- [4-
(2- hydroxyet hoxy) phenyl] - t hyl - | - pr opanone,

2- hydr oxy-2- met hyl - 1- pheyl -1 - pr opanone, and

di functional a- hydoxyketones . The preferred
ERBodirRERE Pﬁcﬁ&&é@béebP@ﬁﬁoépl&Fﬁﬁ@ﬁ§lﬁﬁﬁsphlne oxi de

@H%e%yh%%%%?%&%%o%§1H$p%y%@ob%b%bﬁhQEQ%ﬁﬁM%t@u%h”%%e2 4,6-
preferred b bi s

ﬁmﬂm@ﬁhyﬂb@MZQWQdﬁp@@ﬁp&é@@@ﬁ@hﬂ@eopmd@eaﬁ@d bis-2,4,6-
|fun phe ton At

I-8as %%Hé% 5Pginﬁ %gﬁ%%o %&%3 OXlE%é E gégoxylate

&@@@ubabhoas ok ya it -sidkfiic eatid th@k@—Qh©henyl—

desired cure response In preferred formul ati ons of

BRE ORYERINOKY | 3 ShPEn & S6f Taf e 85 PREPROESERILCI aTdFS

h%d&%%&ug%%ox% aqRH 13e%%e%boﬁthgd%%%&&gt%Q%UEy%%%%Q$h as

The range of the first preferre
Qh@UOEQRWIawaﬂO@&XﬁﬂppéeyWﬁhaspbmee éxihgelroype lag 4- (2~

ted above) is about 0.5%to about 2.5% |
BEar e S nE RRNga a7 "EheYdedaRaCBAEPERr o -y oxy -2+
pReheilpiltibaken -(ap raphydhexyketione flype iasanoted

above) is about 4% to about 13%in certain
enpledivirenrsesi-n déet airk feavent Preordrrnitatnengdeg a blend

bur Hhghehenghik ohs ndal3ed by nihe -addi-tion @b nd thikd
photoinitiators with a more preferred blend of bis-2,4,6-
trimethylbenzolydiphenylphosphine oxide and difunctional
oa-hydroxy-cyclohexyl-phenyl-ketone.

At least one photoinitiator is added to the preferred
formulations in amounts sufficient to obtain the desired
cure response. In preferred formulations of the
invention, a blend of at least two photoinitiators is
included in amounts of about 0.25% to about 15% by weight.
The range of the first preferred photoinitiator (a
diphenylphosphine oxide type as noted above) is about 0.5%
to about 2.5% in certain embodiments. The range of the
second preferred photoinitiator (an a-hydroxyketone type
as noted above) 1is about 4% to about 13% in certain
embodiments. In certain inventive formulations, a
further benefit is gained by the addition of a third
photoinitiator, for example a hydroxyalkylphenone type
photoinitiator, in the range of about 0.5% to about 4.5%.
The amounts of photoinitiator(s) included will vary based
upon many factors such as the types of UV cure equipment,

the UV equipment set up, cure rate and durability desired.
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photoinitiator, for exanple a hydroxyal kyl phenone type
photoinitiator, in the range of about 0.5%to about

Wa2@%145TBe anount s of photoinitiator (s) incl uPEdUsn$/065301

vary based upon many factors such as the types of W
cure equi pnent, the UV equip t set up, cure rate and
durability desired. Preferred ating conpositions of
the invention also include stabilizing materials to
maxi m ze exterior durability and UV resistance.

Sui tabl e stabilizers include hindered am nes and W

absor@%%%e%%%@ %%a%%%éoh%h%%%H%l%hsb%%zQ%%'%%b%%tlon also
derivatives. The amount of stabilizers in the system

varcy udependiong iegnrappkiceaticds par aneterigcard tdesiored

Berenance proper Ligs o maxi mge wegLherapility, o
trﬁlout sacrifticing cure response an SUI‘ a

h@bdﬂ@%Shlh@eﬁéﬁeaﬁﬁﬁégrb@@ @@n@@sb&b@m%,sbb@ hisnder ed
amne is in_the range of about 0.5%to about 4.5%
RySGEOxypRERYE Bén?@@?@éfﬂﬁélPérd@FH@ﬁtéﬁﬁﬁablghe amount of

SeERQYNYL =S ;N hhe s"y%‘&%?n Oh 30 OUL A% he %%O%bFlQ%a%@@n

an antioxidant is in"the rangé of about "0.25% to about
@aa%meﬁeeﬁeﬁmddde@aﬁedgpemﬁpmwﬁmn@nsropeﬁheeBnV@nmﬁanmize
i ncl nert solvents. In cer

d .
SREsHER 0T 1ty IR B e ke A 2R g e BrsBeNsr

salrverts hakbsarplses 1of msuct abkecriert salbwents onkGl wae
ester solvents such as ethyl acetate and butyl

aéersred RELORe 1Sollvents SgeFcas facdrie Oard it AUt
%t%o, %%%9%§yphenyl benzotriazine (or other suitable

compound) is in the range of about 2% to about 15% and an

antioxidant is in the range of about 0.25% to about 2.0%.

Preferred coating compositions of the invention
include one or more inert solvents. In certain
embodiments, the compositions include a blend of inert
solvents. Examples of suitable inert solvents include
ester solvents such as ethyl acetate and butyl acetate;
ketone solvents such as acetone and methyl ethyl ketone;
alcohol solvents such as isopropyl alcohol and secondary
butyl alcohol. The amount and type of solvent in the
composition will vary depending on application method and
egquipment capabilities and preference. For example, in a
flowcoat or curtain coat application, inert solvents
should not be excessively aggressive to the base plastic
of the molded article. 1In certain forms of the invention,
the inert solvent content in the coating composition as a
whole can range from 0% to 80% by weight with a preferred

solvent content of 35% to 65% by weight.
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al cohol solvents such as isopropyl alcohol and
secondary butyl al cohol. The anmpunt and type of

W@ 009241781 n t he conposition will vary dependi nBCDHS2008/065301

appl i cation nethod and equi pnment capabilities and
preference. For exanple, in | owcoat or curtain coat
application, inert solvents should not be excessively
aggressive to the base plastic of the nolded article.
In certain forns of the invention, the i nert solvent

conteN@rlﬁuﬁh@téﬁgt@ﬁ&l6éﬁﬁésF@Poﬁ §8 REwHOrdVEsA *
%%lag%nt;r 3%t 180% by welkghtwhnth & RLefreriedr improve
sol vent” content of 35%to 65% by wei ght. Vari ous ot her
a@@eﬁma@gecanddbgop@efpmmb@@@dpm@p@@éueﬁgOéoﬁb@sppm@ds
he |nv%nt|o to furth% npr%_ .appearance an
coa g es of Fﬁl S atre Efac
per or'feance perti'es o s cared coatlng
@bnsueb@bh@ea@@m@uu@3oar%1&&@©heve1@md @anraa@tmme and
acrylic or silicone flow, slip and mar and | eveling
AGFRLENEhA0SASS] Shaitn 28GRSTr dPe SHEELIAG Salg Févsl PRE
Q%v%ﬁ%ngo%ﬁo%h%'%%m?% SH%%OEhE B%%%@l@%tb%éb@a”ts
that provide thernma process stability. One
parttiioxuldanity ph@tepm@dldedmhevwadsaadp@kpsebﬁx@aaéllity-
%plutlo avallable

PR e g ad e pib e B oR et e e nde napav e 135hans

%@&h&h@npf%h@hf@@ QMBde6ﬁﬁb&c1élﬂ§Sbﬂabh@%deCﬂaﬁb&gthe
conposition is provided that includes an inert organic

sopdenemen By avdurBYEr CHBYUE - 102309028y ol gRtl) a

%1ve and

In certain preferred embodiments, a resin blend
coating composition is provided that includes an inert
organic solvent in an amount of about 10-50% by weight, a
first aliphatic urethane acrylate as discussed above in an
amount of about 3% to about 20% by weight, a second
aliphatic urethane acrylate as discussed above in an
amount of about 3% to about 20% by weight, a reactive
diluent component in an amount of about 5% to about 30% by
weight wherein the reactive diluent component includes one
or more multifunctional acrylates, one or more
photoinitiators, e.g. selected from those identified
herein, and one or more light stabilizers, e.g. selected
from those identified herein. More preferred compositions
of this embodiment further include an antioxidant and a
flow additive, e.g. as identified herein. In certain
forms, in the preparation of the first aliphatic urethane
acrylate, X of Formula I represents isocyanate groups. In
other preferred forms, X of Formula I represents
isocyanate group-containing radicals that also contain
iminooxadiazine dione groups; or X of Formula I represents

isocyanate group-containing radicals that also contain
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first aliphatic urethane acrylate as discussed above

in an anount of about 3% to about 20% by wei ght, a
waeewonds7al | phati c urethane acryl ate as di scusskCI/HR2E065301

in an anount of about 3% to about 20% by wei ght, a

reactive diluent conmponent in an anmount of about 5%to

about 30% by wei ght wherein t reactive dil uent

conmponent includes one or nore nultifunctiona

acryl ates, one or nore phot0|n|t|ators .g. selected

F§8ﬁﬁ?ﬁ8§éted8ﬁPPP|edoﬁeﬁepﬁ FardVdAe oFeﬁﬁﬁéePFéht

%%%%&%hé%%sgr%u%—c%%%%%h%%gf&%@hEBQ%eth%%n%Hfbe@ontaln
herein. More preferred conpositions of this enbodi ment

MQeﬁdepnengm@@@sanoanﬁl@iua@ﬁWUéﬁdIarEp@wsa@dﬁtﬂ@@cyanate
8,9y, dentitied hereln Lncentain form, inthe,

gr gratlon of "thé st allphaﬁlc ure hane’acryla?

§r@hpEor@mla bfr@@ﬁ@@a@ts irepeyarate gLsodRsnake q&b@p—

preferred forms, X of Formula | represents isocyanate

&P@Gﬁlééﬁﬂaﬁﬁ@ﬁﬁaﬁédF@&Fsa@ﬁ&tC§P§§l@oﬁ@épﬁhanate groups;

oql&og%a@bQ%hﬂ% Q'Qgﬁrg SQURS, 1@k c§a9 t%oﬁquﬁ %ontaﬁnlng

represents isocyanate group-containing radicals
alkslo cedst ahnits edypanurat-e igr bupse togrXues /Formil @fl Formula
represents |300éanate gr aup- contakghggnagglcals th%%at

al $EPEGREAR drefdPBR& gPoups, “6F argerts

BERLESONLS iinS B&KANALE ngl QUPRveeNRLNIRY I adi eakset hat
al so contain, urethane groups; or X of Fornula |
ﬁ@ﬁpéé@ﬁp§svsé@?aﬁ&ﬁétg@é&ﬁ NL& HRGhPAG ealry lefkar and

%h%os%%%%@'%1%5&%%@%”%&%t% %%p%brylate, may also have any

of the other characterizing features as disclosed herein.

Coating compositions of the invention can be applied
to a selected article by various conventional coating
methods such as conventional spray, HVLP spray, air
assisted/airless spray, rotary atomization, flowcoat,
curtain coat or rollcoat. Further, the coating
compositions can be applied directly to the substrate or
over a previously-cured or uncured coating. The desired
film thickness of the cured film formed with coating
compositions of the invention is about 3 microns to about
40 microns with the most preferred dry film thickness

being about 5 microns to about 20 microns.

Once applied, the coating composition can be cured by
irradiation with ultraviolet energy as is known to those
skilled in the art. In this regard, the irradiation is
continued until curing is complete, with preferred
exposure times typically being less than 300 seconds and
more preferably about 20 to about 100 seconds. Curing

temperatures can range from room temperature to the heat
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or X of Formula |I represents isocyanate
group-containing radicals that al so contain biuret

wQ@e@aps378sor X of Fornula | represents i socyanak@I/US2008/065301

group-contai ning radi cals that al so contain oxadi azi ne
trione groups. In these enbodjpents, the first

al i phatic urethane acrylate, and the second ali phatic
uret hane acrylate, may al so have any of the other
characterizing features as disclosed herein. Coating

EdrpESirans SBPSLRE Uy Ot IF8F EXRSHE 34l "8d 1o CHT1NY

%ﬁ%%%h%@sa%EbCE%pQ$aY§?'%%%w%%%v%%Banéla%@aﬁ@ngnches from
nmet hods such as conventional spray, HVLP spray, air

assi Fledbairckesshéprang potranyrarowitz abicon, 100owddam’ of

curtaln coat or rollcoat. Further, the coating
1nten ty

conp05| Fons can be applied directly to the substrate

or over a previously-cured or uncured coating. The

desired filmthickness of the cured filmformed with

coati Ag @éﬁ6§§9948ﬁsléﬂhﬁhéouﬁQ@nP@HﬁnﬁsaaW§U€l§ngth range

g&c%%%%e%ﬂ about 4@0”5%%%%%E@r%hah@e4@@ShaH %%%% %dlg

I mthickness bei ng about m crons to about 2
pweﬁ@msedCﬁoe apphmgdthEheopaaamng éorposiebilen leghtbe

db di th | et
SRRy thrsandy Blsdabi oy BeToR, ARTLE Bl apg, sun

1ahad, atEoN 1lasipeontihrved Rt ikknewr brg NSngenphkebemercury
with preferred exposure tines typically beln% | ess
VRRRr300M®Scondergngreferred examples of suitable light

sources include electrode type arc lamps or electrodeless
type microwave lamps equipped with mercury vapor type or
metal halide type bulbs that provide strong UV energy

output in the aforementioned range.

The most preferred irradiation is achieved through a
series of medium to high pressure mercury lamps having an
intensity of about 100 W/in to about 600 W/in and
provides about 1500 to about 15000 mJ/cm’ of UV energy in
about 20 to about 75 seconds of exposure when measured
with a suitable compact radiometer. More preferred energy
outputs are about 3000 to about 8000 mJ/cm’. It should be
noted that intensity and energy measurement equipment vary
depending on the bandwidths that they measure. When the
aforementioned preferred coating compositions are
processed under these described irradiation conditions,
the final coatings provide a unique blend of properties
that adequately protect the molded plastic article from
environmental and chemical degradation under severe

exposure conditions.
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nore preferably about 2 0 to about 100 seconds. Curing
tenperatures can range fromroomtenperature to the

wheavdissorti on tenperature of the substrate, MiI/U82008/065301

curing distances are typically between about 2 and 18
inches fromthe WV source achjeving a m ni num of about
100 MW cm 2 of intensity. An traviolet light source
havi ng a wavel ength range of between about 180

nanoneters and 450 nanoneters is preferred for curln%
the t oPcGat FeACCEPPABIENtGhC ts Slifc éd VERAL O8mi £OaTtIN

%b%b%%h%ﬁ%ﬁse%%r%ﬁsb@%%%@ﬁh@%@ﬁhggEe suRd aPSorkER coated
anps carbon or xenon arc anps and nmercury vapor

kapslehbeepprefedved @ﬂaﬁﬁﬁe@laﬁtgglﬁaﬁu@lel@Mph as one

alérces ll’lrlc;lolide elb%cl’:ltart%d%rt é%% es er np%re rre
Er&Ct I'odel 885, ty'pe "M crowave I s eqU|ppe5 £h
BRbOUI heviaRO b rbypelcooiitdl phalsitde typechyl badt hat
provi de _strong UV ener out put in the aforenentioned
Parige CUTRE ﬁ@§@spﬂ@ﬁé@%edCl@ﬁédpéﬁﬁéﬁclée§§ﬁ§e§@§h as

%Q%Q%Q% 336688 19GnTRALUTELe A, 9l | %re%%g%ewqg%cury

|'anps having an intensity of about I00 Win to about
@@@ymhmboaadeproﬁmdeblabmagarﬁoownahab@ﬁerkﬁoeotwﬂﬁummres

of ener i.n about bout 75 s nds . of
Iy abE e MReR migs red eafen el Bth e eifeanpenitie
radienet er ghMakhe a%&%err@@n@nqngﬁsouua@%$r@&qv@b@@ta

3000 to about 8000 mi/cm 2. It should be noted that
| WEeR®ICty lafd tener gy SReastr ehert E§6i pRERt lnglydes a

significant upper component 12 that occurs in a non-
vertical orientation (e.g. including at least about 10% of
the total external surface area of the lens) and is
designed into the hoodline of the vehicle 13, and thus is
more directly exposed to incident radiation from sunlight.
Such wrapped lenses have become common in current
vehicles, and present challenges for coatings designed to
provide UV protection to prevent yellowing due to sun
exposure. In preferred inventive embodiments, the
exterior surface 14 of the lens 11, including the exterior
surface of the upper component 12, is topcoated with a UV-
cured, clear coating composition of the invention.
Additional embodiments of the present invention thus
provide such coated forward vehicle lighting lenses as
well as vehicles including them.

For the purpose of promoting a further understanding
of the invention and certain embodiments thereof, the
following Examples are provided. It will be understood
that these Examples are illustrative, and not limiting, in

nature.
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dependi ng on the bandw dths that they neasure. \Wen
the af orenenti oned preferred coating conpositions are

w@e@oaswed under these described irradiati on PCT/US2008/065301

conditions, the final coatings provide a uni que bl end

of properties that adequately, protect the nol ded

plastic article fron1enV|ronﬁ%htal and chem ca
degradati on under severe exposure conditions.In

certain enbodi ments of the invention, coating

conposi tions as described hérdiHdrel used to form a

coat ed art@%b@arg%@%ﬁ'@E'MVaCEQQEQQ Bh@%ﬁ'@oﬁ%&b%k%ons
such as one nade with pol ycarbonate or polyes

Preferred enbodi nents provide coated plastic |enses,

and i g partieular forms coated. ghear plastilenses
such as veni"ere “f'orwar § Ilgh i ng Ienses e. g made d
winblrnpekyean boeat o E@rhhbSUWe@aE@leI&Esﬁ@fbﬂ%ﬁ@e to
Figures 1 and 2_, shown is one enbodi nent of a coated
@@Wp@ﬁétﬂépwép§lpﬁdﬁﬂl RFOFERS. Clense1firsti PRGsBR&PT e
9 e%haW%a%E%Qllkgh e%gnsl%gsdb%cwqb%@ %Q%elﬁﬁ%ove, along
i ncludes a S|gn|f|cant upper conmponent 12 that occurs

wn th modverttuincdl oorilentatilenete. ghoitndhnadiiag oats, Iéasht

3 t 10960f t he t%tal.ﬁét naI surﬁace area of th %
PERS) 1aRG Ps dbsPdhed i t R&hGod e 8P ERE 'vehClfe O T
k3reandetrhus ol s ei@ize a@l ﬁé%Ur)ib@kﬂP@%@@et @anngkdentluded in

radi ation frqn1sunll% Such wr apped | enses have
BEE€oFETPOFHHA 0N tOU R éﬁg its flow properties.

TABLE 1
Weight Percent
Component: (exclusive of
solvent)
First Urethane
10 -40%
Acrylate Resin
Second Urethane
20 - 50%
Acrylate Resin
Multifunctional
Acrylate #1 5 - 55%
(functionality = 2)
Multifunctional
Acrylate #2 5 - 55%
(functionality = 3)
Photoinitiator #1 0.25 - 2.5%
Photoinitiator #2 4 - 9%
Photoinitiator #3 0.5 - 4%
Hindered Amine Light
0.5 - 4.56%
Stabilizer
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vehi cl es, and present chall enges for coatings designed
to provide UV protection to prevent yellow ng due to

waewagkpesure. In preferred i nventive enbodi nePCEUS1008065301

exterior surface 14 of the lens 11, including the
exterior surface of the upper,conponent 12, is
topcoated with a Uvcured, cl e&r coati ng conposition of
the invention. Additional enbodi nents of the present
i nvent ion—thus pL avide ciich cn rd vohicle

l'i ghti hgdnenses aas naelabsasoeeh) cl es i ngl udipg them
For the purpose of pronoting a| further understandi ng
of thelinventj.on. tai n enbodi ngn t hergof, the
foll ow ng Ex&%%?éggg?%ggrovided. Itn§i% be§U§8erstocd
t hat trese Exanptes are THtustyatitve, and 1ot
limting, infhatubediBXMRPLE 1| Preparbatl on Sof’ UV
Cur abl & BLend (‘nrrlnnci tions The conmpaonents listed in
Table 1 are conbi ned usi ng known techniques to forma
WV curabl e resin blend conposition including amounts
of the first and second urethane acrylate resins as
descri bed herei nabove, along with nultifunctiona
acryl ates, photoinitiators, light stabilizers, an
antioxidant and a flow i npr . or nore inert

solvents as dggckibed above eanabeci AekHdedohBokheions
conposition to alter its flow properties.

The components listed in Table 2 are combined using
known techniques to form a UV curable resin blend
composition including amounts of the first and second
urethane acrylate resins as described hereinabove, along
with multifunctional acrylates, photoinitiators, light
stabilizers, an antioxidant and a flow improver. One or
more inert solvents as described above can be included in

the composition to alter its flow properties.

TARLE 2
Weight Percent
Component: (exclusive of
solvent)
First Urethane
10 -40%
Acrylate Resin
Second Urethane
20 -50%
Acrylate Resin
Organic-Inorganic
5 - 35%
Hybrid Acrylate
Multifunctional
5 - 55%
Acrylate #1
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TABLE 1EXAMPLE 2 Preparation of UV Curable Blend
Conpositions The conponents listed in Table 2 are

W@ o0vBi145881 usi ng known techniques to forma UV BUF/EREI088/065301

resin blend conposition including anounts of the first
and second urethane acryl ate #esins as descri bed
her ei nabove, along with mul ti4unct i onal acryl at es,
photoinitiators, light stabilizers, an antioxi dant and
a fl owd laaal alVZ=Y4 One or mpre jinert sgolvents as
descri bed (hBovelean! beyincfuded in the conposition t
alter (ts flow properties. TABLE 2(functionality = 2
4

Mul tifunctionatiAcriytatea#2 5  55% (functionality
) Photginitiator #1 0 , 25 - 2.5% Photoinitiator #2
13% Hi hder ed A2 ERght 0.5 -| 4. 5% St abi'l P2er

Benzot | i azine-APSQL PeF, 2--315% Anti oxi dant 0 .25 -
1 - 5 0%

2.0% Flow Additive O. EXANVPLE 3
Photoinitiator #1 0.25 - 2.5%
Photoinitiator #2 4 - 13%

Hindered Amine Light
0.5 - 4.5%
Stabilizer
Benzotriazine Absorber 2 — 15%
Antioxidant 0.25 = 2.0%
Flow Additive 0.1 - 5.0%
EXAMPLE 3

Preparation of Coated Plastic Article by Flowcoat Method

A formulation of Example 1 or 2 is prepared also
containing one or more inert solvents to achieve a
specific gravity that will result in desirable film
thickness range upon cure. The preferred specific gravity
is in the range of less than about 0.975. Coating is
applied to an injection molded polycarbonate lens mounted
on a fixture by a flowcoat method in which coating is
applied only to the top and side surfaces of the lens.
The wet coated lens is subjected to a short ambient flash
followed by a convection heated air flash to evaporate
solvent. The wet coated lens is then exposed to

irradiation with a 240 W/cm standard mercury lamp at
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Preparati on of Coated Plastic Article by Fl owoat
Met hod A fornul ation of Exanple 1 or 2 is prepared

W@E®O/1¢08t ai ni ng one or nore inert solvents toPEHBEIE065301

a specific gravity that will result in desirable film
t hi ckness range upon cure. ng preferred specific
gravity is in the range of 5 than about 0.975.
Coating is applied to an injection nol ded

pol ycarbonate | ens nounted on a fixture by a flowoat
ﬁfélttﬁél&ltﬁ( R GROEGarPhg ¢ Céi‘ppﬂrPeﬂanF?SFitFﬁ% top® angated

sirde csur faces jotobhe nbens.y 'Eﬁﬁmw%tm%‘k%'é%% | %n%b'o%t g8 - 12
subjected to a short ambient flash followed by a

gonveeisi.on heated air flash to evaporate solvent. The
wet coated lens is then exposed to irradiation with a
240 Wcm standard nercury |lanp atintensity of about
450 MNcm 2 in air resulting in a coated article with
a coating dry filmthickness of about 8 - 12 mcrons
EXAMPLE 4 Preparation of Coated Plastic Article by
Spray Method A fornul atiopxafipExapple 1 or 2, also

Conwgggggtggg ?gegB%gﬁ!;”%ﬁ sﬁ%vﬁpﬁclgsbgp%kﬁg M8thod

an injectron no carbonate 1 ens

met hod using a conventional spray gun nounted on a

robot A Aocpmogranwed oSpEaympatt er nri $,usedot eoachiiedeg one
consi stent coverage of the coating and cured dry film
Pﬁl@@ﬁ@sénﬁﬁttﬁ@lﬁﬁﬁééloFSSaPBliﬁ%wF@réﬁsaneCtlon molded

polycarbonate lens by a spray method using a conventional
spray gun mounted on a robot. A programmed spray pattern
is used to achieve consistent coverage of the coating and
cured dry film thickness in the range of 8 to 12 microns.
The wet coated lens is subjected to heated convection air
to evaporate solvent prior to an irradiation with a 240
W/cm standard mercury lamp at intensity of about 450 mi / cm?

in air.

The uses of the terms "a" and "an" and "the" and
similar references in the context of describing the
invention (especially in the context of the following
claims) are to be construed to cover both the singular and
the plural, unless otherwise indicated herein or clearly
contradicted by context. Recitation of ranges of values
herein are merely intended to serve as a shorthand method
of referring individually to each separate value falling
within the range, unless otherwise indicated herein, and
each separate value is incorporated into the specification
as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly

contradicted by context. The use of any and all examples,
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The wet coated lens is subjected to heated convection
air to evaporate solvent prior to an irradiation with

w@2@4043rm st andard nmercury | anp at i ntensityPCF/US1908065301

450 MNcm 2 in air. The uses of the terns "a" and "an"
and "the" and simlar refere s in the context of
descri bing the invention (esgggially in the context of
the following clainms) are to be construed to cover
both the singular and the plural, unless otherw se

Oﬁdﬁéﬁﬁ@&aﬁéréﬁﬁg8@g€|éﬁrﬁy'coﬁPFQd@é 'ddPBY VdGReRerein,
R%Chh%%h@%dO%e&%ﬁ%e%ooEe%%%%e§lﬁ%%%h%t%r%h@eﬁ%bﬁntlon and
intended to serve as a shorthand nethod of referring
ﬁ@@ﬁvm@mapbyet@ éagh tegpanave vakuechbakl iodg thiet hinvenlye on
ge,, unless oLhenwse f ndigated herei n, apd each
separate varue “i's i"Acorpor a &d “'nto “the speC|f|cat|on

apeichi fiitawene ishdividdbal kynsechied akerneidicadlingmehioeasn-
descri bed _herein can be perfornmed in any suitable
GrdérednFesgcatherwess chidifdat-ed ther BT CoHr C6t Rér Whse
clearky ¢ontradicted by context. The use of any and

al | exanpl es, or exenplary | anguage (e.g., "such as")
provided herein, is intended nerely to better

illu a e i.nventi.on and does n pose . a
it SPEOR SRS e veRte ol 2 Bn ERER, At BR G nPes gne
athkerwbse chaideed.i1Nanl anguage winqgshenspeeirkipeahigon

shoul d be construed as i ndicating any noncl ai ned
ererErPtaones§66t iSalet a5t ke pracrreédereches illustrative

and not restrictive in character, it being understood that
only the preferred embodiment has been shown and described
and that all changes and modifications that come within
the spirit of the invention are desired to be protected.
In addition, all publications cited herein are hereby

incorporated by reference in their entirety.
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invention . While the invention has been illustrated
and described in detail in the draw ngs and foregoing

wele®ensysi on, the sane is to be consi dered as PCT/US2008/065301

illustrative and not restrictive in character, it
bei ng understood that only t preferred enbodi nent
has been shown and descri bed d that all changes and
nodi fications that come within the spirit of the
|a ention are desired to be protected. In addition,
Plﬂﬁbllcatlons cited herein are hereby |ncorporated
by reference in their entirety.Cd ains Wat is clained
is: 1 . A UV curable coating conposition, conprising:
ahiitr st alliephetd ¢ sur et hane acryl ate resin formed by
the reaction of an aliphatic polyi socyanate conponent
cont ai ni ng i m nooxadi azi ne di one, isocyanurate,
ur et di one, vur etthanee abhkephanabvepobiitkiet ,orcexadisazigne
trlone groups, with an al cohol conponent containing at

| eadstt bhE" mohbbast €S %@W FEREL? ghareF i mesdippd Dy the
branehed glokyl, estieh0h cTpih y(l%wah%)cea@o%poﬁg%by .

second al i phatic urethane acrylate resin forne
p@aaau@nngflalmabkﬁﬁuaaum@ndhoaenyhab@ywmmhaaﬂ, uretdlone,

@g%%gﬁhhgcég ggpgggig épge% po'%xad1a21ne %rlone groups,
with an alcohol component containing at least one
monobasic, hydroxyl-functional linear or branched alkyl
ester of meth(acrylic) acid; and

a second aliphatic urethane acrylate resin formed by the
reaction of a multifunctional acrylate with an aliphatic
urethane based on a polymer of alkyl carbomonocycle

diisocyanate.

2. The composition of claim 1, also comprising one or

more inert solvents.

3. The composition of claim 2, wherein, exclusive of
the inert solvent(s), the composition is comprised about
10% to about 40% by weight of a first aliphatic urethane

acrylate resin.

4, The composition of claim 3, wherein, exclusive of
the inert solvent(s), the composition is comprised about
20% to about 50% by weight of the second aliphatic

urethane acrylate resin.

5. The composition of claim 4, wherein the first

urethane acrylate resin has a molecular weight of about
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2 . The conposition of claim1l , also conprising one
or nore inert solvents. 3 . The conposition of claim?2

WQ 200ba4¥8n, exclusive of the inert solvent (s)PCT/Hg82008/065301

conposition is conprised about 10%to about 40% by

wei ght of a first aliphatic q{;thane acrylate resin. 4
The conposition of claim3 wher ei n, excl usi ve of

the inert solvent (s), the conposition i's conprised

about 20% to about 50% ht of the secon

§pppﬁgt@@ogﬁe@ﬁgﬁeagérﬁpgtéepggdnurgthaﬁﬁea@gﬁﬁggetP&ﬁ a

% 16k %'1%114 we l%%r Birn sbhe cf St Wr ebhane saenyl ate resin
has a nol ecul ar wei ght of about800 to about 2500 and

t he second urethane acryl ate has a nol ecul ar wei ght of
abogt 50Q,to about ;2000. The Gonp; S|t|ont%f cl.aim

he™ com 100 of, claih rein irst
4 Wwher ein ﬁepplrst ur et hane acryla & Cont a ns ~about

&rb@h@h@ubc&yﬂ@kﬁWEbht@Bh% abpyl-ate tgr awps tper
nol.ecule. 7_. The conposition of claim6_, wherein the
POLYAG THFEPREnECaAY It §TOUREAPRS ARIGCY4 0 about 7
pol yneri zabl e acryl ate groups per nolecule. 8 . The
conposition of any preceding claim al so conprising
one’ or nhe m@h@bBGNQDMOQiIcé@ﬁmlétewhhaeﬁngt@e second

IReEBarE ik DR Ne At Td 20T sRNE 0 - T

polymerizable acrylate groups per molecule.

8. The composition of any preceding claim, also
comprising one or more multifunctional acrylates having a

molecular weight between about 170 and 1000.

9. The composition of claim 8, wherein said one or
more multifunctional acrylates includes at least two

multifunctional acrylates.

10. The composition of any preceding claim, wherein
the composition also includes at least one photoinitiator

and at least one UV sensitizer.

11. The composition of claim 10 wherein the at least
one photoinititator includes one or more members selected
from the group consisting of diphenylphosiphine oxides,
phevylglyoxylates, a-hydoxyketones and difunctional o-
hydoxvyketones.

12. The composition of claim 10 further comprising a

hindered amine light stabilizer and a UV absorber.
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nore nul tifunctional acrylates includes at |east two
mul tifunctional acrylates. 10. The conposition of any

wW@e@eadi7ay cl aim wherein the conposition al soPCTUB2008665301

at | east one photoinitiator and at |east one W
sensitizer. 11. The conpositi of claim 10 wherein
the at | east one photoinitit r includes one or nore
menbers selected fromthe group consisting of

dlphenylph03| hi ne oxj des, pheyl| g yoxylates
hirdoxy KEtDried ekt dt $uriet | HyRfoXSKet besTV

%%so¥%%r09@p%3b%h%%t%ﬁa%b@b”b%o f%%h@%&r%%&ﬁ%bs'ng a
hi ndered am ne light stabilizer and a UV absorber. 13.

The conposition of claim 12 wherein the UV absorber is

a bfgzotrfazole or_a benzo r|§21ne 14.. The
O%ﬁOSltﬁP? "further comprising an
Cor‘r'pOSI ti1on O? alm ur her conpri st ng an

organiie~inerganic hybrid materiiall.. 15. The conposition
of any of clains 1-14, wherein said polyisocyanate
conponent contains i m nooxadi azi ne di one groups. 16.

The; £oMpogid | 008 s Ao 0F o £1 8k T80 A-Afh s MOef e S brein

pol yi socyanat e conponent contal ns isocyanurate groups
sal?. pPAgiconpesitieor oo oary totoclitaims Lmidoorheieiznne
sai d poE%lsocyanate conponent contai ns uretdione

grotp

16. The composition of any of claims 1-14, wherein
said polyisocyanate component contains isocyanurate

groups.

17. The composition of any of claims 1-14, wherein

said polyisocyanate component contains uretdione groups.

18. The composition of any of claims 1-14, wherein

said polyisocyanate component contains urethane groups.

19. The composition of any of claims 1-14, wherein

said polyisocyanate component contains allophanate groups.

20. The composition of any of claims 1-14, wherein

said polyisocyanate component contains biuret groups

21. The composition of any of claims 1-14, wherein
said polyisocyanate component contains oxadiazine trione

groups.

22. A product, comprising:

a molded plastic article; and



18. The conposition of any of clainms 1-14, wherein

sai d pol yi socyanat e conponent contai ns urethane
wWQ@e@ap4$3781L9. The conposition of any of cl ai ns BETUS2008/065301

wherei n sai d pol yi socyanate conponent contains

al | ophanat e groups 20. The coyposition of any of

clains 1-14, wherein said pol¥yl socyanate conponent

contains biuret groups 21. The conposition of any of

clainms 1-14, wherein said polyi socyanate conponent

cont a?%e%x%%%%fil%ef?lfm%‘?newjg‘f%tﬁasc MBHOS LIAL ot otfefctrding o

conpky shng:1 2 @l degly pl astic article; anda cured
coating formed with a conposition according to any of

clainms 1-20. 23. The product of claim15, wherein the

nol d astic articl i a c] ear polycarbonate | ens.
T Ene R A T, 42 B oL &2 ROl YT DRI A PLAE b 125t

vehiet ecTorvarg ¢ightipgl yensoodbte APiocess for
formng a coated article, conprising: coating the
article with a coating conposition of any of clains

1-20;  anghouting,the,£0aiing £oMmasiilon. (26.1dhe is 4

process of clalm 25, wherein said curing conprises
expostiingl ¢ heo ceat d ngi ¢lonposi teom. to ul travi ol et
radi ation.
25. A process for forming a coated article, comprising:
coating the article with a coating composition of any

of claims 1-20; and

curing the coating composition.

26. The process of claim 25, wherein said curing
comprises exposing the coating composition to

ultraviolet radiation.

27. A UV curable coating composition, comprising:

a first aliphatic urethane acrylate resin formed by
the reaction of an aliphatic polyisocyanate component
containing iminooxadiazine dione, isocyanurate,
uretdione, urethane, allophanate, biuret or oxadiazine
trione groups, with an alcohol component containing at
least one monobasic, hydroxyl-functional linear or
branched alkyl ester of meth(acrylic) acid; and

a second aliphatic urethane acrylate resin

encompassed by the formula II1:



27. A WV curable coating conposition, conprising: a
first aliphatic urethane acrylate resin fornmed by the

w0 2@ot#os1 of an al i phatic pol yi socyanat e conpoP@nis2008/065301
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cont ai ni ng i m nooxadi azi ne di one, isocyanurate,

uretdi one, urethane, allophangte, biuret or oxadiazine
trione groups, with an al coh conponent contai ning at
| east one nonobasi c, hydroxyl-functional |inear or
branched al kyl ester of nmeth (acrylic) acid; and a
second al i phatic urethane acrylate resin enconpassed

by the formula I'l:f;1 Il - QO wherein Al, A2, and A3
are each a group of the fornmula Il 5 wherein Rl, R2,
and R3 of formula Ill, which can be the sanme or

different, are e&h a linear aliphatic group having
from2 to about 12 carbon atoms, or a cycloaliphatic
group having frogh 4 to about 12 carbon atonms . 0 28.
The conposition of claim27, wherein said

pol yi socyanat e cgnponent contallns i m nooxadi azi ne

I
i

i
A%

wherein A', 2%, and A’ are each a group of the formula III:

O
0 K Il H o
i 1 PN I #
»Cﬂ—K—RINEF- -iilmnz—ﬁ-cfmo«»cﬂg—mh—-?
C [ -
NN f=o m
i CH
R3 i
i CHy
?H
O
}
o
}

i
CHz=—{Hywe i = CH=CH,

wherein R?, R2, and R of formula III, which can be the
same or different, are each a linear aliphatic group
having from 2 to about 12 carbon atoms, or a
cycloaliphatic group having from 4 to about 12 carbon

atoms.

28. The composition of claim 27, wherein said
polyisocyanate component contains iminooxadiazine dione

groups.
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groups .29. The conposition of claim27, wherein said
pol yi socyanat e conponent contai ns isocyanurate groups.

wW@09/Tkesconposi ti on of claim 27, wherein sai dPCT/US2008/065301

pol yi socyanat e conponent contai ns uretdi one groups.
31. The conposition of claimZ27, wherein said

pol yi socyanat e conponent contwai ns urethane groups. 32.
The conposition of claim27, wherein said

pol yi socyanat e conponent contai ns all ophanate groups.
33. The conposition of claim 27, wherein said

pol ¥4 socynat EncoaPeNent o £0nt & sy b %@ér&fr@u§§1§4
The conposition of cIa|n127 wherein sa

p@ﬂyu@@@yanaﬁe componentc conttaiins @ﬁ@@WQDMﬁ@tBrQQQQPS-

groups . 35. A product, conprising: a nolded plastic

article; and a cured coating forned with a conposition

accer di nphd ccamyooft Ldmi o 2a34. 236. wides pf oglucd  of

cl ai m 35, wherein the nolded plastic article is a
PédﬂSBSWﬁ8§F60ﬁ§@€0P6ﬁ§ CY7LeTRE PREFGEONSF IELHPH- 36,

wherein the lens is a vehicle forward |ighting | ens.

38. A process for formng a coated article,

co@li siTige coatpagithen avficleaimi2'h, avlcoatimgsaid
qp03|t|on %f an%pclalns 28-34

and
yisocyana onent contalns Urethane groups.

32. The composition of claim 27, wherein said

polyisocyanate component contains allophanate groups.

33. The composition of claim 27, wherein said

polyisocyanate component contains biuret groups

34. The composition of claim 27, wherein said
polyisocyanate component contains oxadiazine trione

groups.

35. A product, comprising:
a molded plastic article; and
a cured coating formed with a composition according to

any of claims 27-34.

36. The product of claim 35, wherein the molded plastic

article is a clear polycarbonate lens.

37. The product of claim 36, wherein the lens is a

vehicle forward lighting lens.

38. A process for forming a coated article, comprising:



curing the coating conposition.

WO 2009/145781 PCT/US2008/065301
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coating the article with a coating composition of any
of claims 28-34 and

curing the coating composition.



