W2009/ 145781MLUS20081065301 UV Cur abl e Coati ng Conpositions Containi ng
Al i phatic Urethane Acryl ate Resi ns BACKGROUND 5 The present
invention relates generally to form ng polynmeric coatings on substrates,

and in certgpl,RAPOgi ments La coating conpositions, coaj loelsgs, and
met hods for thg?r broduction, that involve the use of a1l w%@%@%ﬁof

sel ected types of resins. As further background, plastic substrates
such as but not limted to polycarbonate! acrylic and pol yester often are
used in a variety of applications as replacenents for 15 nore traditional
material s such as glass. Plastics can offer excellent properties such as

i npact resistance and oM GMrebae Ceaking FoRpPAshiMdght reducti on and
abundant desi gn Gdrekabnliing/.ADephiattd ¢ Hérethane Adepéhittes Réaingl asti c
orfers, they have a mmjor drawback 20 in that they often do not provide the
desired degree of chem cal, scratch, nmar and abrasion resistance, W

resi stance and/ or exterior durabilit%ﬂcﬁqgop§Dknomn t hat both conventi onal
thermal cused and 25 ultraviolet (UV) cured coatings for exterior

applications exhibiting scratch and abrasi on resi stance have offered
adequat e protecti GReaRBEC PR oriEEice °8f TEhas®s VTGRS 1yl &St FerBiist r at es

when direct @xosdiecanghesndy Hlabkenstadse diditederktihs al so known that
UV cured 30 coatings are often the preferred coating of choice because they

of fer disti nGiPRAVARE&YESC st &Y CRPPBYEH! ¥ e¥alieres rana! Pedul work in
process over emnwendt kgpathyi CWe @t 8hNathy¥€Sinvolve the use of a

10 Dblend of selected types of resins.

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

15 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

20 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

25 wultraviolet (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

30 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.



WO 2009/ 145781PCT/ 1152008/ 06530 2 Despite the nmany advant ages of
current exterior coatings - and nore specifically of WV curable coatings -
they still do not neet the all expectations and often lack 5 desirable

properties,ﬁggmﬁagggpations of properties that are verybégéﬁié%%éw}o
ra

achieve wt itronally avail able technol ogy. Traditiona topcoats
for scratch and abrasion resistant applications nost often are conpri sed
primarily of high functionality and highty reactive 10 acryl ates. Although
these characteristics inpart the desired hardness properties, they are
prone to cured resin shrinkage and steric hindrance. The steric hindrance
results in a higher than desired nunber of unreacted acrylate bonds in the

cured pol ymer resiga which gBke, the b ,cured £oating iore susgeptible to
premature UV and environnmental degradation. Additionally, known UV topcoats

upon curing credti@da ri ghd, merd |exibifecedbaring. V'S abatl exéblegoat i ngs
when subj ect add,p ¢0ndi b o5 Ao AXRARSHON OFoLOMIALH RadUFLAD RIQCeSSI N
or field use or 20 en app fed to materials cont ai ni ng hi gh internal
stress resdl tddairiahddenuarer perd omvancebsuehi ass arfackiorgrttorprlom sed
exterior durabidity. op;erher, ’H’oerafcg‘i'ekzgnﬁitﬁh&sadi'%i%%?l?? 9\'7{151' Gyl for a
single coating conp35|t|on to provide the desire Tevel of a |§h surface
har dness, 25 tsshatdharesi Stace,oreiefiVcabrreststiancecrBVchesidt ance and

exterior durapjli.t r Lnen t r nt. | nventjon
addr esses thZQ%%§%¥PO%Qﬁ£5@%ﬁ%gﬁ%ﬂgggﬁgﬁ§§ % %&(%ﬁéﬁbgaﬁtﬁo?ﬁf#ﬁi; scratch
and abr asi on pregiestidncef ofif@r fproperhréstofandrgriondd extetior durability,

WV stability, therml stabjlit nd flexibility especially, for design
2pp! | cat | e ARA Lo ech T P bRt el a1 Yo ot o LBIL: WS
2009/ 145781 PCHsU32008A0653804 erraranrent she Addid iponalkl yp theed urasemt

|nvent!on de%%ﬁL%%%?Eh%n r&&&éﬁ?%ﬂ%%&aggépg %ﬁggﬁxﬂ%%ekhg&§m%§9 the
resul ti ng coated artilcles.
results in a higher than desired number of unreacted

acrylate bonds in the cured polymer resin which make the
15 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
20 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,
25 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
30 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



4 SUMVARY In certain aspects, the invention provides a coating
conposition that includes a unique blend of UV-curable 5 resins. A first
resin of the blend is an aliphatic urethane acrylate forned by the reaction
of an al i phgtyfdRgl-¥] socyanat e conponent contai ni ng inhqqgﬁﬁg%@%g&e di one,
i socyanur at e, urefdlone, ur et hane, ail ophanate, biuret or oxadi azine trione
groups, with an al cohol conponent with a 10 nol ecul ar wei ght of about 100
t o about 2000 and containing at |east on& nonobasic, hydroxyl-functional

| i near or branched al kyl ester ot nmeLh(acrylic) acid. This coating
conposition also includes at | east a second aliphatic urethane acryl ate,
whi ch in certt i @mFedifent 839¢1Hiqre 115, f Broredl Byeritthé PVeaktPon of a

mul tifunctionglsaghylkaigew theaisal isphapienyirathanebased: on.a pelymer of
al kyl carbononocycl e diisocyanate; or (ii) is enconpassed by Formula |

di scl osed hergsdeliow. cPatpd ederird@dsaspects, the first aliphatic urethane
acrylate has a nol ecular 20 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 polynerizable acrylate groups per nolecule. In preferred aspects,

t he nol ecul ar wei ght of the second aliphatic urethane acrylate is in the
range of 25 about 500 to about 2000 g/ Mol. The coating conpositions can

al so contain a solvent that assists in controlled application and
processing of the material. The coating conpositions can al so contain at

| east two and nore preferably three or nore nultifunctional al acrylates
each 30 having nol ecul ar wei ghts between 170 and 1000 and a m ni nrum of two
pol ymer:if/abl e unsaturated groups per nolecule. The coating conpositions
can also include stabilizers such as hindered amine |light stabilizers 5
and/ or WV absorbers of the benzotriazole or benzotriazine famlies, or
derivatives thereof. The coating conpositions can also contain one or nore
organi c-inorganic hybrid nmaterials synthesized through a sal gel 5 process.
In additional enbodinments, the present invention provides coated articles
and coating processes involving ale use or the coating conpositions

descri bed herein. Tn



10 certain fornms, an inventive coated article will have a base plastic

mat eri al having a thickness of about 0.75 to 20 nm and a cured top coating
formed by reaction of a coating conposition as described herein and having
a thicknessyihndohgs5ange of about 3 to about 35 nicron§CTA§ﬂ%g@ﬁ9ﬂred top
coating can provide a high degree of scratch, abrasion, nar and chenica
resi stance along with superior UV resistance, exterior durability and

thermal stability. In certain forns, inventive processes will include the
application of a coating conposition as 20 descri bed herein by spray coat,
fl owmcoat or curtain coat techniques. Addi ti onal enbodi nents of the
present invention-as well as featuresS@fithadvant ages thereof will be
evident 25 fromthe descriptions herein. WD 20091143781PCT/ US2008/ 065301 6
BRI EF DESCRI PTI ON OF THE FI GURES FIG 1 provides a perspective

partial cutaway illhuseratiomsfecasvehhel Bntaviing arevaded 4 oidadriddl i ghting

5 | ens accor difg, 19988 ASPECHhQhdbhe,l BYEAtd Yend of yvFhGad rovides a
side partial cutaway illustration of the vehicle of FIG 1. 10 7 DETAI LED

DESCRI PTI ON  resins.Fop fhespurgsdsestothpriolotd Ag an ahderatindi ng of the
principles of .t %a'n@V?{}%&f e rf%fr‘?n(eé_”ﬁ? %ﬁé I %“E’i@% pRrde, t o JieRrtai n

enbodi nents and speci anguage w e used to describe the sane. it
wi | | nevert hetedss sbeyandes stawedrehat caotdiminaatimgnookad hez ook ook, t he

invention is fék%yégﬁrggé?ﬂﬂﬁﬁxu%H%b gké?ﬂgﬁéf”gil%gangEéhegiuret or

oxadiazine trione groups, with an alcohol component with a

10 molecular weight of about 100 to about 2000 and containing
at least one monobasic, hydroxyl-functional linear or
branched alkyl ester of meth(acrylic) acid. This coating
composition also includes at least a second aliphatic
urethane acrylate, which in certain embodiments (i) is

15 formed by the reaction of a multifunctional acrylate with
an aliphatic urethane based on a polymer of alkyl
carbomonocycle diisocyanate; or (il) 1is encompassed by
Formula II disclosed hereinbelow. In preferred aspects,
the first aliphatic urethane acrylate has a molecular

20 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

25 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

30 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



nodi fications in the illustrated device, and such further 10 applications
of the principles of the invention as described herein being contenpl ated
as woul d nornally occur to one skilled in the art to which the invention
relates. 1. 08h§%k939¢ above, in certain of its aSpeqﬁﬁwgﬁQﬁma% sent
invention rel'ates 10 uni que coating conpositions and to nmethods and coated
articles that enploy or include the coaling conpositions. In preferred
forms, coating conpositions include a novel blend of resins, the blend 20
including first and second acryl ated aliphatic urethane resins. Such
coating conpositions include at least a first urethane acrytale resin which
is fornmed by a¥ aredit pbacvierm ofl itphabpezpot yb xdey anabenconpbreiite
contai ni ng i g nooxadi aglng. di AN&.lSeaYA0YE al ey diretdigge, 25 uret hane,
al | ophanate, biuret ér oxadi azine trione groups wth an~al cohol conponent
cont ai ni ng atcdrgasti tanes nodobalsicc cohydroxyhe fanatdirenalkgeinear or branched
al kyl ester of, MeJnGachyble) ARl o301 0 prelerod dorie, hhefidst urethane
acryl ate resin has a nn%ecu ar ﬁkfght g%tmeeﬁLa out §g§ and" a d%t 2500
g/ Mbl . Moré prefesably, the first acrylated aliphatic urethane has a
nol ecul ar wei ght of about 1000 to about 8 1600 g/ Mdl, with a nol ecul ar
wei ght of about 1400 g/ Mol being the nost preferred in work to date. As
woul d be under st odd, anol ecohalr amdoghtisnfor ipot ywrersienablieveesios gi ven
herei n are nunber. avera nol ecul.ar. wei.ghts_unl ess 5 otherw se specified.
The al cohol QOGNSR LSBT I LA For NALT ORI (RO FEFSt th BURGRE acryl at e
resin can havehea usel eCutlae awighty obmabeutid dezcabbuti R6OOig/ Moln | n
gffti‘b“ vapl ant g.,:the thE St urelhane actyl ate can e Lhe rgagtion product

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.

15 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

20 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

25 from the descriptions herein.



(a) a polyisocyanate conponent containing from20 to 100 nole'1l), based on
the nol es of the polyisocyanate conponent, of i m nooxadi azi ne di one
group-containing pol yi socyanate triners enconpassed by the fornmula I: 15
wher ei n: f formula | are the sane or differ r esent

| i near or br anaﬁ 358% -C2@ (cycto)ai kyl groups, and X |§&tH%%s§g)r6r§%r
different and represents 30 isocyanate groups or isocyanate
group-containing radi cals that al so cont@in ini nooxadi azi ne di one,

i socyanur ate, uretdione, urethane, allophanate, WO

2009/ 145781PCT/ 11S2008/ 065301 9 biuret or oxadi azi ne trione groups, wherein
R, R2 and R3 of fornul a PRaFE BESEEHEd PoC8H AHErbHdMEat om with b) an

al cohol conmponent contai ni ng at | east one 5 nonobasic, hydroxy-functional,
|l i near or branched O -CJ2 alk ester of (neth)acryllc acid. Additional

i nf or mation concefAPng! sMEHV Qﬁlﬂa@ér§§?9FaY%iﬁ%ﬁﬁhﬂi suitegabve for use in
the present invenld-a8;hs e@p%%rﬁc@@ hgd:i St at &% RAULH NRra61 191 481, whi ch

i s hereby incorporated herein
lens according to one aspect of the invention.

FIG. 2 provides a side partial cutaway illustration

of the vehicle of FIG. 1.

10



10 reference in its entirety, including for its disclosure of preparative
nmet hods and final urethane acrylate resin conpounds that can be used in the
present invention. Suitable resins for use as the first aliphatic urethane

acryl ate may,he0qtg ned for exanple from Bayer 15 Nhteﬁ%@ﬁ?§%0@ggp under
the

t he tradenane Desnol ux. In certain enbodi nents, Irst urethane
acrylate has a functionality of about 2 to about 6, nore preferably about 3
to about 5, and nost preferably about 3.% to about 20 4. In addition or
alternatively, the first urethane acrylate can exhibit the capacity for
ultraviolet radiation curing to provide a hard coating, for exanple having
a pencil hardness above 4, e.g.DabbttEU ESCRBBLUIOY. 25The first aliphatic
uret hane acryl ate resin can be provided al one or can be provi ded adm xed
with one or nore reactive diluents, for exanple HDDA (1,6 Hexanedi ol

di acryl ate), TYGDAROft FF%rW@?@gI%&@FO@PEE@?Ia&% ci)ndelape@x\dmg of the

(di propyl onegl el ?é§06¥|@ﬁélmnINPIén§tEéﬁ?&ﬁ%&?kﬂﬁqpﬂBﬁ 830 hagd ay yl ate),
and/ or GPTA (gl ycerolgropoxy triacrylate When adm xed with one or nore

reactive di | wedteint Aebediments jgpklatice clif &¢ hbie ey Wiat ebe egded can
constitute abpul. {00 Qe a@% 9GL. 01t NEy O XA & d %ec%hé!c?t(t?ﬂ&;oc“ ments.

10 In certain enbodi ments, the coating compositions o i nvention
al so |ncIudet@a§e@©n@ln¥éQMHne<éb¢@ha§é®5€r@%lﬁhqnﬂﬂv§ﬁémpnfF@n1the first

ur et hane acrxﬁéﬁgF9e§%€ mi%ﬁ %ﬁﬁQP%lHE?E@ @%ﬁyﬁﬁl%héﬁs'” can be fornpd

by the reaction o tifunctional acry a nol ecul ar wei ght
of about 190Hm@lébgat15©©.andﬂconﬂéMﬁmmgt@@ d@x&ﬂemImméeSpghyﬁ@rﬁzable

unsat ur al ¢ Qroups.pet, 10, mlifoyia), kD, an: i phatg yest bane based on a

pol ymer o car onnnocyc i1socyanate wth al kanepolyo
polyacrylate§68bmlbedt@@naBnﬁndﬂnenbstemhéa5@®onﬁvum@ﬁhanematlylate resin

I's enconpasse%cu¥ % o&grg%gfaéd:inléhe art to which the invention

relates.

15 As disclosed above, in certain of its aspects, the
present invention relates to unigque coating compositions
and to methods and coated articles that employ or include
the coating compositions. 1In preferred forms, coating
compositions include a novel blend of resins, the blend

20 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,

25 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.

30 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



CAl wherein A',, and A" are each a group of the fornmula Ill: ii 0 0110HO
[T1CTIl -CGN--N7 ..""N112-N-CG0-C14, 2-C112-0 Il CcC=0 ONOI ICH a3ll 1CH2

NM
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1600 g/Mol, with a molecular weight of about 1400 g/Mol
being the most preferred in work to date. As would be
understood, molecular weights for polymerizable resins
given herein are number average molecular weights unless
otherwise specified. The alcohol component used in the
formation of the first urethane acrylate resin can have a
molecular weight of about 100 to about 2000 g/Mol. 1In
certain variants, the first urethane acrylate can be the

reaction product of:

(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:

x L]

3 ,ﬂ\ I
N SN

O

R
x

wherein:
Rl, R? and R’ of formula I are the same or
different and represent linear or branched, C4~C:q

(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,



| ¢c=01 00 1 10CH2-4112-0-C = wherein R1, 132, and R3 of fornula I1I
whi ch can be the sane or different, are each a linear aliphatic group 15
having from 2 to about 12 carbon atomnms, or a cycloaliphatic group having

from4 to a@ggggé%rgprbon atons. Rl, R2, and R of forqﬁhﬂgﬁ&%méﬁﬁ each

preferably an a ene group having from2 to about 12 carbon atons.
Compounds of Fornula Il can be prepared, for exanple, as 20 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

met hods and of final conpounds enconpassed by fornula Il above that may he

used in the preseRilirabenti ordiAfiigel6720MAIBINULSS FRAEAES R hak’ |3bkcryl

8301 (CQytec Surfage Speed@htlii=es 2PBYENGcHE oAl 6D ARy P& bsedyl prt he
present invention, Ha blend including a diluent and a hexafuncti onal

acrylate oligoner according to formula Il in a weight ratio of about 48:52,
respectively, withthe dilueni benacid tetivleng bdi ethyl eng. ol ycol

diacryl ate (based on hydroxyethylacrylatc), nostly ethylene glycol
di acryl at e> mgnobasic, Pyéferabfiupctiheasecbhtran erhanerakeyl@t€é€1r esin has a

mol ecul ar wei ght, )i %SEB? Bﬁggfr‘e%&%l}gﬁ 500i 4 0 %%%i%ggﬁ’ %lﬁ@émat e

4
preferably about 8 to a Nﬁl, and nost preferably to date about
800 g/ Mol . | rrwertraiingSseniodiatenns, athel sec o inseshanebheridatuschas a

functional i tyinOftgnl%Sgg%SgHEOirﬁpe%%&o}io TP PT T efably §PQU%T%gpdaft%n%b°“t 8,

and nost prefera ut 6. As disclosed above, certain e ments of the
No. 6,191,181, which is hereby incorporated herein by

10 reference in its entirety, including for its disclosure of
preparative methods and final urethane acrylate resin
compounds that can be used in the present invention.
Suitable resins for use as the first aliphatic urethane
acrylate may be obtained for example from Bayer

15 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

20 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.

25 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

30 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.



10 invention relate to coating conpositions which include a blend of resins
including a first urethane acrylate resin as di scussed above and a second
uret hane acrylate resin as di scussed above. In preferred such enbodi nents,
excl usive o i t solvent present in the conpositi 8ofdsfSt 15
ur et hane ac%?%ggg4$§£in constitutes about. 10%to aboquﬁgg? ymﬁgﬁght of
the conposition. Mire preferably in such enbodi nents, exclusive of any
inert solvent present, the first urethari® acrylate resin nmakes up about 10%
to about 30% of the conposition, even nore preferably about 15 to 20 about
25% As to the second urethane acrylate resin, exclusive of any sol vent
present, it preferably constitutes about 20%to about 50% by wei ght of the
coating conposition, nore preferably about 25 to 35% 25In other
enbodi ments of the invention defined herein, the first urethane acrylate
resin and the secdmdcackylateresingnaee Fnelwtkdd Nion cpieogbat¢tirg Tonposi ti on
in a veight rald 0n.Qhd By, 01 66liake! 3100 ] ARQURAL: 30 pagbout 10:1,
respectively, nore preferably about. 1:5 to 5:1, and 30 nost preferably
about 1:3 fo mbout Bffereént ceramithespecsti ek erdyedicgentstet hesiirst and
second ureth LAt e Lesins wlh.be present. | neasuehghtyyatio. or in a
nol ecul ar ra?ﬂ%f%%F agog% ?: téiéﬁtﬁt 2:%, reébecfivgﬁy. 13 When
i ncl uded i n arddl@ndedoresi mucodtineg icoaposttylorte tikeofi vsthamd second
ur et hane acryl ate resins.can i pegferr ORRASLE ;ons, Wi ch form
UV- cur ed coafﬁ%ﬁ?nggé5w§f§ﬁté%L?%ﬁgﬁeg%geE%fﬁgﬁﬁ?ace hardne%s a§'ﬁ£asured
with steel wool lperstFMWES1O8 ek tiabel e abnesti wr tper gASTN: 8164 4.
Addi tional Ly, preferred.bl ended .coati ngs jncludi t.hese_u e ryl at es
provi de e%gedwi%ﬁlﬁgétﬁér?ﬁa16%6‘%F%fgsuﬁéyﬂ%g%gggfgdSéyamé$¥yaccé%fed
accel erat ed anikylatcarabmdfowweatderiiinsgcyesttastitdds: landephéyoml crack
resi stance. Al so, th of f er_ advant ageou ur i rates_and nateri al
Compat | bi |1 ty:0 S SurF ace. nHf drass ar orael ol Gia oeartag

urethane acrylate resin is encompassed by the formula II:

15

11

Mp—UHY

20 o

wherein A', A”, and A" are each a group of the formula IITI:

25



15 conpositions as disclosed herein can be further inproved wth the
~addition of an acrylated organic-inorganic hybrid material, typically
produced through a sol gel process. The preferred organic-inorganic hybrid
i s conmpromged ofSklica particles in the range of abo%knﬁﬁ?&k gssgpout 100
20 nmthat are spherical, non-porous and anorphous and a uncti onal
acrylate with a nDIecuIar wei ght of about 200 to about 450 and at |east two
pol ynmeri zabl e unsaturated groups per nollécule. The preferred final

nol ecul ar wei ght the organic-inorganic hybrid is between 25 about 500 and
about 3000. Inproved surface hardness properties can be achieved with

addi tions of aboutto about by weight (exclusive of any inert solvent
present) of such acryl ated organlc inorganic hybrid materials. Mere
preferably the coptent of t e acrx% éed 30 organi c-inorgani c hybrid, when

i ncl uded, is aboutf §6 to abput 18: y wei ght, exclusive or any inert

sol vent present. ~Exdnpt'e “of ™ Fﬁ¥$€b+©wéﬁgaﬁ+©Kwﬁbrganlc materials that can
be used in conpositions, ~coati ngs and coat ed £l es of the invention

i nclude Et&rcure 601A-38, “gt-eresre 6015- 35, Etencure 60400- 35, Etercure
6011-1- 35, (Eternal Chenlcél Conmpany, Ltd, Tai w&H) and RX11402 (Cytec
Surface Specialties, Snyrné’ GA) 5 Coat i Iig, conposi tions of the

i nvent | oni can al so includesane or a plurality of frul ti functi onal acryl ates.
The mul tifunctional acrylaﬁg&;) enpl oyed in coating conpositions of the
invention wil] depend uponijthe desired 10 application viscosity,
application nethod and perﬁnrnance pmopertles Typi cal nultifunctional
acryl ates @re of the reactlgf g@lgp gpgghaV|ng a nol ecul ar wei ght of
about. 170 to about 1000 and’ contaln a sdst two pol yneri zabl e unsat ur at ed
groups per nol ecule. Representative 15 nultifunctional acrylates include

di propyl ene glycol diacrylate, triproplyene glycol diacrytate,

1, 6- hexanedi ol diacrylate, pentaerythritol triacrylate, pentaerythritol
tetra acrylahemmbﬁhcybldﬂecameIdinéthannﬁlﬂih@?vmaﬁeh ditirberettgyy/| ol pr opane
tetraacryl ate |penta te nt aacr rimeth IoIpropane
triacrylate, 5&r3etﬂf§%%§?§%o@r§|gégﬁlaﬁgum%hd lg%FFﬁe e'Breferred
coating C@ﬂpOﬁhhmqnfkﬁm|ﬂdB$zﬂM@tSUthﬂh%émfaﬂmmiO©a|aacry|ates each in an
anount of about 5 go ﬁbout 55% b 8h% I n cert pr ferrgd enbodi nent s,
a 25 coating CSMPESIPRON f939ﬂ§| ﬁVéH o4 159 Pﬁ&e bolt %% t 0 about
15% of a firstcosych rul tRf uack inalf acryhbd er v tatret wachopysesiZab} e

unsat ur at ed grougg nol ecul e and about 15@%%$ abﬁgt 25% of a second such
mul ti functi orfdl 2 FgFa?egﬁﬁ%quﬂﬁﬁgg 6P neri S 5% tunéatar it e d® ¢ Gups per

Compounds of Formula II can be prepared, for example, as

20 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

25 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 II in a weight
ratio of about 48:52, respectively, with the diluent being

30 (ethylene-/diethylene glycol diacrylate (based on
hydroxyethylacrylate), mostly ethylene glycol diacrylate.



30 nolecule. 15 the groups of suitable photoinitiators are
di penyl phosphi ne oxi de type photoinitiators such as 2,4, 6- trinethyl benzoyl
di phenyl phosphi ne oxi de and bis-2,4,6- trimethyl benzoyl di phenyl phosphi ne

oxi de; pheny Aate 5 type such as oxy- phenyl - acet ig 1,2, 0x0-2
phenyl - acetogf%g?ﬁ%xy] ethy ester and oxy-phenyl - acetlc]?ﬁFgm%63%

hydr oxy- et hoxy] -et hyl ester; cx-hydroxyketone type such as
1-hydroxy-cyc|ohexyl-phenyl-ketone, 2- hyldr oxy- 1-[ 4- (2- hydr oxyet hoxy)
phenyl] - 2- met hy1- 1- propanone, 2-hydroxy-2- 10 nethyl -1 -pheyl-1-propanone,
and di functional ahydoxyketones. The preferred enbodi nent includes a bl end
of di phenyl phosphifiefex#lley aridicosehyafokykerdife aypad apRorofhitiat ors with a

more preferredhl-end,ofcbiiSe 21’n47t§1e &5@@%%43&%0%30@ Rhepybphosphd ne oxi de

and di functional 15 a-hydroxy-cycl ohexyl - ghen ket one. At | east one
phot pi ni ti at /Mo aided R itr@grverBrreds? brivuladoigns 00A ambeht stslif fi ci eht

to obtain thedesiredeclire respanseaphDe PR & igd forfubations of the 20

invention, a blend of at ast two photoinitiators is included i n amunts
of about 05 25%rdimbous, thss%eppngerghthamheagangdcofashe first preferred

phot oi ni ti at gf, ?%QP?@%"&E‘%%%@E” p¥| Q}S’o&é;% as,J1et 8d.abpye), 1 s about

0.5% to about 2 %1 n certain enbodi nents he range of the 25 second
pref erred photouti ¢l ap orbguan %a- hydr orygk ep orvee tajpey @@On@téd above) is about
4% to about 11315 in certain enbodinents.In certain inventive fornul ati ons,

a further benefit is gained by the addition of a third
As disclosed above, certain embodiments of the

10 invention relate to coating compositions which include a
blend of resins including a first urethane acrylate 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

15 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

20 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%.

25 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

30 most preferably about 1:3 to about 3:1. 1In certain
gspecified 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.



photoi nitiator, for exanple a hydroxyal kyl phenone type 30 photoinitiator,
in the range of about 0.5%to about 4.5% The anounts of photoinitiator(s)
included will vary based upon many factors such as the types of WV cure

equi pnent ‘;Vg%oy/\{ﬁ%llui pment set up, cure rate and dur abli({jilﬁ%%o(g%gghed. 16

Preferred coating conpositions of the invention also inc stabilizing
materials to maxim ze exterior durability and UV resistance. Suitable
stabilizers 5 include hindered am nes and UV absorbers such as
benzotriazol e or benzotriazine derivatives. The anount of stabilizers in
the system vary depending on application paranmeters and desired perfornmance
properties to maxim ze weatherability wi thout sacrificing cure response and

10 surface har dnegfioy | 0 MD0&.PLES of 190, 60PASL ] Qv sthecbhodered,ani ne is
0

in the range of about O. to about 4.5% hydroxypheny enzotriazi'ne (or
ot her suit abltédecdapotnd)disedand hererthnge ofraboirt 2%ine abouprdB%eand an

ant i oxi dant i%e%@r&@ﬁ L sﬁgnﬁgpﬁﬁighzéggﬁFh§ﬂ%ﬁyédzg§%%iéés of

Preferred co:ftl ng conpositions 0O e 1nvention inclu one or nore inert
sol vents. 1nvwidnt ai hiehmbdelmentes, stiliéacenposiidonsisi nekadecd bitgnd of inert

sol vent s. Exas’{%'e%sw%ls;g%} aﬁ%ﬁéfb%r tanéo!a}!xg@} s, aglude 20 gstgr,spjvent s

such as ethyl” acetaté a butyl "acetate; kéetone solvents such as acetone

and net hyl etMaylitketehey, abcofelresiolventisd suedr iagys soplopyhg aticedwl and
it

secondary butu)él %laﬁghg(':r irtkeesarmr%r\l]tid%nd LYpe, of sal ent in the conposi tion

wll vary deper?él ng on app i Fati'on et hod-and 2 eeac?w 6rlrer@lﬂtpf:o abi 15t i es and
preference. Rker qexampfeedily avdlllowcoapted gurdladmtedatndpphicatlon, inert
sol vent s f(poul rplgg:.be excessi %elc% %ﬁgrg sive to t he base _plastic or Lhe

wed in tes me O S cra resistance
waded article. ajf’n certarn 1forr%tis 0 i'nvent on, Ctkhe inért sol vent content

in the coatingsopnposytodfeasadrad@agwholbe canimangeesr amiOfateor S0% by wei ght

wth a pref ercro%%a%QLY?PEypontent of 35%to 65% by weight. 17

The surface hardness of resin blend coating
15 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
20 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
25 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
30 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



Various other additives can also be included in coating conpositions of the
invention to further inprove appearance and/ or performance properties of
the cured coating. Exanples of suitable additives are reactive and 5

non-reactim&oq&bxh%?lor silicone flow slip and mar ang,Jsy8hdshgk:ggent s
that assist I'n substrate wetting and | eveling of the conposition and

phenol i ¢ based anti oxidants that provide thermal and process stability. One
particularly preferred additive is a pollysilixoane 10 sol ution, such as
that commercially avail abl e under the tradenane Ryk 301 (BYK- CHEMIE

Val lingford, CT) In certain preferred enbodinents, a resin blend coating
conposi ti on iartpedgisded thatiimeltioss 1aglidrriitarsugegahie-3ol vent in an

amount of - abqute 10:30% Dy-¥&i ghter & Ll kicatd phatd.c uLethanesacryl ate as
di scussed above in an anmount of about 3% to about 20% by wei ght, a second

al i phati c ur etffaneadcFyeat e@ adadirsewsséddabbieram andahduht 0of (GBeGt 3% to
about 20% by g&?ﬁ&@%,sgeéggﬁ%ﬂ¥g 20, di.Luepi, conponent in an anount of about
t - 14 -

5% to about 30% by wel g erein the reactive diluent conponent includes
one or nore nultifunctional acrytates, one or nore photoinitiators, e.g.

sel ected from those i tifi herei.n, cand. one, o ;mpre_Light stabilizers,
e.g. selected 25 ?réﬁgﬁﬁo§£§§§hﬁﬁﬁo Feg hgr%in.eiéfé prgferréa conposi tions
of this enbodinmemdef aneher 4 nclwde iaw aht vokiidamctandad #fow additive, e.qg.

as.ide”Fifie%&%ﬁ%ﬁﬁ@ifhﬁefﬁ%ﬁ%ﬁ FQR T8 (LD LHe preparaLiop; of the first

al i phatic urethane acryl ate, of Formula | represents | socyanate groups.
In 30 ot her praefesiedohoras,the omveotnuhawlly epresentipon soloy atrstigred

gr oup- cont ai nj radical s. t..als atapn. in adi azj ione _groups;
X of P A R e By ARETEC B Bt el Ar Ao PR B e et "l so
contain 18 imwpganueat e Qywiups,, morl tXfohcFosmall adrylepresent soff sgeyanat e

gr oup- cont ai ni.ng. r.adi gal s Lhal, 2l s cont ai p,uretdione groups: ,0r, X of
Formula | repréesents rsocyanatd group-containing radrcal's at al'so
contain, uretlWdneo about 1000 and contain at least two polymerizable
unsaturated groups per molecule. Representative
15 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
20 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
25 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

30 molecule.

Many photoinitiators and/or sensitizers are suitable

for use in coating compositions of the invention. Among



5 groups; or X of Fornula | represents isocyanate group-containing radicals
that al so contain all ophanate groups; or X of Fornmula | represents
i socyanat e group-containing radicals that also contain biuret groups; or X

of Formul a ts isocyanate group-containing ra 10 al so
contain oxa‘hl ag‘ﬁﬁ ?f:l one groups. In these enbodi nent SchCrﬁJﬁ?o%;/}r&g' M3l | phatic

uret hane acrylate, and the second aliphatic urethane acrylate, may al so
have any of the other characterizing fedtures as disclosed herein.
15Coat i ng conpositions of the Invention can be applied to a sel ected
article by various conventional coating nmethods such as conventional spray,
EVLP spray, adilre agsiusptedf aswltesds esphayoinotaryorast emezati on, fl owcoat,

curtain coat efedhleaty FIEher, (Lbe coating 20.composiiiens oan. be

appl i ed direct substrate or over a previously-cured or Uncured
coating. The Rjesnat@dlbéhmifhlctﬂlmwylpﬁosmuwrceddbl bntlf lor et 4M6H1 coating

conposi tions 9 th S cr rons with
t he nost pref eﬂ;lr e(}%arlggg%%fjwhcekﬁqg%ignﬁﬁ nogﬁa oupgggﬁ%ﬁg )gglfaéc%about 20
mcrons. 5 tyfencecappbi @dy nﬂmlyd@at:engc conpbsi-tlilonxecah beercur-ed by

irradiation wt uItr%ﬁlol £&ner knowntoth f?kélﬂrzed'nthe

. he
art. In this arceegé)r atel oﬁ'rl %n o’’contin ing is

conplete, w tﬂyqxroe:&eetbdxgkpmm/r]e etSItH'E$ @ykmcbajﬁyytebenagtmesssuddamssoo

seconds and npr ref er ab qut_, 20 t out 10 econd . fLurj ng
t enper at ur esrﬁga rané’eci"rioér/r%1 rxc}'om PPER era g?rée ]2 rﬁe%tf &8‘1{]2' stortion
t enperat ure dfydlhﬁ(y&ﬂlbskyat}ﬂjerw‘ll —e methﬂg—mfm@memaré byt calH2y bet ween

about 2 an 18 i.n s fro he UV source VI n ni rum of about 100
MW e of 1P nt'&Hl ﬁy? gLey{nf pr@r?aﬁlotn?av?%$$ "Gt Og&gﬂr ¢e having a
wavel engt h r angexgfkchehaeen Htwqiref8®réan@ﬁmicﬁm$ﬁnandné5ﬂdd§lﬁl’mrtﬂieelrcs IS

preferred forqfi@%%ﬁg?gla(tég canit é}ﬁiﬁ%cegﬂgbl %Jdr%xykeggggetsyt hat em t

ul travi ol et
photoinitiators with a more preferred blend of bis-2,4, 6-

trimethylbenzolydiphenylphosphine oxide and difunctional

15 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

20 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

25 second preferred photoinitiator (an a-hydroxyketone type
as noted above) is 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

30 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.



10 |l anps, LED |l anps, carbon or xenon arc |anps, and mercury vapor | anps.
More preferred exanples of suitable |ight sources include el ectrode type
arc |lanps or el ectrodel ess type m crowave | anps equi pped with nercury vapor
type or net@bzaghhggltype bul bs that provide strong W GYosAsput put in
t he af orenenti oned range. The nost preferred irradiation s achieved
through a series of nediumto high pressure nercury |anps having an
intensity of about 100 TNin to about 606 Wn and 20 provi des about 1500 to
about 15000 nd/cnR of UV energy in about 20 to about 75 seconds of exposure
when neasured wth a suitable conpact radioneter. Mre preferred energy

out puts are about 3000 to about 8000 mJ/cnR. It should be noted that
intensity and energy IPASYI &IRNL, CAULPIBM i HAL ¥ 23 hdePRIdi NG P Ithe
bandw dt hs that they neasure. VWen the aforenentioned preferred coating
conposi ti ons ardudeoetssell vindematthes el dese marddiizer adiatrion conditions,
the final coatj Vi i nd Of..praperti adequatel y
protect the nﬁ%ﬁ%ﬁlgﬁgs%ﬁg[gﬁggiﬁg%gpgﬁiSdﬂgﬁ%¥$%n%%%§3}£%%%3chenicaI

degr adat i oh underdseenécexposumnescondi ¥Y oAzssorb2@s such 4§ certain

embodi ment s %eéz%‘%r'ig\égf‘éi&{’be%%ttir’i‘gz ?gp&éﬂiwa%ﬁgeé@ descrihed,heein are
used to forma coated article, especrally a coated plastic article such as
one nade wit Istpdliycarbonat eclor gyoltpestrery ®Rrrefrerinedod epbbdiaternits provi de
coated plastic len in..particular C | astic | enses
such as vehiéf32§€§§g§dgﬁgé#%Fh%dl %gggfm%&%. ﬁh%%Eﬁg?ﬁ %%ﬁ%?%r %ﬁbte. In
this regard, widtherebéel engcertthdkitgeresiliand Zurshownppsseneenbodi nent of

a coated hi cl 10 forward lighting lLens. Lens S, i str.ative of a
Por oo ol RALMRLLL L ANG0E pEDPer il % chbok Tt LILD IO Ve O
conponent 12 itimateredcansné nisaa imonheertngal ofordbenttabi.6h {e. gooutnel udi ng at

| east about 10 of the total external surface area. of the. and is 15
desi gned intégfhé h&ga?f¥é?%ﬂy %§n68 e %“fé,cghgtgﬁﬁssFékﬁgg% directly
exposed to i ncingentdy ads ati amhd ramgsunt i ghdut Sichownappedl benses dnave

become comon in current. vehicles, and esent, chal_l enges, for tings
desi gned to 5F5€P5édﬁvtp?%fgbf?ﬁnr?Bgﬁrgéé%F) eﬁr &angdﬁgo%%zé‘ﬁﬁzog

exposure. 15n preferred inventive enbodi nents, the exterior surface 14 of

the lens 11, incI%diE% the exterior surface of the upger conmponenL 12, is
topcoated with a OVEETFEY C1%drIc6aFPRT cotposittit6h oFVERE Thventi on.
Addi tionaf enbediumenbse obr tlierepriesent sbnvemtd .on hdsrtain

embodiments, the compositions include a blend of inert
solvents. Examples of suitable inert solvents include

20 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

25 equipment 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. In certain forms of the invention,
the inert solvent content in the coating composition as a

30 whole can range from 0% to 80% by weight with a preferred

solvent content of 35% to 65% by weight.



25 provide such coated forward vehicle lighting I enses as well as vehicles
i ncl udi ng them For the purpose of pronoting a tut-Liner understand
Lng of the invention and certain enbodi ments thereof, the foll ow ng

Exanpl es ar ided. It will be understood 30 that t .es are
iIIustratiJg?Bgﬁékﬂ%t limting, in nature. WO 2009/14§§§?E%§$@E§ 08/ 065301

21 EXAMPLE 1 Preparation of UV Curable Bl end Conpositions The conponents
listed in Table 1 are conbi ned using 5 Kihown techniques to forma W
curable resin blend conmposition including anounts of the first and second
uret hane acrylate resins as described herei nabove, along wth

mul tifunctional a¥ayiatesothsiiorddativasoran dlisghtestapibfe@rs) an

anti oxi dant and a1 0w b IProver. oPNe,or; If ekt $elyeDts:as-described
above can be included i'n the conposition to alter its Flow properties.

TABLE 1 Conpomeseranet gind/Rer eentfofexetestnvaraaftissl ¢énthe cured

coating. Examples of suitable additives are reactive and
5 non-reactive acrylic or silicone flow, slip and mar and
leveling agents that assist in substrate wetting and
leveling of the composition and phenolic based
antioxidants that provide thermal and process stability.
One particularly preferred additive 1s a polysilixoane
10 solution, such as that commercially available under the

tradename Byk 301 (BYK-CHEMIE, Wallingford, CT)

In certain preferred embodiments, a resin blend

coating composition is provided that includes an inert

15 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

20 diluent component in an amount of about 5% to about 30% by
weight wherein the reactive diluent component includes one
or more multifunctibnal acrylates, one or more
photoinitiators, e.g. selected from those identified
herein, and one or more light stabilizers, e.g. selected

25 from those identified herein. More preferred compositions
of this embodiment further include an antioxidant and a
flow additive, e.g. as identified herein. 1In certain
forms, in the preparation of the first aliphatic urethane
acrylate, X of Formula I represents isocyanate groups. In

30 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



First Urethane Acrylate Resin 10 -40% Second Urethane Acrylato Resin 20
-50% Mul tifunctional Acrylate 41 (functionality = 2) 5 -55% Multifunctional
AcryiaLe 42 (functionality - 3)

WO 2009/145781 PCT/US2008/065301
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isocyanurate groups; or X of Formula I represents
isocyanate group-containing radicals that also contain
uretdione groups; or X of Formula I represents isocyanate
group~containing radicals that also contain, urethane

5 groups; or X of Formula I represents isocyanate group-
containing radicals that also contain allophanate groups;
or X of Formula I represents isocyanate group-containing
radicals that also contain biuret groups; or X of Formula
I represents iscocyanate group-containing radicals that

10 also contain oxadiazine trione groups. In these
embodiments, the first aliphatic urethane acrylate, and
the second aliphatic urethane acrylate, may also have any

of the other characterizing features as disclosed herein.

15 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

20 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

25 Dbeing 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

30 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



5 - 55% Photoinitiator 41 0.25 -2.5% Photoinitiator42 Photoi niti at or
0.5 - Hindered Am ne Light Stabilizer 0.5 4.5%

10

15

20

25

30

WO 2009/145781 PCT/US2008/065301
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distortion temperature of the substrate, while curing
distances are typically between about 2 and 18 inches from
the UV source achieving a minimum of about 100 mW/cm® of

intensity.

An ultraviolet light source having a wavelength range
of between about 180 nanometers and 450 nanometers is
preferred for curing the topcoat. Acceptable light
sources that emit ultraviolet energy include sunlight, sun
lamps, LED lamps, carbon or xenon arc lamps, and mercury
vapor lamps. More preferred 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.

43



WO 2009/ 145781PCT/ US2008/ 065301 22 Benzotri azi ne Absorber 2 - 15%
Antioxidant 0.25 -2.0% Flow Additive 0.1 -5.0% EXAMPLE 2 5Preparation of
UV Curabl e Bl end Conpositions The conponents listed in Table 2 are
conbi ned usj nﬁgknown techniques to forma WV curable rePs&r)USl%O%gsm

COITpOSitiOI’lWIO ?906?7ﬁb anounts of the first and second

20

In certain embodiments of the invention, coating
compositions as described herein are used to form a coated
article, especially a ccated plastic article such as one
made with polycarbonate or polyester. Preferred

5 embodiments provide coated plastic lenses, and in
particular forms coated, clear plastic lenses such as
vehicle forward lighting lenses, e.g. made with
polycarbonate. In this regard, with reference to Figures
1 and 2, shown is one embodiment of a coated vehicle

10 forward lighting lens. Lens 11 is illustrative of a
“wrapped lighting” lens in which the lens includes 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 1is

15 designed into the hoodline of the vehicle 13, and thus 1is
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

20 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

[\
W

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. Tt will be understood
30 that these Examples are illustrative, and not limiting, in

nature.



10 urethane acryl ate resins as described herei nabove, along with
mul | i functional acrylates, photoinitiators, light stabilizers, an
anlioxidanmt and a flow i nprover. One or nore inert solvents as described

above can bg included in the conposition to alter its fl(%w rope_rties. 15
TABLE 2 ComP8feR{*“"Mei ght Percent (exclusive of sol vent')* IL—‘IJSE%‘)?O@P% hane
Acryl ate Resin 10 -40% Second Urethane Acrylate Resin 20 -50%

Organi c-Tnorganic Hybrid Acrylate 5 21

EXAMPLE 1

Preparation of UV Curable Blend Compositions

The components listed in Table 1 are combined using
5 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
10 more inert solvents as described above can be included in

the composition to alter 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 - 4.5%
Stabilizer




-35% Mul tifunctional Acrylate #1 5 - 55% WD 2009/ 145781PCT/ 1182008/ 065301
23 (functionality = 2) Mul tifunctional Acrylate 42 (functionality = 3) 5

- 55%

WO 2009/145781 PCT/US2008/063301
22
Benzotriazine Absorber 2 - 15%
Antioxidant 0.25 - 2.0%
Flow Additive 0.1 - 5.0%
EXAMPLE 2
5 Preparation of UV Curable Blend Compositions

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

10 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.

15
TABLE 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




Photoinitiator #1 0.25 -2.5% Photoinitiator #2 4 13% Hi ndered Am ne Li ght
stabilizer 0.5 -4.5=6 Benzotriazine Absorber 2 - 15% Anti oxi dant 0.25 -2.0%

WO 2009/145781 PCT/US2008/065301

23

(functionality = 2)

Multifunctional
Acrylate #2 5 - 55%
(functionality = 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%

5 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

10 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 1is
applied to an injection molded polycarbonate lens mounted
on a fixture by a flowcoat method in which coating is

15 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



Fl ow Additive 0.1 -5.0% 5EXAMPLE 3 Preparation of Coated Plastic Article
by Fl owcoat Met hod A formulation of Exanple 1 or 2 is prepared al so
containing one or nore inert solvents to achieve a 10 specific gravity that
will result in desirable filmthickness range upon cure. The preferred
specific gra0i%1¥¥8 n the range of |ess than about O. 9"%?“%@@??’?&1 is
applied to an injection nolded pol ycarbonate | ens nounted on a fixture by a
fl omcoat nmethod in which coating is 15 agplied only to the Lop and side
surfaces of the lens. The wet coated lens is subjected to a short anbient
flash foll owed by a convection heated air flash to evaporate solvent. The
wet coat ed | engeinsithenf exposed 500 midy cadiiat iadnr wethlai2d0iWa mesttaddar d
mercury |lanmp aL . 2009/ 145781PCT/ US2008/ 065301 24 i nt ensi of out 450
mVcn2 in ai rarlriels?\é\fgt "hgi h %oagtolé]tgeﬁirgr ?ilglfle&vﬁ rleéf“’c8§t F‘ﬁﬁu%?/% fi]laztr)n

t hi ckness of ralbawhs8 - 12 mcrons. 5 EXAMPLE 4

5
EXAMPLE 4
Preparation of Coated Plastic Article by Spray Method
10 A formulation of Example 1 or 2, also containing one

or more inert solvents, is applied to an injection 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
15 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 mW/ cm?
in air.
20
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
25 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
30 each separate value is incorporated into the gpecification
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,



Preparation of Coated Plastic Article by Spray Method 10A formul ati on of
Exanple 1 or 2, also conLaining one or nore inert solvents, is applied to
an injection nolded pol ycarbonate | ens by a spray nmethod using a
conventi ong| ray _gun nounted on a robot. A programe trernis
used to acﬁwgégmﬁ%ﬂgﬁstent coverage of the coating anquéaég%gﬁgﬁéy film
thickness in the range of 8 to 12 mcrons. The wet coated lens is subjected
to heated convection air to evaporate sdbsvent prior to an irradiation with
a 240 Wcm standard mercury lanp at intensity of about 450 mWcnR in air.
20 The uses of the terns "a" and "an" and "the" and siml ar
ref erences i mu leecophtext lofgwascrichiong t hech maeht icgnviespeetiadiny in the
context of the fgllawng,claims), aeecte be gonsirued .t o goyerobath, the
si ngul ar and 25 't he pFura , Unl'éss ot herw se 1 ndicated herein or c early
cont r adi ct ed dnescontertse Recl irattiagn cof onanigessafrevalfuébehenedmiiame nerel y
intended to ﬁghy%sagtge§gonngnqﬂg%;hogoo{agqignggpptkgdividualIy to each
separate val ue faillng W thi n e range, unl $5 ot herw se i ndi cat ed her ei n,
and 30 each segparidtieavabueshsilidder ponateded rdo itrle capéoyfacatnon as if it
wer e individu%jLXIBecﬁtednpereigi éEEaTE%hotﬁad%%ﬁ&L%%d ?e{ﬁén can be
per f or med incéﬁﬁ SUi tabi'e” orter” Ufi'es8 "ot herwi e i ndi"cat'ed herein or
ot herwi se cl eéardeypteontradi cted by context. The use of any and all exanpl es,
25 or exenplary | anguage (e.g., "such as") provided herein, is intended
"nmerely to better illum nate the invention and does not pose a limtation on
t he scope of the inveattioa Unless oot heaswbsen ¢l diumdatNd kanguage in the 5
speci ficatjon should be construed as indicating any non-clainmed el ement as
cbsent i ar 10 o ARG IPaET FReTTr e Thentr B S unA B YREIRGER | on has been
illustrated ardcl@pdessyibed damedatsaicb ba &hes dicaawidngs anthuforegaiang
description, the sanme is to be considered as jllustrative and q%F?
restrictive iAW CcRaractal T ¢ Being © ﬁﬁ@?g?ﬁod”iﬁﬁ?ngnﬁﬁd?ﬁﬁt%?gf ted
enbodi ment has1keencshoune arkh degoriihedt ands tihadn ahbwehangese adtibed
nodi fications that cone within L , o

and that all changes and modifications that come within

15 the spirit of the invention are desired to be protected.
In addition, all publications cited herein are hereby

incorporated by reference in their entirety.



15 the spirit of the invention are desired to be protected. In addition,

all publications cited herein are hereby incorporated by reference in their
entirety. 26 CLAIMS 1. A DV curable coating conposition, conprising:

- afirst aliphatic urethane acrylate resin forned by the reaction of an

al i phati c pol yi socyanate conponent conpri sing i m nooxadi azi ne di one,

i socyanur ate, uretdione, urethane, allfophanate, biuret or oxadiazine trione
groups, with an al cohol conponent congrising at | east one nonobasi c,

hydr oxyl functional |inear or branchéd?d¥fyl ester of neth(acrylic) acid;
and - a second aliphatic urethane acrylate resin fornmed by the
reaction of a nmultifunctional acrylate with an aliphatic urethane based on
a pol ymerl -of* BVk§¥radeh6RBhERY ABWPAET 56T raraf'@ 15919 The conposition
according to clal mitsfusihelatGenEkshdlg: CReyORADF&s imeicknsal vents. 3. The
conposition according to claim2, wherein, exclusive of the inert

sol vent (B¢t h&eROMYSi Cifon2RorfpriPdes+ 109y 4664 Y2 Wei it ™8f Ehe fir st

al i phati ccdipet bang atindcxhaibeshd. didhe, Theocoapasitd orureacandéng to claim
3, wherein, gxclusive f the inert solventgz%%the coqposition conprises 20%

to 50% by WETGRE: of Lt HEPSBEBNdP BT Phatt CXarethblie HchYtadé°rR%in. 5. The

conposi t ivdrthacceoer dialgohol cl abfbdnemher@inpriiBengi r st unetbhanecaeryl ate resin
has an aver age nol e;g/ldar Xm&g%&géti%f ﬁooltoeaZI, 5%9 Dg{rtr(l) S nglg}g second
ur et hane "SEPYFate hay “an*3 ge Mot ecut ar* 'wei’ght “of t 627000 Dal tons.
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 according to claim 1, further

comprising one or more inert solvents.

3. The composition according to claim 2, wherein,
exclusive of the inert solvent (s), the composition
comprises 10% to 40% by weight of the first aliphatic

urethane acrylate resin.

4. The composition according to claim 3, wherein,
exclusive of the inert solvent (s), the composition
comprises 20% to 50% by weight of the second aliphatic

urethane acrylate resin.

5. The composition according to claim 4, wherein the first
urethane acrylate resin has an average molecular weight of
800 to 2,500 Daltons and the second urethane acrylate has

an average molecular weight of 500 to 2,000 Daltons.

oo



27 6. The conposition according to claim4, whereLn the first urethane
acrylate conprises 3 to 5 polynerizable acrylate groups per nolecule. 7.
The conposition according to claimn 6, wherein the second urethane
acrylate conprises 4 to 7 polynerizable acrylate groups per nolecule. 8.
The conposition according to any preceging claim further conprising one or
nmore mul tifunctional acryl ates haying an average nol ecul ar wei ght between
170 and 1,000 Daltons, . 9. The conposition according to claim8, wherein
sai d one or W&%PFFFW&?W&P%&W a(iléa'&mcgrrp?”i]%%esl%tthleezéfs’fwo

mul ti f unctienalneacithates. codd:i sthe 3carposidol 9ne ACLONd ng riyoaaay precedi ng
claim wherein the copposition further conprises at | east one

phot oi ni t #5181 &fd At Cé;Lset one WV sensitizer. 11. The conposition
according to claim 10, wherein the at | east one photoinititator conprises
one or rm?]e it nbers sel.ected from.the gcroouglggnrllsiéti ng of. di Qﬁeenyl phosphi ne
oxi des, pheyl'§ly okt 8- dGXTREY ones and Wi functional” a-hydoxyket ones.
12. The ceosaposl tuosthaceorainygate clbapmidds f artther7 compmiesiingbae hi nder ed

am ne |ight St bilizer and a, sorber. 13. The conposition according to

cl ai m 12, *Wherei*n 7t A" DV Absor ber Conpri ses a benzotriazole or a
benzotriazine. 28 14. The conposition according to claim1,further

conpri si ng an.,Qrgani c-i.nargani rid terj.al . The 1posi tion
accor di nggt on%lr?y 88%8% ln%ogli n%gi{%ag,ng vE S preaédm LT,
wher ei nsafdpdleyi soeyanat egorpenent compr iges Lt maooxadi axinyé adkdne gr oups.

having an average molecular weight between 170 and 1,000

Daltons.

9. The composition according to claim 8, wherein said one
or more multifunctional acrylates comprises at least two

multifunctional acrylates.

10. The composition according to any preceding claim,
wherein the composition further comprises at least one

photoinitiator and at least one UV sensitizer.

11. The composition according to claim 10, wherein the at
least one photoinititator comprises one or more members
selected from the group consisting of diphenylphosphine
oxides, pheylglyoxylates, a—hydoxyketones‘and difunctional

o-hydoxyketones.
12. The composition according to claim 10, further
comprising a hindered amine light stabilizer and a UV

absorber.

13. The composition according to claim 12, wherein the UV

absorber comprises a benzotriazole or a benzotriazine.

oo



16. The conposition according to any one of clains 1-14,

wher ei nsai dpol yi socyanat econponent conpri ses i socyanurate groups. 17. The
conposition according to any one of clains 1-14, wherein said

pol yi socyanat e conponent conprises uretdi one groups. 18. The conposition
according to any one of clains 1-14, erein said polyi socyanate conponent
conpri ses urethane groups. 19. The conposition according to any one of
clainms 1-14, whereinsai dpolyi bt oyanat econponent canprises all ophanate
groups. 20, THE cofboston® ace ??ﬁ#ﬁf%()%ﬂn/?ﬁﬁémof1clafﬁﬁt%gi4, wher ei n
sai d pol yé&@eyanaleat ¥HENERt i CONMRIMiseaybr M etatgrraaps. 21. The conposition
according to any one of clains 1-14, wherein said polyi socyanate conponent
conpri ses oxadi azine trione groups. 22. A product, conprising: a nolded
pl astic arii cires @ngosition aacettied aweatdmg drer ned alidilmst He lédpnpositi on
according to any one of clains.1-20. 29 23. The product according to
clain1229h%ﬁﬁ§l8in tHe IdgaggT%ﬁﬁ%%?agﬁticl%fnlgﬁﬁpgses %P%ﬁﬁiigs °

pol ycar bohaitreokerdsazi2d dibhe praduct according to claim 23, wherein the

| ens conprises a vehicle forward lighting lens. 25. A process for form ng

a coated article, conprising the steps of:
16. The composition according to any one of claims 1-14,

wherein said polyisocyanate component comprises

isocyanurate groups.

17. The composition according to any one of claims 1-14,
wherein said polyisocyanate component comprises uretdione

groups.

18. The composition according to any one of claims 1-14,
wherein said polyisocyanate component comprises urethane

groups.

19. The composition according to any one of claims 1-14,
wherein said polyisocyanate component comprises

allophanate groups.

20. The composition according to any one of claims 1-14,
wherein said polyisocyanate component comprises biuret

groups.

21. The composition according to any one of claims 1-14,
wherein said polyisocyanate component comprises oxadiazine

trione groups.

22. A product, comprising:
- a molded plastic article; and
- a cured coating formed with the composition

according to any one of claims 1-20.



coating an article with a coating conposition according to any one of claim
1-20; and curing the coating conposition. 26. The process according to
claim 25, wherein said step of curing conprises the step of exposing the
coating conposition to ultraviolet radiation. 27. A UV curable coating
conposition, conprising: a first aIiQ%@tic uret hane acrylate resin forned
by the reaction of an aliphatic polyi socyanate conponent conpri sing

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

bi uret or oxadi azine trione groups, with an al cohol conponent conprising at

| east onexapNERaYGduBYdeexytafinald analinl bneawnere iy anehediakkyl ester of
meth(acrylic) acid; and a second aliphatic urethane acryl ateresin

conpri si iy aHd CsPFLEELR €BPTEBF TG £UPT PROYFFIEEE +P¥H2 C --C ---C --0H2
CH2 A3(10 wherein Al, A2, and A3 are each a group conprising the structure
of fornU|5h]l%ﬁe product according to claim 23, wherein the lens

comprises a vehicle forward lighting lens.

25. A process for forming a coated article, comprising the
steps of:

- coating an article with a coating composition
according to any one of claim 1-20; and

- curing the coating composition.

26. The process according to claim 25, wherein said step
of curing comprises the step of 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
comprising iminooxadiazine dione, isocyanurate, uretdione,
urethane, allophanate, biuret or oxadiazine trione groups,
with an alcohol component comprising at least one
monobasic, hydroxyl-functional linear or branched alkyl
ester of meth(acrylic) acid; and

= a second aliphatic urethane acrylate resin

comprising the structure of formula II:



O OHHH 0 111CH2H2 NR2 NCO C-C-00===0o0,..--"% "\N,.'. 01 1CH 11 CH2
0 |H2 H20 -O wherein RI, R2, and 112 or Fornmula Il are the sanme or
different, and each conprise a linear aliphatic group having from2 to 12
carbon atons, or a cycloaliphatic group having from4 to 12 carbon atons.
28. The conposition according to clai m827, wherein said pol yi socyanate
conponent conpri ses i ni nooxadi azi ne di’One groups. 31

A2
o)
CH,
H H
Al=——0——C —C——C —CH,

A3 (1
wherein A', A%, and A’ are each a group comprising the

structure of formula III:

o}
o H H H O
C
!3| IL R1—T/ \T——Rh—il—l,l———o—gz—gz—T
O/C\N/C\ T:O
| CH
e I
| CH,
NH
I,
) .

- |
HC——C —0——C——C==0H,

wherein R!, R?, and R° of formula III are the same or
different, and each comprise a linear aliphatic group
having from 2 to 12 carbon atoms, or a cycloaliphatic

group having from 4 to 12 carbon atoms.
28. The composition according to claim 27, wherein said

polyisocyanate component comprises iminooxadiazine dione

groups.

oo



29. The conposition according to claim 27, wherein said polyisocyanate
conponent conprises isocyanurate groups. 30. The conposition according to
claim 27, wherein said polyisocyanate conmponent conprises urefdi one groups.
31. The conposition according to claim 27, wherein said polyisocyanate
conponent conprises urethane groups. 3 2. The conposition according to
claim 27, wherein said polyisocyanate conponent conprises allophanate
groups. 33. The conposition according to claim?27, wherein said

pol yi socydhat ENeofpBretitt ieampricesding uket cdrotps/ FaSrThe Edhpositi on
accor di Ngpd 0y iGHRVAhAYe MBLEER: SainthReLY| SQLyARALEEONPARRAL coNpri ses
oxadi azi ne trione groups. 35. A product, conprising: - a nolded plastic
article; and - a cured coating forned with the conposition according
to any ongpof 76 abbEpZSrd3dn a3@ordheg produchiaceor dingréon ckaiam 35, wherein
t he nnldedg&?astic article conPrises,a cl ear pol ycarbonate lens. 37. The
product akeordiong2totel A me3sn Wﬁ@FﬁFﬁGFH@“Véﬁ?néoﬁﬁ9$§%s a vehicle forward
lighting lens. 38. A process for formng a coated article, conprising the
steps of:__coating an article with a coating.conposition, according to an
one of cI3}ns%§%-gﬁ?p%ﬁﬁfloguf¥ﬁﬁr h%QCBQtFﬁgl%o Osﬁ%FSﬁ?n S d

polyisocyanate component comprises urethane groups.

32. The composition according to claim 27, wherein said

polyisocyanate component comprises allophanate groups.

33. The composition according to claim 27, wherein said

polyisocyanate component comprises biuret groups.

34. The composition according to claim 27, wherein said
polyisocyanate component comprises oxadiazine trione

groups.

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

according to any one of claims 27-34.

36. The product according to claim 35, wherein the molded

plastic article comprises a clear polycarbonate lens.

37. The product according to claim 36, wherein the lens

comprises a vehicle forward lighting lens.

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

- coating an article with a coating composition
according to any one of claims 28-34; and

- curing the coating composition.



