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[005] To improve the abrasmn resistance of plastics, mar-resistant coatings have

been developed. The main disadvantage of these abrasion resistant compositions is that they
may not be formable after curing. Poor formability means that bending or working a coated
article will often lead to cracking or crazing of the coating. As a consequence, articles must
be coated after forming, which may entail time delays and shipment of uncoated articles
which may be inadvettently abraded in transit. Thus, there remains a need in the art for

coatings having good abrasion resistance and formability.



SUMVARY OF THE | NVENTI ON [ 006] I n accordance wth
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[010] Tnone example, the solvent constituent of the aqueous-organic solvent mixture

is selected from an ether, a glycol or a glycol ether, a ketone, an ester, a glycolether acetats,
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multifunctional crosslinker. In one example, the aqueous-organic solvent mixture further
comprises hydrolysis products and partial condensates of an epoxy functional silane and the
at least one multifunctional crosslinker.



mul ti functional crosslinker. In one exanple, the
aqueous-organi ¢ solvent m xture further conprises
woO¥sls@dsab s products and partial condensates ofPCANIS2005/036458
epoxy functional silane and the at |east one
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where RO is H, an alkyl group containing from1l to
about 5 car bon atons and ethers thereof, , an (OR
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functional silane and at least one multifunctional crosslinker, wherein the multifunctional
crosslinker is selected from multifunctional carboxylic acids, multifunctional anhydrides, and
silylated multifunctional anhydrides, and wherein the at least one epoxy functional silane is
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[019] In accordance with other enbodi nents of the
present invention, conpositions which, when applied
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Subs%ﬁ?aﬁffth 5%133%&4 3(5@ qn? ﬁ?{%l?] tonprises a silylated
mybeil unGkéRd@ice 3ty flftheiCembutimeie bEthe présenBinvé@ivel articles are

one of the epoxy functignal silane and the diol

providesh dhe griglessap sAwpEFS/a Fubtsiatsand an yﬁb@@@ﬁtfeﬁlﬁm& fergnable coating

preseﬁ%ﬁﬂl&tléﬁie%eﬂéké bgﬂ’hlg %ﬁ% u n?é }@?M}&?e r s U I Cl E&?@@g tcompnsmg

an aqbstisalryamic $dieere paxtyre Raving hydralysis praivets ahl artiabbondensates of a

functi onal anopol ysi .| oxane, e,sil|lyl ate
diol fypngt WPWS%‘?O@HEISH xanseaf ahlgatt on mlghﬁm@@@#ressleﬂ% wherein the
multl %h@ﬁdl 'Eﬁfs Pﬁ%@fé nﬁ‘ﬂhﬂuﬁ&ﬁg]apﬂﬁb % aE%.Eﬁs Offncl)ftl ctional

Strate between the substrate an ting
anhydrrdee,camlrsdyht@ mnmmﬁcunnﬂanhﬁirhbd; andrwieereih thehat 1gasbamendiol

jnvention, anticles are ed
OB ERPRlsS PP i RS bk BalAT Teia o the B ftonl trosslinker of
from Eﬁ&{mbl 1810 QORY; aRd an BMBEAIYS wlerhuffi@aitto BiGofHE HRCBoPlunctional

e substraté by curing a coating conposi ti‘on,
organopelysilasiang andﬁwsamlabdusuluﬁgmhpnal@mssmerm xt ur e having

h I roduct rtq.al ensat e
(AHEEY YR apedh e St Gt BladiBens SRR &k inRlnifdn, ibles are
provifiet. t TR Ele® B copiptise lal sik@fate WAtPAreARadififresistant formable coating
mul tifunctional crosslinker is selected from

presepign difleast enowaface af e sybstataly ewringataating Aempesiien, comprising:

an aqggcgﬁ\% g%g? !ﬁol?ﬂg r:i%c% hay %ﬁd:éfygﬁé '}%du%@%d%gﬂi’aﬁj E&rﬂ%ﬁsates ofan

epoxy functional silane and at least one multifunctional crosslinker, wherein the
multifunctional crosslinker is selected from multifunctional carboxylic acids, multifunctional
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functi onal organopol ysil oxane is present in a nolar

ratio to the multifunctional crosslinker of from
woRREb443% 1 to 1:10; and an anount of water sSuPCTEIS2IVS/036458

to hydrolyze the diol functional organopolysil oxane

and the silylated nultifunctional crosslinker. [022

anhyd}iflesp andsitidsed mult fanctiduel ahydddesyand wherein the apleag ORe Poxy
_inventian

, articles. are. provid ] i
s e et G0 B gy e s aou
10:1 t} Q1R Parf ARAbIROS waleh Sefcieh®tohydretgad tieroposy!fibationadsilane and
e substrate y curing a CO_atI ng composition, £
the silglaradrsltifigictional caupskiuites, whayeinithe SURRRHONRORIARSAN AR of ot

et L kB ES, ERG E ie 5cer
coatin H%‘d.‘ Pﬂﬁggugg@étepr ossl i nker, wherein the

unctional crosslinker is_sel ected

f .

m023]f Imacdondeaice withismbprliracriy pEee PRI lF\Cﬁr?g'pPoﬂﬁﬂ?leS arg

. 06/ 044340 PCT/ i .
povid, HRSUEIET T PEROPR PR B i St i

and wherein the

P B o e o e
an aqudsugOTEaDs olyent MONGTS bATRERY SR Prosfuc Apd padia) pmdehsiids of an
epox%ﬁnﬁff%qag 8‘\{ érr%lait ?@f}ﬁ%@%ﬁg@%ﬁgﬁ I%i*or? ker, ’\?v/n erein t he .c .
cross e @sdeldotsl fewn nailtifmetiommircarhoxydic agids, maliduncsieaalgmhydrides, and

tetrafunctional, sj|anes, disi.lanes, [ kwl 1Sl .
silylabodOR Aot AR BB A ATt B 9 Bl sl HBfSSent n o
mola%ti 3% ?rf & nukiBgtiohdl cARSRIIEADE Soitd AbBUETRD ¢ st $:10f art amount of

esent invention, articles are provided, T

h . .
watersfubficibtso bgdrotymepthe spexy fondionalilenesnd B Siéﬂﬁ@g myHtifunctional
resi stant formabl e coati [ . .
B
functiREPQSht E@éhese‘h@ 14 inSidd Gatio RNhasent sSnoochiha tatradiuictiond] silane and
a

m Xt ure i ng hydrol ysis products and parti al
the disilmeterfsd fest abfoubih5:lepoxy functional silane at |east

on [£ifunction [ i B8 tion, articles are
e B4 oy o LS ek monion, il
providlLt The/BiticleaRah caaplisedubstrate d an Abrasioh peséstan fexmable coating

anhydrides, and si]yl ated | tifunctional anhydrj : o ore
presemh dn whisassjone sdace e ihe %"E?FFW%}% SPTeg Pgﬂ%“iﬂscc’ﬁ’tpé’élgﬁ#d“?’%“l’mmg'

a..imlar rabi 1?1;&15}‘3 A bR diaRatudts aabpdriid@bnddnsates of an
ana?ureglﬁﬁ"%%oa?ﬁ‘:%%g&{ 0 abglut _ %Ihfi’o aSIIil arrplllmt of _vlvat e? N
epox?l%lﬁciﬁﬁnemillah? ai;ﬂyght oh:ly tng}ttfnact:mkgmﬁlmkm Bhereinsthe apdtifunctio

an e Si at e i.functional. _cr ; L .
crossliie 5 gplctet 1 BRFAEOR g it A S G onf Aeyides, and
i Xi’@ﬁ? e ]%, B | @RalcirStht @p6xy Rmpi@absilaneis present in a
Sllylrm élﬁﬂra Ptgmt%g t gng%wﬁﬁe%st one ofeﬁt hye tetr func{& onal £
mold@irktinie the thultifuectitine] ¢rassdinker oftfrome geutd B fo abow, 1 10; an amount o

024] .| d it hafuk . ' .
e o SESEERLES b AP TRl i
cros&rker:|aRd af %Hstco‘ﬁgmld'y? Sil-aeswhatinahe epoxy fanctivmebsilana is present in a

0

resi st ant rmabl e coating present on it | east one
molausfiatethoft teas cna bl silase o) 2kigast 8BOW 2oVt i ng

TR h Shon R B g AR B Sl ol e

proi@R eNRAk8leOEarPddmRize ¥ pubsivatd arcireal absisicrresistant formeble coating
one nul tifunctional crosslinker, whereiEnthe s c .
presaull an 4tdenst prmarrface of the substrate by during a coating composition, compnsing:

=y

an aqueous-organic solvent mixture having hydrolysis products and partial condensates of at
least one epoxy functional silane and at least one multifunctional crosslinker, wherein the
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crosslinker is selected fromnultifunctional

carboxylic acids, nmultifunctional anhydrides, and
weohkbasloadzagd nmul tifunctional anhydrides, and wheP€TrUS2005/036458

epoxy functi onal silane is present in a nolar ratio

ol eherasslzeter ool fFons oo prrh B it itfhunctional
anhyﬁ!ﬁld%"soﬁﬁﬂzﬁlylfﬁ&i SRRifndionet dnﬁﬂl&hd | Al @hetoih the'8t least one epoxy
Tat ed nultifunctional crosslinker; and at | east

functmml gilang fis preseat iy a wiotaraitio torbe @w&@nmmei ¢rossdinkeyi fromp about 10:1

o 1L B 8 5P S P B8 o Al ot e

silylatéd ﬁuﬁﬂﬁﬁﬂieﬁﬁrﬂrﬁssﬁﬁk&hﬁw@ﬁaﬁa bompcyseﬁktn &des nof EdrBdiRS
are provided. The articles can conprise a substrate

tetrafynetional silangs; idisilaness ped alkyl filenefabl e coat i ng present on

B RRUBAL A Bl B et s e

provided VERE arficles @i chaprif foyidedbytsirateand dh abmision degistiitifatmable
condensates of at | east one eg functional silane

coatipg gregent|on p leagheneyripee ofithe subs soRIving R poatipg spRpAsition,

oo SRS 47 308 AR SEOSLBEE et o o

compﬁsiﬁdnfmmphsw ah aqwdumoyganm mmnuxtutethaﬁfmghydm‘lwls products and

A A G R
orgaﬁo} ?sﬁéﬁﬁfeerén? afl1ed8! Ak nhiiifufcfichal E‘l%siﬁiﬂtbf fﬂ"lﬁféﬂl ﬂ:{&hultlﬁmcuonal

romabout 10:1 to : an anmount of

crosshakercogyirisera sitylated niwtifiottianel uﬂwdeéé;wd fatherain theat least one of
the egsml | aﬂl?lﬁt%?qdqét Eﬂ(ﬂ"n&&sélﬂi/q @ﬂ]eﬂagéj lnﬂ.L{) uggxgcﬁé gysﬁloxgr{eolg’ f’){'e'sgrlﬁei‘n amolar

ratio i€ tHedhulAEincABR1 chdskRAIRS frof &oufl®S to #/10; AldaH arfiduid b€ Vater
2 In accordance with enbodi ments of the present

sufﬁmmtet}q thiydrolyzesherenpxafinctions! silaee, the dipl Hwgtiongh ergapeplysloxane,

w5 AT TSR B gl BB Rl
comyrises arleagtoné pemetibisposeti onlihe dt[delsy bmgsuafaceaf thegubstrate between the

conposition, curing the coating conposition, and
3‘1]93%}5%&@1@ gormng the substrate, wherein the

g rm _
ol 70h T FERARE kR SRR DGR A RSk kG, formed
articlos ate @b“de‘hdm furmsd aftickss GIEE aampnsaea. fofomad seistate and an abrasion

f t | d di
ros R OO B P S 85 P TAre S eiFte Py peplving »
coatiﬁg Fbﬁﬁ@ﬁ cuﬂﬁg EiR ddatifle c{fh‘;%dsiﬂdz!ﬂ Ghd Qi?o@é uehflP %ﬁ'hiﬂié(% substrate,

ses a silylated nul unctional an ydr| e,
whemh:ahe coatingeontpositinncompeisest an aqw@oesposgﬁnmnbaenmme havmg

b3 5l b0 AGFAR, b Mok

least@ne S&liifMaBlioral erfsabiiel, whdieln tHe Mulli@incabsh] @fosalifkenis sefected from
water sufficient to hydr ol yze the epoxy functi onal
multﬁunqmal sooraiocidsyrouliBimations! gahsisorsond silwnis mligmoiona

5 4 A P R e B st

moldreétﬁi toQRE Mt fiBEtichab@rosstidkarpftiven about @84 tto AL); abid b a@ount of
of the substrate between the substrate and the

wateg gfiiciegt toftorqlyzaithe dicl fencHesal grganopolysikusane Apb thersilpated
mulfind e PEE8R ke, NVENt i on, formed

[028] In accordance with other embodiments of the present invention, formed

articles are provided. The formed articles can comprise a formed substrate and an abrasion
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articles are provided. The forned articles can
conprise a forned substrate and an abrasion resistant
w0 mowefase coati ng present on at | east one surfRCEHUSL005/036458
the substrate by applying a coating conposition,
. curing the coating conposition, and.subsequently .
rosistatt formAble Phalin BTSIEA OB Al I0RRORE SWEAER OF i Aubsfgato by Zpplying a
. CONDOSI:f:i : ' ; : 3 ' ley@ithg the substrate,
coating SRRBYYE (A HE SElne SuAMIRAL Rnd A NEnRY i fithe the su
whererDihe eoftRigadnglositiodicompiisesc ki equiouspIganisFolyent mixturedaving
and at least one nu|tifunctional crosslinker, [
hydrofysis preACIARET APIGSPEREY §ARPorY REBRRd i g i 162t bre
it hi &Fm%'naﬂﬁﬁﬁhﬁéml BRokslinfldP i seRBRY from
. ar%%’%ﬁggés{]ﬁgﬁja S| ey ated multifunctional anhydrides,,
multifanctionbeasboxylib acids, ineltifanctinnal ginbydrides,cndsilxlated multifunctional
or.ganopol ysi | gxane i,s present ip a. #aolar rati.g.to t .
anhycidot PPOHOETEOH B o [F9Ee RREF PR PEegen g ot Fato to
the m&l'rt]ihgi ﬁa{;&i RIS BYIRY BF fr6fn abot B0:1 S0/ 0 AN difoviy OF Wapez Sufficient
t he gl ol functional organopol ysil oxane_ and the

to hydsolyyé tieegoxyrfiinctioune silaneraad the sibdatedpaftifupetingpl ¢rasslinker,

accordance.wi th .ot her enbodi L .
Whe"q“?'l&ér?f’}n@ﬂ?m?lé F’?&tﬁm_s ap 4 ngétga? gea%trog%iogg% HFE egﬁ%lrsrlre S
disilafds! ifd ARy1GRANGQARITT6ientto rerder thesvabibig rigid oarttle substrate.

abrasion -8 WD 2006/ 044340 PCT/ US2005/.036458

r 8393t dmaccoedarab witheashadigenss eSthes presputinvention, fogped articles are
. f-ace of, 1th ' i nQ:
provi 385 I S ol B4 08 1550 gt ot
coatirfpreRatiani I¥ast oheriurtack lof tikisnbstrasd by applyiageicoatibgcomposition,
coating conposition corgpn ses: .an.a

curing 1o\ rONENS ROPRASEIA R FIOSFANGRLY frming, e%ﬁuﬁﬁﬂg{% Sipetein the coating
compggﬁf)ﬁ @51%119:‘?&9 :eﬁlsﬁfut%?’?s%r cSPREN thiRit hovial h§idoRyes prbducts and

east” one nu unctional crosslinker, wherein the
partialiubridehisatestdfanapoxy fimstiomit eilariest daabteaneguiultifunetional crosslinker,

mul tifunctignal carpaxylic.aci mul.t.Efunct i .o
whergh (i daacaga S RAR P TR ab G feap D6l Ao is ecics
multi AREGIRE bRyAAdBE 28l slipiafl renaneBRmal bhttdides)ahd sillefsire the epoxy

I's present” in a nolar ratio to the multifungtional
functionaksilaneiseressht inraompkab cafio te ghemmykifanctignalgrepshinkerpb fiom about

01 oI Bl e R B b

and tNOGIYRItEY HRifERsHRE] drblink@nial ftdednom@llintrafunatiorabsitine and a
~_one’of tetrafunctional silapes, disilanes,,. an%aeal ﬁg/l ¢
disilave, wirrseinithes erfory dinegtionglosileap isdiresepieinadae o Eptic 19 e g lcast one o
. substr . . ' enbodi nents of
th?" 5 gmﬁﬁ%%agﬁ’?gn%na\?g%?%lﬁ#%egoﬁﬁdg%g%ﬁ%?% égﬁér e provided.
The3e] tinckesdaae widnphesenbodinens df thelpsesent iaventibnaformed
. abrasion resistant fornpble coatbn resent on at brasi
arnclp%ggﬁjr@ﬁ@eds l}{-‘l*eaf@gn arfig SS%B’E‘?%& n%gg élﬁ)ﬁ%_er?él ém.a rasion
. i
s BEORHISCIER i o SiondRosecoT e pamen) g
coatifig adrpgsiticr oydsg theaoatinggomimmeiionpandpbeeguently foaming the substrate,
sol vent m xture having hydrol ysis products, and . :
whergig he 5921158 AQBRCSHGE COTPHIFSLBLATFPUHERIR SPIVER) mgorg paving
hydr{)}ﬁ?l? ﬁd?ﬂ@ts THY gbﬁiﬂ‘ &drideffiesOTaA h ﬂ(ﬁ:hctioﬂfah Gil:pie/at 1dast one

unctional crosslinker is selected from
multifundtiohalrerossbnigdr, wherbiodhe multifonetional erpsslinkers s¢lesiad from
mmﬁ%i%&gﬁﬁ)x? gaélgé %ﬁhﬁ%{:ﬁgﬂa& iafclﬁ'y'?ﬁdieg gﬁh sﬁﬂg%ﬂ%lﬂﬁﬁmctimal
anhydrides, and wherein the epoxy functional silane is present in a molar ratio to the
multifunctional crosslinker of from about 10:1 to about 1:10; an amount of water sufficient to

>
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functional silane is present in a nolar ratio to the
mul ti functional crosslinker of fromabout 10:1 to

wohkoitioads3440; an anount of water sufficient to IPivied2005036458
t he epoxy functional silane and the silylated
mul ti functional crosslinker; and at |east one of a

hydrdlied tht epeiy Ractionl sitine and thessilytitad innltifunctionalairosstinket; and at

Teast opaly] tleae cvsmein e SHORY TERABORRLERS ByaRpoett Fafaoiah pto o the o
least Bﬂgaﬂglséﬂaﬁggf glleﬁtc ﬁﬁcﬁﬁ@?S:PbOUt 5.5:1. [030] In
aceor Wi ot

ance er embodi nents of the present )
i 081} | muccérdamedvitieembadisentsof e presegb ttvertinn, fomeddrticles are

o, ShSEeSEIEAATS e TR AR e
formak E8GmeYredefors #8dst 8h&siitvace BPIHE siBsteute Eﬁ@ﬂlﬁﬂg a coating

conmposi tion, curing t he _C_Oatl ng conposli Tl on, an
compmsttmagaeity the toatingrogmphsitionamdsubsequenthdfornimgthe substrate,

oafi it i ses: i ; _
e R R0 RSB B S o 08 bving
hydnfl%iﬁ ?ﬁﬂdu@@%ﬂ& a2 P SorfdengifesaiTak Jeadtiome iehomadunstiormb eilate and at least

east one multifunctional crosslinker, wherei.n the
one nultifiirfotionalicopsalinker gxkereinithe mulfi 0§ is selected from

fyng
| tifunctional car [ C.:AC] i i . .
mmuttfipesiop oo oG, A iyl ehif YA unctional
anhy8fides/hed ®hbreiiBe apleust ohe Bpd:tyofwatiicrial sitene ispresant éns mioler ratio to
a nolar ratio to the rrultlfgrt'lgilhgpal crosslin

the mayig inationnl crsoslinken Rampout b o kBt sraqun f Bpte? suffcient to
hydrﬁlg%% gt}%;/e§§§¥ ﬁ&cﬁgna\{\@lg&oﬂd%é s atg@uﬂﬁ%ﬂ&ﬁfngf’%ﬁnker, wherein

€ epox uncti onal™ si ang_and t he )
the coirippitibe dogadt ichntamt tewafahctimnabsilanes disilagesdand alkylsdlenes.
one al kyl sil ane, erein. the epoxy functiopal _silan
S sB0e Baceprancs aith mbadinaenia, SHHRE brgpeti e picsfpe for
. ;  ake pldvaded. TheppsREd8 B&Ecomprise
prov?\%‘%ﬁagﬁ%g% %ﬁﬁ%@?ﬁéﬂoﬁ%@eﬁ? 1)i nvent i og , formed . P ]
applyingiacioetngeanpqsition td adubstrate; fand watingitheicepting cogpposition, wherein

conprise a.fornmed substrate and. am el ' ;
the OGN AFEPOSUA S TEPES ey B i PtHR b R arolysis
produbi8 afid BaftiaBbchdbisaBR I Wi RGstane 6fkh Bepx ycfangtivmil silane and a diol
curing the coating conposition,_ and subsequ

funcfionationganobelysiliysne andoat leagh @m@mﬁltifmcﬁ@gg].[ qrg@]elgltcér}/wherein the
mﬂﬁﬁﬁ?@ﬁ’ﬂg} {:&gqlﬁgglp ro;gipﬁ-gsiss Fo1A%8 g{l}gt{iﬁh a.rﬂﬁ}_di‘ilﬁg,t and wherein the

ySis’ pro s and partial = '
at 1eGREE 65 HeQpoRy filkctibed silarenmdaodip] fumotionab nxganepdlpsiloxane is

psiton s s Sp AR BFBLEBEF 0 6t
amoffl 1 AtBERERG S o BB e A0 Fonchindr SR tEUE! functional
organbgolykitixane) anth theadilyl aterbmuhifenatjonalcrosstivkdro apneexamme, the
erodem e A Gob8e 0 o L R BRE by e
pro'ésg?sf %n!i‘t(leﬁg%cgﬁﬁsg@ g%)]:flwg RVATOrAE el fuBstRRO¥NOr tY ﬁﬁp]iyﬁfﬁim coating

th mul ti functi onal crosslinker,
compbsitien to thelsebstmateosthe pdmetoes not contain

[ odb1 16 apctitnes su gEie dmBns SR gt BionS i BRRSs for
prm‘%igir\‘%aré%: BFhsRINQE QSR TofRdble Bééﬁﬁg@' feGrévitied i T gresésséscuvinprise

e coatings are provided. The processes can,. )
applyingna ceating composition to a substrate; and curing the coating composttion, wherein

e

the coating composition comprises: an aqueous-organic solvent mixture having hydrolysis

products and partial condensates of a diol functional organopolysiloxane and at least one
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appl ying a coating conposition to a substrate; and
curing the coating conposition, wherein the coating

wmhjjoon conpri ses: an aqueous-organi ¢ sol RIUS2005/036458
m xture having hydrol ysis products and parti al

condensates of at | east one poxy functi onal
e a R ainiei Wheregh e PR ARIGH QR BPSH e el fomm

o 5135 1 kA A i

anhydrities, ind whisrehathean teﬁdrqnddiola‘m_nbtiohelrce'gmobb@sll@tanb g@present in a
ot o bRl bR S 0t 11§ e pamount of
watek aifﬁelehptotﬂ;a:ag&é 1hE 401 BB hal O, kblﬂ%ﬁéﬁ:&ﬁﬂ&ﬂﬁ%ﬁ&la&d

an anount of “wa I Cl ent
mﬂ&f}lmtrmﬁta‘osmkerpoxy functional silane, the diol

il B L REtaeaRigher P8 ephy Bioi of B erecehdipveptioR pgocesses for

proviRESERE Sorhdibh RRfst£@ fﬂi{ﬂaﬁl%%ohﬁﬁgssdr@ﬁro@{deﬁ.o ’I‘Kb 5590665&5 can comprise
coated substrate, |In another exanple, the process

applyipg piceptingeampasiiondp gisybsitgtes apd rwrng the coatmmmosmpa, wherein

the cB t%% o%ﬁponﬁg%%&sgsﬁgﬁ%\? gg-]orgr“aﬁﬁps%iv b g.revga[vwg hydrolysis

ptodﬁcitb and pﬁﬁhﬁodﬁﬁeﬁﬁﬁs RF 88 efixyl fili@itnbPdllanp kAT AEAS ohOT
provij ding an abra3| on resi stant ,fornmabl e coatings are

multngriogatcrosshiakyy whewmatbe apistunationaheroshinker ig seleeted frgm
ol FEARRRAT Bl e Boi3l Bl 448 ol Siri8Ak Mftifumotional

Conpos| t| on WREF eI HHE “COAL I Ny compdS)
anhydndﬁ; aﬁdawhemm the ableasi-one gpeiycfuaciiotahsilaiie 4 presen &va i@lar ratio to

o il A 5 1 s
to hy%ﬁﬁﬁieptﬁé 3k f\?ﬁéﬁ@%@ Qﬁﬁl ?ﬁ S E%lct:t B | RiBAAL o slmker,

crossl 1 nker,” wherein crosslin
wherein the Icelnpesihcbn mntammhu arhomrt toif ahhhstmrdﬁ metgaﬁnmhanalctﬂanes,

I tif | d
disitffigs s AEH SRS S fe a8 he ol op drebsteate,

0 nﬁ)ssy Ofn édéaﬁiahwwith emoaMaRAl T thOpREt inveRRGS %%cebs%s for
ar'ratio to the multifunctional crosslinker of from

proviging an algasion tesmta;mfor@nblle&namlm pmmded/afﬂ;ﬁ pEGESsEs Camprise

opg R DR B PSR B i

the cbm@qﬁmmmg cotiphis€he dqﬁ@ﬁi@rmddﬁﬁleﬁf @$@iide having hydrolysis
i nvention, prqocesses for providing an abrasion

prodyetg pad patiakcondenseies eban FReyy fapctiopalosianeat leash ene multifunctional

cross*ﬁﬁﬁ&eﬁlﬁgl% 8 ninfl Hﬁ%lbﬁ&lal @1%3%1 1915% 9@& 30 SRS R
a’substrate; and curl coar I'ng conpositron,

carbmiyhc atids, minlaﬁﬁmﬁbha:lgnhﬁh‘mes,l dnid Gilylatedpniltiéigictieimal anhydrides, and

ous- or an vent m xture having hydrol ysis
) ER XY, ?1 e%&%‘?&’é’t%@‘)& : y HY functional

crossil.HE&Idf?ﬂﬁlll aﬁddt 308 19 'igo 1:1638 t OfWh } éu'fﬂ&&:lt% %gdrolyze the

crossli nker, wherein t mil tifunctional cross
epoxy furptiopaltsiland amhthe mlljdaieﬂ umdtifonciidnat evobslinker; and af ldast one of a

te 't' ?}fﬁtﬂﬁ @P@ﬁﬁ%ﬂ?@%mnd Sw%cepﬂﬁﬁﬂén%ﬁpreés@tmamolar

ratio @cﬂ&e%@f@éb‘t Jﬂé'&’%@t’é&hﬁxﬁbﬁcﬁﬁ?sﬂaﬁe Bhé& ﬂferﬁlsﬂaﬁe %{ B0k about 5.5:1.
ratio to the multifunctional crosslinker o om

abl®d6] 1 accengancenwith embodimentswdthe msmmm@mm:f i)r(IDbSSﬁli for
providing an abrasion resistant formable coatings are provided. The processes comprise

applying a coating composition to a substrate; and curing the coating composition, wherein

the coating composition comprises: an aqueous-organic solvent mixture having hydrolysis

-11 -



to hydrolyze the epoxy functional silane and the
silylated multifunctional crosslinker, wherein the

WO RIuid0Nn cont ai ns an anount of at | east on RGT/US2005/036458
tetrafunctional silanes, disilanes, and al kyl silanes
insufficient to render the coatlng rlgld on the

prodaetdand partial dobd&isaten ofiew opararfuechion gl‘dlpﬁsé one maxtifipctional

o

cmb&&@ﬁ%éﬁﬁ%mﬁﬁﬁﬂkﬁ%ﬁdj@ﬁﬂ&%kﬂ&mﬂﬁmﬂmﬂdnmﬂwﬁmmmmnmaﬂnﬂnﬁmsand
Substrate; and curing the coatlng co iti
Whemhellhe |epox3t fmcm sitapedopyseesit in %)ﬁl etg maﬁtlﬁmctl‘mal
eou n [en th
cros%&%a{&tf gpsfg a%gghglg,sag:[ i o gﬁafgi/ %;(f}f;i@éﬁ{ f hydrolyze the

epo &ﬂo%apéﬁaﬁe bﬁ@ﬂle%ilylaﬁﬁhulﬁﬁ&cmal ucfosmmkemmu at least one alkyl
rossl i nker, wherein the nultlfunptlon cross

silarieswhetindhe dpdyofnetinmal silAre is BNt ARG moc 5,4he plsast one alkyl
mul t anhydr| des, and silyl ated

Sﬂaq?tﬂfla %ﬁ‘%@‘i’?‘%ﬁ% anhydri des, and wherein the epoxy
fum 031] O hocdtdam0e with qmmlmaems of the present imgantion; proegsses for
mul'ti functjonal crossl ke of from

providing e abregion sesistars fprm ing® GRPITI%n eé’rﬁgeé 3 cgpETIse
applhﬁ%[acgﬁ | ong ﬁé’t{‘ﬁl ﬁibkﬁ‘ﬁ@ ﬁﬂ@uﬁﬂgt@ dokting ﬁﬁnposmon wherein

cr oss I nker;” and at | east one of
the mhﬁgﬁmpmslmtompﬂmamwmrgmas@verm@?i@m h%‘ﬁ%g hydrolysis

oot R SRl S BB PP s g o

Sl ane an

mullifficds dxﬂ}] LRRGQier, 3¥her&ia Me MRifimctiobal bross Rt id selected from

accor ce W th enbodi ments of the present e
molifictionat saborigaeiss, Gukifneicasl by dhese S elypaied mufitunctional

anhg%ﬁfe; q.rlla v@%%%b{%ﬁehtﬁ oé’]{o%%%rt gﬁgalgij ﬁ &eﬁﬂﬂ&rﬁl&ﬁr ratio to

the FhIHQ8ctdRE] GOainREr PaARBSW 0o M0 2ad an an'ioelln’:mfa)vatngsufﬁclent to
conposition conprises: an aqueou s or i c,.sol.vent
hydrilyzethe epesy fugctignat g;la}ng jagd thelslly figna] grosslinker, wherein

PCT/U 005/ 0364 t eBarek.
8?@8?)36% QFR &Pt (goﬁ\tz—lnﬁ 'an e&gﬁacélelglgés %ﬁﬂéaxﬁﬁ el
[{()BB VINE {10 b8 ind 61086 Kab keriqus\ehangss mayths made without departing

functional cros ker is, sel ec
froxmﬁhq soonpef ﬂl@rﬁla‘fenhe’asr%%‘ig 5 R0t i pyeons ’rf'{?ffi%x '+‘ﬁlﬁéqt° it is described in
the ﬁsc?¥1 V\k and silylated nmultifunctional anhydrides,

ereln the epoxy functional silane is present in
a nmolar ratio to the nultifunctional crosslinker of

suf 1 PTG EBDRSHRIPHEE it AR o T TION

anddsop eht %Qeé‘étﬁ%}&ihbﬂwﬂ'ﬂﬁbw%@bs@ibes slitrdcessionni ceference to
ne | ane, wherein the epoxy fu g
spemﬂcaamﬁaudanprrteeﬁﬂme mwnaoncoﬂ"hls m‘fﬂltl@ﬂ Pyt hveyer,| &ﬂ Jed in

dlf%lg%(% I'f‘%%lcalga\;ﬁ?lﬂa gﬂ,tla ﬁ'tl feProthe bABddindeRts set forth herein.

e present Invention,

?&P Qﬁe%é embb@inenty BY¥ betividedao mhmas disolosersivetldetthorough and
‘mabl e coatings are provided. The processes conprise

cmapbkylng a coatlng conposition to a substrate; and

n‘;@@l]t &hélg% 88@&&%‘ L %hm%l%ﬁ's&enﬁﬂ@teﬁ%@hbdﬂ&herem have

an”"aqueous-organi c sol vent
thé’ﬂaﬁie%éﬁnhﬁg\/ds%nhﬁ&ﬂv huaerstoombp dmoﬁordmnpam imthe art to which this

mégggggigf@éi t&ﬁ%ﬁﬁ% uge%em € &%cnplﬁ]o%té e mver'mo%nl?erem is for

describing particular embodiments only and is not intended to be limiting of the invention.

As used in the description of the invention and the appended claims, the singular forms “a,”
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mul ti functional crosslinker, wherein the
mul ti functional crosslinker is selected from

woubég/dagnaat i onal carboxylic acids, nultifuncti ealus2005/036458
anhydrides, and silylated multifunctional anhydrides,
and wherein the at |east one epoxy functional silane

an,” andpite?en¢ intendad bminglude dhe plurad forpdses wells mplesscthe opratext clearly

dich og I elgv%'lé Felr s r ogl 93310 %tﬁ’)}?lf?%% ﬁ@l‘%ﬂég B%C&S qr{ﬁ%ﬁéﬁ'e?efnces

men ﬂeﬂ‘ﬂ%reﬁ:[‘&e%r@prhﬁéﬂ%ﬁr@@feﬂc&iﬁtﬁ@ﬁtchﬁié@' crosslinker,

erein the co osition does not contain
t ef04ai anlesmthBrVﬂsct lad@@teddiﬂé numbers expreatsing quantities efijastedients,

proplfi e AL R PRl B3 Sl g TR e

descHpANYndBlaimdatSto Beamaefstdoa d@%eﬁfgﬂmcﬁﬂéﬁéﬂl dli instagebsthy the term
at is described in escrl ption. DETAI LED
“abomsemcmﬂn@v,@nl@wemm e numazion rRpertigssnt fanffain the

oA B Pt O R g s

propétiés Eﬁdgﬂﬂto mmamed/mramwmms oﬁﬂne@rﬁent iheertiono Nodwithstanding

different fornms and shoul d not tﬁo ued a |mtet_l
that 'lhé wneﬁwaweﬁéﬁ@ ﬁa@metefquthﬂ%@aﬂg ferpe, of on are

sppr SRR e okl UG o B % Do B pRS i obbuted
precidelfyias @dssilie. Ahgahmieried] vahos swiveaves, inherantlyreontagreckrtain errors
herein have_ the s as .conmmo er st ood
necclpr SRS FOFhERG 19k T BT FBSCLVE R PR I o
i n (ﬁﬂﬁ | 9fe Eﬁ:‘s&ﬁgﬁvenﬁﬁﬁ ré1fte8id A Yoatmp oipokifibns which, when
descriptionh of the invention herein is for _describing

applisdrto acyan@ty of mihstrates And cunoflyform abragiongesistentefogmablesopiings. For
[imtl

S T i e R

undéréth & as ﬁfﬁnn%ﬂo?co%g 00 OddSAGh RGH 152018 TOOAOABEmML of tlme
‘an, are intended to include the plural
Smtab&rf@s a gartigalar applivatien m@m Q;@tpr@aeatamwmqnﬁalaee&tﬂé goated

artic gt % gc? goaﬁ% Lrpﬁfép 1 8 % c@aﬂ@& hifidfek Ofie coated articles

errre erences roned herein are
can béRinp@ irpdirckultyble @ 2inen CFori eljtambbg theeottied atticles[cad bp thermoformed.

Unl ess ot herw se i ndi cat ed aI | nunb . ressi ng
“Th%mm% sis grwellgroven tern %ﬁgg art ggscg g)% tE process of shaping
é@&ﬂ! %@ﬁ%&%&éﬂ% tﬁ@ﬁltdnﬁf s%ﬁ%g& tth&f‘ﬁrmﬂi&hé Qoft&ell Bhétis into

ption an ains are to
des:tedcihnlﬁats @sitigany beitable prodedure sluuhras anlmldmgspgmg r ygcuuine forming,

FIS T R
compﬁélh&‘l“ch'ﬂgfoqﬁ§ Gh PO rédistartt! RiABbI8 CBatBPE BYdvIdd, IR coating

may vary depending on the desired progertles
compositjon istcurddeto dintna 2 fravisparens ndasngromr Wibsirate.h Ehe eeatingicomposition

i nvention. Notw thst an at. t -
compriies o GHen RSt S R e B PO ER iy iR
condR¥RES 604 [éhsEoncAiTat WAkt Bl cpORy ﬁﬁlbﬁoﬂl%ll Bdnie@al av Rastame diol

set forth in the SpeCIfIC exa l es are reported

as
funqpionali crganppelysileraspiireomyhing Teok pnd,a e&on%mchonal
crosshtﬁ( ?onﬁm% aco%]éf‘ r%ar‘fo%rotl)?sﬂgxzﬁ{e 3hting on a substrate. The at least one of the

epoxy functional silane and the dio] functional organopolysiloxane is present in a molar ratio
to the multifunctional crosslinker of between about 10:1 to about 1:10. In one example, the at

least one of the epoxy functional silane and the diol functional organopolysiloxane can be
present in a molar ratio to the multifunctional crosslinker of about 2:1 to about 1:2.
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necessarily resulting fromerror found in their
respective neasurenents. [042] The present invention

wo 2008406 0 stabl e coati ng conposi tions whi ch, poinars2005/036458
applied to a variety of substrates and cured, form

abrasion resistant, formable coatin For &dr oses
of [044} i Ini ong examplee hermwhifimctipeal ﬁrceglgtﬂaer IsrFples mi he

mlilcon'Blckyis Bl o7 oGt hAAGARe EAlkich i pctional

carbdxiylie acidsi| smalsilylafadrmﬂnaﬁmoml laryhyalpidbs, and nanbmhﬁons thereof. In

addi ti aon, the esent _invention rel ates to coat
anothgr example, th WRme dab eross @@t legstpugsilyiated n@ulnﬁmctwnal
by ﬂ%%%ﬁ‘#%#ﬁ%%%@r eyBE heft, The phtheBmposition

also aomtaind a&sama:mttmev«tatmsuﬁcmnlmﬂhydrbryheﬁwmt boast ong ' of itlee q:oxy

AR TR AT ST R T M—

crossiiggdp until softened, then form ng the sof tened sheets
Into desired shapes usi ng any suitabl e procedure such

as[0db] dTleygolyeng gomponent of/the aguedusronganic sol et mixture can be present

in anf SRR BEGH FE SXRGpOLT HILLR PO RGT RE e sl gt solveat
mixtir@ bpAsds abof APk a%oﬁ@% ff)éigedt of HeQbbBRElconThiitioady w&ght In
COI’TpOSItI on is cured orma transparent coat i ng

another sxaseplethe solvemt C@U@Pﬂ#@ of drqmmusmgme Aplvemduixtine compnses

oo AP S B S AR ML ot

thosd I¥ig silbireRexit thataf ldastiaparsdf tH@éblﬁéiﬂ cdﬁ:lpbﬁéiﬁ bf thieaqueous-
di ol functional_ organopo] ysil| oxane, combi nat i.ons
organie, slaent Takrtire can beifrmed as hydrelysishyriradugts ofthe seactionanf th

coatﬂg% g&r@%@ﬁor&u 84 4 ?feﬁﬁ%‘ﬁ@@fﬁf& %?3&?&&&8&51’3{1 dhdHiol fupctional

rate. The a ast one epoxy unctiona
orgarsipodysdoxame ch be presentiin any suitsble amgamnoBad exairipber sirecatilaast one of

resent .in a. nola tio. t he functi onal
the chieERFtiAna) SLABe300 died FRtiohtl orSmePplySRs campRses ghout S to
abouP9$p aéag%ev %mgalf%se told? 3l dsUTLEorbRRIRMO DY 2hdthét dxaiple, the at

si lane functional organopol ysil oxane can
least bee opibespoxy ﬁmcaom sﬁaneraaﬂldmltfonctﬂmealmrgmombml@ma lcomprises

sboub A0 R s 0P Seet Cataltes BBt Fids o the RGN sampptition. The

mulutf&ﬁ:neuhtdrédsﬁﬁtér@a@be pre@&dtlin BiPEuitableedhmt € dde@¥ample, the
mul tifunctional carboxylic acids, nultifunctional

multiferatipnal caesslinksricpmarises abotk 7 taahont B aerceathbwsight of the total

e e e g

about'30 td 4660cTO paBentbyasdphttf die tofal @tbhds&ﬁ‘?ehe €Uaing coiypeditsh.
mul tifunctiognal _anhydride or at |east one si|ylated

nuli08p} uh)cam@mi pmbaélempf the prasgnt inyentiophe featinig composition may

i 8 k39, A R S B Yoy ol
Howéwpthe mstﬁﬁ:mtﬂoaﬂaﬂm fisarcts cAndfatiner talkyh silanes are present in amounts
o RS RR R R8T s P i AR 2
preseddl HiveHio) &E@ﬂ&hﬁ “ﬁgid" ShAll B ﬁﬁd&s&o&?& ﬁ%n@ﬁfﬁa%hnngsﬁhﬁrh‘te not

sul t abl e "anount or exanple, the solvent” conponent of
formalrle as defimadshensigain ones&ﬂam&ﬁ, the coating composition has a molar ratio of the

at least one epoxy functional silane to tetrafunctional silane of at least about 5.5:1. Ina

further example, the coating composition has a molar ratio of the at least one epoxy

functional silane to disilane of at least about 5.5:1. In another example, the coating
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m xture conprises about 40 to about 98 percent of the
coati ng conposition by weight. In another exanple,
wolos@lyent conponent of the aqueous-organi ¢ SEITESA005/036458
m xture conprises about 65 to about 95 percent of the
coating conposition by weight. It will be understood
compusitidn iRs e mielui rgjoifithd atilenst dne epoxy funstional silamesto alicyh silane of at

1east;f@p‘§,t2?ﬁ§ 1 ?nl ilgqrgrg oG ? %ﬁ%@? e@%ﬁ(ﬁﬁf rgﬂ& Olter alkyl silanes
that %rg bt g;fyt*? ﬁn&fonhﬁﬁaf &8 ScdofftRated inidthe oBRig Bshpositions of the

ons [ east” one of the epoxy functional
preséit hmmﬁtxam camivary Widely andmall gensrallirdspend en thedesised preperties of the

oo SR e SRR AR Bt o

coatfn% REpBRAbnS B \eRMY St draK S Bes; AlEMan e andiibe allcyd silanes that are not
jout "93 percent by wei ght of the total solids of the

epoxydinpetixing] e, iniproverbrasion mxistepees chamisalyesistaness png e opfical

oS AR 2 b, o coing

comP&¥is& HnaP ihcltiedtitheraldditives §uehak astbfoglsomportehts, veltingagents,
conposition. The multifunctional crosslinker can be
Cﬂtﬂb’ﬁ*@s@maﬂ“ﬂ]hbﬁyﬁmﬁﬁﬁé bedig#il. 1 n one exanple, the

95 ‘2)47.5 5t {%ﬁ%ﬁﬁﬁﬁﬁ Hsfifie PRI NEBRFRAY by of EndtHbdt of

quatRaDRIkdt nethodsimayiss émploged; inzleding foe Tk Tést (ASTMRH4060), the

runs B o SO S Ao o B Aot

un@:%rd'cﬁ] ua]taﬁ%’h@?heﬂﬂﬁ?ﬂiamg b@fusé(ﬂ%r ﬁfeﬁsﬁﬁﬁfg dbRISa reSlRtance,

conposi t i nclude tetrafunctional
inclsdih@theSteal WodldFestandohe Eraser Test.kIn the Stegh¥&ool Agst and ghe Eraser

| h
Testy paraie godien STHSLAES e mepLahen dnessmepypaubls Tolbhe RBhstant oad,
freql e&&?eaE )i Tha BeRhed teki WakipldsGr@then bomparedand kded suaiedstandard

Ing"rigid. For purposes of defining and descri bIP
samplee. Apmemtntatwempphmﬁoﬂ o6 thess testpethpdsinyplyps thgise of an

insti nde'qg @t? s}éefc %(Etlﬁ%gté‘ ﬁr 5% og%xge?ee%(goqﬁ?&'éﬁ?l%&xe scratches on the
coated HibshateCRMIASE ghidh has a nolar ratio of the at |east
of 18481 hstmefstsd Sresion 1o RS G IR OB PR 8 STREIS whether
&%&‘bg%é’? QSI'e gféer ngf,l %b@Tﬁ&bIé%s@%td @S function, in

ne epoxy unc oha ane ISI I’ane of at | east
partabtit chreSerhperaturaamd d:m»e umearip gmeulhhl gherdeinpgratureds a0 longer cure
2006/ 044340 PCT/ US2005/,03645 n has.a nolar
tlm%fﬁ‘%t ighighes mgasyre '?faﬁﬂ%ff‘éﬁ% ?ﬁ%% e epagire and cure

?H@ég Stelt ﬁ? aﬁhﬁltgmtth@m%atg ﬁo%evé_lh %ﬁé&ﬁéﬁleﬁfthan
i ona

unc di'si I anes, and ot her al ky|
optmdnam tertpattusssand chredoesaré used:duerta prqchﬁ andfct; equipment

Jncorp ramd |P$to taﬁyﬁatlgﬁl&@@ SIt ﬁélﬁﬁﬁ such as

coaﬂ %%Qggéb e&ﬁ%&'ﬁ&\ﬁe&ﬁtﬁé avethth, emmensd me aﬁlﬂfﬁdt SOhE msmsd

fromthe coating corrp03|t| ons, as well as the
abrmacm registag¢ea binl gengrab fon daeh tipsf swhptratorAng Jox $ash soatmgeomposition

thete il e SRR eSiR s ST EG i Uk WfipBlatift, cure time,

coal % 25¢1918sd, 8fd SHediMeSeanttaghdiB detﬁﬁ:hﬁddadmncﬁhﬂby these skilled in the
opti cal propertles of the cured coatings. In other
art.enrbodi ments of the present invention, the coating

[049] The Taber Abrasion test is performed with a Teledyne Model 5150 Taber
Abrader (Taber Industries, North Tonawanda, N.Y.) with a 500 g auxiliary load weight and
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conposition may include other additives such as
anti-fog conponents, leveling agents, catalysts,
weteoso4430W | | be further described herein. [04¢rnS2005/036458
testing abrasion resistance of coated substrates, any
of a nunber of quantitative test nethods may be
with €805 wiekelsi (Taberdnduptiié¢se Nowth diongFwandal WST. ) Rdiot (6 te measarement,

NS SESTMET ST ok S
N.Y.J 48k rdadihy f‘sbﬁe‘f'ﬁahn%w 09 $evohaionsBY tHeC3L30F wihiekls on the refacing

measuri ng-abrasion resistance, including the Steel
stone\\Bhe initizd hazenaf thi sanepla devecarded 4 times twith aHazg-gand SusTENK-

and _t E Test,, .
Garciieh CoRrbts- ML P ERL 230 ol BeE AR LR (B R ffir, Colubie
MD)! £R6h 50 dycRAVEHBDCS-2VE wheelboa the saniplé)able hezetis fatRled 2gain 4 times

are then conpared and rated agai nst standard sanples

with pFHagergardPivg %Kf(\i@gwp(lpkm% M) equipned witha TabepAlsasion

oSS a8 (16, D S o i
haze $éatitizt the haterealing aftlens@ cycieshand after 286 cyclbsusingtiemew CS-10F
e S A 6 G By o
readi}-lrgss:%atﬁf()%hﬁ?bo Yoaks £55the irﬁfii%ﬁi?lire%ﬁﬁlg id e r&oleat . etc.

unctiony 1 n part, of the cure t-er_rperature and .
C Y0807 i Thes Tdber getiexddb cotmidpnet a scepmantitative method formgersurmg

sbras et TG FFiCY d R B AR 0y GERRIFnS gp g mumber of
factoléd;j hifif 188 c8RdiBEn bPheTHIPAH tedi Whéels. Uhhhigds/if the condition of the

strate. However, sonetines |ess than optinum cure,
CS-10Bigst whiels oan baws acsignificantefecton the ewfcome of an phrggien sesistance

d/ or equi pnent, |initati 1t wisl] - [ i }
tost. i5F e sutlonn 3Pt gummgephacii Tipps oyt infe POEBRIGEGE de CS
10F Rhicel§ Qb abiht Magk pif on 3taeldirt Qaples fenD{ %tHage andb5%takeat 100

Il also have an effect on the neasured abraslti

and §09ysien ioporiadasiaHHAIFeSTRERY hdn 11438 2576 SERSERYRIS Fhrpughout
the 58e ERTNEFEE Hot D LAUFHEE Ll whileckedith HdRaBie SORUAIUES-10F
Tabek wiRels. Goadcorntdvitk eetbedinsemts dfiihe prickent imantioe theelitings can

have o] MorpRers abIges thih 91A0 Ve 5F G4B 8PP s OB taal bt 5% for
50 oyctdsC I QecoMpsicl gﬁ%&?}ﬂﬂfod' &dfthe ﬁﬂé@&ﬁ%\‘éﬁﬁbl?} th;bj 88atings can

rt h~ Tonawand wth a 500 g auxiliary |loa ;
haveVEsbghtumabets of 1&5s Hén 8606 20448 40 cRdsy. Ihstisasrampleshe coatings can

M= AT EN R AT T N ——

200 Wkl s are refaced with the ST-11 refacing stone
(‘Taber Industries, North Tonawanda, N.Y.). The
r efG8d] nGhe Bormebility eftielspatigs cay b tesied i theffollewingananyer. An

V\h l t . Ih ’. [ [ )
overlifcp gaPlolelion pltRilstth 18 T AT Ot Ty LBRR ot

' A1PIRd bR ACIA) teit RurpAd iy plAteddiat on th
(1 %f}%g?cg;Y - Gar (}%g’rs,@(?oﬁﬁ%?{?’ “ @t) . : After 5p0 cycl egﬂ © glass
plateindiheatedst 1G5 (nfnsdBaminy Thehigkness ef the geatigcanibg from about 1-20

microfis grra%%gt ?—gainﬂcf}ma.i HE sample is removed from the oven and immediately

placed on a cylindrical mandrel. The formability of the sample is rated by determining the
minimal radius of the mandrel where no cracking, flaking, or detachment of the coating is
observed. For purposes of defining and describing the present invention, the terms

“formable” and “formability” shall be understood as referring to cured coatings that can be
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with a Haze-gard Plus (BYK-Gardner, Colunbia, MD)

equi pped wth a Taber Abrasion holder (BYK-Gardner,
wiptosshas340 MD). The average haze is then det er mporaiStons/036458
the initial haze reading, the haze reading after 50

cycles, and after 200 cycles using the new CS-|
bentygh 8 sadiusotliessthamabgut |1@a5qhemn e%ﬁortgana withithe ayos. prqrﬁféure In one

e G505 BSIG o bGAER A R ST g s

accoréqmoe twith thp @b&e p?bcedﬂiﬁdoseithmt:mmng&remgdﬁ’rm céating.
seni gﬁuant itative method for measuring  abrasion

r e$9%3}]arihe premrBoaRis¥ates g AnaaReoRE0nBaS selyent mixtvps ifqigeded to

SRR TS i O oo

water@an vhiyomidely. (HiouglCatedis needed hmotide aamt:ﬂﬂy domogeneous coating
. signjificant, affect on the, outcone of an abrasion

mleé%P foinelysis peaductsppd pastighpandensatos of i sikene Rejapenets ¢hfhe

tﬁ%}ﬂjoﬁﬂﬁnge eloﬁwgggd gal non stggﬁgg#I% esdfgﬁ(%ﬁ’se skilled

in thetarithatthisrach et hﬁwateatmﬂliﬁﬁetammm;malbs (reported

210834 ke ST Shistieht of B ASeBBirofii fTVeRF Rhigh; i the coating
comp%@iﬂ%@ S ¥R et RPShtMntcan bb 8np SMTPert ok c&ﬁbmaﬁbm sJo@Fents which are

ber wheel's. I n accordance wth enbodi ments of

commhbkewnth thfpv:emmnmts ofithe coatingnpmpogitiontingledimg,ust not lmted to, an

opox]) Rt e 3 e oA bauiclypt e Rin BAIAIR A ory

functidral) aQEii’di’(m&fﬁnﬁmmﬁéltsﬁdmiaanmdm RuRRfunthiomel trosslinkieh) @r any
coat| n can_ have Taber nunbers of |ess than about ,2%

afe §or pxpmpledhe solyert canstitygnt oE Bgapepuswsganic solvent

oy e MBSk D el

glycdl€hdr acktate, bnd uwhbilnaﬁqnsahefehﬁ Suitableralohokreabhbe tqn'bsadteldlby the

fOME@éﬁlvlé% B BB grosp cqmpnigr it ogbpi,igfFatbon sdms. Some

anié@ésy&%&ﬁaﬁh@egﬂ it/ e aﬁﬁi&% o6 ﬂ)ﬁqﬂ@énu%ha‘l% ﬁl‘éﬁlanﬁa%ﬁml

Springs t est sanp e is placed flat on thé
pmpgioé,ssoprpzb sk bataol éswbutinal, s@ﬁda@y butanae tertiary buitemol, cyclohexanol,
ss of t oatin n be from about 1-20
pentarplo r°8ﬁ’§‘ gfl Etm‘g%"q:ﬁ%&ﬁ ﬁ%lb The sanple is renoved
. fr o3y} hguigiben %l?&ﬂs'eﬂi“é‘?ﬁ'gﬁc@l ¥hetRlcas B répfestntell lbiy e fopidula R'-

2mamdrel The ormablllty of the sanple is rated by
(OR73eOB! mhwrmlst(hé 2,78 o4l is hytrogenir mraéksﬁmnmpeqonmns from 1 to

sonl 858 A RS ATl O, E AT o

atompaﬁ@e@mbmaﬁ@mtthae@fthe terms "formable" and
forrmblllty shall be understood as referring to

10581 cBramplgs of glygols stheprandiglyeqbethsrrchayingthe above defined formula

e

glycairiémethybethére propliyiene ghyed] methtyl e‘tber d@nom&erhgilyco&meﬂnyl ether,
between about 3 to a@g es |n

mprwg%a%agé)‘@émm eihee dipreRYeRs gyert i Wf‘ﬁ'z}%ﬁ trrapsieaggglycol
dlme‘B{r?/l %fh%? R 18]e él?c% ﬁ’l?ri gtgllg{/ g[ne?lﬁn%%a %lgco@ beifBfher, gfhty})@&egiycol

an aq ous I s “needé
dibutyl ether, ethylene glycol meﬂ1y1 ether, diethylene glycol ethyl ether, diethylene glycol

dimethyl ether, ethylene glycol ethyl ether, ethylene glycol diethyl ether, ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol, dipropylene glycol, tripropylene
glycol, butylene glycol, dibutylene glycol, tributylene glycol and combinations thereof. In
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form hydrol ysis products of the silane conponents of

the m xture. The actual anount of water can vary
woMeehasssENough water is needed to provide a SBCT/aBRps/036458

honmogeneous coating mxture of hydrolysis products

..and partial cgndensates of the silane conponents of
additioniia the:shove rgyclie st wurk as tgrahydrafiran snd digkane qre suitable ethers for

)¢ ‘Iu.ipe recogni zed by those skilled in
theaq]%%gpgrg 1%&‘1’%%"&5 anbunt of water can be determ ned

€056] | Exdrhples pOketdnes eitabidé foe the aquesis-ongenic sofvehtaixture include,
aqueous- organl c saql vent mxtfre of th coati ng

but ar fedltpraceione Giacepmialiabol Mgkl ethy! kslonp.eyalgpexanone, methyl

1sobutﬁ9<ﬂe¥c&l'&tan ofr® 'haﬁ§ fh%o?f E)?Qﬁﬂl@é“t%ises ﬁﬁtaﬁfeq‘or the aqueous-organic
conpat i b e Wt conponent’s o e coat

solventmm;tum inclode,ibut bredion limited to, mtityl Bcetate,eﬂptorpyl mtatag mebutyl acetate

and ool gaRe tgpsic ERinfae SEgbolote Rty Sy AStE e it s R organic
solvent ﬁﬁ)[tﬁféiﬁélhﬂ@ Mk aRidoR Nfited t6] ipPdgyaiR. g1#M nftthyl ether acetate,
mul ti-functional crosslinker, or any conbinations

dipropylene glycol mothybsthenrcetate, ktyh diethonyproprinate, edhylenst glydod ethyl ether
acétatea e0us-0r.gani,c S%l vent mxture may be water, an
oot n@#}?@ a glycol or a glycol ether, a

k[@‘S P €Ang %%ﬂ@épox? fugtteA A sFbHE i) FRhcHoRal O?Qﬁnopolymloxane from

conbl nat1ons theredf. Suitable al cohols can

a hydrelypedoenspry fandsionalsilane, or mhm%qeef @i be tand in thecoating

compof{i3HE pf A phbad et B, Fot SRt the oSl R0 HRpe PR
functidnal SighhepolaiRxaks daabelany ephgfhctional Sikkde ok diol functional
i sopr.opanol , butanol, |so ut anol , secondary but anol,

organqpem @Fa;lemhlahﬂﬂ compaiblsathathe multifyastionsb rarbeeyligrasid. For

| |'s
om0 5o S diobf SRttt 50 i gSP SHOR Yt wher
is an 11itegemmlfé Ror 3, KHREH abRlkyhigroug, & funstiOpalived ﬁ]kyBgmUp,éhn ditylene

om0 e S B S g o son 1
carborCRRha LA H&uﬁ tﬁ}fépéf’}?ﬂﬁl]c %ﬁgga%@ aaFiqt]kyl group

conblnatlons ereo
contaimsng &rom htrda@uﬁ & chrben latanss, haaceml grh@,ab&(@ bf oup where y is

on nteget Gt 31 i e o 7 %%‘r'ﬂ%ﬁﬁee%ﬁr et g} group containing

from 106 ABYhIS Gurbét M6k, £ 48et o Ptchee[notﬂéi- Equy)g?dﬂp and
met hyl et her, dgpropylene ycol nmethyl

combinations deyecsnandgR Yis &1, amalley) Brosphe ﬁmct;mpﬁlwpsj/ alé:ﬁbglguy,@ml alkylene

group,gflﬁgj?l%upg ltagggfyl %@Fﬁ raﬁ@ H}éﬁﬁa@&lf%(iﬁ%he%ﬁéon 1.9,%1 & hf rtcf about 10

carboreitéies wh@dl-fmhji‘ 8o gbntainl an egbbjamdcueﬁdn gtoupet hyl ene gl ycol
neth ether dlethylene ycol ethyl ether,
ﬁ ther gxasmpleth gmcawé orgsmopglysilnxage isdhe product of a
ring-o %W‘%ﬁe%&% te%to% hﬁf&ﬁ?lgelé éﬁﬂletvgl:ﬂg%tﬁ%k e?é@ﬁ leié fdition is
accompmij/by& hm[ysﬂnin.d odn@ermﬂ)dnecrfah@]h&cmy groups. p$1mh}d tiRopening

col tylene | ycol, dibutylene glycol,

‘emmm%ﬂ¥ q@ﬁ 9 and conbi nations thereof. In -17 WO
2006/044340 PCT/U82005/036458 addition to the above,
cyclic ethers such as tetrahydrofuran and di oxane are
suitable ethers for the aqueous-organic sol vent
m Xt ure.
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[ 056] Exanpl es of ketones suitable for the
aqueous-organi ¢ solvent m xture include, but are not
wo BdokRshshi®, acetone, diacetone al cohol, nethyl perhxboosnosesss
ket one, cycl ohexanone, nethyl isobutyl ketone and
conmbi nations thereof. Exanples of esters suitable for
t he aqueous-organic solvent m xture i ncHide, but are
not limted to, ethyl acetate, n-propyl acetwte,
n-butyl acetate and conbinations thereof. anpl es of
gl ycol ether acetates suitable for the dif s-organic
sol vent m xture include, but are not limted to,

propyl ene glycol nethyl ether acetate, dipgopyl ene

gl ycol nethyl ether acetate, ethyl
3-ethoxyproprionate, et hyl ene gl y,col ethyl her

acet ate d nbi s thereofd [0&7 Any suitable
epoxy f i ondP si ane S¢PR); f ureti-omal

or ganopol ysi | oxane from a hydrol yzed epoxy/fun |ona
silane, or conbinations thereof can b é

coating conpositions of the present in e

exanpl e, the epoxy functional silane or

functi onal organopol ysil oxane can be any epo
whert Rnistanp guitable gronp. & angthar example; »eemmercial source of a diol fimctional

e RFRTBRLY S S SAPBBBS Al P, New

Jerse§POXlye HER916 &dcle Bkd Haeiz” wﬁmoﬁt@m‘tb&q:maﬁnu thiel ftmctlonal
ormula R3XSi (OR4)4.. where x 1is an g}gﬁr of 1, ¢
orgapppodysilpxanes can b%ﬂreaﬂlwgl bYaRIZiAg, an,gpp Rk BECHARAl SR %ﬂm excess 0

Wategﬁ%g%ad@r%'gﬁltgﬁﬁ OF thiece Hh i gl?c{ MruQEPLER seﬁd@io'ﬁﬁ The alcohol

containing froml

that fobas durdfy thedydmlysid ofthe alkdxpsilanegroaps tavpise reovpd by d13t111at10n
functional grou and R4 is H,_ an al kyl

co8] nErgmples st fuiteble ey Ruckional sianst ides ot gee pgh limited to,

o oy g A HBRG bl B irons
dimdthylaydrax Jejihneg B(—)glpmdamlmopyltmmetﬁo:@miahetb about 5 carbon
glyc%tﬁﬁﬁremﬁ%eﬁéﬁ 4 SeiciforvamayReneorme g 3 7
g1ycﬂ5 thfdRRhiygitte - F%lcﬁk?%fﬁpylﬁfblﬂ&ﬂ%hﬁibel 3-

an ary group an a and conbi nati ons

bls(gimdcmpmpgntemameﬂymmﬁmmne,tmab(glvcm@cyp@wﬁmmqth@cydlsﬂoxane

[ o@é&] "B Ry By DL FRBE i DS iR AR ane,
p9'3 ?iiokgmgﬂtﬁﬁeﬁlﬁﬁyﬁléﬂé’ Q%eﬁlfxyﬁut%'[ﬁlﬂﬂtﬂb&%ﬂaﬂl 6,7-
on 0 oxy” functional <ilane With water

epoxyhe@yhmnaﬂmgymhaatf] Hhepaxydenytiomsthmxysildnp, hydisZPpsi s

epor3Ping oy stiora 1R HoRy e bRl el fisigggme, 2-
3, 4%9&%9616%1)%%4%&9%65& ilik) O H+ H20

[062] Any sultable multifunctional crosslinker or combinations of multifunctional
crosslinkers can be used in the present invention. The multifunctional crosslinker can be any
multifunctional carboxylic acid, multifunctional anhydride, silylated multifunctional
anhydride, silylated mutifunctional carboxylic acid, and combinations thereof which are

compatible with epoxy functional silanes, diol functional organopolysiloxanes, or other
components of the coating compositions. Silylated multifunctional anyhdrides and carboxylic
acids have —Si(OR”) groups that are capable of interacting with the hydrolysis products and
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O01 HORN twhere Ris any suitable group. In another
exanpl e, a commercial source of a diol functional
wo gmeopshy si | oxane, HS2926, can be obtai ned fr Bor/US2005/036458

DEGUSSA Corp.( Pi scat away, New Jersey). The HS2926
can be used "as-is" without further purification. D ol
partial bodensuies of qrowrfmmiomli dilenem) div! fimnetiteal prgapapelysibyxanes,
m Xi ng an epox unct | silane with an excess of
tetraf\}mt@ﬂglmla@eaéls %P}eés@é‘c??]?ﬁsg a5 of three with acid and
f i I
ad08t, “heaRfBRLROR cRBhdker i E*alﬁﬁ%‘;‘?gf"“;ﬁe““g‘%‘g ‘oo

muluﬂmmemlwatﬂvommwds dsivell asranhydrédrs whichprodeceon chipnal

carbogighc):( Xc@ % 2 Y I(j':a?' I i %ﬁtcg)%ipgﬁga it Be Peprme tg]i B? %e formula
R’(cg ﬁfé(yjﬁﬁ %Yﬁtégér%ifdf@@;%t I 2 wier@RY &5 sloeyadr fedai the group

oxyS| ane,

consigting qliﬂ,dma}bylwtpt a.ﬁmxfmlwmaawé groyp, an alkylene group, an aryl group,

a ﬁm%%%&;%%&{,gﬁ%&ﬁﬁ@% Qﬁmlbs 3%sethel§of wherein each of the alkyl

groupg |tﬂ§élﬁﬁ>éﬂ@ EoRy) e BBl Eyd macfwsiohmed alkyl group, and the alkyl ether
yC| oxypropyltrl toxyS|Iane

aradtersnedss sgww yrbamsw mmm% wiahrg R’ is

selec%%%%ﬁﬁ%zé%@ CobEG ST LSRR o Pt group or g ] sowe

wherb H@%@Egrou{) Ofibe ﬁmﬁﬁapﬂmyd)wuh)ahtaikyhgtdmpxq ﬁ;ﬂcanmhzed a]kyl group,
4- epoxybutyltrlnetho

I
an a]]gﬂgg@,g@m,mqry % X(%/tgqéﬁl ar;?l group, an alkyl ether, and combinations

R e
aryl grofip,lths ﬁﬁ;pﬁammgfaﬂyégmpp) amittha aikyhatherdice Furthen alaracterized as

(3, 4-epox cl | trimethoxysilane, and the
conthqupgg éwqgﬁg‘k’é | tifunctional crosslinker
or [déﬁ]é’%ﬁﬁﬁ;%le@& A dichmtatioRRd acied WEizhicak 86 smpivyed in the
[

be" us resent invention. The nmultifuncti onal
preparrbers of thi enawomomym e the praserttinvansipn ingiysiex b age not limited to,

aci.g, nmultif Ilon anhd
oo SR B 8 Ry e YR il iy i
a&pi@%&ﬁ‘)?iﬂlélﬁ 2Rfd, Buberio Acid) e biio wbidiendaf cyehihelylauecinic acid,
ible with epoxy. functional silanes, d ol
1,3 thﬁme@nednaarb@*ﬁmﬁb ly’st.p bresres tetygpargp nponent s

[ [
1 Lca/ﬁ aﬁnggggfgﬁgy (9 3 :f Egdi&heé&%édx aia’écgg/llg’d&g&i,;!f%z&%)ggzgdnedmcem
acxdtlh%yabﬁex@ﬁﬁﬁbﬁrbomclanideﬂaectyctc@lemmeﬁlabd!te: dvydirlgd-owi lgheaned.lacehc
products_and -19 WO 2006/ 044340 P 2005/.0364 d
amdvp]a?»tsr“é{P 0867??@5%3@%3’ a%%a&";‘/“fﬂ%%% SIg APIEH 8%C 3&. fgynaric act
%?gﬂ xanes, tetrafunctional
and SI aéréecg Qdcfl I siTanes, (gl kyl silanes. [063] The
nu[0465 uBzaraplea bfmuim:'uhtztmklel anhydridesovhickecanthe used imthe coating

comi i e AR SRS i e tBbls o

above mentioned carboxylic acids such as the cyclic anhydrides of the above mentioned

dibasic acids such as suceinic anhydride, itaconic anhydride, glutaric anhydride, trimellitic
anhydride, pyromellitic anhydride, phthalic anhydride, maleic anhydride, and combinations
thereof.

[066] The multifunctional crosslinker can also include, but is not limited to, a
carboxylic acid or acid anhydride which contains a —Si(OR’) group. An example of such a
material is 3-triethoxysilylpropylsuccinic anhydride.
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carboxylic acids. The carboxylic acid functional

conpound can be represented by the fornul a

WO tsdelolBlo , , Where x is an integer of 1, 2, 3, por/ub2005/036458
and where R7 is selected fromthe group consisting of

H, an al kyl group, a finttionalized al kyl group, an

al[e§TIe r@ptisnallp, inaddition to theamyitifunatiénal ctdsslivilet oEthe apgting

group, an al kyl ether, and c ons t.hereof,
compapitips; mineesl agKd suph a% ffgs gxamp gﬁg&oshgngp |9 Rifrig agidycan be used

R o A e

cq068y MWsﬁltabm tétrifonctivnal silhfie oncdmbmmcmnf temafdn@ﬁwabmlan% can

v vl PR R ER g PO L b g .
amﬁékﬁﬁ tEinﬁ'uﬁ&)Qn difAHe c&?ﬁ‘a[\JEQ‘ofnhﬁlﬁ 61%1@1{2)? Qvl’ﬁ!ré R® &, an alkyl
group, unctlona i zed al kyl group, an

groupad:dnydmmg fepm po about éro;urbogramms ang] ¢thm theverd] 2 A(ORI") group where

R" 155\7”&8@ h&g%‘al k%porftt AL &E%ut ﬁiﬁ%}iﬁl? gﬁf ?tﬁ: &hereof or

ano kSipE Uoug ﬁﬁi&ixﬂﬁﬁh&[&s ﬂid?éﬂf Ex 168 0¥ tet@fiRi¢iondl Ritanes
unctionallzed a rou and the alkyl ether are

|
representedioy thefomaula 5:810&93 aa% etrgewgthyi mmw«w%%%mﬂhcaﬁe
B [ T

orthoBilieRa/ t%trb.‘ﬁﬁ(nﬁéthdﬁj&t}ﬁﬁﬂsﬂme tmmﬁnéthox@rﬁﬁowMam, esent
i nvention i ncl ude, but are not linmte

tetralde(pthoxyeiborDsilang dPalpe el pXySthoRy, aee,ategl?thwyethoxy-silan%

aimel QAR fe, FRBRRERAEH Il BB R YIoAOP ©

poly(ﬂfdﬁﬁﬂygﬂ@mlne) ptﬂy(ﬂniﬁkgﬁy—&aﬁmymbm)ﬁ tetrahsexxﬁmeﬂmxz/smwsilane,
trilcarbox | Cl en ac

tetralihapthor b elkanei b6 s dh APFPE 1 e oL and R'* ubskifiants
descr}be% b c+ ﬁﬁ%@fé SRR ¥ldr, R%bﬂﬁ R taken with oxygen (OR®) and (OR™)

exanedi acet ic acid
can bk, cartoyylathgronps dixemples 0§ tatmafmhdnal silanes with carboxylate functionalities

edi a etic.acid, ,1.3-C heangdl acetic

are sflleprat o, e RERmEicPRe ano SR LR IERR

Y Bh&EoripdiAfs caf ifdfudeWal saisabid dikdres nﬁ@mdunta fidufficient to
| c acid and conbi nations thereof. [065] Exar@ es

rendcrfthematmga rigid. mpxmmuthpd@dmmc(@nbem@@n@w o fqrpla

(R”ﬁS},f "Rb&' Qﬁﬁﬂ, %15@ qs %3| ;ﬂlts'o i ] ORf12 %nﬁleRMare

eltheabp‘é.ﬁ alD o P%@nﬁﬁﬁl@ﬁﬁyﬁll abouaicl td)sab@utm aﬁ'b(imaomﬁp:i ﬁmcnonalized
anhydrl des of the above nentioned dat?anI C ac@a
alkylgroap, @@ alindens g5, 88 ATy isr e AR PIORFOURy| htions

there?ﬁ%ﬂ Hl% gls ﬁrﬁ teﬁﬁ%rlﬂ ta'n‘%I}]]?g :g'f%%’doﬁﬁafneé’ﬁ'ﬁlgﬁbﬁﬂ 1 tocz}bout 10 carbon

atongParbacety] igtoep, atidheomalsihatidnd Eltdrecth df yrid thfenl c:mri}ﬂ an alkylene group

crosslinker can al so_.i n¢lude, but i.s,not ted f.0.
cont@améam Phoutditg ag?uté& G bd8 a:!bi? taifting from about

o 5 o aﬁ\ﬂrﬁm@m%mw i

grougl @ﬂﬁeamag SOntRiETo92 056 OREASS, of 06 7Ifxd?p0 ﬂwneR \i gnd R} is Clor Br.

Ify]égéil gl [0 nge[:q to”c Ct' v Iggr osge 21’<ﬁ§1@§1hse1nclude,butare

not mﬁlmoeblstmééheﬁﬁh?nbmaﬁ& b&(ﬁ&thﬁkwﬂy@)m@s; sig(iriéiforesié@)methane,
bis(triethoxysilyl)ethylene, 1,3-bis(triethoxysilyl)ethane, hexacthoxydisiloxans, and

hexaethoxydisilane. The selection of the disilane, as well as the amount of such a disilane
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as a co-hydrolysis catalyst for the hydrolysis of the
sil ane conpounds descri bed herein. [068] Any suitable
woenoedsuswot i onal sil ane or conbi nation of PCT/US2005/036458
tetrafunctional silanes can be used in the present
invention in anmounts insufficient to render the
incorpoesied indys thei cpating Ewmpositicmspivid] dephmd updy the particntan atoperties to be

| f Si(OR) 4,. We
enhanged, i mpgReh - ither S ORGAE SKPROPIRH Ot HUred eopting,ompbgfion.
a Oﬁt lTﬁE Toi] Sélﬁ@ﬁscaﬁmcﬁde%%)ﬁh&rsﬁﬂﬂﬂ%%ﬂaﬁ@@ leStrffunctional

al kyl group containing from1l to about car bon
s11aneatdnfmcmnﬂ mﬂﬂws,smrtoé‘um&)nalcsﬂan@nmdrmﬁﬂss ﬂ@@fﬂlﬂgﬂmﬁﬂ referred

tions there t r af.ul on
to as e fEENVGE i Seow fsuiicien o i oJofini il wndiky! stame
additi{ @WiRBR EAY be ﬁkbﬁ‘ﬁﬁh&d s Be chingadhipositions BPthe présehtenvention can
tetraprOﬁ}C/ orthosilicate, tetraisopropyl

have the foronild RCaSiEOR! Dt whare ylis apember of 1c 3108 %, R isdil.cwiantaity] group
contalp r@%‘i& é(tﬁgﬁﬁ%tx{pg%%g@étgg 8 k) é@?b&lgﬂ%(éﬁ)aiﬁl%'g&p, an alkylene group,

an aryl 8fduplan Wethep@monp, dnard:@mbmatlons thereof: R'7 is H, an alkyl group
t et raki s(mat et hoxyet hoxy) si | ane,

contammgrﬁqmd@@bwetx @Fb%r?éom,dpﬁéﬁtﬁbwapmmés thereof.
Examgfe f%'ﬁﬁhﬁ% ngied B e (b IB bR o RNE AR

hoxysi ane

methmime(mbxyeﬂm;(vﬁlg‘ltﬁinbthnxysﬂanegqm@ylmmethoxysﬂane,
tetrakis(trimethoxysil oxy)sil

buwlmmenglianpa lé?m@mpfm a e tpethrsileag. | n

el bed
Octyltﬁ:gl@ %%ahteh%é& 1 etr ggﬁgﬂ%t i ona#‘%héi éiho nd RL0 taken
cyclohaxlyhncihylymeﬂl@ysﬂami i-mlbacr)d@mpb@)diamﬂm&yaﬂmeg roups.

viny RS, BB RE, A BHPAGatebd SEE AL ©
cycloﬁe%%ﬁﬁﬁ\itﬁ’ﬁtrﬁﬁélh@xy%ﬂﬂn& BLdyaReproflLiARIENOX9EiRne[$169] The

onposi tlons can i ncl’ udé any ‘sui table disilanes in

chlorcammrltgnath@msﬂm, rehlareethyltiimethoxysians, phenethyliringathpxysilane, 3-

merospfiproh ARl At 3Gt hGnoERIGRE P P ifysilane, 3-
1socyahopi%b8&tﬁﬁfbﬂﬁkﬂrsm N{Q%ﬁﬁﬁ@@yl}&anﬁﬂ@pr&ﬂﬂrﬁﬁet&éﬂ@ll&e, 4-(2-
either H an _al kyl group caontaining, from about

mopﬂtmw&m@pbmmmmysﬁa%ﬁmpmﬁm oxypijane, 2-chloro-
ethyl@F@HQ%ﬁ !:lﬁx
ye? her g

Ao M alne, )

ethyltﬁgﬁoﬁ&dji?aﬁé,@rﬁpﬂh&thoﬁysﬂgeﬂid@lﬁn@hmmnisabutgltlﬁethmysﬂane
apout t o about rno t.o , acet

ey R etEPISRUBTe dsop e po P B laopilane,
cycloﬁéyéyyggtﬁgmg&ﬁ il Qfl&h&gylfoi?quggﬁ‘i’éthdngsﬂarﬁb%&ltﬁ&hoxymlane,

tons kyl'enepol yet h contdaining from

allyltlaé:imvtysﬂand, e eboyxﬂo]rlﬁen]ﬁl)dﬂwltmthmwsﬂaam, 3reydnograpyfiriethoxysilane, 3-

T R L R N SRS
ethox! oﬂyftﬁhﬁ@thﬁ%?slﬁﬁg ﬂl@pb)@p@p inf¥thoxykilahe] $- O t hen

ere Is a direct silicon-si I i con bond. Exarrpl es of
methcmyeﬂny&nmeﬂmslamc?pﬁﬂﬁ@xyﬁhulhun@homﬂand, Aited to,

propogyg y@%ﬁ{ﬂ %ngfafl% ﬁ%fﬁ% ﬁgn %k‘ fh tsﬁlaﬁé DR ay bbiT5E BRNShount of

such ﬁlaﬁé bAdifive MewFioratkd BitdiHe@B8ting compositions, will depend upon the
-bis(triet hoaﬁ/SI I%I ) et hane, hexaet hox%cljl SI I oxape,
partwaim propswissite be pahancedprimparied tntither therpoaing ppmposition or the cured

oati g:ﬁ lggﬁ{? as well as the anobunt of such a disilane -21
221340 PCT/ US2005/ 036458
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i ncorporated into the coating conpositions, wll
depend upon the particular properties to be enhanced

ws0ob/0334d €d to either the coating conpositi onporustims/o3csss
cured coating conposition. [070] The conpositi ons can
i nclude any other suitable al kyl silanes (i.e,
t[vcrzi]f NEitdefRinla Ebdt@ﬂg,it cahi Heuzefill onadd coillobdad smca to the coating
nonof unct i ona sil anes, and_ m xtyres._ther,
compaitiosiin ampents msugicie to redgithe pyrgd coating Hgi egoﬂP}ﬁial silica is

comm%?%ﬂ?tﬁm:la%fé%de? éiﬂhb@o%ﬁﬁgﬁhcgmg&ﬂéﬁbﬁgﬁﬂohg 16l indilg Nalco

ane I ves e I ncorporated | nto

(N aled mmﬂeﬂtmmgmpams; H)pNgacel (MyeeolPredects, IncLyAahllamh MAB; Snowtex

oo B LS e E S O Gl
Delaw%e%ﬁnﬁ I-hgllnj%ﬂg ((% hepr ke TRe). aTﬁé’é!ﬂfoicB,‘l‘ aitikc# 8%n aqueous or

ne group an ary group an
organi€ k&omtmhdpymdmmf@mmte sitida endrihiervatioesproduass didfer pendipally by

partlclle g:,zgl,(ﬁﬁcglt%#égnmgﬂ o ,}R%Q%%Lal ?T il om}?%]is,:]s?gg a%g akéil% and the

like. ﬁ QinBBistood eakilRl if ieanethackibitavealy dffeRaeplodtct Pyoperties
e above-défined fornula are nethyltrinethoxysil ane,

can besibl@hadr threstgh dlvey seiléction of giffspsut celleidaliadligas. | ane,

P TR it eI M B RGRPhyi Btsdered s rsctive

mateﬁiﬁcyﬂhh ghice )fﬂéélh@d"ﬁ cofeted Qli'lﬁ)éﬂ.{cbﬁ 'bﬁﬁﬁd‘ﬁy&éﬂfl@ N@me of which

cycl et hy t dnet hoxysi | ane,
are dépmtenhtad,rvyhmk v inparhctwithonbtergls in theeoating composition, The extent of

these tﬁép o nehg{t)q)%ibl g?’%’gﬂgl lf)}c%%é nﬁél&&ﬁﬁ%blkr%esystem, pH,

concéntation %&%‘ﬂl}, QirEhp. Tli@ﬁla@w&tﬂﬁgpmcess further affects these
3- cyanoprop trinmet hoxysi| ane,
mteraf;hpm obase yﬁ;ﬂpql irethe @;gtygq:q 251573 that collo1da1 silica can be added into a

coamr%g ﬁ%‘%ﬁﬁ{’ rn¥ !’ﬁf : n%{*;%ﬁ i cﬁ'@@rent results. The colloidal s1hca can be added
to thé ®Jatiap b@:ﬁp@m&»ﬁ st atig tshidabls tilnene,

5 a.m%]g 8%% o ?@Bﬁ@%ﬁ%l{%‘ﬁ%% g)%rt} lgttsgrlngg§1 SRYoY dJe pr%Sent
mveﬂ}foﬁ%aﬁ‘ am tar met&h AP R RRYthhdd JTRAOSUCES bbaiMg, cofpbeitions and

am noet yl') phenet hyl t ri met hoxysi | ane,
can fuﬂuhmcomnﬂah;d th theoeval) stabilitieof the eddting ompositions. In the same

i e S oo BB SRS AR Ul B

inverfio8P Wubh h&dilon By BOMad®itisicad bf, &k Elﬂéfdtﬁudnﬁfb? any colloidal silica
i sobutyl triethoxysil ane, hexyltrlethoxy3|lane

additéomsy Matalawidss yeayl bereddeditcthe inveativeosaptinggiogrovide or enhance

specftﬁé gagr(%)lp?g% ﬂ%{l&n@‘:ﬁ ga?wg;%/ﬁg}l s, g abrasion resistance, refractive index, anti-

statics affedTRRtank € Waatiapatility] eith Thyse dkﬂnﬂ in the art recognize that the same
V|nyltr|ethoxy5|lane al lyltrjethoxysil ane,

typeg of regsony Erdrelnding Fbeét%l?l@ filiegndbe porgpesitions 'of the present invention

also %pe'(ﬁ% g{cﬂ)?tg JA%HPS%J} ? mE eﬁ%%;/%d? al%}éamples of metal oxides that may be

used3n mbtchaﬁyg)tmmﬁsiﬁorﬂbf ngtehmeenﬁbn include silica, zirconia, titania,
ethoxypropyltrlne1h03%3|Iane

GEH%%PWSXW@B}}%WWOH% si | ane, 3-

y?ﬁ@ Eﬂnﬁﬁﬂt‘ﬂ?‘cg i3l él]ﬁféﬁincor%orated into the coating compositions of
xyet tri met hoxysi | ane

the pmsamnye‘ttb;alcan Nalgft\mdnb/sanldamﬁ gemtrally demsodicothedesing properties of
si |l .ane, addi t.i v as . wel | t
the RiRd, SORURE PREBT SRR SIF FontinE porbSeBiRints ek bR el Wbitic of

wi |l depend upon the parti cuI ar properties to be

enhanced or inparted to either the coating conposition
or the cured coating conposihbkion. -22
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WD 2006/ 044340 PCT/ US2005/ 036458 [071] In certain
applications, it can be useful to add colloidal silica
WO 208u@46338t i Ng conposition in anounts i nsuffi cip@US2005/036458
render the cured coating rigid. Colloidal silicais
commercially avail abl e under a nunber of different

the ¢oatiflg amPosiaGsy 'Sirilaity, the anbumtiof gldlsﬂloumles {ridaipated into the

coBtp A ARS o oF e RGBTV ETHATL A Eslely A Sl generally depend on
the '%uﬁ%h ﬁ?dpé}{ég W el ca;ferd rﬁoﬁgl%gﬁlﬁ?!é& &drﬁﬁﬁé‘éoat&g @Qfﬁposmons, as well

npany, [ awar e) Hi ghl i nk
as tH3Gesitbdsthbility ofthecoaingeomyoyitionhdhe oblicielzsilica dnidfog metal oxides

il P Bl SRR et £l S0 B Bhn i pigpnter, o
desﬂﬁl%ﬂ%%éw si2¥ i m@w%@loeﬁwamw% s@ nfilpsiefnsat i on,

presence o stabilizing ions, solvent makeup, and
t he{075]| kilthdugh iasatatysbisstob aul esspniis dagredipmi af e pmsqnﬁ gwemﬂon, the

t hat t diff
o oS3 PP BT i RSB o B AREDE f B Soutng
mclﬁ&hb Qtality, ﬁiolrés‘iﬁscos[r@ﬁaé ch@dticeédiahnce] Whtehresistumoe,atiel €The amount
to a coating conposition, is consjdered a reactive

of catalyst nsed. catnwéryswﬂﬁle{cbutdv anrgesent Wilheensraliy herp go groyut sufficient
l, d
o B ROARLA L PO Pt sk on it sl ot coning

confpReitioRd conp05|t| on. The extent of these interacti ons
is dictated by a variety of factors, includin olvent ...
sy sl086] Bramplessphsaiatysit gk pandi nodpiraled i HiR Fpating sompositions
Ex%%%ﬁ ﬁ.ﬁ{{) nﬁgn os esﬁlﬁfaﬁ ﬂdg HmifHdt6 C(ﬁa)ﬁnét‘ﬂﬁﬁﬁtylacetonates, (i)

In the art recogni ze that
malﬁiﬂeh,c(lil@&im&zblesﬂl\f)amm axicharmonitun salts, ((m)aQrgalgc sulfonic acids and

NETE N T R e —
(vn.@?mggjlﬂfa £|ﬂhs mDitsloRhE datdTPsts inihdb fdihgoasld) iddrtompounds

1ica'to the coating conpositions of .the
as ghuras@nt, zmcnw@nammbekmcﬁu}apﬁen&'ﬁeﬂa rgreun (0 digyepdiasyde; for group

G} b P ufreioy BRES By Py FERERY o 5oiP i L Goctyt2-

proﬁﬁ%ﬁd&ﬂol@oﬁp @ﬁiub'(ﬁﬁ) SucH &dﬂtﬁnﬁﬁﬁﬁocnﬂ‘ﬁlﬂﬁﬁéthyl@hﬁ&r a:ntial ,al-
oxi des maybe added to the coat i ositi

dlamumeciphexanv,eiu geonp (BUsikh a@@p@ IR nesH P@&&cld for

n add di
grogja d‘l'l? PEHS Pé‘{ls %xs?)gfe“snf Qééta‘i %'gg% (ﬁ% : Ay oeurllltdlS gelodm
hydeaite, g gb&sﬂﬁm\hyﬂﬁ)ﬁtﬂe, ant &ﬁ@ouﬁ@ﬁ@l sutle cq)mpqnmds iag tetrafn-butyl

t he cure coating,.such as abrasion resistance,
amm@flm fipgride, gadthe kst i - static, anti-reflectance,

Edqﬁ alj) e{gf ¥1n¥eﬁfhﬁoun-{|3?§ fevelihg erﬁoxiv Rohth6l a?éﬁt can be incorporated

rec ze t e sane types o reasons
intd thel mdiphgmbh (53) qnbédmdml evsn]lyl oméaevehthewem@osnpon onjthgsurfaee of the

AL Y. SEENE T N
levgﬁl?(e% oW 86trd1! '31 Lt @att 9&?‘ vﬂiﬁeﬁom bk @ Smdhnt fificient to provide the

ent i1 nventi n include silica, zirconia, titania

coarmgldempbmnom mﬂheﬁmna aboutd0b ebauitSi)0per eithe Igvsliag omfiew control

t |daI Sll cal ted
ce b gonupou: samessiel’ oL B dr A Sof ggent which s
cotiBAbI¥tR ! the é’cﬂiﬁn%’bbﬂn pOSHe ald the deReatk, Wmdhfig cémable efleveling the
ptroperties of e cured coatl@g produced fromthe

coaimgtqongaownposlatsilbﬂ@te, and whigh enhanqes weliing hedweqndbe coatipg

com{)osmon and the substrate can be employed. The use of leveling and flow control agents
is well known in the art and has been described in the "Handbook of Coating Additives" (ed.
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-23 WD 2006/ 044340 PCT/ US2005/ 036458 the coating

conpositions. Simlarly, the anmount of netal oxides

woeoispasrbed into the coating conpositions of BOTAIS2005/036458

present invention can vary wdely and will generally

depend on the desired properties of the cured coating
Leoiird dLC o f pubrMdrec] ODmkkémpgii®pbs, thecatire eomtents bf whish are hereby

the desired stabjlity_of the_coati.ng conpositions. The

expregaly Bicgenoraied her frencedn el SILY. \i || general | y
N . ararotr - '
m'al\t?? 83] @falﬂg?%sﬁofﬁlgiﬁleeygxrﬂgﬁg gI Shtrl aé’e&t@w%fég’ca% be incorporated

cron nmor e désira _ )
into ks ¢dating ceinpesitionst dfdhe prespnt dfvehtiominghles bt arend@dimited to, organic

potmpee i TR LR R0 M5 s o giooncs such
Paing%gidiﬁ@“s, Phirt AGRItRIYS! sfnﬁf‘l;]‘aiﬁtfﬂ&ﬁﬁv@m aohODoWoraing'SE.WET L-

other properties of the coating, |nclud|ng
77 antl SBLWRT/ L-7660 Fom QS Spentaltiess and Huorosuréactants snchas FLUORAD FC-

ter i stance, etc. The anount of catalyst used
443@%%%&’/&’8’@@% but when present will generally be in
an (879U Th ad@kibh CotRetadditivepavbaiflded eanthelzoutindcoinpasitions of the
about "10 wei ght percent, based on the total, K solids of .

proseninyGHOng caBp S uspiiness o/t ceaingomposttions Pk ihpspatings
prodyPe} g S oo R RGBT B WS- AAPRRARY®

antibgidarth, andehalikeemibe inerperatddnio the coatingicampdsitiony of thg present
. imdazoles, (iv) am nes and ammonium'salts, (V)
mV@P@thQesgéﬂ’l-foni c acids and their amne salts, (vi)

| Dk ciroal . .
e A il Ot o g
orPmte ol st i g
press BBy PHSE 1 A EiooR A SHFEEYS fo P PaioEl AP R Gom i dogradative
effeg&%ﬁg}ﬁ' The n$H S h &R TN ESisAR sc?0eR i el “Maf@B&Ikeof Coating

-et hyl -4-nethyli mdazol e and 1-cyanoet hyl - 2-

Additivgsyl KedviLgarartld; Célbe, ppbolvfrrgel PDekkerkipgcdipiadnds agether embodiment,
be |.di net hyl am n ng 1. 2- diam | ohexane; for
“%‘P_%ﬁs d%qggﬁﬁn ?Sﬁ%&‘iﬁaghea%r@?ﬁ 6’?@1%%hanesul f oni c
aci@z1f O anBfte Bmbd¥dilnefit) & BuFATRR D #fix BF sEr@abtdni can be included in
acetate; for group (vii) such conpounds as sodi um

the hyalingycotpositions ioqrawids the cepted extide withaatirfozgige praperties. Including

o h q _ ) , .

surte sy oyt 6 ST S AR iy B s gt o B e, apd tho high

wethif) &inkiod pRévehtsGiie fRnation ofliéiiitc G@Pldns 1.k €uy, partied @dting surface.
into the conposition to spread nore evenly, or |evel

The syefagtonpisther ebapses thrawelodut of thegyaterie maniin 3 gedr, gapfogeed
. ¢ . . .
e AR B AP B GRRMEl fde  Aoo
OTJgerdm Cargec\lagustz\hbsdﬁbyw ediPatteraon,NJ. dhe anngaﬁ:hant soifnponsng nabn be
to provide the_ coating co ition wt [,om ut . 1
progegt aAIgHt 640065 ppHeisht 3%64@@3@}% G0811BE CHTRRFDh Bighek 16ve1s can be
useﬁ;&l@o&hvgté@%ef%ﬂ‘f@dﬁﬂiﬁ%ﬁ i cr%gﬁ?ﬁ%?%' h3¥R bé ARdRirable for many

ow control agent I's conpatible )
applicatiors h &he eati-foggingelfas of caingncant teemeasustdrint storinghfhe larticle with

S BNorhe HEASA EALASR APBR BT B e

watsP@idoR 9t 60°C. If the coated article becomes clear after 10 seconds and remains clear

for at least 1 minute, the coating is anti-fogging.




conposition and the substrate can be enployed. The use
of leveling and flow control agents is well known in
w0 fes/aa34end has been described in the "Handbop&Twk2005/036458
Coating Additives" (ed. -24 WO 2006/ 044340
PCTI US2005/ 036458 Leonard J. Cal bo, pub. Marcel
DEQsA]r JThepgatingdecirmsitians canba med@mnerrwﬁalda manieh Fer gxample,

LT S PR O N T

the mitRMhCHORAL c%ssﬁﬁﬁ&tcan BELadedaaa sBReht WiAIPREAdRAh Iowal % react at
the coating conpositions of the present invention

room itenopageture dyemighte Adstitisnaliadditivasosuchrag adesling egers: may then be

TRI TON X-100, .X-4 d
added; b E3fine compReion s bpled B aplefc ah PR TS coating.
AQgig3]i iR addbrdzieed with eniboditebiits UEthe présearnbtionad fticle can be
SFLWET L- 77 and SILWET L-7600 from OSi Specialties,

providedd Fhe estiels gan semprises Swbetrate snd-g cogtng fpemediornef leashamemrface of

e 5878 oo 8 pB i 5 e

may Bedoateidiwith the c@ﬂﬁmlﬁﬁnﬂdsﬁlons of tﬂerpe&ennhveﬂtmnc &at exugnple plastic
conpositions or the coatin prod b ri r}g
materials (Wo0g, BXSHbAInte do% facesy pn %i%‘, Thego positfons are

copocl o0 & o B %%a?%ngckﬂﬁg%égém%t%ﬁn st o fim o,
such iy mﬁmPolymmnpmlyfethyﬂm@phﬂwht{e)oﬁom:cmbowes, polyamldes,

o GBS i A B 1 P A Bl

pozyvﬁﬁ%iohaerbxﬁﬁdte@aﬁdqaé hﬁ@ayﬁﬁweﬂ? vaferieyRdleridls bdied with

resent |nvent|on at any concentrati on effective to
these pompesmous ara bsefbasdlat oo purvedendopurasasichas vandaws, skydights and

ds|h|,1_§ The%t&sie ﬁf th se. a%:;l}?l1I t|v§s %%ﬂd%%%ﬁ gﬂfkgﬂ&ﬁg

poly(@%fﬂ%%ne@%olmﬂﬁﬂ cQBKKz&é))(AlI@) éi‘%i}?b@ﬂaonhﬁ lenves, et also be

diment, wultraviolet stabalizers can be added to
coateﬂmethdhen@mp@smmftth@ment{@sl] In anot her enbodi nent,

tant .Of
¢ RO, e oo U BE b0 S R SR 4R st
mannéf. tfbréﬁitbinpfe‘?ﬂfﬂ d@ﬂlﬁ%ﬁl@ﬁﬁ bf the mdeﬁﬁbmd&rﬂﬁb applied acsclidisubstrates by
results in wetting tension on the, surface, of

converienghmeliods amlwg floyh epating, W@hcoa%e&tquﬁf@mt @Rtnglip coating, spin
coamg%?g]ﬁe Cogpgtc 13" 5%8111:9{11? 3 Sur ¢igpl ets, i.e., fog,

I'ng surface act ant further
er[oasic By b]it&ce/\@ﬂfproplér ooﬁtmgmn\'qmsaront sppliraiiéraconditions end

non- f ogg rface le of a suitable .
pretrgprR TR R e 9@?%%&{}3% Sypsivale, (g 50pig compositions of the
pres Qeftion & bé%dﬁér@ﬂ%@ﬁnﬁﬂﬂ%ﬂf $d1idSsutfales. \ﬁﬁfetr application of the

atterson, . he surfact ant conponent can
coating mpnsnmnsaxﬁduat proseat ment&»w}@ welig) mbsr;reteﬁ;,eth@ c@ﬁtmgh ean be heat

atin posi ti on her, .l evel S R
cured i sy SRttt et Sl A Hitabif 6P 86 Fot GG hmle, e gpatines
can b%%attlﬁrémﬁ?&hﬁ&ﬁﬁﬁesfﬁ the Fafiye oﬁﬁ%b'%@”%&nor@'f& a %enod of from
anti-fogging effect of coatings can be neasured

secongls 4o il 8 howiseor mare.cltavilliberundersiood thas ﬂlmatmgﬁgcaarbetcn@d in any other
suital grrriaglﬁgﬁ, %og &xamp]%, gn \tlln'%wof'elt' Q&t%?attetfwﬁl&oqﬁmﬁ%? g&b?ef df lﬁitﬁtmg

cationic cure can be added so the coating can be at least partially cured by ultraviolet light. Tt

will be understood that the coatings can be subsequently cured by another process such as a

heat cure. Any suitable photoinitiator can be used. For example, aromatic onium salt or iron
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wat er vapor at 60C. If the coated article becones

clear after 10 seconds and remains clear for at |east

wWOonrzDosi4e340t he coating is anti-fogging. -25 WO pCT/US2005/036458

2006/ 044340 PCT/ US2005/ 036458 [082] The coating

conpositions can be made in any suitable manner. For
aren@ X8l Pb@plek scavailable &ivin Cite Spkcihlty Chpmicals Corpl, Tengtown, NY can be

silane and the diol functional organopol ysil oxane and
used-he nul tifunctional crosslinker can be added to a

sol t : : : nati

¢ oIS, T olfBlethichltestah QUFHILEYY B8RS lithe PARAr application
techhizue) butgostipes havingp thickmesb of fremicibdut 0Chéo 2@ aticnogs or from about 1 to

cqQnposi tion can be jed fo.a bstrate.and cure 0,.
aboyicmierans 2 g tssdo bl he ot B8 b et Gar e fttslabiatly
tranMardfi® Present invention, an article can be provided.

e article can conprise a substrate and a coati ng
f o087 dn aatordanee Withrmesmbfodineend of thelpressubinvention, the coating

comgitih i be A Y A Lo AR e ARGy Gited FREFl, Aty puitable
prinfe?%mﬁé hdclN FoP Exdrisle /Y Fl§ethiah 8péreibn bk (RI69FTERS be used.

plastic materials, wood, netal Eﬁprinted surfaces, and,
Exapnplesiod suchosvitgble poimestiare otsiled ipd §. PatsptNar £316,791, the entire

speci al Ly. usef ul coat | tixC Qroakl

confGR 3R i RS BT nERRL el By SIS, W BB dra such o
sult@éldli yhitner bﬁqil?msﬂ&vailmbla/frgﬁlme ﬂ‘eié]ﬂfomyi\ést‘l o Bicatﬁa')allmm, CA. %nanother

pol ycar bonat es ol yam des, ol yi mj des, .copolynmers o
exampley the primger can Be %Oéi/fee,d mm%oa% MWS?W&?&DB%@%S @nd/or
radifi@ REIEIEL in oldBl $hdKhec it rbhilErab ity ¥f @b SDate@ ibslli. The primer
I ke. ansparent polyneric nmaterials coated wth
can bbepslieddopeabstiatnandaaieor thedmdllyakiefi] ag., air-deied ferdess than about 2

encl osures, such as. wi ndows,. skyli.ghts,. and .
hou, FRALP EPRHRE ROTRaSTiaRIcHn PE FsPANRDYS APRHSARI YR, Al which the
coat%{:l@ﬁﬁsh%ﬁrﬁ%ﬁfforﬁﬂ&h as acrylic, poly(diethylene

gl ycol - bi s- yl' carbonate) (ADC) or polycarbonate

| er]688], Inapcafizeevwdth fuotheremiwiditents ef theppessit inverdionf formed

.the inventio [084], The coating c ositipns.can be . .
artlG e e e PRRALAEIes FOLPe S OTaRT BiocfHRR A e Agpating n
accGri BRI vAth thB PrésefiRdinition vh 20 feabtitfhelsHEdY ITH oatindR applied to the

applied to solid substrates by conventional nethods,

formgedcarticles priovtodommingdhe apielay coating, curtain coating,
dip coating, spin coating, roll coating, etc. to form
a continuous surface film [085] By choice of proper
EXAMPIRY conposition, application conditions and
pretreat ment (includi n? the use of prinmers) of the
a5

sulié8?lat®he ﬁoﬂe‘grmcr]nw arpis priposes offillustration pelysnd are not
o : _ : . . .
e BT Pl o o R ! Wit s

herdiR BROptiFOAlSy BEorpbrutdd WeRfrendevent i on to solid

substrates, the coatings can be heat cured at any
suitable tenperature for any suitable period of tine.

For [ L

t en@@ﬁtrﬂ& lé li] a 5010 200" G0 jTe-10r a
IOer[iOQg] of00DE 0 B-gaddndprdpyiitithettnuysilane epoxyefinttiona kilane (A-187,
_be understood that the coatings cap be cured in % . ayar
Witge ferporainn, Secawieth (eb) wasgrdeddarpy Bter Shsijflﬁ?‘aﬁﬂ. e ¥ith a distillation
appafahls! o Al RRYrAoY HEREPHs RFBAPLGE0E of dMibilifdd Waker were then added to
the 5 liter flask. The solution was then heated to reflux. After 3 hours of reflux, 743 g of
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cationic cure can be added so the coating can be at

| east partially cured by ultraviolet light. It wll

Wi 2000084386 0ood t hat the coatings can be subsequeotriug2005/036458

cured by anot her process such as a heat cure. Any

sui tabl e photoinitiator can be used. For exanple,
solvért B réfiovsdl I:grmﬁtﬂlﬂmﬂr The produ2iow M0 08y-34 4Gthout further

PCT/ US2005/ 036458 arene salt conpl exes avail able from
P‘m@aﬂanSpem alty Chem cals Corp., Terrytown, NY can be

used. [086] The coating thickness can be varled by

nmeans of the particular application technique, but

comgmgﬁxhﬁglemcagnm Cbmesma% afid Brimabout 0.5 to go

m crons _or from ahout out 1 rons an e

s 831 7 3 grens ot deimpterd 08 b avere el ibihige FEA e solution
of 155H ¢ aligy 19?%‘%2@5?&!5 drﬁ)o;ﬁg -(tHiBthd: ﬁfsﬂ?ﬂﬁfb??l)yﬁ $ farandione

odlnenf present venti on oat I Ng
s11ylelnd‘nnﬂnﬁmarmahmyhﬂadaﬁﬁm(bG)Vaakeacmgalmamrm Agnan M), and

140 f gt oo anmmgl sotverto P BRERE e hrteg b o gyt ovemnigh.
0. 18%&&?6&'&?&111@&16@@%1111 RasiP 257 ¢ho glcb idy; Midlagd, M),
are detail in S. Patent No. 5,316,7 the entire

10 wmght pntcentqirowlmrgly@l inrenemednd ether @W@ﬁhﬂe&%ﬂ@@ﬁm&‘ﬂl

ot P " S Hhe g 1 5 IR e

aﬂet%eaﬁdlh@ﬁ@fﬁ@'PA-S’inﬁhhﬁeﬁﬁﬁlgﬂl mer can be modufu ed
ul traviolet |ight absorbi ng subst ances and

r am)% T@mﬁg&p@pw@was anplipd by £lgwcophpg to a pRl1180 (SDC
N
for 30 htlitesethg coathig waly dueel] for 2 HoasssattlBATC. abbeibaze gatnongswdis from a
R AT T
1.7 ﬂn%zégﬁ r?&)%%iﬂ?%?oﬂs%&h §oh) hakeHed 206 feviliddns. UThd'@ickness of the

the present 1 nvention, fornmed articles
topcanewpy 2§ lm:lembns Tﬁhae fommabdﬁtsamf the be@mgovmrﬂvabla‘@dfaé dassgibed herein on

ateh oat i gorgdance with the
acngg‘é gtassgsg &ﬁg ¥ ¥ace. The coating
'S applledtothe formed articles prior to formng

the article. EXAI\/PLES [089] The fol |l owi ng exanpl es
ar 4093r mf_s_-»-s 1n Jomsnosiion@nd FRMET and are not

I mpl@ﬂ@ $9 Bt POy rsﬁé’x@%défé &1188% HStiathHeSidoft of 17.7

erences C are

graxﬁ@@t:Afllsqaii ¥ gtmmm afd 040.0 gtaneofisoprofian]. Ehampitere was
. Preparation of a Dol Functl onal

stm@ﬁ ghreepoiEpeTatusR gﬁ@'n{@g 1919 grames @fra solution of PA-57, 10 weight percent

i B S5 BAR TFEOR 0 ann 20 e

aftepfidedditonaf thd PAST 19 llm& thixsg fitted with a

ORI LA A W
1/4” thick polycarbonate plaque. After air-drying for 30 minutes, the coating was cured for 2
hours at 130°C. Haze gain results from a Taber test using CS-10F wheels were: 2.3% haze
at 50 revolutions and 11.4% haze after 200 revolutions. Thickness of the topcoat was 3.5

microns. Formability of the coating was evaluated on a cylindrical mandrel and no crack was

observed at 4” radius,

-28 -



the 5 liter flask. The solution was then heated to
reflux. After 3 hours of reflux, 743 g of -27 WD
worie60444340 PCT/ US2005/ 036458  sol vent was r ePOnus2005/036458
distillation. The product was used "as-is" w thout
further purification. [092] Exanple 2: Coating
P SEkdrople a0 Coltingn@ompEdiin andrymeins of dei oni zed

gﬁol9§]5 i 5%&3 v?r;tgy%r I%Sa‘ffge@ th»@gvl%q?tto'ars%':é‘ﬁ’g S0t 3%5.0

|
s 24 PR S0 gupaut s syt v
stlrreddﬂmmﬁmmammmterm@t ACYT A NF 3 S0l o o804:5, &P Fpighé percent
mPMltgz}eﬁ%iO n?v{g_eréo : EQ]%@&% orgyvgﬁm%ﬂ RSl aﬁhltiro B0 minutes

a solutron

- t
sfter e URAGPRAC P %%“ﬁ?*%%?é&?gp?%‘y’f’éﬁe' ;”m oo
nf0i66% Fhis! coenmgzcommt@mmas applipd by, & prime

o G54 oL A P s o

hours ¥ 130°€. ?&z@éaitﬁeSﬂﬁllﬂ‘c&n thb?l}}:est[lﬁﬁg]csiﬂlﬂ‘? whodﬁ) g@i 3.1% haze
conposi tion was applied by OW CO 0
at 50 yegDOtonENL 2% hage 2§97 200 Tayplpiang, w Ot e topdoad Was 3.2

b | Qind 30 crack
m“’”ﬁ? nﬁ?rgﬁgﬂ%fﬁgi‘g%gz{% [ ng&v‘\'/as cuuae%f‘?jor u%(%i&?lslﬁg%drﬁlsoc orack was

observd@eat3azgdigei n results froma Taber test using CS- 10F
wheel s in accordance with the procedure outlined
herein were: 1.7% haze at 50 revolutions and 7.5%

hiéfo@fﬂa&bﬁgl G%mgm_b@@hmmﬁdpmf&ness of the
or mabi of the
C§a102)d 6vigrams of Dd twatkr awerel eddadi dsepwise itcea RBHE salutlon of 47.0
li nd | d
gromy SIS, 00 sTams o A 3nd 250D oy B s ARSHRNE TR mBiture was

on an

sune§’5£ 5B feRPEdanie Syathike. 056 arﬂ%fﬁi sdl\ﬁthm ca"dwem ditoweightepercent
a stirring solutlon of 17, gr.ans of

15. .
in PMj EIWBI koD, addsel Taoecompnstien WS 178 i s fangh addigsia 20 mimutes
re red t enperature overni ght.
af‘er e Hﬁﬂ”&ﬁﬁb‘?ﬁéé&?l}ﬂlon A-57, 10 wei ght percent
| r[foE’M]ngs @baﬁfi‘ﬁgftafnposiggﬁ vsael dp;lﬁhed'lﬁ)eﬂm npaimgtt? aertso primed
eft to stir for an additiona nutes af t t he
1/4” toitdk palyearesmatelaqug. eﬁvﬁftr&lfrf?rmgéz 1;1;46:‘ "%‘ﬁg’as cured for 2

rour 15083 SRR e 157 PRl F%&E%‘%% @mm ;2% base
at 50@bv¥olaliotisad 38r1 Y8 Razwiafier 280 revhntionat Thigkness ofilie depopatwas 3.1
micr g Fgrioeh iRt SRl v ESalh S i G8 BRhAsF i o grak was

S@g aze after 200 revolutions. Thickness of the
obse g%%téﬁ%ds% 3.5 mcrons. Formability of the coating

was eval uated on a cylindrical mandrel and no crack

EOIOg]bS%ﬁ/lel% 6a E’Jog'ﬁn regmug’smon and Primer

[0105] 15.0 grams of DI water were added dropwise to a stirring solution of 47.0

grams of A-187, 15,0 grams of GF20, and 260.0 grams of isopropanol. The mixture was
stirred at room temperature overnight. 0.34 grams of a solution of PA-57, 10 weight percent
in PM glycol ether, were added. The composition was left to stir for an additional 20 minutes
after the addition of the PA-57 to insure mixing.

[0106] This coating composition was applied by flow coating to a PR-1180 primed
1/4” thick polycarbonate plaque. Afier air-drying for 30 minutes, the coating was cured for 2

-20-



WO 2006/ 044340 PCT/ US2005/ 036458 [098] Exanple 4:

Coati ng Conposition and Prinmer [099] 17.0 grans of DI
W0R2e0s/1044380 ¢ added dropwi se to a stirring sol ut PER/IS2005/036458

45.0 granms of A-187, 29.0 grans of G-20, and 280.0

grans of |sopropanol The m xture was_ stirred at r

00
hourstae lﬁﬂé"i('at gaireresilihirome, Beberieainsing Cr L0B wheelswae: ©. 0% haze

5 ot ot S BB RE R B M5t w32

microds! dFéﬁﬁHbﬂh 4 the éﬁahﬁ% wadbvattiatédion adgliitidrival mbndrbbardAciiack was
to insure m Xi ng 00] This coating corrp05| tion was

obserggshatid¥dadips.f | ow coating to a PR-1180 primed 1/4"
thi ck pol ycarbonate plaque. After air-drying for 30
m nutes, the coating was cured for 2 hours at 130C.
W@ﬂ'@ﬁm@w Cﬁaﬂijg@ﬁ@o’éﬂimﬁrauﬂ@mnan& ng CS-10F

were: 3.1% haze vol utions . and 17.2%
41083 1ck s oF oy ehes wors added GRPLS K SRBESHEgR LT 300

31 89, 386 %ﬁﬂé o{ ERsoahe :306 L §[ SEPIIQA ol gth\é?ﬁ’MOH) solvent.

eva uatéd 0 i ndr’i ca and ho crack wa
The mixaere was siitredBat madn tampe:{aﬁ)ﬁ@ﬁir tlﬁaead@se 038 Gamsiofig solutlon of PA-

57, 1§ BT BereE A SO Bewels S5t 113 R G i JgF (oSt an
addit@pal 20 Almbs BB the2daf¥ioloT s 12A- ﬁa%uﬁm;aﬁ@ 0 _grams

I sopropanol. The m xture was stirred at

t e[ﬁin@]aT his eoatingroninphsition was appliedbydiovy cgaﬂngttp g,PPgi 180 primed

b A bl s

hour##tdBH*C. nmaze?ghmésulteﬁonﬁé Taifer td3BusGElCEL IOF witeeldwer®A3 B%6 haze
to insure mx OlOBL Thi s  coating conp05|t| on was
at Soawlmtms lgydfm&%% QQyrexolntions; sHugknespef thg fopeoat was 3.0

e Bt ] el v

observiad &t Yadadiusesul ts from a Taber test using CS-|
wheel s were: 5.3% haze at 50 revolutions and 38. 1%
haze after 200 revol utions. Thickness of the topcoat

ey ottt 87 Boatit CBbAiioh s ot i ng was

and no crack was
obf9d it Vielh.2gravtis ofA0l wister fverbCad]iecEdm;rwhsez 16 a stuing sedution of 45.0

grecn OF B 7103 O BpAPE 020, AP g® obP B Bk sffe $FyTID). The

mixtEhe HR sﬁfred\atlﬁznﬂéu@eﬂ!hﬁ%ﬁﬁre%aﬁ 1891 g3 oF aGohitien @f PA-57,

I sopropanol. The mxture was stirred at room
10 weightpsroeny nmPMf&'inwgmtadd@i Fheommesisionavasdeftta i forran additional

PA-57,. 1 | ether, were
ZOmgHE%soeiﬂ ﬂ?%&ﬁ’ﬁ&ﬁ% ER\Ng 1%5@41?“?{3 ir for an

adﬂm DR c8inE cuhpsitionfvaslapp el yelflowicontingy totad BR-PP8GFrimed

to insure mxin [0106] .This coating corrp05| ti.on was

1/4” gpgk p@mca@bonat@ agemt Afkgy aitodryineon 3@ miphtesdle copfing was cured for 2
hourél,lé@ 13 ego&'%/"-‘%g gl el RicR0YPab g&? ﬁsﬁg 'CSdTZ%P WediPfert? 4.7% haze

g Wwas cure
at 50 revolutions and 26.7% haze afier 200 revolutions. Thickness of the topcoat was 3.0

microns. Formability of the coating was evaluated on a cylindrical mandrel and no crack was

observed at 3” radius.

[0113] Example 9: Coating Composition and Primer
[0114] 15.8 grams of DI water were added dropwise to a stirring solution of 47.2
grams of A-187, 20.3 grams of GF20, and 300.0 grams of PM glycol ether (PMOH). The
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WD 2006/ 044340 PCTI US2005/ 036458 hours at 130C. Haze
gain results froma Taber test using CS-10F wheels

WO ReUs/a4A280 haze at 50 revol utions and 59. 1% haga/us2005/036458
after 200 revol utions. Thickness of the topcoat was

3.2 mcrons. Formability of the coating was eval uated
mixfifle #as Wirkditdt réah témpldmke fon thre@ daysa 013 8vgxsms ofi s eslution af PA-57,

3" d 010 Co Co iti
10 e OH 7 TS, v oo SR 8 atons

20 i eff bR aduidl 5%#“@8@33'7 R o TR
gl XODIS}M%&BMPGWWW appmd byiflavocestingdo 8 PR-F &9 primed

f
174 @;cgggoomm ta.gzpn?ler a e gﬁyir n. 2:}/ @mq%es nga%of \gas cured for 2
u?sgpg e % I;PIaa‘—"T -108wiels 5.8% haz
ho a I‘i??ggﬁa% nutes aft eribt%%}fgsglglﬁdﬁ%n ofwt he vEeAr%? °
at 50 eeviohgtione amd 34 6i%h hdze a0et zomnesolutm ﬁ@u@mﬁb@ﬁ the tﬂpcwésvas 3.0

. appl ied coa PR:1 180
miofdgbe FoRRAR IS oD e e St 8vahngip pm 4 Bl A franditlapg no crack was
obséPv&Pﬁteﬁ’ra&ﬁE coating was cured for 2 hours at 130C
Haze gain results froma Taber test using CS-| OF
wheel s were: 3.0% haze at 50 revolutions and 14. 0%
ha t.er ( S5 0of the topcoat
é[ﬁéf%}f imvime atl ng was

evabugtles.® QraﬁlsfdﬂDIlWﬁtbﬁﬁére mawr uhbpwtsé toa smrmglsohamn of 47.2

b d at_3" rad [0110] Exanpl
gra%ai’w%{s!f&n 512 axmpot G204 185 Ogs%g”%? lten@om). Tho

SR Y %i}%élgip%r%gﬁg ?Jg'tﬁf&gggyss T %Iggxs%ff a;églr?go% of PA-57,

10 \Pbilgbd peecdnt &1 PIRIOH, Ripeipddeth d‘helmmpnsmoms daft torsm fortan additional
roomt nperatyre f 039 grans of a
20 @H?“lﬁsl %F’aﬁgl ?ﬁﬁ)l%(g%d &in PMOH, were
dv chRingah a PR-1180 primed
o d ey Il ’hﬁ ‘é@dﬁﬂ%%oiﬂp%@lﬁ\bﬁ%rds %{:%heédg)gﬁﬂ W a prim

nutes after tion of the PA-57

1/4t thmhmymbnmtm}aqqeo 1afdr aitdryingcfar 3horiness 81 qorRS Was cured for 2

appl b flow coa 180 | 0
houggg g ¢ BBH LT tﬁ?‘g&h"eTa {eés& usng ¢ rl{ﬁﬁg‘gh%e[ls wegs: 6.4% haze
at ﬁr@%lﬁﬁonstaﬁﬁ 50984 hitik RS 200/fevelutiohs, 2Thiblatess ofthe Wa’t was 3.0

Haze gain results froma Taber test using CS-1

mlm [Formebility of thesorting wastevalyated palanyliBgcal ﬁ‘é’n%l %84 no crack was
belazZ g g%Jer 200 revol utions. Thickness of the topcoat
° s\?ﬁ@ 8%t ons. Formability of the coating was
eval uated on a cylindrical mandrel and no crack was
observedat 3" radl us H e 9: Coating

SAOIHNE i A g avis of DI water
YT S o N sl 133
of RNISG| 9.0 @Fares 6RGFIRNMBRSS gfims of iSGpriandUBB] glyadiather (1:1). The

PCT/ US2005/,036458
mixture was stirred at room temperature for three days. 0.08 grams of a solution of PA-57,

10 weight percent in PM glycol ether, were added. The composition was left to stir for an
additional 20 minutes after the addition of the PA-57 to insure mixing.

[0121] This coating composition was applied by flow coating to a PR-1180 primed
1/4” thick polycarbonate plaque. After air-drying for 30 minutes, the coating was cured for2
hours at 130°C. Haze gain results from a Taber test using CS-10F wheels were: 1.6% haze
at 50 revolutions and 5.6% haze after 200 revolutions. Thickness of the topcoat was 3.2
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m xture was stirred at roomtenperature for three

days. 0.38 grans of a solution of PA-57, 10 wei ght

Wik20906/0443400n PMOH, were added. The conposition wesTAs?d05/036458

to stir for an additional 20 mnutes after the

addi tion of the PA-57 to insure mxing. [0115] This
mlcrm:saﬂ?bmammpﬂsthﬁ ¢coatingsiss apghated oby cflindricabotandrgl arel o crack was
b FPz;ltoé,O imed 1/4" thick polycarbonate plaque. After
obserype 2 for 30 mnutes, the coating was cured for 2

hours at 130C. Haze gain results froma Taber test

usi ng CS- 1OF V\,heel S, vvere 5 8% haze at 50 revol utions

arl8122. Bxeanipi b anil Frisner Thi ckness of the

5855 Pk P Tl L R 150

amy\aﬁA-mSPIS Snabf MacohicitBerofslibhér] akk P3P kfardsof iSéprbpdd]. The
& Corrp03|t|o\r{@and Primer [0117] 15. 1 grans of D @5}@1’9

wat e
mixhize wes Sdiaediatdoopipmpera@raovarmight. ({y l%iramsquﬁ sghutign of PA-57 10

weigl e AR wederiig R °851Pn5f ity Al e e gt Bt 20

mhufesaﬁmtthea&dﬂbmbﬁthfeQ?A-BMm@ﬂxsdmmmg 34 gr arrs of a
soI ut | on .of PA-57, 10 weig 1{)erce in P %rf .
%G@a@#g&emppﬁﬁow F‘H? Wpomg f‘aaP 1130 primed

1/4”@1%%1 e om x%%mﬁuﬁ%é?ﬁﬁlgbcoatl ng coi’rp03| Eﬂ%ﬁ&éﬁedfmz

homsaqa asow Hyzd gaimresohi¢ from & Faber musi@csmomeexs/wem 13.3% haze

st 5O ryelisls s Aohpren g RRb o Cisvetiony TormgitheoLhe boglng was

evaluht%a%n%ynnaﬁ&ﬂ nizhdfel GHA Ao SABR wak 8Bervidl 219" Eaztidd)F
wheel s were: 6.4% haze at 50 revolutions and 57.2%

haze after 200 revol utions. Thi ckness of the topcoat
: b | 1.._:._,_.— ng was
totr—a d no crack was
ot[eezsqaﬁo ghan’ oﬂmpwatsr wb&lahaéd &ogwpdeeo & Stirrfepesukiedision of 15.0
nposi tion and Prinmer [0120] 2 rans of DI water
grams\ef A-KJdbd mb@f- Siecinge @hytin¢¢ ?51‘9531%18% fndyA0.8 ragnspof isopropanol.

I'SOpF 0 pannﬁ\?‘%ﬁ %ﬁ“g railhe g%ef‘ngﬁp ‘)Tﬁ‘ggl‘ %éx%?sgﬁl\,\t%é of PA-57,

10 waghir peectnain ]PMO)H t\m’@ edddduthefcompbsition waajeft toGitid forgunaadditional

of a solutiqgn of P 10_wei ght ,percent in PM
20 mpgnufes sftepthg @fdit %P@%&d‘%‘éﬂqﬁm@g ‘tion was left to
t
R R A G M

1/4” ﬂldpk[prﬂjfdarhnnll?taqﬂgcpmp LA fisat airydrﬁdngvfbrﬂhimm@est thezobtitngl w8Hcured for 2
bS5, Bl s AR AR B NS Al e, 37

at 50 RARIIRIGRS, F@Hﬁ%blﬁﬁ%ﬁ IS Mih S as bPalbdioiboRta & idaP&kndrel and no
usi ng CS- | whéel s were: 1.6% haze at 50

crackreasodhseived ot ﬁhmdﬁlsﬁ% haze after 200 revol utions.
Thi ckness of the topcoat was 3.2 -31 WO 2006/ 044340
PCT/ US2005/ 036458 m crons. Formability of the coating

We[D1 28k xbmiitel 19 Céntiag| Consiidsiiion aid Peiinédr and no crack
was
[0129] 4.0 grams of DI water were added dropwise to a stirring suspension of 15.0

grams of A-187, 1.4 grams of succinic anhydride, and 70.0 grams of PM glycol ether
(PMOH). The mixture was stirred at room temperature for three days. 0.10 grams of a
solution of PA-57, 10 weight percent in PMOH, were added. The composition was left to stir
for an additional 20 minutes after the addition of the PA-57 to insure mixing.
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observed at 6" radius. [0122] Exanple 12: Coating

Conposition and Priner [0123] 4.0 grans of DI water
wOosIog0adeed dropwise to a stirring suspensi on pETAS2005/036458

grans of A-187, 1.8 grans of itaconic acid

crosslinker, and 75.0 grans of |so§ropanol The

nﬁ()lﬁ(l] Thismsating congebsitionrwasrappeddey Howceatingsord %1180 primed

14> G PGP R DA SO o st S aRE N Bprod for2

hours Eﬁmoa@ $H0L gh adulid Fron'h THb& St bbiag O EOREHESLE wereomz 0% haze
e PA-57 t0 insure mxing. [0124] This coatl

n
at 50 revoiptest |Hmm‘ab1élt)aqzﬁihc conting WasswaEstediong oydin ﬁ%nﬂ@{?l and no
,,t .ck pol ycarbonate plaque. After
cra"ké)(?? r%ﬂwe#gﬁf?’ % i nutes, the coating was cured for 2
hours at 130C. Haze gain results froma Taber test

usi n& CS- 101F V\/neel S vvere : at 50
r pmpleal DA QIEDPE IBCY evol uti ons.
W% Of(}rel Lbﬁo cra% y%k obse?@g}éﬁ mpngﬂane

hydroll’gﬁéﬂ a@eohé)écﬁﬁﬂwrfmﬂmble aﬂHSZ%(,IS]ﬁEM?Q)hEL Plsmtawaw NI), 9.66

gramsmfk‘g‘%rﬂs é"?(i%g gs%mw lg‘?ngggélﬁg}’@% a\ll’\tefégrg%dd egﬁigreoqvermght
0.10 @%@% %olf}uans B GFFAH P\l tgv.?réaﬂmf’wgly%l%ﬁﬁrlwb’:@radded The

i Sopropa he ni Xture was
compésition was bﬁ toetinfor en‘pédlabnalé()amanm agfter the additign ghthed¥A-§7 to
so] utiaon .of PA 57, € in. P
insuceaesgee. Hhig coRsceinppaion s PRy o oyl thn PAE1Fs0 primed
” URGSr 394flinlited the todting vW3A-cured for 2
14 ﬁgﬂrbgﬁ%gbﬁ]méglﬁw 0127 Th| S (k:tgatl n conpos?tﬂlﬂgn was o

hoursap p30°é1:i mgzefgammes:dmtﬁmg atT@bar teptusieC e PRaduecls ppre: 1. 0% haze

t hi 0 na
at 50 el s ZOREER AR D Bt RlOR) PHiCkis/dedfe oo dras 3.0
microf8Z Bordi@ibility 8% tﬂetc‘baﬁﬁ Qwaﬁeméd 108 tylimirieq] ofhdréFand no crack was
wheel s were: 36.2% haze at 50 revol utions.
observask atdbiradigs of the coating was eval uated on a
cylindrical mandrel and no crack was observed at 3"
radi us. [0128] Exanple 14: Coating Conposition and
Po183] HxQid¥ 16t (hating Genmpiosifion wad Brimeer e added

AIGEH I gt 150 gatis ot HZORPuiod Bt g SIS g R grams of
PM gﬁfcoféépsil M&&Aurﬁeh% oorﬂ E.umunyb% O@i{”b@O‘@ﬁn%fﬁﬁcﬂdﬁ@i of PA-

enperature or three days. grans_of a
57, IGchLght percedt iR RV glycdlCethe gbnte added; Fhe ¢ampmemitian wisrleft to stir for an

B
aged &%‘?}’%%‘%5/ 036458 ?8 Befdfe 8@9&111@%?1&&':10:1 The coating composition

130} This coating conposition Wa%_ft
was apphéd byiflow doriing tocelPR1id 80 primepr/4 ik polyeatbonate plagye @ fter air-

drymg%@y %g{y?r?nat a)gsc tgq%ga{\(glirgéforlg glg&/xgtrigg 3(8 é{%gﬂjﬂ %sﬁﬁs from a

Tabef &§Msh§g CSQGF%IRH%eré€$B4%m af50 fevoutione aids4. \I\Q%dlaze after
haze

200 revolutlons Thickness of the topcoat was 3.0 microns. Formability of the coating was

gvaluated on a cylindrical mandrel and no crack was observed at 7" radius.

[0135] Bxample 17: Coating Composition and Primer
[0136] A mixture of 15.0 grams of HS2926, 0.7 grams of succinic anhydride, and

30.0 grams of isopropanol was stirred at room temperature overnight. 0.05 grams of a
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at 50 revolutions. Formability of the coating was

evaluated on a cylindrical mandrel and no crack was
wiosoowedsmt 3" radius. [0131] Exanpl e 15: Coat i »OI/uS2005/036458
Conposition and Primer [0132] A mixture of 15.0 grans

of trinmethoxy(3-oxiranyl methoxy) pr

] opyl si | ane . .
solutipgrod IPA=8, dhweightparesnt in BMOH, ayere Bgédas’lhqsgmsmpn was left to stir

SI VENTO .Pi scata , .
for g el 20 s B8 R B il ofip P Wioll itk THcoating
cont 344/ Dp RUED P lGW coatitls thQ RR-ANB0 pfimed 344 thicR poBfcarbonate

A-57, 10 wei ght percent 1n PMglycol ether, were .
Plagute dfter pir 50 mimosdhp qoBHRE es Gwredl 197 homss at 130°C. Haze

.addi £i anal 1N t L.l hRRo - .

s b 8 e At CSUOE REIAMAL. 2600kl Bibfions
Foraabilite of the chhidvg waaévahgitddoonta BHintifiBel marideeldind hb4tack was observed

t hi ck pol ycarbonate plaque. After air-drying for 30
at niraiies, the coating was cured for 2 hours at 130C.

Haze gain results froma Taber test using CS- 10F

wheel s were: 1.0% haze at 50 revolutions and 3. 0%

haz[@137} Bxar2fle 18eCoinptrative Exarhple Klvatisg Comphsition pud Btimer
b s ARl S5 D S i, Avaeim,

%&%ﬁr@%ﬂé&éﬁtﬁw& chatigétesdribbd & UK PARNENSS6,060,263, Reas applied by
np f 15

sition and Prinmer [0134] A mixture o .0 grams

flowtoais@ane, PR-1680 griewd 16 tigek polysarbioride plagne:nd figr air-prying for 30
e i b 554 2l o RS BA e g  Taber o

usiVECSITOF e Were 03 Ohaeat 58tV utions ked 0.78%hazd Bter 200
conposition was left to stir for an__additional 20

revelutionse Jhiskness of fee tomenat Mo 3 Grmicrrnsp/Thg pogted sarmple avas placed in an
ovelf gl B TR AR oro B Sl SRLATRE 6

coatifgpavkéd sforeibsould bé pRdeddn & tylimdeieal inagirtlo a PR- 1180

prinmed 1/4" thick polycarbonate plaque. After air-
drying for 30 mnutes, the coating was cured for 2

houggi 3&5 7 &U,M@é‘am%@iaavé %ﬁ%%;é cfo'égﬂ% eomgﬁaﬁbn ?ﬁ Primer
usli g - 1TU wneer s i . 0 y4 VOl utl ons
and[0440P2odoaraerafatly avaiRbb: SO MBL 1934d. (SDIE Tévhpelbogizs, Inc.,

Aniigin, (I idePR o e S OB dessriomary L1 Belint NG 64820, wes

applied 6% NORScHIBAS ty § PR3 180 prinddl 147 ﬂﬁ&g&}cm adué. After air-
Coating ConpoSition and Prinmer [013 A m xture of
dryirgg for 30 anieutes, thsxatieg was zurgd 4ers2 beurs atB30RCc Hagh gainiresults from a

1o e R PR 4t e
20(2R061uB44s3 4RidREdds ST TR R ELHE 428 5.0l ckdrisO IThe fcodled Banplé vas placed in

wei ght percent in PMOH were added. The conposition .
an Qwen 1n @peordancemith the ghermafoaming proepduroenthingl heseing Atdps "C, the

o R MR T

PR-1180 primed 1/4" thick polycarbonate plaque. After

air-drying for 30 mnutes, _the coati.ng was cured for, 2
ho u@“i} Example 20; @amparative Example Coating Composition and Primer

[0142]} A commercially available SDC TC332 (SDC Technologies, Inc., Anaheim,
CA), a representative of coatings described in U.S, Patent No. 5,013,608 was applied by flow
coating to a PR-1180 primed 1/4” thick polycarbonate plague. After air-drying for 30

minutes, the coating was cured for 2 hours at 130°C. Haze gain results from a Taber test
using CS-10F wheels were: 1.48% haze at 50 revolutions and 3.57% haze after 200
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gain results froma Taber test using CS-| OF wheels

were: 26.0% haze at 25 revolutions. Formability of

wbheosmaiiag was eval uated on a cylindrical mandicalyso6k036458

no crack was observed at 3" radius. [0137] Exanple

18: Conparative Exanpl e Coating Con'p03|t| on and Priner
revdlOi@s] Thickmessof thedbpopatiwas 3.4 mhicro8DCT VPt a@sﬂ:{,\vas placed in an

Technol ies,, lnc hei m \ a.fepresent
ovep L,3qeR gﬁﬂ‘aeemtb.ﬂbeefabﬁﬂﬁ r}a@%ﬂgﬁs?%ﬁ%f %“ 5%@
ch 8 jlﬁlﬂdﬁ d 1/ 4"
oa?l%ck pglq%gogyg?#g?gﬁp Ig%ljitedﬁ%ter éaiﬁ%%ﬁg for 30

m nutes, the coating was cured for 2 hours at 130C.

méﬁi%ﬁ. 2 0.78%

h azmwﬂuem ga%s df?)wrétéﬂ @&% adaéu &bﬁﬁﬁ& t@a sﬁﬁmgts@matom 0

m crons. The coated sanple was placed in an
gramy ohAr 1872546 mame of GF2G; and d0weramsef BV glyrg! pibet eBag wixture was

sinfl oo sfbantil. b inbien GERHRRRERRAT g o ©

sultESﬁﬂHﬁ'a&: zﬁ&mcﬁwpﬁétamdz ancEmatm (OT G5y Vian OV et Rogersiine., Kirkland,
Primer comTerC|aIIy avai aquSﬁC

WAP)’I(”iiéﬁPhd)(‘mdﬁé@hﬁb? eRnpasitiqn,was left mmﬁ urs gt room

tem {uge? %{%ﬁ% é&e&%t LR f@rgﬁ%gcgﬁi‘f ﬁr%e\geékg bbfore c«?ﬁﬁlﬁ%phcahon

app Oow coating to

PR-[0145) This oeating/céinpbhitiok was Iaprpimdlimﬁive cqdtangue a P/H—i B30 primed

1/4, air - dr);; nbg for 30 mé{%%es, the c ﬁn@ﬁ*tg,ﬁxp&%é&ngggﬁcumdfMZ
houkbsdérigo@ Mkfﬂh& WA wid s?&e/ﬂ Wc%di&ﬂ s‘%ﬂﬁjﬁc&’d‘tﬁé‘&ated

0.47% haze after 200 revolutions. Thickness of
arti¢lh o sa@pewdtwamsvaﬁonatrﬁoeeo riEhe cPated anticde beasmeptlenr wiler 10 seconds

pl aced.i ven in ac nce .with.,.t .
andRrREREd it B oF 6 onf pSGR! FARE SR ootk BOm o Tebor sot psjne Cs-107
whéeRakéed ICH"/@ﬁKz%datBer@f&uﬂléns%ﬁﬂ bd)%ﬁaﬁ @’fé?dO@fbv@lunons Thickness of

cylindrical mandrel. [0141] npl e 20: arative

the MI@S%WWQW&% af f&n @oﬂmgrms e onye cylindrical
marfcﬁ’%qmdc' al lccheasactlﬁ%veczatSP:faﬁl 32 (SDC Technol ogi es,

Fepresentative of coatings
described in U S. Patent No. 5,013,608 was applied by

flow coating to a PR—1180,pr| med 1/4" thi ck
Q.g.i::4”' nle 22 Anti-fogn patimg 4 ompoes), X

889 0 i oy 5Pl gfn .

gra.mb eélAslSﬂe B9 gtamBof GR26, antl 392 grems bﬂPNbgiycdruﬂle% Fhemixture was

ze after 200 -34 WD.20 044340 6458
St AT BRP X R AR 1B 3%5?4%@5 & gifled. The
u%b%lﬁaﬁ%%qeﬁ R Fot B RS RG0bM téfﬁperﬁt‘ﬁ?é‘aﬂcﬂh&? 5@&5@ RGO °F for 3

the thernoform ng procedure outlined herein.
Wedcsﬁvefb;‘ewmmg(appmamgncracked before it could be pl aced

ndri cal mandr 014 Ant
Coabn %] Ef B e rmanoR T PPy BYov Softiig AP By primed
1/4%&& pM@ée@b@}ﬁféeﬂaqu@ A&t dryihgShi 30 hidllites) ke doatin@¥vas cured for 2
hou:rs at 130°C. Coating on the surface was stored at 20°C and than subjected the coated
article to saturated water vapor at 60°C. The coated article became clear after 10 seconds

and remained clear for at least one minute. Haze gain results from a Taber test using CS-10F
wheels were: 4.8% haze at 50 revolutions and 33% haze after 200 revolutions. Thickness of
the topcoat was 3.2 microns. Formability of the coating was evaluated on a cylindrical

mandrel and no crack was observed at 4™ radius.
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grans of A-187, 5.15 grams of G20, and 40 grams of PM

gl ycol ether. The m xture was stirred at room
weerpensBar € overni ght. 0.74 granms of surfact anbCEO82008036458
di octyl sulfosuccinate in mxture of ethanol and

water (OT-75) Van Waters & Rogers Inc., Kirkland, WA
(75% sol i d) was added. The conposition was left to

G Sall oo i

ap pOisatA %ﬂkﬂﬂﬁﬁa aviililsle SDAQ AR gl-‘ﬁﬂ%@@ "I'éd:lﬂiﬁl , Inc., Anaheim,
r

applie flow coating to a PR- i med

14"
CAY Dol Y BoBeoates 1 SRR SApraedd/ bisknetyoethonat plague.

AN R B R 2B G S o

the sfape vhag stotddent 202¢ &gl than sulgbeted t saairubdmebrwap@fatﬁeﬂw The
60C.. The coated article becane cl ear after

coatg%@&%fsbwm cleghaft e d§ serqngs and remaingdoglear fonnd ?ﬁshbwnute Haze
gainl B 3l TRY! 5 ustnB O L btk Gidke: 520 1 4 WD rovolutions and
14.3% hawe af2020@xevblutivns Thicknesskofdbestoptoat tae 3tlapivoars. Resnability of

cro r mabi coat i eval uat ed .
the fad w3t Prtiaedpn = Aulindrbal Rk gk Wb B e folgeehan a 10
radids. radl us. [0146] Exanple 22: Anti-fog Coating
Conposition and Prinmer [0147] 2.11 grans of DI water
wer e added dropvm se to a stirring solution of 5.88
: .and 39.2 grans of
£ I ed at room
wm@wweazammlpgmer v&hsiﬁe;@&@w lﬁ{xniﬁr a ?5%%5% i%aﬂlbdlyl),
was_ added. The conposition was left to stir

alphﬂenlﬁ«ﬁ-QHwb@mmwﬁr@rﬁi-ér(é,lamalethyéqﬁhnébédlydmmhwl)@mmpmpyﬂ-

omégl [P NAELEndiin bR SRS (19, SRR AP i Hilenl

oxoffﬁ!po:d;&]ﬁ}]) Qﬁ%r’@dvt M&P{él@fdqul,?g?ﬂﬁahﬂ),gglgtha ﬂBé{gg(gH—bernzgmazo(- -
I r u | u

y1)-£b,, ﬁﬁﬂﬁ@ygr‘*g %%e yl%&ayﬁﬂgomrq - Smenuty i, 40-55% by wt,

B 40P 6y o A Pl LGty

availabledPR] MB0guimexf (Thns, ¥ 2 grams df Tirarvih 118 Ossian eddexd todi50fgrams of
| east aone m nute, Haze in.result m.a Taber
PRI7R0 T FenibBePomposiiom BAciaiip atit 7 donrhauis bafors Gosting application.
I ey®l 334 HARScorpdsiHdHOWA%S ?H&i &a err BVRW bR to a 1/ > thick
Thi'cknéss of 'the topcoa .2 mcrons. Formability
polygarbomte olagué.nfheprmen/sag it ézuled)fmr ane hounefare application o€k topcoat

of ER a0 R e e85 4R s A o P B4 b6, gt @uipgesuts froma

Tab@cwa@ &Eﬁglﬂt}%l@(ﬁrﬂ'@élﬁwéﬂi 12.6%tha&® att S0evEIaiHRSdrd 199 ﬁ% after 200
Primer_[0150] A commercially avail able SDC AF114

revolutions TE@WIHQ iof the qopting wanefainated arg cmn&pmm@helkﬂpd no crack
tb, a PR-1180 prinmed 1/4" thick
Was]:)i:)% car ong eﬁsgl aque. After air-drying for 30

mi {j(DJISdﬂ; Tht eeathesibility oftdte utiegiwhosvaludieliysbasth ABY@nd Weather-O-
The _coating. on the surface was stored at 20C and than

Meten, ihecoating dresnt show adhssiondpilyrg 3ad crack gBer 20pHiours exposure to
ultraviolet light in both accelerated weathering testers. The QUV was operated under the

condition of 8 hours UV cycle at 70 °C and 4 hours condensation cycle at 50 °C. The
Weather-O-Meter was operated according to ASTM 155-1.
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coated article becane clear after 10 seconds and

remai ned clear for at least 1 mnute. Haze gain
woOasislosgsabr om a Taber test using CS-1 OF wheel s paig2005/036458

3.20% haze at 50 revol utions and 14.3% haze after 200

revol utions. Thickness of the topcoat was 3.1 m crons.

lelﬁpﬂxbmﬁldﬂS Cobting amt WiegthembleRratherat ed on a

c nir Ijggrlamlsg dr elw%aigggcr agﬁpéggser ved I?éﬁbi@ngme resulting

compdiid to kit ﬁ??o&%ﬁ@ybe&(rg%@%ﬁl? @?h@atﬁﬁ Pfis ¥éi8position was

prepar ed m XI ng a hanedi yl ),
appliedals mlpmmiriby[ﬂbv( 2datingric atlf4 ’dbisk pelychibosale plagug, The psimet was air

ared i she BRRS tPre PP ion 48 4 %ﬂwwi‘e? e Sl Sgning vas

curedfmﬂé‘l.{rlsaﬂ-IBCPéomOpoxy] 30-45% by wt. and
ol y(oxy-1, 2- et hanedi I)

aﬂ)xﬂ?& Hefz8 2pin- r@&ﬂts tﬁ@nmfl‘aqu@qt uging CS-10F wheels were: 2.7% haze at

50 re olhltbor?g &gd 31%%, gﬁereiﬂi)‘?/ljg@ﬂ%&éd @%&Fﬁiﬁ%@mé ﬁ%@%fv%%valuated

onao§ﬁﬁ&h@|l hiéml fﬁ‘lﬂ?ﬁl&ﬁé &aﬁl@l X mﬁ%ﬁélmso at?armsavm NY) into a
commercl a aval | apl e r
C DO1H8) e wastheratility a8 the-apasaaab pyatied by Atk QY and Weather-O-
f
el T U M P 188 S8 R e
ultraviclenlighit in both wecelappd wedthering tgstersEThd QUM was apeadtedignden the

o s o e LS D ol G-I T
ATty bt AL g1 7 Tour s

OF wheel s vvere 2. 0% haze at 50 revolutions and 11%

e 36F55l gt Vel Pearichaved ek veing CRARERY i b ot aftiontdepgrting
from SHeAtkpe dBRe RRIAANE WA 3 nof R tionsidertd4initdgo what is described in

weat herability of 'the coating was eval uated by both
the de§ehptiomd  \Weat her-0- Meter. The coating doesn't show
adhesion failure and crack after 200 hours exposure to
ultraviolet light in both accel erated weat hering
testers. The QUV was operated under the condition of
8 hours WV cycle at 70 C and 4 hours condensati on
cycle at 50 T. The Wather-O Meter was operated
according to ASTM 155-1. -36 WD 2006/ 044340
PCT/ US2005/ 036458 [ 0155] Exanple 25: Coating and
Weat herabl e Prinmer [0156] 3.0 grans of Tinuvinl 130 was
added to 150 grans of PR1180. The resulting
conposition was left to stir for four hours before
coating application. This conposition was applied as
a prinmer by flow coating to a 1/4" thick pol ycarbonate
pl aque. The prinmer was air dried for one hour before
an application of a topcoat of exanple 7. The fina
coating was cured for 2 hours at 130C. [0157] Haze
gain results froma Taber test using CS-10F wheels
were: 2.7% haze at
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50 revolutions and 12% haze after 200 revol utions.
Formability of the coating was evaluated on a
cylindrical mandrel and no crack was observed at 3"
radi us. [0158] The weatherability of the coating was
eval uated by both QUV and Weat her-0- Meter. The
coati ng doesn't show adhesion failure and crack until
after 200 hours exposure to38ultraviolet [ight in both
Caggg! erated weathering testers. The QUV was oper at ed
the condition of 8 hours W cycle at 70 C and 4
hours condensation cycle at 50 T. The Wather-O Meter
was operated according to ASTM 155-1. 50159] It will .
L. be dnersmnpsiion vinely, whan penlisd éha supstrateand peredentevidgstancabrasion
' t L.oyention, which is
re%%tgﬁfg%d Egmg@%g%@gg)g%ﬁ?%ﬁ? g%e’t%%\ﬁhg%gi s described in
t he aflesc hiydrlysis.prodiiétsA8d paittidl ddndénsatés obaepoiky ifigrtional silane

ani{l 565 988 S GPE BB BB PP s efone e
pré&biiSh b dMdPar B9 the sifate@nuMENBod Al afhRirid WE frdmaBeut 10:1 to

partial condensates of an epoxy functional silane and
abeut It 43st one silylated nultifunctional anhydride,

ol S 1l Gpnk 2o p PR I RRBe, RiE Rl pkd spg and

theadilylateshmaltifunctidyd anhydridgtaadt 1: 10; b) an anount of

wat ey sufficient to hydrolyze the e functional

or | She arhoreafs salvPon dilest 0T of W Borad Hiwgatparoduct
and pattie]) coaterBAGASS the SHIxFihctionll silB@RSIndRRE &t 1845t YhY SRl

formed as hydrol ysis products and partial condensates
mylpfupetionglbydiidiact i onal silane and the at |east one

S1 | W@keRfthe TodhlalcdRbLIAPRLS RN Ahy Ataly WP it Rl dRRL,

coating conpositionis free of any catalyst or m neral

acid. 2. The conposition of claim| wherein the

or gani ¢ sol vent us t he water conprises ,from about .
2 e T8 SaRPod B orBlath g M RO orb RO IRl TR AR temries
froa0atOs63 partent o abbIELIE perp@s by meizhobf wk abmpdsitidrer ei n at

| ea part of the organic solvent is not formed as

3 hydr 8F §ePRosi i cladmduheseip e lepst par @8 He g ool eRkls not
for@RAAY h{ #BRsIs PRuchiahd PartidNbndEdiGie@br i 856xyHfictional silane and

silylated nul'tifunctional anhydride, and wherein the
theys dqastometsHilaigd gaiiGinstinabanhydiide, fod ned as hydrol ysi s

' ' I f
o1 v el AR ar 8Pt | BlanfWERERY Bl o8 RS obd s
pantifal adndensat@s wseleeied fiohea piytsél etifer tdnal@hglor BotBol vent not

formed as hydrolysis products and partial condensates
conprises fromabout 75 percent to about 80

4. The composition of claim 3 wherein the part of the organic solvent not formed as

hydrolysis products and partial condensates comprises from about 75 percent to about 80
percent by weight of the composition, and the epoxy functional silane plus the at least one
silylated multifunctional anhydride comprises from about 17 percent to about 20 percent

by weight of the composition.

5. The composition of claim 3 wherein the part of the organic solvent not formed as

hydrolysis products and partial condensates comprises from about 77 percent to about 78



percent by weight of the conposition, and the epoxy
functional silane plus the at |east one silylated

mul ti functional anhydride conprises from about 17
percent to about 20 percent by weight of the
conposition. 5. The conposition of claim3 wherein the
part of the organic solvent not fornmed as hydrolysis
products and partial condengates conprises from about

77 percent to about 78 39 percent by weight of the
Pefem@w#% AT ths camppgitieny gnd thegpexy Mnafions] wg?n@pms the at Jgast one
S S e A er B WA mggrent by
weight gfithe odmpdsiticnonposi ti on. 6. The composition of any

one of clains 1-5 wherein the epoxy functional silane

is represented by the fornmula R3xSi (OR4)4 _x ,

6. WheThe ompdsitioddf kil Ggesf cifimd 1-2whkdreid thdpok§ filctiahl silane is
al IE%I grﬁlup, a functionalized al kyl group, an al kyl ene
repgfseitipd Pathedprpula BnSiPR n » WhRE#IN et her, and

combiNatih@Rps Jffes gps; containing from1l to about 10

carbpn atons and having at |east 1 epoxy functi onal

gr oBpis HRamijatkyHgroap, safukgtionglizadmlicd graipnamajkflemngroup,@n aryl

out rbon,ato .an_acetyl arou
o g1 SDA0a B BB aud sREron i irom 3 1o ghoug 10 garben
atoms ad haniag sidedst hapaxgrfandtivasieebup;RS is H an al kyl
groyp, containing from|)] to about 5 carbon atons, an
ace w%e&eﬂsyi £R9uP sPRsREE from d st g parpop AOMS: ahipetyl group,
a -SEORHNAL] pw?l@fee}oilg an &ELRBE 0,51, B 0] aRd KothbikRIR thefeof:

funcfionalized al Kyl group, an al kyléne group, an aryl
gr otipis Fhranalkyy proup kemtainingfrann dive alzout 5 varbom etogwsf an acetyl group,

L3 f . , .atons. 7. The
o @g%gsgg{ 10 3_%1? ’m%rl%glig rgnmrpomlﬁet}%ﬁ § ?{? ge%g’oarrr'%osi tionis
st aRf & H,an alkybgionp,z fuaetidnatizedailipl] igeaip] @nalkfeneTgrsup, an aryl

conposi tion of clai.m7 erei,n the coatin i cation
8rofiE, B PR PR T HERHAgR AL G G PBA R f i) Carbon
atog@at i ng application, a spray coating application, a

curtain coating application, a dip coating

application, a spin coating application, and a roll

coa 1.3 : ‘
7 Fur PRy BRRoh SFLAR1 pohordhf e SOBAR Bl 6 Beh  conting
appdioatppmsi ti on of claim 7 wherein the al cohol is

represented by the fornula ROH where R is an alkyl

group containing from1 to about 10 carbon atons. 40

8. 11. TH &@n§RRWi0A of Llaiin Piwheted e cdatMpcipplidhtih e @leétdlfrom the
ether is represented by the formula R -(OR2)i,-OR

Sroyp epnsisking opa flgw cpating applieatiop a spsaysagting applisptionm a spHain
coafth® Hpp1 @b i\ Gafih @ Bplication, a spin coating application, and a roll coating

application.

9. The composition of claim 1 further comprising a leveling agent.

10. The composition of claim 7 wherein the alcohol is represented by the formula

ROH, where R is an alkyl group containing from 1 to about 10 carbon atoms.



1 to about 10 carbon atons and R2 is an al kyl ene group
containing from1l to about 10 carbon atons. 12. The
conposition of any one of clains 1-5 which, when
applied to a''/4 inch polycarbonate substrate and
cured, provides a coating exhibiting no observable
cracking, flaking or detachnent when the cured
coating applied to the''/4 iggch pol ycar bonate
substrate is wapped onto a cylindrical mandrel havin

11g r d8p gempesitigyorft claims hiwherein ththelyoml ether is represcatsd)by the tormula

if i ' [ t: j .
R PEINTE T, 112, POEERC o hsBedir3h o3 Bub Soifing fom
1 tb @ab@b d 0tcarboil atoh.andRé icamgibgend groupéontdimingfiban Wi ablopt 10
alghen applied to a '/4 inch polycarbonate substrate
cardiB2aSed, provides a coating exhibiting no observabl e
cracki ng, flaking or detachnment when the cured
coating applied to the '/4 inch polycarbonate i
125 ybJhe gerapositionpizpp ete ofglaims 1c§/WEl¢hr vwhen applieditoed ¥4 inch
. | . .
pofjEi i Pol Al ind torpl Bibuifes SNORER, MM Sl cracking
flaking os déta¢taent! whemthiei ciredcbatingedppheditocthe Heinelt pdlycanbambut
1:1 t.o about 4:1. 14. .The c osition,of c¢lai 2
sulfirateriS WGapOR apipeicatindrisebmandrel R pesdpgiis P 0 fiches, and
s ubsiherirethe RfosUfafétionBl MhéRpréseman bini@aeritié R the Bitylaed
obser vabl e_cracki ng, flaklng 0 det achnment when the
0

r
muliifupetiongbanhydridgs ffoayahoyt 1 fdo abapt deh pol ycar bonat e
substrate is wapped onto a cylindrical mandrel
havi ng a radi us of about 3 inches, and wherein the
13epoiire Lompasitoomedt chaiind@evhich, pvhes eppliadrio a rmkch polyedrbenato
the silylated nultifunctional anhydri at fro bout
sul¥epa s tgyifeh 4 oaif biBilng BP BHG R Shaigrs TulRg ot
detablitiéht whieg fheajupdd cdatih@applikd td the v Roh YelgEdbdratesubstrate is
substrate and cured,eFrovides a coatln% exhi biting no

wrggped oyion o eddgal magdrel haagryradius o abo RARGIES-AREN 1t he
Cur Ghefefdhk 3o aPRhiRfat Glahd' 8 prédsind ig %!?ncﬂ?l rﬁﬁﬁgﬂﬂf‘ & Rated
substrate 1s WwWapped onto a cylindrical mandre

multafaneitpnal andioliltide aldebor atut hdhesboudrtd. 41  wherein the
epoxy functional silane is present in a nolar ratio to

the silylated nmultifunctional anhydride at from about

142: 1 The capesitioh df.clal. 12 Midcl; aviea appliedno @f%;) cRpotydabonate
on

whi ch, when applied tg a' /4 inch polyc te )
S"@m&%nsf@feﬁrmoglaFse%ieoaapas’ﬂae%m& ne Bt YRccirprine: fakging o
defddtiferfi When He dufiScohfifdapphiedto the PREK F&&car@éﬂa&r suBStrate is

revol utions and a haze ‘gain of |ess than about 60

wraned ento agliadriced mapdsebhavingmmdiuswih about Banchgs.@dd coat i ng
is i - I ' .
SRS TR ARt Do 508

mufitifaattiomakbdnhgddides fiosn ghioas eritto abouwm 4ol ar ratio to the
silylated mnultifunctional anhydride at from about 1:3

to about 4:1.
15.  The composition of claim 12 which, when applied to a Y4 inch polycarbonate

substrate and cured, provides a coating exhibiting no observable cracking, flaking or
detachment when the cured coating applied to the % inch polycarbonate substrate is

wrapped onto a cylindrical mandrel having a radius under 3 inches, and



17. The conposition of claim 12 which, when applied to
a'/4 inch polycarbonate substrate and cured, provides
a coating exhibiting a haze gain of |ess than about 6
percent after 50 revolutions and a haze gain of |ess
t han about 35 percent after 200 revolutions, when the
cured coating is rubbed with a CS-1 OF Taber whee

| oaded with a 500 gram auxihiary wei ght, and wherein
t he epoxy functional silane is present in a nolar

r at el theyepaxy| fynciiorg) silagg is pragentin & melar aatin/@rtheslviged

v el ;. e conposition of
o RER ARy BT T
pol ycarbonate substrate and cured, provides a coating

exhipitin . haze, gai f .less th boyt. r cent
165t 5P iR 3F FlsfE 12 dich. RESw bniied 0F Y inch Phcgibonate
sut3f@w tand Qurb@ @i llesal doafin2OMibli@ND4 Hize@am, of 1649 @lntaBBut 10 percent
cured coating is rubbed with a CS-1 OF Taber whee

aftgrofdevplyiang aad s baregannef lassihan abpyt Glnrestent afigs 00 srvobitigns,
. | 1 . I
whisfthe SURMCORIRS) FAPEY i o IR 0 TR SERES 1cp w500 gram
audiiapvesightitand: 3 t o about 2:1. 19. The conposition of
clajml12 further. c rising a surfactant, and wherein
£ he P BRRi e ek eRERA el RSl o € RS raslg S el
mupiflygidhilanBydidewb §bmadbeut BB sbeuestl. provi des a coating
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mujtifupctignal @ghydsidgrt frammbepine? to afousdflur at ed wat er vapor
at a tenperature of about 60C 22. The conposition of
claim2l1 wherein the surfactant is

18.di oThe/¢mupositonof clamb @2 which, when applied to a ¥ inch polycarbonate

substrate and cured, provides a coating exhibiting a haze gain of less than about 3 percent
after 50 revolutions and a haze gain of less than about 12 percent after 200 revolutions,
when the cured coating is rubbed with a CS-10F Taber wheel loaded with a 500 gram
auxiliary weight, and

wherein the epoxy functional silane is present in a molar ratio to the silylated

multifunctional anhydride at from about 1:3 to about 2:1.

19.  The composition of claim 12 further comprising a surfactant, and
wherein the coating composition, when applied to a % inch polycarbonate substrate

and cured, provides a coating that clears in 10 seconds or less and remains clear for at least
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one minute, when the cured coating stored at a temperature of about 20°C is exposed to an

atmosphere of saturated water vapor at a temperature of about 60°C.

20.  The composition of claim 19 wherein the surfactant is dioctylsufonsuccinate.

21.  The composition of claim 16 further comprising a surfactant, and

wherein the coating composition, when applied to a ¥4 inch polycarbonate substrate
and cured, provides a coating that clears in 10 seconds or less and remains clear for at least
one minute, when the cured coating stored at a temperature of about 20°C is exposed to an

atmosphere of saturated water vapor at a temperature of about 60°C

22.  The composition of claim 21 wherein the surfactant is dioctylsufonsuccinate.



