CQOATI NG COVPCSI TI ONS, ARTI CLES, AND METHODS OF COATI NG
ARTI CLES CROSS REFERENCE TO RELATED APPLI CATI ONS [ 001]
wahoos/0apd i cation clains priority to and any oPOIEUS2005/036458
benefit of U S. Provisional Application Serial No.
60/ 618,014, filed Cctober 12, 2004, the entirety of
COATINGCMP S BHOR % ARTT TG ESe AL NI FIRPSI OFF GOATIN@ARTICLES
THE | NVENTI ON [ 002] The present invention relates to
coating conpositions, articles, and nethods of coating
articl es.CRS& REFERENCRBMO/RELATEDr ABBBICATI@NS i on
relates to stabl e cqgating .conpositions tha%:_l PLOV] ge ..
albPQidi dhisrapplicttioniclaims REBTIY 1058 ARy SthHRMe hPﬁH-SJo rqyisional
. t N S | 8z soh i
App g AL e 12 R0, e Ao Bich s
incorpratsd by sefemheecherein. not shatter or are nore resistant
to shattering than glass. For exanple, transparent
materi als made from synthetic organic polyners are
utilized in publi grkfanePeHEINYENTYRINC! €s such as
trains, buses, taxis and airplanes. Lenses for eye
g/[662] e ThapeesentHeventionirelates inetatingrepmpositgnsyasticles,sand methods of

.glazing for |ar. uil di ngs, . can.al sn, enpl :
contfeIBe Mgt ety i i A i sl coatng | .
compbflBons B RHviNE batioR kesidiE Cortl BRI dobndsWiRARREd SOMsHBtrate.

gl ass can be a further advantage, especially in the
transportation industry where the wei ght of the
vehicle is a major fackQl~g Ay uel econony. [004]
Wi | e transparent plas?gé%h%$ggﬁg% t he maj or advant age
offod| @a%&iﬁ@édnﬂimbsﬁtﬁtea Rttt temispagent| hghtisls, subtass plastics,
~glass, and having design flexibility, a serious
whiclideppizsbritarios 19 |HOFerTEsigaRHo ghatieripg tha gl3ss Eonexaaqnle dransparent
: r - i {i¥§9ehicl
e e
such hgpang, Bdsegj takisiand birpanes. lonses &vsiyh gtasses and ntheo bptaral instruments,
requires replacenent of the gl azi or lens. or the .
as wall aglazfrgoist large b laﬁﬁecwgsoaﬁ%ﬁlégy S BE Loy dgamgparent plastics.
Addi%lﬂaﬁ | 68 1ioARF wofht 5f MBle AAMCS MRV BOPREIaARYE beRFekther
e I'n §|sa vant age of these abrasion resistant = )
advartegsp espietiaip én ihe ttansgortatiey industrnwhelsdhd weighbokthaveliele is a major
' Poor formability means that bendi ng or working

cur.l .
factoram&ﬁ%g@cgmm& e will often lead to cracking or
criagdnoyaflc iriespaRat pRGicsPHPoddSH8 ihﬁﬂé@ﬂl@@nta@d & weir@Smore resistant

nmust ‘be coated after formng, which may entail tine

to shatteriagslightet thin glassnandiavingedasteadlexitility) @ serigis dipwhegk Hes in the

i nadvertent|y abraded in_ tr.ansit.
cas YRESH GoltalePt HETL B FRAE b TRtR R Sy LEMBARRssuch
dust ?lgcg%a]ﬁ@r@i@%t.fmmigi rbdullty i vibilTtyEnd W\EehEdsistics, and

I'n ‘accordance with enbodi nents of the present
oftenjraquires iremlacepsapokthe glaging or lens or the like.

[005] To improve the abrasion 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 inadvertently abraded in transit. Thus, there remains a need in the art for

coatings having good abrasion resistance and formability.
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[010] In one 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 acetate,
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and altrfﬂ 5 ec.!fngﬁltale nggﬂu{péélfn%glgw lel gh%ﬁéﬁg?}éxahgnﬁgfo‘Qkaer is
selected from multlfunctlonal carboxylic acids, multifunctional anhydrides, and silylated
multifunctional anhydrides, and wherein the diol functional organopolysiloxane is present in
a molar ratio to the multifunctional crosslinker of from about 10:1 to 1:10; and an amount of
water sufficient to hydrolyze the diol functional organopolysiloxane and the silylated
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.
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[019] In accordance with other embodiments of the present invention, compositions
which, when applied to a substrate and cured, provide an abrasion resistant and formable
coating on the substrate are provided. The compositions can comprise 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 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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| ane and the silylated nultifunctional c¢rosslinker,
diol ﬂm@mahongh@p@bﬁﬁwnwmre@l@ém aotolas gaticaiorthe multifunctional
crosslifk AL T R Sno i alatonfarie 3Bt ln Biopfd me cooy

functiomat gﬂahe cmérmm aestibhal bedayspelyiloeh; bed tREiIpPRTd Mhltifunctional
condepsat es of a dj ol functi onal organopol ysil oxane

crossHmlgert HeoRReAlm et leasiane prigws disprssd on[thpe)1east one surface of the
of the present invention,
subst%?{?%tﬁ@%?%ﬁéh%ﬂro?%ﬁghgwﬁgrt icles can conprise a

syb3t} dneceordarren vathr fastherenitesiime@n v f fhe prasbhtencanioh wticles are
| east., one .surface of_  the substr

[resent on at
provigeg 1S SEIe5HEaR SGTBHAHD %‘fb@%‘ﬁ ang BRpPIagioR Fesisipnt Crimable coating
preseAHIGIE RUSasP BQ@{Hrﬁcé 8f 1?11@ ) Y dBQtHF% dRhostich ?org]%nsmg:

products and partial con ens f at ast” one o
an aqepasyorgame solverd Imlsirurea]maefnm'ﬂdy(holgtsm prdduots taind paﬂtlal condensates ofa

B L R T T TR L,

mumﬁﬁﬁﬂbhﬁ %?os@hrﬁdef ié' seleBd FRdnt hfumﬁﬁétﬁmi cafstRyHE h@ias rAflflfunctional
wherein the at | east one of the epoxy functional

anhy@udeanmdasﬁidlatddern@lhtlﬁlnctlgmitanbﬁhidearagd rvdpmny thiel ab keasicoriegtiol

in ratio.to t unc
functRpEE iR PR i Bt it Smlf i Sl Sbihomph crgsslinter of
from W& 0SIULf 1i: T0; @Ad ak BmbBMEl Fvitid suffeiep @xXNydrofesd thenid] functional
silane, the diol functional or ganopol S|onane and

organonelygilwgalna@@hthwlyhafedﬁ@mltlﬁmtmw cesslikRer . hi one

o781 P o R BB Rl L BERE pRedt il 3Pl e

provitié® TloBdrticlgs can comprise a substrate and an abrasion resistant formable coating

present on at least one surface of the substrate by curing a coating composition, comprising:
an aqueous-organic solvent mixture having hydrolysis products and partial condensates of an
epoxy functional silane and at least one multifunctional crosslinker, wherein the

multifunctional crosslinker is selected from multifunctional carboxylic acids, multifunctional
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[021] hi accordance with further enbodi nents of the
present invention, articles are provided. The articles

W@ 206001300 | Se a substrate and an abrasi on resi BCBOE2005/036458
formabl e coating present on at |east one surface of
the substrate by curing a_coating conposition

anhydgidesp rnd sibdated mudiifuacipnzbradi dess gid whercin the airleash QU5 FRPXY
hydr ol ysi d . i al ¢ _ e
s BB BB SRR OO Aeadparkeny et chol dvou

10:1 t89! 10k bkt @Bt of fages kifficin todtyereyze theepoxy functional silane and
multifunctional crosslinker .is selected from t of at
the silivlatedi Froféencannt ceas el TherdiR tRACORASTHOM FRER T fg emotnt of 2
least 06111%?f%ﬂa@ﬁfb’tio?ﬂ%ﬂﬁftlésy&i@iﬁﬁl‘és,r&lh LIy B O RRh FRHAY () lef@s the
an erern e at 1east one diol functional
coatin@fripadiop dleysibsteatane is present in a nolar ratio to the
mul ti functiopal crt ssliaﬁl%er of
&t

rom about 10:1 t
1Y YR ecarhaRe ih copoquears o the PR dtienti drishes are
providdde ’Jﬁie%‘ticﬁ%ﬁli BRpkisOs SARARERIME iah Q¥RSON 3ékiktd €ormable coating
silTylated nmultifunctional crosslinker. [022] Li

preserionat Hastomesutfhceonfithe substraigibysHTing 8{coating qenwesiton, comprising:

invention, articles are. prowvi '
o s P8R s R B AL e oo
epoxy RhBRRaEsitRBlat estRIne HeIMifuatticial broasinke e/hsiei the emofifunctional
the substrate by curing a coating conpositio

crosslindepisi ssleatpd feom axplidfonesiosakehexyle peih Mg Hena) avpydgides, and
silyla%ﬁggrj( Ju%%l:gtg?xfag %%F}%%l?ifi? 0 %gxteﬁalﬁh]e %g&;)?}?%ﬁ?]igﬁ(ﬁﬁl Sian@"s presentin a

ane an

molardtié td theehuloRmkti®iadedkilinker of frdrembout 10Heto about 1:10; an amount of

[tif ti I link [ | ected f. . .
water%fﬁqliqsrg %h}lfcg'g]nge g}%?egg&;g, Pqngtrlglgﬁ? aiia}e}leea%d %he sJy?aqg:d multifunctional

Tyl L | &'@ fvﬂgﬁ Nflasd dndl AdiSithne, wherein the epox
crossﬂn%i%e%,i ﬁn%gzélaona e%gﬁﬁé;fcﬁr | esoflﬁan 8‘% wherein the at | geastp. 4
functionsl stlanxis preseat inanadblasiatiane thesit fragtsmetofithe tatrafohetronal silane and

ratio to the rrutlréj'é.functi onal crosslinker of from about
the digigang of gt leastGboWy'dn amount of water sufficient to

h)tﬁﬁf_ll M%céd?ﬁatfc? Qith ARG nRAmElts 8MBe pRiettivention, articles are
silTylated multifunctional crosslinker, wherein the )
providehpbisd drticles cordomiprise asubstateanden arasiasassistapidfognable coating
tetrafunctional silane di si | anes, an |la f i o
preschtRAHIFES B S5 BB PN He bR g Al P opRlon Biffprsing:
an aqﬁé@ﬁtcfr?&ﬁe sd10&nd IniRiureksMiafeslyvit bfodask adil peribScoaketisates of an

present invention, articles are provided. The articles.
epoxy fimctiomsilans 2 leasteneral fimetions crasslinken Whegan thegpyltifunctional

.ar nabl oatin . . . .
coss A A B B AR e Bl Rlas B 068 sy, and
silyld6HROItFionAinByRIRE S v RIdIS tiedposy furctiatal sitartedy pregent in a

hydrol ysis products and partial condensates of.an
molagpgeyo fasrsNisretionsl ceaselitier pEem AR 11l 19 Fo0HEL:] Gz amount of
crasslink Le] if ' . f .
wotef LRGN B ORIk b 05 el 058 ihciona
crossiiikéri fndnatiéanade dAbylysilaiesdereanthespbyy finetional silane is present in a

mul ti functi onal anhydri des nd ereLn the epox
mola taiertP Hradt et enrealk SH_?‘&‘&H‘{‘ ﬂ?aﬁt aggﬁ{)fgﬁ rati opt oyt he
rankj[lé)gﬁ l{ﬂl%b&ﬁﬁr‘loe%ﬁ?@rhbéﬁiﬁ%n@fof {HeReRROMY erkdnlartibles are

an anount of water sufficient to h%/dr olyze .
provideé. Eheuicesnen conprisesi substeataatl athabragion tegistagt formable coating

mul tifunctional. crasslinker:, and.at |e n 3 ST
prescigph it vk eneAaace F B B sl G e e s effoNiorf comprisin:
an adiiR8¥Yorganic 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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functional silane is present in a nolar ratio to the

at | east one of the tetrafunctional silane and the
waoele@cloarseo of at | east about 5.5:1. [024] hi acPCI/USI008036458

with further enbodl ments of the present inventi on,

R R e —
anhy@ides emid silplatdd Ihﬁlaﬁlincﬁﬁﬁal %tﬂi}f'caﬁles @hd tvﬂf%réiﬁl Elfetaft $dabt d¢ epoxy

cur a.coating conposition, npri si néa
ct@aale%lgae Briyessntngono fatlmtstthﬁréulﬁémcagn ymsglmyl@r &om about 10:1

to 12 B B o ke S R R RA e PP Bitignal slanc and the

silylagsdassltifuriceonal \whesskiker, Wieeréin kid dompokitonaoecngsshiafik er
is selected fr n1nu|t|f ctlonal carboxylic acids,
tetraﬁ%%ﬂtiopﬁltﬁﬁléﬂ?soﬂ’éﬁ silangsd si |yl at ed
b%]f 4h Fécﬁ@ﬁloe @Hﬁygﬁﬁ&aﬂﬁenﬁafjth%%s@ﬁth%?ﬁoﬁ p@ﬁ%?%aﬂicles are
nctlona l'ane I's present In a nolar ratioto the
provuh:d t THeuartitle®crml cooumrsss laifotosad snbstfateandadioakirasién fesismnt formable
about 1:10;. an anount of. wat icient to droI
conti RSy a4 A 1 s Of S BHENS REAGHIT e 2 SAME Compostion
cunngmet dohHRE EdRPRiti G, B8 bibRkRient ARAmAM te 1h8 39BstrARE whkiEH the coating
' ane, wherein the epoxy function silane I's present
Comnositlan goinarisasaar @ﬂueous-mamp splweritmighiwe hawing hyscﬂrbbass podducts and
nce

partdf Lo ERRRY leafie st 8h0: M RERERFARR Kkl rapegonal

orgaﬂég@l\ylslﬁﬁﬁne Aheatabdst ﬁh@ﬁuﬁﬁ’iﬂn&l@ﬁﬂfdr@hﬂ(@ URBdreiatiBe A faRctional
rasion resistant formable coating pr esent on at

cross}irdees compEsas i ytatedgnuitifienc opl ppbydsidsy anduwherginghe afdeash gne of
[
the eﬁo&%&tfoﬁ%\%lﬁﬁg y({:it!rhg ldg/bg I‘f%rﬁngag ?a%%g&&g%yaﬁ issl prgs%ﬂtF in a molar
ratio wothel ﬁﬂﬁﬁiﬁlﬁ@tlcﬁfal avsdliehat franebendoyl fountd; |aﬁdlah amol@of water
and at | east one nultif unq?t i onal crosslinker, wherein

sufﬁqlwé irydrelyre thesnaxy Bmetienal silane, the diol fangtisnalsqrganopolysiloxane,

ot SRS SIS, bt etionabl v
compaineh atfieaseorne fdriveeratisposabdn tha et kepsione bunfixceiod e sub sthaa@mBetween the

bui@? %rgleflent in anolar ratio to the nmultifunctional
substeate;didy the RAAMDEr om about 10:1 to 1:10: and an anount of

qu.@f] FHELESFESRE With AMHEUWRih &S smgrés&ﬁqﬁdz&ﬂaﬁ formed

l'ane and the silylated nultifunctional crosslinker,
artlclvdmrp piayviddade 'I&nrfp@mdt arpelesimsonprise afivraied substrate and an abrasion

resisti SeablE SooRBR anchens Y heobl s e o Y7 o Biigpd empp e o

coatindW@idsRidn, E@inEHe 864ting|cempadifol 0l stiedquehfl§ famtih € tRSubstrate,
can conprise a forned substrate and an_abrasi on

whergia $hesogfing ponpesiian uuTisAY apr&q@w oggangg soleas mixfpee having

hydroﬁgsr n_p%%ﬁ&l&% %ﬁc{ﬁarﬁglb %h{k%xtsgte? Xfi' 28 B }ﬂngg%r%l ?P%EHBchxsdloxane and at

least SMQHifﬁtdtlealfoﬂbdshﬂgsrt\hl@er&n bﬁd maltﬂ’undbi@ﬁaleird%shiﬂ&r 1s selected from
Coatm conmpasi tion conprises: an aqueous o

multifgchenl capxyliceaciisy myl Bilyashydridescands rp%#ltfur@rlonal
n

AT S g e

molat mtis to theenuitifunicfionmd brorssiaikemfcfscsh iabdaetr] 0: vdoelr B); and e amount of

mul_ti.f unc ro ker conpri si | ted
waten RPAGIHTIAL £ GGz Sk P ona T ERiAED SR KRS 2 Tecylated
multi®€ti®al crosslinker.

[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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the epoxy functional silane and the diol functiona
or ganopol ysil oxane is present in a nolar ratio to the
wordobiod4asmct i onal crosslinker fromabout 10:1 tRPCWUSDN5/036458
and an amount of water sufficient to hydrolyze the
epoxy functional silane, the dial functional .
resistagt éamﬁblﬁl opaiinpREHEL 0B Ahlepsiong § Cﬁt"z g“erﬁh‘g?tﬂftﬁ Re epRiyge 2
coati rc%?ﬁ) 5L curihP 1@ a8 %8 BRthBositid}e ahPSUMREnRA{Y Gdrfing the substrate,
er conprises at |éast one priner disposed on the
wherei tHeeasﬁngnmmmsﬁfoamempﬁ‘lS@Sh en sqipous-araanisespiveshmiziere havmg

PR el coprot Ao eon TrRBER PRl By one

multlﬁlﬁl;;ﬁ&ia?@ro?éh%k&* AheLadihe ThatifRcaRMH] alokililkesisGaRcted from
conprise a formed substrate and an abrasi on resistant

multifuoctedal earbogtic mgldp;reglélrfmncaﬁndtanhﬂhﬂes cnd silylatedgaulgfunctional
anhyc{;&% 8 tw:li)gairgg{eyaﬁ geo (%0%15 §§ )?S{ ﬁl%%gl(gl%.g s1S g@? ﬂeéén? ™ a molar ratio to

the mﬁ@ffmcﬁgnélf&@ossmlﬂﬁd‘r bafem aMaet B0:htd heomtanr@ncﬁmnpmaﬁer ufficient
corrprl Ses:. an aqueous or ganl c solvent m xture havi }I:bgq

to hychplymtlgpsquxqo fungtional siane a9drthg silviatedhauldunctional crgssy

I
o TR APPSR BT A o A58 s

disilafiéd, bhd alkgltsilendl inauffsishi o keatdet thewohtbry wgidfondhe substrate
mul tifunctional car boxyl ic aCIﬁdtflgﬁnul ti.functio

a3 il aecordange &iihyamitodgmenis ¢ FeseRy ABYentin F}lﬁje@twles are
prov1fi‘&fj 1“}4% 18 %a%ecoﬁrgnrfsg 355G ubithe afﬂél%lt dbP4M8dn resistant formable

org anop ysiloxaneé I's present in a nolar ratio to the
coatinpapreichtioe b lomst bne swisk iofikersubdtrate onapbyog atoating c@mposmon

e o A e B OB i
compobiti¥h BERHi! dd ARG SHadhic @61‘?&&%151‘6&& haliR@BYdrblysis products and

accordance wth other énbodi nents of the present
partial nemetehsates, offanreprexy finciienadsilaneat fraghoing aailtimetionsd fiogslinker,

|
SETEE R R R -
mult19ﬁ1%t1§ﬁﬁl hAGRIrdks, ahe siybet hatlefubytiaRphshydgdes, @ﬁkﬂf)vha@m the epoxy

n&gsn tion, curing the coating conposition,
functmb lqu@mnrfjseflbmrﬁ mgla Frsiode Hpralti@mctipral @mslﬂrﬂ@r of from about

10:1 ER0RNE AR, B ASP RIS o MaRRate b Sihdlional gilane
and tﬁ@ﬂ@%laﬁhaﬁlf@ﬁct@ﬁamossﬁnlﬁemmdl a Ihtaalst &iel o raeteta:{fdncaionhmhhe and a

one nultifunctiaonal crosslinker, wherein t
disilamg, whereindhe enexy funcsions] silres 1sipgesel 18 @iaelay Iiaaﬂwto the at least one of

the téﬂk&n&ﬁ %flﬁlréﬁabdQﬂef Q%e é)cf’ ataﬁal oﬂi’fvjI 4.ifunctional

es unctional anhydri des,
a r[03 Ohdnectortifiee ath athart entodirepox yf the poﬁsamtnavenslph,efnened

articles wagTaRReel 'L PR HGIR SgPrise g opasubaiele 4ne Andiation
res1stg£ ah§Yle SoH g‘i)'ré‘s@ﬁt 619athé’é§f SNeYsterabdIer 188 @Mtrfatéﬂﬁlt pgl'y%ﬁg a

ane and th l'ylated nultifunctional crossli
coatmgl esrapasitidng caingnths icoating womwositing, ad sah@gmntbffoamnlgébmubstrate

R Ry e o A
hydr&l?ﬁs PR b 2h& partidP@indbikats 00 bkl gg mndtimnerd@nﬁa: AElBAsS ond

resent i nvent ion, fornmed articles are
mult1funct10na1 crosslinker, wherein 'the multifunctional crosslinker is selected from

multifunctional carboxylic acids, multifunctional anhydrides, and silylated multifunctional
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

-9.



provided. The articles can conprise a formed substrate

and an abrasion resistant formable coating present on
wW@eookeasso one surface of the substrate by appl RENUSH05/036458

coating conposition, curing the coating conposition,

and subsequently form ng the substrate, wherein the

hydrotyrathaepecyrpusiontlsaneams the siylated rejibbetionst erasdlinker; and at

sol t..m xture.havin r L I; . and [k
cno A M B 0 RS RS DR R P e
least 604 dIk{1uNiahd dMAlleast 0381 2.6Ker, wherein the

mul ti functional crosslinker is selected from .

miP3 11t dneeqosdrnce wathismbpdimens o Hde PPt FaEPR.JRgned articles are

. | X .
L
formadla@dating pedsert onat 1dast onelstiifhceneftthondistrate by spplykera afating

fromabout 10:1 to about.1:10; an anoynt of ter
compegiip.GUERAE ther oaljag eApRRsiqTe %8@6@%@3{ %Wé‘ilgV@F subirate,
wherdfi the {¥tifk L@&h@ésﬁ%ﬂe&dyﬁsw Ghiahdus SFOBR doNCE miADE Blving

east one- o tetrafunctional silane and a disilane,

hydrolysiy mriodudti endepertial condatsatenaf atdedshonee époxp fiswénnalisiare and at least

one ni e b SronRinp kesist B mfihFdional s Se peep G gom
multiffhcBEER CABBERI Wl dd, AlREIn @FRAICHIADMEFes Odndt s la%&ﬁﬁfﬂigunctional

I nvention, formed articles are provided. The forne .
anhydrides cindsvirnerp thesas least enerapaxy finstipaal silaneds aresensrina g inear ratio to

resi stant. for | e coatin re ! at_| eas .
o i SHEN SR B B S5 AR FT BT o AR v uttcens
hydrdH 48RS bh 9 Fun@idnbNGlahé en COR sl Yigted M A RinbiiGal cBslinker, wherein
subsequently form ng the substrate, wherein_ the
the cerppasiting dosapeliiontaim tete fnectienad silangs.shtilapess apgd giky] silanes.
S Nt . xt [ ' . '
IR Tt o AL el RO PR r BB
provifitgtabfdsfoatresistant fofmusbid codkinps aretpesadea. tTie processes can comprise

mul tifunctional crosslinker is selected from .. .
applyig 4 PIATRECPBRATIIRM I 7osHpSiraterid FTIME e Goptipg pqrappsition, wherein
R P
prodctmidgrartia towdensateshef atridast dngredtan epety Gncissial sikae and a diol

fromabout 10:1 to about 1:10; mount of. wat e .
fumeticil prgraAReF ORI AR S6lcpn e piu G indee wndinkR) Sheeindue
multiFlﬂﬁtiéh:ilY:h%Elﬁﬁeﬁ%r_h#)ﬁéég ‘éts\i}z]a@d_ RSt o hahydtide 3nd wherein the

east one al kyl silane, erein the epoxy functional
at leasi drerdf thesepoxy Senvtional sflampingrthe diol fiunctiona erganopagsitoxamgeis

Kyl sjl f, at . . t 2.5 1. 3 10
pres L o B S SRR 2B B Bt b Bt gy ma
amoun® bR GteR bl fhicleASto afyBralyR\hE esbxy Higctionalsdnd tlid dibPfinetidhal
conprise a forned substrate and an abrasi on resistant

orgarfapp tyaiioxane crnditheysipiaed multifinetionplegasslinke. dupre@emgye, the
th ubstrate i ng. [ Sit]
pos PSP e ARG A SETRE s campc
procds® fiFtHeg chhiprises RpplRige, privherte it substrat@ptiontg applyinesthe ceating
conpri ses: an aquequs-organi ¢ sol vent m xture having
compegiios|ty Hesupsiik et e PEMSar t i al condensat es of at

lm,l fs’?]f 8%%08&8 cef\ﬁiﬁfér#?n 7 eftts {Rﬁgfr% éji?ér;b@?ﬁgvérﬁﬁﬁf proB&ses for

ronal cross r,
provifitgt dnf abrasi dnoresiktant fosmible keatings axqiredtet] Thegmocesses 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

products and partial condensates of a diol functional organopolysiloxane and at least one
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mul ti functional carboxylic acids, nmultifunctiona
anhydrides, and silylated nultifunctional anhydrides,

wanaemsiei n the at | east one epoxy functi onal PET/USIVE5/036458
i S present in a nol ar ratio to the nultifunctiona

GRS R AR Gk R B i
multifiidceiogal am@okfﬂlﬂ: sdidsy hadteRineidnb] dupehidaNMd $HEI fnﬁﬁi?ﬁnctlonal
wherein the conposition does not contain

anhyqrides gridhareinahe afilpashess digl @nﬂmborgamo&rsﬂykml is present in a
f ent
L T T S A —
waterfsufﬁmhiteo hpta‘blyzg $heed1el ﬂ)hﬁtlﬂndb@tgaﬂ’diﬁlﬁﬂ@ﬁ@ﬁ%ﬁ& teNlylated
ing a coating conposition to a

multlgﬁlgg?l? FQ’SEIHH% ‘curing the coating conposition, wherein

t hg3L0aki t ani

sy S aP S SRR oA EAHRE bEES r B AR SR Tpr
prov1dmg@ambmsm redistant fhezabic cratingd aralpchMde m‘harmzoce@m lcan comprise

ane _.and a di.ol functional anopol ysi | oxane and at
opply g SRR TP LT RO (14 SR oter A CH NG D CoabRs rpasHiBn, wherein

the cditihf bfn‘ﬁﬁ&éﬂl&ﬂé’émﬁﬂis‘%§%‘ agﬁ&f sfcﬁ’éﬂhé %\?erﬁ‘ ktluyé ﬁ%\ﬁ%shydrolysm

mul ti functional "anhydri her el n
produgtseangd partisé cgmwch@mepqw fuspﬂumb sitamg an&h et ](dasm lone

AP B8 B0 R Bt Rl el Pt P omcti o

multifiictlodad cdrbdDylicatlsamuRifmbiion Afanhpdifles Sdﬁtifsilﬂa?eﬁtmﬁlﬂﬁmctlonal
hydrol yze the epoxy functional silan€

anhydrides.tang vdieran ghass frstaicl epran Binctioral tﬂﬂmless plgetsent aua molar ratio to
t | e
e IR RS BERSHLE d By £35, BTl Bt suiins

to hydrobte thesapbzy fiaiceiond] Bil@eind elic €Xadied ﬁultifﬁl&:ti%h@l‘-@%lmker
further conprises, applying rimer to the substrate

Whef%’? Hh§rcomposiHign ¢Pwaing A apgRRt of g? kashoniftietepiuncsionsieilanes,
b I i t.h
isiaBA0S{ L0 SRR HhAhe I AERIBISR M
pf@34] dilm gccandaabe wﬁhcembbd'smaﬂtmﬁthé presah lieveatian, iph@ssak €or

ed.. The ess rlse app| y a coatlng
proviihe i 85 Esign "iftint ST b o8t tn e BVRIRY, e Prasavsehgpmmprise
apply @D Emp¥HEdAb shﬁﬁra@é) ahd @&F@Oﬂﬂ@ eS54thleYdmpo
conpri ses: an aqueous-organi ¢ sol vent m xture h
the consmg mmmsglqmr mmnsss an dqlpmus1oeganummdteamsnm;earedfavmgdrydfolys1s
|on e and

productﬁ Eﬁn% IP%%%L?] ggcr)ﬁy gc':tlo a{ag? ﬁta]f:.'ﬁsé one multifunctional

crosslifikkt, ifHersh thértﬁhluﬁh@ﬁﬁﬂldl Bi"cﬁéﬂlﬂk%r i%%lef%@tfeﬁ Grobd A tifunctional
nultlfunctlonal carboxylic acids, multifunctiona

carbogfligyagidsayltifupedionnl aph rectﬁs,rmwdtsﬂmmdtmdnamcamta} dniidesles, and
e SHEE AR08 Bk OO s BT A Bl piniopn

crosslmlstlslt d)ff fusra taboutal0: Icfoashl NkE rathinofuh@M @Q@Mufﬁ&eﬁt tb derolyze the
and. an amunt of wat er sufficient to hydr ol yz

epoxytﬁ%’éctkﬂnél sifapp and @ﬁéllylétegélﬂébﬁmy@,@naé srgadinkery and et least onc of a

Q
ot B e i o DG P SR ARt it b rsopny o o moar
ratio tp theca deasorfeant the mraﬂllnmgorah sitdne afd R didking bamtleds0RFRPLS:1.

C[J(%tjn s, are rOVIg J rocesses can conprise
accord ce with embodiments of the present invention, processes for

s1t10n wherein
avl ng

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
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appl ying a coating conposition to a substrate; and
curing the coating conposition, wherein the coating
W@ 00p0%$4380 on conpri ses: an agueous- organi ¢ sol RENUS2005/036458
m xture havi ng hydrol ysis products and parti al
condensates of an epoxy functional silane and at | east

produgtseandpprtial gonsdensies of enspery fmetionalfigyngahleastone multifunctional
[ ti [ ' N . .

o 1S RS B Sl A pione
carboailiy sbidsj emltifancticial yitpiedesyuid sifylated inahEinaihyicmhgdddes, and

and wherein the at |east one epo functjonal sil ane
whergig thyepegy funchonal sHang is paseR 1 8 n%qﬁér TRkie §9 the meyltifmeional

' ) tr 010 r10Qi
cross RS EOKShpf 16 STMRRRAIGIE I bV e Ao
epoxp filnatienahsithrichand $hd silydtedtimoinifendtionatcresshhkery asisit leakeome alkyl
.. Wherein the copgposition cantains.an amount of _ at, | east

silancy WHSTeIR B RRPER AP B SUAeARBESeIg s Qi dano, e hd s one alkyl
silanSof ANSSt dWagts kitci ent to render the coating rigid on

the substrate. [035] In accordance with enbodi ments of

t H83Pr d8 eptordance mtithoembaslimenss eEdhe praseripvantiongpragesses for

.gbrasi on resistant. for,gabl e _coati ngs rovided. Th
provifig dBeision Jhfr PRy Forlinb® B AP oo gl
applyStiS Edaling coPsifid toWsubdRate:caidicieng GiERaliig EdinpoMtiingiviierein

the coating composition conprises: an aqueous-organic .
the ceasing spmppsiion peMprases g F7eousrareamc polyent erixtugy bavyag kydsplysis

condens t i .
prot L SRR Rl eSO 06 P 6 e a5
multifdctibhidl Bedskibikat, veliepss thokeltifinktiord] eedsslinker trgelected from

nmul tifunctional carboxylic, acids, nultifunctiopal_ . i
multifelional gaboxgigacids, yukifenctiongks ddesoind Sﬂéfiﬂﬁifﬂmilﬁlégl}cﬁonal
; r.ei . i - sS4l J o d .
o 5 P40 O, RGN AR 0R § rREESR i o
the nfultdfmetimat craglibkérdrahabout 10AGp 1akd; and am tmofintweltwarter sufficient to

sufficient to hydralyze the epoxy f tional silane .
oo s el S b e O Bl AR b hercn
the céﬁg&iﬁi&i el hofodn®lif ditanglctionalkilfics aNQ1ABE aAd dikS1 sifnes.

rein the epoxy functional silane is present in a
noj0a8] rlawildbe onddrstoad tHabearious nkenges mag be enadafwithout daparting

sjlane a the disil.ane. of at, | east, about. 5.5: 1. . .
from e SH0B P HBREE ADR "WRBoH ek At SASHAEE Jief whit & WRhibed in
the dbd¥¥i@héd.0n, processes for providing an abrasion

resistant formable coatings are provided. The

processes conprise applying a coating conposition to a

su ; [

t heDES AR IR ER L A 08 £RebL ISP R Hrk AryHaTon

sojpgeNt THHE Keseheinvantidigwlytbvwoby déssbatiwith scasibnplaeferaice to

condensates of an epoxy functiopal silane at_ | eagt one
specifiglenfbpdimeantsopihe BeBEeN. nkus IVEREGIENRY, iRever, be embodied in
diffefgﬂ# fo'r{ng 064 SRR nGHRSBhitRIER s 'liﬁgt%ﬁ It@ﬁfeeeﬂ}tfoﬁﬁi%nts set forth herein.
nmul t1functronal carboxylic acids, nmultifunctiona
Rathan thesk erdbsdimanid asd prokieé do that this disdosuoneill berthponigt @ad

and wherein the epoxy functional silane is present in
completdp| ar ratio to the multifunctional crosslinker of

frem ]é‘b@ﬂfes&&h%mg& PR, all tdGhini AP art Rk iR rorABLREd herein have

sufficient to hydrolyze the epoxy functional silane
the same ntehring iab yomtrodlymurideistapddiyi conalf ontiness skitlkie the arhig valich this

invellltleo% telo%%g. '?Lé( %/elrminolo gy used in the description of the invention herein 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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silane, wherein the epoxy functional silane is present

in anolar ratio to the at | east one al kyl silane of
wW@eoob®asto about 2.5:1. [037] In accordance w tPCT/US2005/036458

enbodi nents of the present invention, processes for

provi ding an abrasiaon_resistant formabl e coatings ar

e
“an,” gnévihgeare imeadeshtodraludsthe phisli foenappy ol ngless teonisyt clearly
indicﬁQMBgﬂwliéeq rll&ltl ﬁhﬂicaﬂgﬁst hgﬁefft’ ag?ﬁgatﬁ)ﬂg | &n{sh fnd gtﬂtef t&frences

conposition, erein the coating cdrposition
mentiﬁﬁgph?rsiﬁsajre ﬁllao%ﬂuﬁemw fjﬁfcga:mdedn sledivemtitetpd Xt ur e havi ng

ydr ol ysi s products an artial condensates of, at .. )

| 4841] ﬁﬁ@es;@p)éb@mss mcﬁ%w&aﬁgsur@ﬁ@ SREPSHPE fuapitieyppmgredients,
pl’Ope[Ril%St éu{:llr' Q§ﬁ1§o9—:@ﬁ‘]{ar %%ﬁﬁ LédakEh cotiGoRl Shd Rforth as used in the

mul'tifunctional crosslinker 1s selected from
descriptiiohiahd nizfrhomalto baniderstbod asivdimsmodafiet iif alh ixtstapned by the term

“sbodingRerrungeh: frlesSe P B o e et Rt in the
folloxjvﬁngfe&?ﬁﬁ nlafid 8laliRd &6 ab@&kﬁnﬁtﬁm& Beit Mal vhfudpbhd@i@bn the desired
crosslinke 0: 10; f

r fromabout '10:1 to 1:10; and an anmount o '
propemt¢sesoughtfté be dbtainet én ypliodiments af lee prpesayinvemidan. dNetwithstanding

TR TE N (R IR Y

approx&hadnd NGk nfmaticA vhRIBE Set f6kitIS inl tAE §Feci R kaflpldtlarSidpanedas
[038] It will be understood that various changes may

precigpdy awlRssibie: Hout nuregsinet vades howeenankaeply eomtaip gertain errors
i.nvent i ' ' - . NS e mted to

secel 6T e A Shot b R3O et

DESCH PlHe@edeht inVEERINVENTS t€ktabldicohti¢rddhipobitiods 9hichhehen

present invention will now _be described w

th )
appliet tosfs Yasieh ol sebalralsrcamndicyredy By AbEasioR S HRtn fymbla gpatings. For
puspd ey TR e o0 oo e PR OB Lo BB T b
undetstoodhae refotringi toreodtmgswingfositiphs thet & mseablt foean amhwsgtef time

. enhodi nents are_provided,sqQ that this,disclosure wll
suitalg Fon R B RGO Of E0 s e RIFFSL LGRSt L 19 conted

articlﬁée fEh AR coMell altRIRNhifPeMBEs SClofRns dostel 8FtMesUIRE coated articles
érei n have the sane neaning as commonly under st ood by

can berferntdd ioady setaplepnrer) ot ¢rample, thecoatedaiticles ean be thermoformed.

«wm lnvention.belo . The t. i nol d.,i h .
ThelBRFRIRE! it BA RRGT IOBHEI o REFCRHH e fbfe B Brgcets ofhaping
thernRpldstie Yhedks BRadhFaRhswRn syfiard, hen FtnindheREREhdIGhERS into
limting of the invention. As used in the description |
desired shahes usingamyi svialla gradedurgspenerarolding Haging.a vapyE fogming.
f A an, "t her ent 10 incl :
T Pgpr@e 30 8 A8, DOeh B Ot Raing

compoRflionahf Forisher abion rékiktapl) WrireBlei obidng i9pt@ded. The coating
applications, patents, and other references nentioned
comppstionns ered [nOFRFCFARERACH FOrEIEehbsirpiet 1B poating composition
confiib Pk oh O n VISR LGS R 31 ) o o
condpiisafee bf hidsass ondoba lenst exudpaxy feictibhal silascanidah least one diol

condi tions nd so forth as used in th . .
functional organopo'lys%oxane, or combr}natlsons ?hereof ancti ateleast one multifunctional

crosslinker to form a cured organopolysiloxane coating on a substrate. The at least one of the
epoxy functional silane and the diol 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.

-13 -



description and clains are to be understood as being

nodified in all instances by the term "about."
waewondimgl y, unl ess ot herwi se indicated, the PUNER2008036458

properties set forth in the foll ow ng description and

£ HDE s < hippler e st Braghehal GOBRIrGER s Frieeied from
multi%ﬁté%hzﬂ%ﬁfb%x%c &filé‘s, ﬁ{lﬁ%ﬁ&ﬁdx%yﬁﬁm&@ﬁdesj\mywé&%ﬁ{fgﬁ&gﬁal

t hé}t t_ € nuneri ca ra_mges_, an par a}mat ers ‘setti ng tor
carbaxiyic beide dind sipleted imultimitiensh aiydvydedes, apbeanbinatians tlereof. In

t he nunerical .val ues set f.orth in the s ific .. .
anothel ST 'L Btlarionar dussykei s of sk §ng St muifygetional
anhyhidesH £ dasvelifiglatdIONENinctibid] Mok LoDt ﬂ'léﬂcdaﬁh% 8bMposition

errors necessarily resulting fromerror found in their
also gomégiescar] raoE oF Wietshenilisien] Papyrotyke the aklenst oheoLiheicpexy

v R0 B SR S RBBSBIA R34 5y fpttmcions

crossiibk@si on resistant, formable coatings. For purposes of
defini ng and describing t he present invention, the
t fpp sf%%veng pemponsal of the pguesustorganicsplient mixtess can be present
. . 0Pt ‘
inanf SRR EIRO LI O o ORI 1 A QTP otven
mixtiérd domiprises dbbet 40 tesbotit 98peecent ofithe ebatingcohpositiah ®¢t weight. In
articles, formed coated articles, and nethods of )
anothiep Pﬁm@eéas\ﬁ@aelg CPIEPRE ofr e agBeAUSPr g SqlvRt pufufscomprises

abouf &4 Moh@?ﬁ@foéﬂ o 8RB atiB WRipostidh i€ 1t \E/ﬁﬁbé:&alﬁl%?sqood by

articles can be thernoforned.” "Ther ormng" 1Is
thosedeivingialidivin the printhat at leest plpagtof ¢lse sltentlemupainsinef théequeous-

orgaft, IV s PRI By DGR R BB St e qesis oS the
coatihg) E&nﬁé%\_?ﬁdrﬁd ThBapPRast sk BEtHRRYoSH BRI BIREQHd 4] Fifclonal
as nol ding, jigging, or vacuumTorm ng.

X ) b [043] In
organgpobsterrse cal bhPrAGYdl ashivitable anteant r%@@mmp}w@lmat Isast one of

tabl. e i n iIf-ion th f,or an_ abrasign
the el BT b BOERRHH B oAb PR RS iy s
about 9B P&sérit bgRvdight O fRotaDsd1idlk BY theldoBPSBIEBEN N A8 BRarBple, the at
a substrate. The coating canosition conpri ses an

least gpeiebilis cnpyaivnetiangl silane apd diol functanal eegangeplysilpxpre comprises

i . I gt
svouP L0858 A 03K Sy SR AERRBH 1R el S B oo
multifiretiohal nedsskiniel car bepregalk ysarlyoxiialsle aoounto rthionatxangle, the
thereof and. at |east one multifunctional crossl.inker
multifignctighshcsosstinte coMPATS 3BPYS| o GRaMe B%re?rﬁénght of the total

solidibl b o8 osiﬁﬁlg %:gltaéq{oﬁéﬁéxa%iﬁe,q e hﬂﬁifﬁl?&?g?ﬂ?/l;#{ﬂ%ﬁhﬁf%bmpﬂses

I'lane and t functi‘onal organop xane 1S
aboup3kweabbui ) peromit by weaghit of the totakbsalids bf themostimgnaimposition.

cr inker ~of between ut 10:1 to.about 1:10. In ..
or0al, afsnatet paBod e R busvipt it Gn G HiRe porapgition may
inclu%é letRfimdnend Qﬁmﬁh,ﬁisifaﬁ@é} bt 6fha} alRYIGNARRGhM S RiPExF Afctional.

e present in a nolar ratio to the nmultifunctional™
Howevendthe tatiedunctipnal isdutes,Aligilanes, ahd athen alkyl silangs drepresent in amounts

. xampl e he nul tjfupcti.onal. crosslinker.i.s selected.

insuf iR enef el ot I yof OB B B A0 -5 i the

presedDyREEtidng et teigh iigiat sehlrBd vridbrstuotliae Referrin@ltd 0¥atnigs that are not
acids, and silylated nmultifunctional anyhydrides, and

formaldeps defincd dsraim clneame expmyple, 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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anot her exanple, the multifunctional crosslinker is at
| east one silylated nmultifunctional anhydride or at
wo e@st4osme silylated multifunctional carboxyl i BCHUBZ5/036458
The coating conposition also contains an anmount of
wat er sufficient to hydrolyze the at | east one of the
compegitizy hismuolaomatio of thaatdeash ang mxmfmctmﬁlcsnlamw alkyl silane of at

e 423000 X5 AR AR s L A 9091 s

that a?&&&%ﬁ&x@ﬁﬁ@ﬂb&l sk ¥Rhcdiporhied ente dlite dvatipg esmpﬁsmcmsaﬁyhe
sui t abl e anount._ For exanple, the solvent conponent of
presenheveume@a:@, varygeidely andwill gensrally denend opthg desired prapertige of the
bo [
curedveé)a é H}Oflﬁgegﬁérﬁ gfr?é ceo%tlrn% P&nﬁ%ﬁgdﬂg g?s\‘}gﬂ?%iﬂgg d%ﬁrgﬁ%tab%hty of the
coatifi\€nistisens - The eottaburetibiv silanes Mdisitaaes anqbthesszlsyl alianes 11686 are not

to about 95 percent qf the coat nlg gngo& tion B?/
epoxy@ngHenal can {RPIOVE abTaHER FStSEERe: &i} IfB5IESINEDFH nd Kjq qpticy]
propetr{i'gs cﬁ'r e LBY cingS AR otﬁen%ﬂodﬁﬁerft@@f the bi’e%@ﬁt 1&%@H ecﬁé coatlng

) aqueousorganlc sol vent m xture can f or med
comployition inyyiinclhge pthedadditives fudhtes antidog pmnponmtst; tae'ehlmgaagen‘g;
conmposi tions. .The at |east one of the epoxy functiona
catalysfs, §ige aédegF g‘imq?eaaﬁcpgﬁ‘if‘enganopol ysi | oxane can be

pr[@@ﬂmFdr'@esﬁﬂg aBMkioB RSt ¥R R boat &I UbSKAER laBy of Qﬁuﬁber of
| east” one of the epoxy functional silane and di

quanfitatie fesimatthodgany bo Ielsngldyedc anduding e Eaber "ﬁbﬁtb lOAS’SM B-4060), the

e $ge 4 B OoFesihb ol T (i 17pngh 7 i Blerd e

numBeh 8f @@dl’%éhvfelté‘éf AR tigdt hiyeiel Q’leaﬁuﬁﬂgt db@aidn resistance,

or ganopol ysi | oxane conpri ses about 30 to _about 70
lncluéleg ¢1@1§teblywwel Test and thefsasepTegt. fbthe éechVeqd d cpigd fthgyEraser
Test éif]c%)ta :eﬁ %g%sﬂl?es r%)é %c#%c&i%ﬁé%lﬁ%@qﬂ%ﬁgﬁg gd%gﬁ%loﬁ?&oﬁﬁam load,

frequ@hlé}t efcn Cﬂﬂe@;ﬁl&kch@d O3 Bhaniieyare tmiprcbm@med hadtatéd dgnimsbstandard
95 percent by weight, of the total li ds

salnpé%nf}cﬁﬁwnqewﬁtw%ﬂmb??éwn&f these tost l%lﬁ O%HDFP{VE%@FPS?]% an
1nstrlﬁﬁé}ﬁ Sgtucﬂ %se {1 ﬁé@éﬁbﬁoﬁﬁﬁﬁle@ gytat C%Q) et 80 A tm e BEREraRYes on the

sol | e coati ng composition.
coﬁdﬂhﬂﬂﬁﬁdM&&MEmemnenbod|nent of the present i nvention
the coating conposition nma .af uncti.ona
& 04RE T erRER s rst RareeTafred i Of b SdiRls, whother
measﬂfétd lﬁﬂﬁé Taﬁéfnlfetsf Rl WddP MR ElrasdrN@st, Ehi®IdiNt, @& a function, in
es, disilales, and other alkyl silanes ar e
part, pf ﬁs@ute ferperaturn psd purs diftfe. dh gameralphigherdtempetagires anddonger cure

coat id. For purposes.of d and d Scri
timeg 21, ROEh TroroA ABHEOR G Bk NPIGe OBy g ekdtliding cure
time Hfbds%fe'éieﬁqgr SSpRibaLty with thOsubeRite NURweRé! seih&iméless than
formabl e as defined herein. In one exanple t he

optirzwna ciregemperptisss andreureiémes arpnsad dugtt prosessangd/cxeqnipmsnt
11m1t8t?oengte tlxglilst}: urggééﬁg lbft&&s%@ﬁﬂlteg fn]i ﬁ{ ra?tf tﬂgltcottfle(}%hal?lhé W as

her ex

coatiGf &itlf@s£MNAS hhtueofAs substate awill Asd lﬁav@fantelﬁtéctain theamtsured
one epoxy functional silane to disil age of at | east
abragigoigsisgnge. 1In genersh dereach Eypg el swbstrpigeand for eac coatmg composition

t R oft tEIB aburd, 381
e SFTBCORIR ARSI RTOLRL ol o e goime,
coatmg th1ckness and the like, can be readily determmed emplncally by those skilled in the
art.

[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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| east about 2.5:1. The ampunt of tetrafunctional

sil anes, disilanes, and other alkyl silanes that are
woeweopsxy functional that are incorporated i NnPCT/URE05/036458

coating conpositions of the present invention can vary

widely and will generally depend on the desired

with @8-dpEticels (Baber hedustiice dNedat prryvaodadiide Priosn the geasurement,

e R0 RS GETRITH OSBRI ERE A kb,

N.Y.)sThérgsinglis petfones] bypdSlrdvbRitishkyf the CSat0Fswhésd omthe refating
epoxy functional can |nprove, ahrasi oﬂ resi stance,

stonec il hazenf shesawle wicarded Hpmes With g, Hnvergar & Rlus (BY e

Gard:ft! €8 B%t, i\/p%)Zeqélg@te?tnvgﬁﬁ 2 9IBQIA BBHE S hled mre@%t T Columbia,

i nventi on, conposition may In
MD).alfrtsiovegsles of the &3S-40F wheelg ox trepamply, the Haew i riecyded again 4 times

.. agents, cata tc., .as, W be further, descrihed.
with par-sird PPN Bt Gy FaptabPd e & Tper Abiesion
holde;f' g@?ﬁﬁg%ﬁ&l E8huetoia, NID) .Ffrhé‘a\FHt'eEQ%q{azé’fs tHS RNt dhéd/ Rr the initial

t hods may Se enpl oyed, including the Taber Test
haze feadifily) the 4080 pading eftanfithdyeleTeamd aftan20Q ¢islasyisinig the hewy CS-10F

and.. Test .( ASTM FE735- naddition, .there are a
whee HBUPTO 1AM T B IB AN P RO Rs NG fishped hase
readil%rat Apand EGG‘gycﬁ&rélﬁitH@irﬁtﬂﬁ heicegdng isBénpbded. he St eel

ol Test and the Eraser Test. Li the Steel Wol Test

arl85qlh herkeber mythed is ennsigered epamiquanibiativegnetiod for measuring

scrat.ched der _r i it .
wrssh G BEENRE A P A1 GPF R0 CERORAnamugher of
factofshB0luaBERG eshditich 6fahe d'SaF test twittBNCRdrges Anthk esndition of the
sem -quantitative application of these test nethods

CS-1Phiest vaeels ora hage agtenalicanhaliyct; p e, oudipans efsnggbrasion resistance
test. %81‘3&{21&%%] %&8&;1’1&&{@%5 Pﬁg@%g GabdBh@istridsQh ¢ osfdn dfehe CS-
Scratc e coatea S

es on bstrate as a haze dai n.
10F W8] chihgedrtbahancarhindn sandand saasgled faornd Yohaze andr5&haze at 100

and P Gy Io e rAge L A2 FesarANED teb and g5t Bbpealiy o (Broughout
the tééﬁl}%cc{n:dﬂgt%& RBreird, Q11 ra? fife: s_agl@efs RRr&1ERd WAIFABRE 84rkE Sot dRHew CS-10F

, | general, higher tenperatures and | onger
Tabecwheel.i Imescordgndetwitnethbohmentywd thermeesenbinsgition, the coatings can

nave 5 R B0 TR o B S P P, S it 30t
50 cye RS I AlcBrdahVRUR bthes fBbdifRAts| 0T Sife fridht RIVEABH 0t ings can
tenperatures and cure tines are used due to process

have Tabigrovuntbgrs qftesstthan kot Yodhs30 ¢xclasi I other pxssemies, fecbopijngs can
illed in th o ] , o
wove R8RSt ol P ot SOV ETLER Bl v o

200 Hklek. al so have an effect on the neasured abrasion
resistance. In general, for each type of substrate and
f dO5 ébcThecfsammgtydzfﬁ%@qa@m%cwrt@sm iy they follgwyipgmapngh An
] t.Ri T, foj '€ < 1]
oveng{itLd Dt SiRSeqt 8 198 LAY Sk phRERA Bkt onate
(1/4”dedxan PCHRegat Pdstics; Shty He\Springs €€ S)kedtIsadpleris phaeedaflat.on the glass

plate and heated at 165 °C for 18 min. The thickness of the coating can be from about 1-20

microns or about 2-10 microns. The 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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[049] The Taber Abrasion test is performed with a

Tel edyne Mbdel 5150 Taber Abrader (Taber Industries,
wokoobl44Banawanda, N.Y.) with a 500 g auxili ar yPCDES2005/036458

meight andmﬁth CS-ICF wheel s (Taber Industries, North

or to.the asur epent, the vvhg els
bent a&@éa¢1§$ af:l@as m@m hbqqﬁéo enes, i agcy ¥ge Wit tke {opypgpocedure. In one

examt & tolukd Slscgyﬂ\%tc% beRENERYRadifN OF Betwa_éﬁea&@ﬁﬂ;ﬁ u’t § inches in

orne revol utions of the
accortiree vaftrihe aowt proeeduheithoit craaking az eraafngtdf@h&maphg i's

Ty R e BT P e
form ((1%&% ﬁﬁrﬁw&fcts @h@ﬂp‘iﬂ@ coMP%nenﬁf df8he ﬁl@xtﬁbéc I8 a@fuai BBount of

wheel s on the sanple, the haze is recorded
wateragaivarywidelye SEncugh “atemlaszleeeg@d @ Ppvide @ Byikebtahomegeneous coating

MD Taber. .Abr. hol d
mixtig gl dip g oroiEle AR ParH bohetnsh R T A ARG ESubihfiag e
coam@geé&ﬁp*asﬁﬁﬁ Wit thie dehelr aadddadongx@ﬁentg ER&HillBe réddenired By those skilled

readi ng after 50 cycles after 200 cycl es using
in the drbthak SC@JQUIFOW*(@'@I eandiendatespieedamnideally. as early as

J@Jgg ﬁgge %&lv cgn t“uf Qictﬁe P@%e‘é’ﬁ? g 4&% sl%ﬁ%b?%ﬁgwﬁ)@gﬁhe coating

compds@ishs b the?r&sl&ﬁﬂn{/ﬁnﬁ)hto@ﬂ be EOp&jlvdiier dahihatid@t tisdlvents which are
consi der a sem -quantitative nethod for neasuring

compaiibiaEi b e oRIPOnEHE thmeat&gec@ir@%woawl%e&r%9°folfm1t‘fwet0 an
epoxy'lﬁﬁéﬁ%ﬂal 2HERER ! 1gﬁ%§f:?g%éﬁ§§/5ﬂ&3{%£ éﬁcstlﬁfl%\%vgincg% HEH Axy

con Ién o I n
functldsﬂhé, a:temalﬂlmmmmabéllahb,el @ﬁldrﬂ:aﬁdeslhulbhﬁlﬁbmmhcrohﬂnﬂwa or any

oSSR 2L LSS LSO O o s
mlxtur-EarHE}F bd WAHEE Lhia&DhbT) af Bfie£ AEIRDI bt £B1y0b1 ke, %oﬂcg:an ester, a

wheel s chandged the haze gain on standard sanples from
glycolétehactate ndd Semhmz‘eomstthm@@f dhutablGlavholsesn be eqpoeseaid by the

res ectlv to 7% and 25% vel y.
formuby f GFwS RO et Hk oS edriaBe B B RROR DI chfiotiatgms. Some
exampl& 0T BohVRMBefub i1 186 applidatibM 6 thayTBvéifiion Afe MeWakst; étklnol,

Taber wheels. In accordance with enbodi nents of the

prom@ssmpan%éwtan@h isobhtanelp sgcondary batenelatestiary betangl, ayrdelkexanol,

t;han b than about 10% or |ess
pental}oﬁraor? %ﬂlﬁifc /?fajé %g%&c/%% §§ accordance with other
[‘dsaqil Reitdbe giycslhestlivie %@ﬁbl bﬂme b berepidsented by itmgforaan R'-
ve Taber nunbers of l.ess than about 2% for 50 cycles

(ORZ)hDPotwd@re wichph &3 ot hR ' dphydragen g ) ErorRIsoRLRING Spm 1 to

o 8} 58 DTS o 5010 90 Ra IR A O B e

atoms@hd tbebiatdbnstysresfin be tested in the follow ng rranner

An oven with a Iasspate reheated. to. 165 0C
R0s3 7 Bxpaibe o xeolg et sl Sthemm i o abseetiped formuia

includBeBR lard) 1#?'1?1%1%?1 o, - t theP ek he f@ﬁ%l BESdth AR eprtg’ylene

pl aced on the gl ass plat ted at 165
glycolfchmeﬁﬁ'l ather, piipylenhigblcnbwsthyt ethérpe dipoertylang ghyool metifyt ofirer,

ciroR AT AR 57 55O Eoo AR o

dimethyl ether, ethylene glycol butyl ether, diethylene glycol butyl ether, ethylene glycol

dibutyl ether, ethylene glycol methyl 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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pl aced on a cylindrical mandrel. The formability of

the sanple is rated by determ ning the m nimal radius
wo@toosloes3nendr el where no cracking, flaking, orPCT/US2005/036458

detachnment of the coating is observed. For purposes of

..defi ri bing the present invention, the
addltl%ﬁorfﬂe Et?qyﬁr@m? uck gy Wﬁsﬁ?ﬁ?@ anggd) oo g bl Gthers for
1heaq@§n@eg§ﬁﬁdggvégnﬁyﬁﬁg coatings that can bebent at a

radi us  of |l ess than about 10 i nches, in accordance

wi05Kh] t Bearapley ef patonse duitable fom thﬁrﬁ@lumﬁqumlc sblectumigthre include,

S ST R o T
isobutyll ldheHétan@ cRfbii0RY theFedZ | Eﬂan‘iﬁleé msﬁé@@dlﬂﬁgle 1608 hqilddRs-organic

presence of water in an agueous- organlc sol vent
solveniymixiyreinciidpdud et nob limitedit peybpsesite, IpP@QMhaostaéﬁ, nthuéyl acetate
and co?ﬁ 1122?1%51%%{58%35 @xi%; fes BP% lxﬁgl\rl\gc‘tetalg ?Cjbel% %)er& ng(iju%ous -organic

solvenp fiiviueteinaludel Hul bleyhol GAIGE RS Qush yta@ gyt eyl étﬁeﬂécetate
drol ysis EWOdUCtS and artl al condensat es of

lefOPé’ 5»&&0&5@5 bether asptaia, e hé’b%r@th‘?@jméﬁﬁ@@t%eﬁwlwetgﬁyqoh ethyl ether
mm““@éﬂﬁfnﬁﬂﬁﬁg> Qqpoggents. It will be recognized by those

e art that this amount of water can be

dfgset ning duieatild epoxg!fimetioh8sqhnel div] Sl cviendl o@%ﬁébbl@f@iﬁﬁane from
of the aqueous-organic solvent m xture of t coatin
a hydrebﬁ%evqwéﬂectmak w@neroégembmmwﬁwr@ﬂf @abeysedinythe coating

compogg r?}(}gtBlf El‘f% éorWI ! h?ﬁ{éioﬂ.n Fof e p\sig g?ée;ﬁﬁ'yofnn&iroﬁal silane or diol

conponent e-coat

functi@aipeanopadysilonedcusinibg anp epoxyofintionat sithnt or dmh fusptional
organp DRGSR L AnS ol LUNEL fonal, ot ganopel va L oxane;

examptlc,e tsﬁéH &Y @ onsll H13A&, ar@reﬁ%e%éﬂt@@ﬁ t@?@ﬁ@lﬂa R% S1%OR )ax Where x

-functi onal crosslinker, or any co nat i
isan lmtheqreﬁfl 2 po3, léxlarﬁalae alkyh eroslpl vbmctiouihiged alklglrgrou;f, ahlakkylene

group,aq% ﬂgﬁsrogp; n @{llﬂg F&'e%%g(ﬁ ﬁ%ra t ut'rlc?ngqg%/rﬁ%fsclo\ﬁgpﬁgg ’frogl 1 to about 10
carbork@b@P Gnd BAViLS hileast 3 egb)éﬁﬁuheﬁcﬁﬁl gRuBl AdeR* 81 an alkyl group
conbi nati ons t her eof ui tabl e alcohols can be

contaipigg fige hteeb ) Scadon gtoms, an mekyhaietns 2 RSI(OR3- yl&?ytewup where y is
t
o 8 S5 SR AR 081 20 A By

from 1i to\a® it mwmatﬁm%mlwbtyl gionp e anoePIBUTR ) RS, group and
I sopr opanal , tanol , isobutanol, secondary butano

combipgtiang ﬂreyeqﬁum& is Pwma&wégr@ﬁm a fysetienatiesd allyksipan, an alkylene
|

srou 45523 UGS 5 L 8k acrb Rl b ) o 10

carborf atomms vdidRImay Mbéﬁtmihn\mbe;t}eﬁmammaﬂ) gro’:l.lp 2, 3 or 4 Rl

o oE R oY BRSO A OO LSt or
nng—ol‘}é?ﬁﬁf‘fegbt% df 6?83(}1 ﬂﬁl@tl&g@ Hﬂ %%lﬁ%?t‘g ”glﬁé)giﬁ%/ g;gkﬁléng reaction is

noi nat1 ons thereof. Exanp
accompuhed By Apdtobisiscod cenclmsailolnauf ithregplkdrey gbopse Shehiamag-opening
cI ude but are not limted to,
rmquEISﬁ“@E¥ LEMIL 25t hyl ene gl ycol dimet hyl et her,
propylene gl ycol dinmethyl ether, propylene glyco
nmet hyl et her, dipropyl ene gl ycoI nmet hyl et her,
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tripropylene glycol nethyl ether, dipropylene glyco

di net hyl ether, tripropylene glycol dinethyl ether,
we@rdogloersao gl ycol butyl ether, diethyl ene glycoPChus3ns/036458

et her, ethylene glycol dibutyl ether, ethylene glyco

met hyl ether, diethylene glycol ethyl et her,

di ethyl ene glycol dimethyl ether, ethyldRe glyco

et hyl ether, ethylene glycol diethyl et her,> et hyl ene

gl ycol, diethylene glycol, Mthylene cof, propyl ene

gl ycol, dipropyl ene glycol, tripropyl ycol ,

butyl ene gl ycol, dibutylene glycol, tributylene glyco

and conbi nations thereof. Inaddition to tbe above,

cyclic ethers such as tetrahydrofiiran and\di oxane are

sui tabl e ethers for the aqueougﬂ ani ¢ sofvent

m xt ur ﬁ$ ket Bitablle for the

aqueou rganlc solventS &%uré—TﬁﬁTﬁde byt are not

limted to, acetone, diacetone al coholj hyI ethyl

ket one, cycl ohexanone, nethyl i sobut

conbi nations thereof. Exanples of est rsHAU|ta l e for

t he aqueous organic sol vent m xture include, buthare

wrs 0 by s um MR B0, L5 BBy B} it gpiona
organ(ﬂJoY}%ﬂb%ﬂéeHSQ% ki€ Be Shthinad ienf DEGUSS AAQuAUsiscatBay, New

sol'vent m xture incl ude, but are not limted to

Jerseypr B@H&%Z?ayldzﬂ uspet4vyis” witheyt faléléﬁtr@!l@ﬂ%ﬂqyr dpigl Gwmetional
organcg)oﬁ: ﬂ8§%;rr]%% 8%1} Pé:“ é}l@?ﬁfﬁ%?%tﬁ‘&ﬁﬁ Fg)%yoflmcttl% a} sﬂatnﬁ with an excess of

water @f2eisakifistddo @Qﬂ@d)ﬂtﬁide@ﬂﬂl etditEﬁrﬁnfeﬂu{(&EfB} se%yal $witsaDhesalcohol
epoxy tunctional silane, diogl functiona

that fomng én@whymlmlmoﬁth@ mmxywlamwyﬂéﬁcm?mmfbby distallation.
A R T SR S
glymd@?éﬁﬂ&h?ltnﬁl%omﬁe f%gl?&d@;@@irolﬁﬂthﬂz&o@ymﬁh@ 3-glycidoxypropyl

functi onal organopoly3|loxane can.  be any epoxy
dimethylhydrpxysiane |3rglﬁ@d@mmnﬂltnfr@ﬂwm}mp, 3-

e e A b
glyc1d©ﬁﬂ3w j‘vldﬁ@dthy&ﬁﬁtho&yh&lﬁeQ glyeidoeyresy@nibatbyyildneel,3-
rmula R3 xSi (OR4)4-x where X i s i nt eger of )
bls(glmidcacypmyi)gemmgwl Pwan@rleiﬂals(géyqﬂ@m%@r% rqﬁzﬁwﬂéﬂxwéﬁﬂoxam
I
B L R R R S O
a[I]B;ll] 20- @@k?@bpﬁlttﬂﬁethamﬁllw B Agepmix ybgdtiméthepysilgne, 6,7-
funci i onal group, and R4 is n algp gggﬁz
epoxyheniyiimehgxysilens. P, k%e%@wﬁﬂ@& EHhens dcetyl
epoxyggo%geteﬁmfﬁo&gﬁigﬁ CaH S 181K @R AR Ep Y iR HOR B e, 2-

I'nati on eof wheré R5 1Is
(3,4~ ebbx;&yclahdmyﬂ)egiyuumedmxyalme,rayldﬁ]n@lﬁel to about 5 carbon

oh G At ey puaft S ianRLe-BSRARE g biranes dffulifypptionsl

orosslﬂﬁ@féﬁ:’an Be LG RO Bk &R thvdhtfoH. ﬂfe‘-‘rﬁ@lﬂﬁﬁféﬂ@hi‘l)&hﬁ@l@rﬂwr 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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group, an aryl group, an al kyl ether, and conbi nations
thereof containing from1l to about 10 carbon atons

wokiocl443sy al so contai n an epoxy functional grPUPUS2005/036458
[058] In another exanple, the diol functiona
or ganopol ysi | oxane is the product of a ring-opening
partial cemtensaies aff erepy)fyndtignaltsilanes) diol fraaéonal prganepaysiloxpees,

enln r.eacti an.i conmpani ed by hydrol ysis and
teﬁaf‘%}?ﬂ@nﬁ So ALSHFISE A auﬁﬂfg‘%@?oups Such a ring-openi ng

resst it mﬁtl%@ﬁbﬁaﬁ aldsylirideovah iaslunb &ueisRot ﬁnﬁié}zl to,
SU|tabIe group. I n another exanple, a commerc

multifunstipead C@Ifooz;ylm agidstag rreall aseahydidsa M Rf@@#C@%ﬁWBﬁmcﬁonal

carboxgﬁ ig 8%{?3 e é?glg;@nét{f,ﬁﬁ'ﬂ cag%géﬁg an eﬁreserged by the formula

R(COURSH,|, sheieixt i @ﬂﬁntégﬂrbﬁ &2, uoi 4, andtvitene R Diseklebted dtanothal group

or ganopol ysi | oxanes, can he red b i ng an epox
consisRuUN B EFoRe o FEHOBH 26 SLS L LGP L EHaE oFB, &1 a1 group,
a funct?c%aﬂ%cfﬁx 9:1? Byl lte{g%ﬁ, %Wc&ﬁb%%tl&lﬁﬁéeéﬁ&fhé%ﬁldeaﬁﬁ’ bf the alkyl

severa he “a that forns during t
group,hly@laﬂhylyﬁe groaf) théeryh gkmpyﬂnﬁ Ifenvéiogalined slkcfhgrobp, arglrﬂw elityl ether

e e e o R30S SBE e 5

| {sfihg BEHNS Yot ) acarbon 1 ou , or an acyl group,
Selecw% Hﬁ@%@proéﬁlltél hydrox Sy:l?g)gp y gr p y grotp

where thenastlyhgriohy darolg/Binctenalized W1th an alkyl group, a functlona 1ze<f) alkyl group,

an alképrgec ghg%r%&}ﬁ égﬁ%{?pgﬁzgﬁ grﬁ group, an alkyl ether, and combinations

thereo@wﬁéﬁéﬁi SN ¥ PIRRNLA gfﬂiﬁ)h@%)fmﬁitlbﬁblﬁzletl angl gdup, the alkylene group, the
yC|doxypropyId|neth met hoxysi | ane,

gl
aryl greuplthe ﬁuilgﬁgxmh@gymw} g@yp,owylghep allsel etlgprgre further characterized as

met hyl di si | oxane,
contaninng%&nif @D gﬁgg%rhé%y et r anet hoxydi si | oxane, [060]
go%ztpl Bahpled snsipifaRyibnallcabodylieididd whicBeahi betmhpboyet m the

prepargtug]n)_( gfggg 9%%|cp§]pg§{elg By {11? g:%/?léénrt I(anrr\%l&gr)l( chiuld% eut are not limited to,

r

malic g«ﬁ%@ég@ @%él: tg C(l: ki %Mﬁdg)&gﬁ‘aﬁ: d suc01n1? acngI rg%lgmé: acid, glutaric acid,

ad1plcapmlxymiammabi)dl; atheamtlﬂpa@cthlcsadldmabw;lc acid, cyclohexyl succinic acid,
3-bis(6 pox p neth |S|Joxane 2-

13,5 t(egzmeéggg{p ]Ic@ﬁé()]/ﬁ ‘L%/h%ﬂzte lpﬁﬁ’él and t he

1,4- cylcirolﬁgx E@8abo Vi a%ﬂi tl@éﬁ:ldﬂék&ﬂeﬁﬂb@ﬂiok?ﬂ@hm&rloﬁ-%&élﬁlf&;ranedlacetlc

i nations of multifunctional cfrosslinkers can be
acid, Iy3-egclbinexpheligrresotic avidy bhtdyolehexenedigedticiatidh & Sroslgheanediacetic

st L8RP AT Wy ARFA PR BRI tmaric i

and mitd dct it doRAhatRADWEdoEe, silylated nutifuncti onal
carboxylic acid, and conbi nations thereof which

cHipat Elsdraples oﬂnebxfwgctm@i@lhmes gihichreag begised in the coatmg

B e
above@ﬂé&ﬁi@ﬁécﬂ@a&b@@ﬁc @afdb@efdﬂ asCthélcyoﬂiﬁ ahlaydeideSof 1B a);o*m meup:tmned

t hat are capabl e of |nteract|ng with the h%ﬁé
dibasip eide such ag sugsanic pahydsidadiasenic aahyiridepghuiaric Y‘Llff? frimellitic
S| a o d binati
30 NS B 0ol RPRROAAL Y5088, o pmpinions
thereo[f063] The mul ti functional crosslinker can i ncI ude but

n I . . -
! %066(])t Thla gultlf(ljm(t:t?dnal 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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mul tifunctional carboxylic acids as well as anhydrides
whi ch produce nmultifunctional carboxylic acids. The

W@ 2006040 ¢ aci d functional conmpound can be repCEESIWHW6458
by the formula R (COOR )x, where x is an integer of 1,
2, 3, or 4, and where Ris selected fromthe group
c[ﬁﬁ’é]l SDptinpally, irladditiomtadpe nyHélapctionat m@é&lm&;ﬁmﬁgtb@@patmg

como§tts SR 5515 RLR ORI P i com e s

asa co%@ﬁf’él?ﬁﬁ bﬁ&@sﬁfﬁ?ﬂ@%&dﬁ&hﬁﬁﬂﬂh@ﬁ(ﬂm @Bmpbmcaldeydnb@d heein.
| ené group, the ar group, the functionalized
a[Dﬁ&]l @mmptabgﬁ@trqfhm@m iThnq Hefomsiigatiopaf igrafimctional siianes can
acterij,zed
be use(gplo pregﬁrlatzi% é"? 190 %é&%lgﬁl’gée ﬁrgcf:ffc%ﬂ} 90 Feﬁ?‘ﬁk?ﬂyéoaﬁﬁgé:ﬁégo For

exampk) &l tstfrafﬁﬂctﬁfnal'!nlaﬁe tar vk fomniys, ofeslm%)g mﬂerq;R OisfH, aaralkyl
an acyl group, where the acyl

rou

group eQIysERingEAM 2 delabut  carporIakgR @%&%gs ereghey SRR s ggpup where
10 . I

R"7is ?u N a]%kpglgu% g&ltgllnﬁé f?cgﬁ 6% gﬁcﬁg 5?631@%1%@;%% %théifs thereof, or

anothe€ BItORYH grasp ambcroadfmafdws diereofaEramples hétearhﬁlylbtugrad) sifanes

cepresqral Y O 0iPBp 1O e e RBRLY] SRS iahy! Sisiisae

tetrapr?fr)}lll‘lﬂx’thgglﬁl@é:te 3{5@&1&%&&&@ brihbAn@fd, Qétfa% fj'l BRh6FINadd, Rdtfsobutyl

to about car bon at ons. Exanpl es of
orthositichtej fetrakit(noatadx ycthokyxildriec teﬁ@kld@nmwrmm}ﬁéa@ml oyed

P ALCNTE SR

d1metH&&&1@th%§yﬁlan§Qﬁ@ﬂhbkﬁn@ﬁd)ﬂrsﬂ@ﬂeﬁFbl‘y@ﬁﬁ)):thokyéib%]me) aci d,
succi ni ¢ aci d, nalonic acid utaric acid, adi

poly(dmth(u(ysm.xcmp) ,cpoéy{dmnetlg(myedlp@omlgxaxﬁ,et s@@m@thoxysﬂoxy)sﬂane
tetl‘aklf@]‘l%ﬁ a %1135%10 %%qgé(gf(e §1g g(gdlﬁbr‘f toatﬁ% %&9 rag(l% g'rl Nt %?tﬁﬁﬁﬁg

described gbovd fdﬁﬁmh@ﬁmmad smlepm&gﬁd R agléed with oxygen (OR9) and (OR™)

1, 3- cycl ohexanedi car boxyl i ¢ ag
can bepagbog%l@ﬁq)gr@;g% Eqpmples pE px%/ | ftglctléna'l silanes with carboxylate functionalities

e t )
mesﬂ%?%}%%@%%ﬁ@éﬁ%%ﬁ%ﬁ%Stﬁéxé%%ggg%g%ﬂgi%Pu ég%ediacetic -
afed] ThScampositionk exmhrehrdie @ay buitapld disitepieslineargounts insufficient to
unsat ur at ed, di_basi c ch as fumar

i d
rondersFhp pTInge Féich " SRR et RS9 PR OF Py eaipd by dHpPpputa
RIOPRITULAPUSBLY ook AR R, 0 G 3680 Y1E0US SR Ml ar

oating cBnposfilons of the pfesent invéntion i ncl ude,
either bljtan afkg'l gmup Icomatm!tg from abbiet laterapdnt ecarkym ateras, aifovetionalized
nenti on car boxyl i cids su
oyl G RISAS TSRO S0 1 9Hn e St B 6 efi combiptions

thereo?'SRls léﬁ& R gre AARMAH 'aﬂ%lkyltgﬁﬁ@moﬁtaﬂ[ghﬁf&ﬁlaﬂeut 10t Wb aiiti 1O carbon
anhydride, trinmellitic anhydride, pyronelditic

atomsparhgagtyl gequpp hmdn@qmtun@tmy cherend, Timisdl themRn y«“@mb@@n affcydene group

conss RGBS bRl AL A5 g o

1to a&ﬁﬁ hox¥ibof aﬂﬁﬁsﬁ m@ﬁryagtodp,aaamﬂylemkesuwmmted@oyngmm an alkylene
i (OR') group. An exanltéle of such_a, nmate rgg ds 14 .
groupsehigh wel Ryt o or a195¢ SIgBBT. 1 er AnifAis Gihepde7nd R is Clor Br.

If yis & i&s aei‘%(% 2 cfng ttaﬁgl‘fjéo'h' s?l?bo%%oh@eE%ﬂeg BP&ich W@danes include, but are

not limited to, bis(triethoxysilyl)ethane, b1s(tnethoxys1lyl)methane bis(trichlorosilyl)methane,

bis(triethoxysilyl)ethylene, 1,3-bis(triethoxysilyl)ethane, hexaethoxydisiloxane, and

hexaethoxydisilane. The selection of the disilane, as well as the amount of such a disilane

-21-



conposition, a mneral acid such as, for exanple,
hydrochloric acid or nitric acid, can be used as a
W@ osoaparad ysi s catal yst for the hydrol ysis of PEEUS2005/036458
sil ane conpounds descri bed herein. [068] Any suitable
tetrafunctional silane or conbination of .
incorpomteddhioribe Fentiag compasitiense ¥ill Bepend aigon thetietiqulas peonerties to be

enhancié:g\zlgl(re Plﬁgé{{‘ rdI ta e ngggt Sods 1§§%{nfnb8 ﬁ&{ ?Ite e gﬁféggpaﬁ%aﬁomposmon
5['0'7@11 T EeAdbrissRiohs bﬁﬁlinaﬁldé) finyBotheRMitdblewlion eilds (183 thifunctional

group contai ni ng from 1 to about 5 carbo

sﬂaneSadtfmct@n@ll stlepes; moppiinetignal glane;, @@aﬂémﬁsdwe%mr@nmfwrsrefmed
I
o5 fy gt PN B U GPRUIE, ALY At BRRY gt st

additives thichadagl beandurperhied isto theesoatifg ccﬁnpnfmﬂlmfs o the present invention can
tetraf ungti onal,,sil anes repre entfg bé h@sfo mul a
have tig fooRP R ardd QR ka RER 15 GroRRbeT P bt & 35t B i ﬂ‘y"fn alkyl group

contan?{l% BR%] | ke ASut 15 hbaR ?@Hﬁél a AlthOSzbE Ql'k?l group, an alkylene group,

ral sopropyl "orthosilicate, tetrabut
an arybgrotyp an b]ko&qulyetb&rr@mmbmd gdmlmnatims |t1h€rrccaﬁ B!" is H, an alkyl group

contau%ugtgl%%% 8@ g{%nglr :'?Ig?,fzgtyl group, and combinations thereof.
Examél@g o edflaid Qdcﬁﬁ’%éé% Q%Yﬁeﬁ' tyahe above defined formula are
et raki s( met hoxyet hoxyet hoxy) si | ane,

methyttrimetholpsilase, Mbogltrgnﬁhnwefmlmen:eltonmbtlymﬁ@phmlym,l ane,
butylt%le@%gf% rr%;%l}) X?/yilj agl}dxyg ?an%( x% %ﬁ%& 1ﬁmgne)
octyltrRAbhb e siehd) Axyyltinedthax¥Bddepsaidhexylirimethoxysilane,

tetraki s(trl met hoxysi | oxy) si | ane,

cycloheéylmthsémmqﬂmmslw» I3013@9 gqrmﬁéproawaﬂmﬁ@oxwléne I'n

iy B2 AR FRABREIS GHBBI e Rt aes, |

cycloh&biéﬁyl)é&m&lmeﬁlﬁﬁ%ﬂafiﬁ%—(:ﬁﬂg)ﬁbopglhmlbﬁhmeylrsﬁmej Bat e
rou es of tetrafunctional silan
chloroprappbRineiRoayhime ewaxqefhyagrr@ﬂ@xwhn&ﬁhefl Ylare@?f&%ysﬂane 3-

L L
1socyaﬂbpﬂob9]l&@1&eﬂhnxyﬂmﬂ@ﬂ‘§(2 ausufoﬁihtyl)e%amtmprc&xyttsmethwysilane, 4-(2-

aminog G ierpedy iR R VER RPS i e g ie i Rptine, 2-chloro-
ethylt%etl%)@%ﬂar’r)b g(c%]r %Hyl‘ﬁ‘lb%cﬁiy%(ﬂdn% enditridthoBysilénednd y is

are either H an al kyl group
ethyltmﬁhmeysﬂamg pfaporitnatbowsﬂanet, bubivethoxyrilene, henbubisisthoxgsilane,

hexylt&p %gfs? aI | Zgyagglflgyéyﬁgpogfgﬂgne@#%%}%g?ﬁgﬁl Qxl—f%i%th%&%ﬂane
cyclotiR9mehy Iﬁﬁ%&(yﬁlﬂﬂle%eﬁ{a@rﬁéiﬁﬁd gﬂne@@xﬁ&lﬁﬁé v@tiﬂtﬂéthoxysﬂane

containg from about t o _about carbon atons,

allyltriethetsybilapeo2p(3- m@h@mm)ﬁ@vltﬁﬁhoméﬁ%ﬁ cypﬁog;fométr@ﬂme(ﬁlane 3-

ARV U SRR ALl o

ethoxﬁﬁﬂ;lﬁﬁtrﬁhétﬁof}fsﬂﬂﬁ@quépokypmpgb@mbthﬂaiyman@(3n at oms an
an a | ene substituted, aryl group, an

methoéw@lb’ : ouél@&)lﬁélaml shorpthyBHmEthoXFHE8r 3-or e ol ef i ns,
propoi?yetﬁ\}ltl'f?rlethgx%ﬂhﬁe. OreneiicititofRe sid alditieh, 7w as the amount of

such silane additive incorporated into the coating compositions, will depend upon the

particular properties to be enhanced or imparted to either the coating composition or the cured

coating composition.
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If yis Othen there is a direct silicon-silicon bond.
Exanpl es of such disilanes include, but are not

wo povoved4a o, bi s(triethoxysilyl)ethane, PCT/US2005/036458
bi s(triethoxysiryl)nethane;
bi s(trichlorosilyl)nmethane,
bi0§ 11 r Inatertoiyapiptigdtions iy ¢anre, useful to add colloidal silica to the coating

| ,3-his(trieth ilyl)eth h th i s D
compegiipn SPGB B P RS Brad gl gt oy P e e i
comm@&iadl®lavaidsbld MfleR ERURbePT EEfefnBirliefitha d6di fittions iadl@ting Nalco

into"the coating_conpositions, wll depend upon t

h
(Naloq@harniel Go., Nrapeilei be: NoaopbOsrmahiseducsy, InppAshlae, MA); Snowtex

 either . b : .
o P S TIRE Sl 0y i,
Delaw@fd)eindSlighkult ©GH(Rutians, Clafiete,NCE, THerdolloittal sitiodds an aqueous or

silanes, difunctional sil|anes, nonqfunctional silanes,
organig selventydisnersion plepasiulate silies Ard thevarieysdrpdypts ¢iffgg principally by

ailane. A Y et il ent
psic B LAy B STl A e
like. It ssurderstcoddryphosetskilledrin thetanethatoabstanfiadlydiffsient moduad properties
t he .present i npventi.on have the fqrnula R16
can begbeiped Paugh b feeckon of 33%% ollgfal sl o 3; Re6 is
H’a[OZ%] £ lﬁ)lié@f lsih%?,qylﬁ) n%%'&%?’cofu tipé Qiﬁéostif?orﬁ l?é)wnsi:l'lgred a reactive
carbon atons. & functionalized a yl "group,” an
mateflk ilhe Rerfgieqifphe dlicaisebvagedwithailicah bowydloydyestig some of which
group, and conbi pations _thereof; RL7 is H an aJkyg
are dgpratepated it Eh FAyIfsTathwth Batgpls N the ceafingdompostiion: Jhe extent of
. . i i : £
s S50 OUR a0 €35 0 ey Wipsasd obentmkes .
concéntratioh,znd ienicrstréngth. r Tiemmxfyeintizgerocess further affects these

. et.hyl tri nmet haxysi lane, propyltrinet.hgxysilan .
inersgtiog  FITE ERRY &1 RAG e REBRAEOA EPTHRARICP AP hadded into o
coatigg Yo iR i @ sdd: 3AGs wakdYirdrehtFBIueX YhE bélldidal silica can be added
ecyl trinet hoxysilane, cyclohexyltrinmethoxysil ane,
to thegaatiog esappostitnyditany weitahdx fge] ane,
3- r TR | L3Rk iti
i L AR AR QIH S8R ormpyeiions o e presen
inverfliofRhh Yirthciretimasy theiabsasion rdsigt@ace of the cured coating compositions and
cycl ohexenyl ) et hyl trj methoxysil ane

can forthsy sApiEbBERP the dvertlheailiiy of dhe cogting compositions. In the same
mamga?,ccﬁll[neg %ég{ahdy c%e'rs W&é’# ﬁ’gﬁ% ’coatmg compositions of the present
inverpioan Subly hdditiomst haxlysmhdamstedd of, or in addition to, any colloidal silica
_mer capt qpr opyl tri met hoxysj | ane, .. : .
ot RS AP PO B e B S isngings oty & e
! XY 84 dtRion resist fractive index, anti-
e P o oy 1 et hoser [ane. s o
statica antioefteoiabesyivreathetdbylity pie nEhdse Iskilledin theyeytsietagmize that the same

typesgqrygg{sgggﬁgﬁ%ﬁtlﬁiﬁé B%%@é#d?f;ﬁgca in the compositions of the present invention

also AypH RO RImRRytth iRIREXY fietaB B de MM HI¢Y EFtrhaXysidea figst may be
ethyl triethoxysilane, propyltriethoxysilane,

used [ thelcpating ¢rssapsitioan ef the pusertyinyntien oy siliggezirconia, titania,
. hexyltriet.hoxysi |. yl triethoxysil ane,
cenadté%éﬂj?’i r%’g&r@r%alt‘@ﬁ%he%% ohexyl -tri et hoxysil ane,
Cy[@7ahexhd armbuitlof eoletil)silivh iroeorated into the coating compositions of
3- et hacryl oxypropyl triethoxysil ane ) )
the pysseRfinyanéion 633 kv atidely apd yik eenerallydrpppdpethe desired properties of
the ch%g&gﬁt?g%ggﬁérarﬁéc{r% g%)?%ﬁﬁﬂagn&ﬁﬁe 1% ¥k, 388vell as the desired stability of
nethacrylanidopropyltriethoxysiIane,
3- met hoxypropyl tri met hoxysi | ane, 3-
et hoxypropyl tri met hoxysi | angp3 .
3- propoxypropyl tri net hoxysi | ane, 3-

i




nmet hoxyet hyl tri met hoxysi | ane,
3- et hoxyet hyl tri net hoxysi | ane, 3-

Wee@poxspet hyl tri met hoxysil ane. The sel ecti on OPCT/82005/036458
silane additive, as well as the anmount of such sil ane
additive incorporated into the coating conpositions,

the coafihg categmsitibnspSimifdrly, ﬁf&rammt ef mplabpe @s iggorporatsd into the

. enhanced or arte ither the t
coatingeoqgs BaRue BoREH) EERGRLFE W FOely i UEBFRTA deBld on
the de@ﬂ?&i% AL4iQOSE the bure@RoRtheyfi6duded fROnaMe c@ﬁﬂﬂ@édﬁﬂiosﬁioh’s @8 well

e coating conposition_ in anpunts_ jnsufficient

as the desidkl stathlétyod theccoating pergpesitigng. Tleorqlleidshsiliss prdier Iiﬂ@tal Foxides

will gweﬁ%{&l gl ala d}é{‘Etf% a' l ?glntge Pe{}%g roa g 1) T%lhﬂﬁ?gg% { ([lgtﬁgtﬁl‘ and more

desirabfig @ipaaicldize 1n|”bl@@©hgd: bf &omlalb))ut Npastahillinjecd,

Products, Inc. ) 5 Snowt ex N| an Chenmi c
| BOf(Pdt Al‘@lgugh_q-gatalyqtdﬁygt mﬁml mgrsd fj%p@msent 1nvent10n the

n
o R O o e
includifigl stabisity) ok tosmstidsy ensticiesstanss, matea‘freqmsiamqec etcaffge amount
silica_and the I‘IOUS products .differ |nc al |
of catplyptrysed garsy % widgly L ﬂeéeﬁ?l}tél‘flﬂ&%mrﬁlrl}? b %FXfﬁclem
! h B:b @éa%rith@tdtaﬂ%%l dé bf thé coati

to pm%;(%?fdsﬂtl gbé(}ggyloﬂtaf}agggpﬂsoé‘?l %’ In thél art that ' coutne
compssitiet.ant i al | y d| fferent product properties can be_

o Pntai Y k56 b Sy 50h 5 iosions
of thefﬁ@éehf‘ﬂw&ﬁI&Qﬁélhﬂ@ But 4r8 n@@f‘ﬁﬁtg& {2 i) enckB a6dtyMeetonates, (ii)

terial. The surface of the S|I|ca is covered with
diamised i imisourics, Bylimoiagh spd gmenBM siscly) argamc sulfonic acids and

i SSRECHLEH el oG SR 9 T TERE B gt

(viii) ARoMi Szt e dhhyy eRarMples 61 SuchathBRtsdncudd foe ket sacﬁ scanpounds

system_ pH, concentration, and ionic st rengt h. 3
as alwmnwma@mrquﬂgenéweb@%%cetsd%ewteaf fop swpt(ﬁ)e%léyandlalm e; for group

terac
R
propylidkiodd; ifemegroup dvf fueh eatpuands awbbﬂtzydihﬁﬂe‘érykmhmc endl1ts.

The col | oi dal SI|I€ can be ad&%eE the oatln&{1 id: f
dlam@@ﬁb{fé@lef(?@n fogreramR (V4 ai OUpfgas tp Jes tor
group {V ol %9 uridls b St AbOSCRALIRD (Qﬁmiﬁﬁ IcbPBEndafas kb@um

ention can further enhance the abrasion
hydrcrxedsa ahdipaessufm hidrosidepghdcion giong (dorpeeki conmpayndsas tefzan-butyl

furt u tothe overall stability of the

r contr.i
amme@gmfﬁt?ﬂésn%’éé? fis. In the same manner, other netal
’s‘c‘ﬁ ARYOSAURRAnt 6F 4 18c1RRA)K 0% GRANBDSic eftsbedficdrperated
pres t 1nvention. Such additions may be nade instead
into thé compositivreiddptead mare gvenhy orley ¢l shejeampgsitionondbiel purfasaof the

tal , oxi de dded to t [ nt
s e B TR B R B S0 P Bob v
levelft@@r 3% contllagdfit GRSy wmdlye $us éaaman dngfund e ffieRnt to provide the
I ndex, anti static, anti-reflectance, weatherability

coatmg comTsiinn with fromdehiont 1 (e abeit 3, @%@mn Pk thedgyelingor ;ﬂﬁWé’ontml
f
agent, %Agr%? %or%bzsét‘fqnl’iig ﬁémﬁr e&(il%lg}‘;é\%ﬂhﬁg lé\}éﬁng 8{ %lgsh UBhirSl dgk i hibh is

esent i nv
compatible with the coating composition and the substrate, which is capable of leveling the

coating composition on a substrate, and which enhances wetting between the coating
composition 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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al so apply nore generally to including netal oxides.
Exanpl es of netal oxides that may be used in the
W@ oabiong4conposi ti ons of the present inventi onPCTUB2008036458
silica, zirconia, titania, ceria, tin oxide, and
conbi nations thereof. [074] The anount of coll oi da
Leonasd I Gzbo,pobr Morcat Bdklien), pgtlhe-146aht matite santenistof yakchsre hereby

t he. t,Jnventi . ) i d will
expregiirPPRHLbEHE DR SRR LY Tes o |t he
cyiRd ERambRg oPERAUSRIInS b AbivintoRidens WIASPaSs Bd iddtiporated

_ as Well as the desired stapility ofthe coating_ _ _
into theoueptisg coropesiticis @i thermresent mzenfiphineluds, bibargmoblimied to, organic

. ot (i or _
poel PSR B0 NS 10 % 557 R B Ra ok Mlomos suh
Paint A@ﬂgﬂz@ SEP?ﬁlhAdt&iﬁis'é QQ,Chtn!drRahﬁ Dﬁtddﬁiye;ﬁ? firére D edllmlimg;tsnhwET L-
roauce rom e _coatl hg, conmpositiong, as
77 eGSR WET U580 Ry 08t SRR SRk bp L DR sHa: as7id ORAD FC-
4430 8hfﬁMQﬁhP@£ﬁ%Ea and/or netal oxides will generally
|1 C

ave a pa e size in the range of 2 to 150

m[079]mile addition, rotitir additiees caarbd addedtodbs toadinlwomapositions of the

particle size in_the nge fromabout .2 to .
presey Ry OB 0 ROn oS oo RO e GPR PGPS ot ipeoatings
produ@%?ﬁ?&ﬁl‘ﬁ{g P68 IpBEitibAE IIreReMblel AMER0IR Absorhids,

additron of a catal yst can affect abrasion resistance
antioxidahts)tahé theplilepan b deconforatad infe ttei qegling ersnpasitisgs of the present
. Stagé'rdi.té4 porosity, cosnmetics, caustic resistance,
mvenfiaR Hdepit&-st ance, etc. The anount of catal yst used can

V3630]WIH 8hY emBodimdHE Rt RSEtablidets @anRrdldd/toliRe tontiag

amount sufficient to provide from about 0.1 to about
compositiowes. ghtty putablertitravielsediatilizar igad taskical seaypiges mey befised in the

coating c ositian.. [0 . t .
presefiiivRen Al SRy BtioR AR e B IRl 5 i AREE e bifhaative

effects R 1iPRE STRS udervfeidst additine ibldescribed inathe “HaitdHobkiof €datingy
(i) nmetal acetyl acetonates, éii) diam des, (iii) .
Additives{ éedo Leenard J\GalbgripvbsMarsg! Rekdksh) ggﬂggﬂng ir( %other embodiment,
Q G :sul f.oni ' : [ }: salts, (vi)
“ltravé‘ﬁggﬁjf‘ba}r%%g R ?@:eggg E@?%&%?P@pg% S (vii) alkali
nmebel] Mmidnekidasbanderftyh surfactdnt or mdeoSalrfastantloas be included in

| f h talysts i de, for. [ )

the corbing SamRsS HQ PP A £PFIEL i ih A Qg properiés. Tncluding
t it | dukfald Hiadtsiing! #d the high
oS5 SR BORIR o et YRl i i
wettidg ®hbigh plevients lyd formetaorodfenimntt droglpinioet fog) erthe coating surface.

The eI HART R EHoh e SR O i YO e rony gpeed
surfag% Io.'gﬂ e{&éﬁpl@ WE R sGIRBROMREStaBSis Dbt MAKeBERABLSMI1AK1BE Aerosol

or- group (vi) such conpouhds as sodi um acet at e;
OT 76 drong Cytep Mduisitjes ue AV esd Rpttersats Nds Thostirfaaiany ehmapanget can be

and pot L um hydr.oxi de; and,faor aroup (Vi.i)S
prescbtaBaHIL A8 1 &) PAeRUBTAYH Lot e Tsy L igh FEHE s oan be
used; HokRoved, Qfeflcafifesaft i@ 6A indfeasditible,0f hich bawsd iddgsiedbld fopwany

control agent can be incorporated into the conpositign |
applitationpr Ehel antbfaggingsaifopt off coptings cantbe neessyed by istoring e ayicle with

the cgr%{ifcga 1engogn t‘ﬁle1 Surface at 20°C, and then subjecting the coated article to saturated

water vapor at 60°C. If the coated article becomes clear after 10 seconds and remains clear

for at least 1 minute, the coating is anti-fogging.
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substrate and to provide substantially uniform contact
W th the substrate. The anount of the |eveling or flow

W@ owbei34@gent can vary w dely, but can be an BODURL005/036458
sufficient to provide the coating conposition with
from about 10 to about 5,000 ppm of the |leveling o
f 1[6§21c &hqwatl@gg@qmposws c¥hbemedomeany suishie managn )For example,

| abl
the a‘@ r%g]{ler 2tk the \%{c?)h} @lﬁ%t?dénga%ﬁwe %&Eﬂe?é?lﬁﬁlgﬁfogﬁgd g%opglysﬂoxane and

the nﬁltil’ﬁﬁdtﬁlﬁl&l, crodliekerican ®a a&&ﬂdeto @fsolvemedndmgateﬂ@d@mawm &® react at
conposition on a substrate whi ch _enhances wettin
roompgppRiaiiTe pereight i Additensh e@dltw%nwh&s gheveling ageiy réase%lﬁn be

added %ﬁé@aﬂxg gorpﬁgﬁu&f'@anqe a{p N&l ﬂo%u@gﬂﬁg LYo td Bm abcogtmg

agent s nown 1 n e art and een descri
i r[0831]e rnraamam with édataddimentddfitht ipvesstit ieehtioapaearticld can be

provigght L §igl chhPeRpETRS MEFby BkS PR oTHRER i sAsEepe surfuce of
the st?er el ﬁ/%gﬁ%ﬁ&itﬁ%% sitiBfd &£ tﬁ@?feES{tane[lggﬁ]A@%% 1§§ubstrate

veling  or ow control agents whichcan
may bmmatq@amln tht qoammg tdrepasiming nfjthe prgsosi mvetml@noiFOt ereumple, plastic
n i n Iude ted to

matefI§ SO0, O EE Bt BlheRth By el M e fortfsiions are

spedl 7us€ﬁﬂ’ﬁé Boltimoa pdt shifistic Srichiti€ 88 e‘ﬁl@%ﬁb@ﬁté@ﬁh Blieet or film form,
eSpe gr tive 3, Pant Ag%iﬁtlv?gw 9a§1§n Pai nt Additive 57

such ﬁs sy BoRelgersi h@iy(egllﬂﬁﬂerwhtwat% golgrarbermtes, pebemidesm

OS,_Specjal t]
poiRes bk S8 RGeS AT o AR e,
polyaidichiorids, waprabs, addpelike Txfaﬁspamit Eamﬁﬁm@ﬁd:ﬁdl@mwdfwith

t he present 1 nvention to enhance the useful ness of the

thesecoBIPPFIOBDHH H5¢TH] rilet OF ciried ensdesurrgssysh g8 Hardpvsy skylights and

wndGHOAES ARSI SRR, S,y g
poly(ditliydarrghprodbixdaliyd tarbbivte) (@D C)Ng pobyrpdonticdasencar lﬂeo be

present invention | desired. [080] In one enbodi nment,
Coatedl"i‘that@PSP@P‘)ﬁl%‘Eﬁq itheinyertion. ne added to the coating

fgg?%]; Tﬁeo&§t1n€93mﬁ%51ﬁ(gglc§n Ué E&aﬁ‘é’d ﬁ{e fk sﬁﬁs‘i’ﬁ'tés % &h ﬁﬂqble

scaven used int present invention

manrii. Boryexampis e cdnpositiehs efthe mszehﬂorpcanﬂmztpphecttm@hd atilestrates by
fromthe degra atl e effects of ht. The use
conveniegal PR, Fach i oA BeR i LopHEE. HERGIR b coating, spin

coatn% Q{éﬂ @gat détE' t\S%rm & 8ntiduBROfEhed finkd! bo, pub. Marcel

I n anot her enbodi nent,
ul [0Balvi BY e]n01s¢ ahabpw@pstlr@aonmsmmue@ppﬂloattdnewpdxtms and

protr GBI thioae B PR oy A L RA B8 CPHEsampepfjons of the

preschBiveRedn 38 HeQURESH td QIBStahPal B DVioliE shifeces O AlfRE agflichiEdiEof the
Wth anti -fo%gl ng properties. Including surfactant

coatingsempesitionsa1 Hiegiresat Mverfiondn selihsBntratas thuedatings e be heat
nd t

curect)z?t K0 ﬁ{lga%l %%*pﬁag%te §%rnm§rrlﬁ%m%%]§e cﬁ %t‘ F} lgcql el?(gl%ple thS coatings
can Rhebt@iréDattemMferatifdsds he rifige $H0BQDANRC o widrb €t a perlod of from

enhances the wet-out_of the water to maintain a clea
secolifigrio f § Gguig or more. It will be understood that the coatings can be cured i 1n any other
suitable manner. For example, an ultraviolet activated photoinitiator capable of initiating
cationic cure can be added so the coating can be at least partially cured by ultraviolet light. It
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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surface. An exanple of a suitable surfactant is
Di octyl sul fosucci nate, avail able as Aerosol O 75 from
w@aeo443mdustries Inc. West Patterson, NJ. ThePCT/US2005/036458

surfactant conponent can be present at about 0.4 to 15
% wei ght percent of the coating conposition. H gher

arene batv@insplees abailabdefiomiCibe SpecialtyHeyenyeals Cosui Terryiown NY can be
i ncrease in haze, which can be undesirable for many

used. gnpl i cations. The anti-fogging effect of coatings can

bengegagys eshiiny tRicRidss Barl beevaaiell ibgIngeant bhthelpartivul2 dpplication
coating on the surface at 20C, and then subjecting the

technique thaticeatings havinga Yaelmess edrana equt Peior2Oanicenser ﬁl%fn about 1 to
about 1538 £ BT defi] % PRORTER A o%ﬁrtheffftﬁee‘gq'?@lg%ssfa@%%bﬁﬁﬂiaﬂy
transpaféint.- f 09gi ng. [ 082] The coating conpositions can be

made in any suitable manner. For_exanple, the at_ | east
ob873f In mogcba&wﬂb 98¢ Pehadimshl B Aaeieveatign the coating

compgﬁ,l{gértésl n?%ﬁb %@&] ooerr) Ltgdgfrgtg)ﬁ%ﬁg %g)?nﬁel? Qidpbidd thetB6A | Rﬁ? buitable

to a vent d wat er and
primef bMﬁﬁkeﬂOFbﬁmm;ﬂé arpadynr¢thaqeatisternion based piigiet can be used.

e ik i S A S Bl
conteﬁtg of'li HASE frﬁh&)ﬁ?ﬁ?rdbﬁéé—% Pﬂssgl? 'b?‘r@feﬁ:ﬂ@é | R exdFRBlof hBuch a

accor ance Wt resent invention,
suitatdnprémti is PR 1¢ 80 ateeablediird SHC Ttnélnaloglee,l I@C-G: éﬂiahfl)ﬁlp £iAs dngnother

examgle, W enays 661 o wong et g neaaer etenip itk biaRy LS
radicdl® @a?v%ﬁéeré VEAL 18 ncréi¥ twéﬁmr%lﬁgk&tthééﬁté@ubb@ate The primer

coated"wth the coating COﬂBOSItI ons of the present
can bé apEivtitoa sulftiatessndran o, th videiedwa 2rdinfged ﬁ%é@;s than about 2

ted £
N WO 1 PR TSI
coate&)éﬁﬂshﬁielrﬁa}olsegﬂ)@med pol ymeric substrates in sheet or

| mform such as acrﬁl i c _polyners
pdDW]etIhycceqﬂi@etn@f: @p‘ﬂi}tfﬁa qteg)bodg@cpry%gﬁth@ REgseny invention, formed

am_d r

il PENIER; 18 Pl e SRR BoR mbrre pipa gt
accord SRRIWitehs prd@&ht}iﬁirdihﬁbn ©h|aOIea§i©ne burfasea hs coating it hpplied to the

i ke. Transparent polyneric materials coated with
fOl’del%'Q@le%BWd@ﬁt)mﬁgﬂﬁr*’é’“ﬂ%f ul as flat or curved

encl osures, such as w ndows, skylights and

wi ndshi el ds, especially for transportati on equi pnent.
EXARIPBESC | enses, such as acrylic, poly(diethylene

| ycol -bis-allyl carbonate ADC) or,, car bqgna
S8k Thscinllaning dame b Lclonb RoIR QL ADTEE PIREG fre not
1nten§e(f“ o IQX eﬂggp tgtﬁeA' Llamsewﬁigﬁtaf%ggﬁdga%kétb OR§ rERFNREs cited

strates In any suitable nmanner. For
herelﬁWleﬁﬁcﬁlt}emcmppmsedbmﬁermcet he i nvention can be

applied to solid substrates by conventional nethods,

such as fI ow coating, spray coating, curtain coating,

di [C% f Al $PPRp&R0d 8% DIR Fun &Rk @%an@ﬁdlvsﬂo@aﬁeor m
ontli nu

s surface f1fm [0U85] By cholce of prope
c 0[@9 ihat (lf)@g‘pcﬁ §+ glymdnxy@pmylmmth@wy&bnd epdxyninetinmal sﬂane (A-187,

W1tcg [(,_‘ggéq%gtggf mg’?aégﬁﬁg%ﬁﬁ% 50 %@P r]lla ﬂaés}( fq'Ied Wlﬁl a distillation

apparatus. A mixture of 40 g HCI (0.05 N) and 2960 g of deionized water 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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present invention can be adhered to substantially all
solid surfaces. After application of the coating
W@ 0vp0$i3t0 ons of the present invention to sol i BCT/US2005/036458
substrates, the coatings can be heat cured at any
suitable tenperature for any suitabl e period of tine.
solverEavasexmoyrddry distélationt Theprogaet was usedtascig? withaut further
- ?ngeratures in the range of 50 to 200 OC or nore for
purthCcalily i od of from seconds to 18 hours or nore. It wll
be understood that the coatings can be cured in any
ot her swtabl e manner. For _exa e an ul travi ol et

ampls : 2 mandPrEme nitiating
jute Béaé%#fg? P@ﬁ‘ oaa@ﬁ? SR 2l pfeR SR Pl sptution
of 15. org@eﬁﬁssépgdlgm a. 3tgaans:om1hy@s x@q(thahmﬂggpaepyw iﬂn‘aﬁhone

anot her process such as _a Any. sui t abl
sﬂylaqgﬁ swiifinecticrabanybdrde (T 4V aqkﬁ Eh%??a CRIPOEAtiGRaAlTAD, ), and

1400t ADERCTH Aokl RSy e s gt

0.18 gts@eof & ]?cﬂﬁ%oanstHemmg:aggnttHﬂ—léR (Eejw Graming @oxparatiod, Midland, M),
means of the particylar applicatiqp,techn

10 wesgHprroga! mramyIFG Sveal reneeib et O sk al g et

Colutfbs, @Tﬁ F(F&%H] afe gBmf)o&ﬁo@%erft]tQ st} fot @R 8d&@BnN 20 minutes
used. Tt wi be un

erstood that the coatings can be
after thehdditioh bfitheP A-6 A tsmamremyixitfg087] | n accordance with

d f th i
oo hisrethegormeori) Ferpneyed b BpbPaphe O PR 88 spe
TechiibAEY, L. SROHERL tct‘&)"ﬁﬂﬁed Pay sk f,@%a@b@{awqﬁaq@ea A& air-drying

used. For “exanpl’e, ol yur et hane di spersion based
for 3(omimmées, &amowmm@ejcur fomgIheyrsoft 1307¢h ‘i hagp igaingesulis fiom a
S. . Pat 9
el SRET ISk Bett PR Ve ol Bl D0k L

1.7% mai&ates@qsvoléﬂibr@mapl 38/, Bfizeta fted 200 Fevelitioad| "thotﬁudkaesslosfthe
180 avail abl e from SDC Technol ogi es,
tOPCOAhWhEei‘ frmicans.nd e frmabilisefihe éoatxnﬁéwamﬁl@ﬁteg 4 dgrgribed herein on
difie a bi ng subst ances
acyhgﬁla‘i%gna%d}é’ml 2‘&? H‘i‘é‘é@éﬁ%ﬁ?@“ﬁ&%e?ﬁ?{é i ncrease the
weat herability of the coated substrate. The priner can
' ortherrmlly dri ed,
& hours, and the

3@55 ngg@%ﬁgtlﬂ%tﬁf’\?e@ %d&é!ﬂ?r@%@ td ¥ sM@'sSﬁtlaﬁ dr17.7

icht coated substrate may be forned.
gram$ 683}1 7| 152 gmrnimﬂéFm thd 140.0 lgemseofiogpropaol e mixdure was

s R B Do T e Go PP HE s pren

in PN[f ggfcbpahérnw%%ﬁgtﬁn?l?e Mripbsitidd wisase t stir et ddditicaal 20 minutes
t one surface. The coating is applied to the

after ﬂmranlﬂdloardf itted RA-501t dnsureomixangni ng the article. EXAMPLES
ﬁ%gil T e1§ g‘?ﬁ“&ﬁ|°§}m§ﬂ§}ég$g’aﬁ &y Hed byq{ovp &M?%ﬁ €5 a 9&-1 180 primed .

1/4” thlck 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.
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intended to limt the scope of the clains which are
appended hereto. Al references cited herein are

w@p@eioidla@l |y i ncorporated by reference. [090] PERERNH036458
1. Preparation of a Dol Functional O ganopolysil oxane

[091% | OOy of 3- egC|doxyoropyIEr|nethoxy3|lane epoxy
f 098 | Bxamplei 4: £i0atinsnComposiyen s CENSOr at i on,
I

CYEBLAT ) o B LS RS ol i d Bl of g0
gramst A1 81,2905 gridins i GGF28 56hd2 800 grems if mepropander 'l\helthmm‘;\was

added to the 5 liter flask. The _sol ution V\g
stirredhat go@u teraperaturqvermekie 0.3 gams of arolrtien it ’ﬁz?slgwelght percent

I

i LSCH YRR, 98 MR gl R TR s it
after thx additien af thE®dt-bhp i@surpasikingon and Pri mer [093] 7.5

ST T 5k e 5 Sy RS LGB e
1/4” tHl k%bﬂ%%’%@mﬁe gfaq(u’é rAﬁEIhé:ﬁ(-Mﬁhlll%/ fok 30 mmutes the coating was cured for 2

randi one sil mui tifuncti ona
hoursahil]iﬁfﬂ déaze@R0es\sdiaan adla mteﬁlusmﬁ@ﬁal%ﬁ whegls ware: anl % haze

and 14 ans, of no
ot 50 R Pe ikl LRy sateng 20D amRu AR, pGRLsEDE ot was 32
microBs. 1Bora=8Ey OF 1R ®afind waevaluatdvd 4 egindgedltmddrd and Bovrack was
Cor ni ng cor poration, Mdland, M), 10 wei ght percent
obserpedoasy3 eadug| ycol nDnonethyI et her (PM et her, Ashl and
Chem cal, Colunbus, OH) were added. The conposition
was |left to stir for an additional 20 m nutes after

t fﬂ@l(ﬂqtﬂx"ah@lb DfCdakigg PAnipésition kndBrimerri xi ng. [ 094] This
coatin

nposi tion was appljed by flow coatin q to
PROHO21 36, mPS v DA IS 388 Added crob e ch AT ERJO BHITRRAT-0
gram%é)tAA- 80! 5Ko Efa#é CH BRI BAG glreagids'%ffg%r@aﬁold r’Dﬂer}Hlx&ﬁE was

ut'es, coati hg was ¢ r-2 hours at 130
stirred hterobmaen@anamre esathitght. f 0. d6rganmEatfersotution ofi ARY/, (LSWe@ht percent

in Pl\/ﬁmggfgc:ﬂf?t}{wgr ggr%%r g@}{ f@fgogpog%%p%ﬁ?ﬁj ij Osﬁlg ?%%‘I&I a%gg@nﬁ]a%o minutes
after ﬁlfetaﬂgmég Qr BRVIA WY 't@ﬁﬁuremﬁlﬂ%m ckness of the topcoat

mcrons. The formability of the coating was
e\l Q& Bids ematidg sompositdorhwaeinplisd byl floy ¢oating éwd PReld§P erimed

v cr.ack s _observed at. 5' di us I
v G B R A 5 e e oG Bl R e 2
hours2 1864ET HWR @iRedes 86 @VWafber fedt wirfpl C$-10Pg/hselk weir@rms 8% haze
17.7 grams of A-187, 15.2 grans of G-20, and 140

at 50 g@ﬂmloos ahd 3p Yo afterm@ reyoduiiens. ikeckaessiaf dae tapccra& i 3.1
mlcrqgﬂ?ggﬁgé%ﬁ%o Sﬁrcnol g? Wa? e&a%u%%f 55? a g%llll’ﬁil’? IHLI&(R& afﬁti no crack was

obsera6d B ” rhfligsconposi tion was |eft to stir for an
additional 20 m nutes after the addition of the PA-57
to insure mxing. [097] This coating conposition was

angh b Ak il BV SRR UG it RRa rikB0 Pri ned

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

30 mnutes, the coating was cured for 2 hours at 130C
whlawe/ogsiin results froma Taber test using CS-PCFUS2005/036458

wheel s were: 2.3% haze at 50 revol utions and 11.4%

haze after 200 revol utions. Thickness of the topcoat
hourswa 36 C5 Hazersshsrestsrfrnanp(Tiabgr tet using (oo wheelnwere: 6.0% haze

at 50 ge\élglélyatgsgaq%cf 5Y f%%%él: g@ér[@g écf@ﬁfn@l Tﬁ%ﬂn%g ?ﬁ%ccgpé’éﬁtswas 3.2

micro®NP&Sidbilay of fik dBaiinewad &&B]atetlonla grlmﬂﬂcﬂfma[ﬂdrelllahé no crack was
wer e added dropwi se to a stirring solution of 45.0

obserygdedis”68dins. 187, 29.0 grams of GF20, and 280.0 grans of
i sopropanol. The m xture was stirred at room
tenperature overnight. 0.37 grans of a solution of
P,fé)HY]] Ek@mipld BhCoaniap C@ntpokmoﬂhhd}jmt et her, were

dded. Th ti ft tostjr f
acﬂafqal e300 T Pt e PRt (BT Filoign 9700

amd &Apﬁ‘ngﬁzzy@?ﬁn&%f &R Iby.6 g%gn‘is JEPM %%Bp@chéﬂ (pmﬁpsolvent

appl Oow coating to a 180 prinmed 1/
The nhilvturk wee btyrcat aucmaneempmfu@ fopfhres dagisr Odﬁﬁrmgs oﬁfr seggion of PA-

57, 1l S RO B RS SRS R o

addltMaeio%nﬁﬁfe@, ‘after th¥abdifien 3t e @ A-SY @ ikinengixaipd 17. 2%
haze after 200 revol utions. Thickness of the topcoat

W §109] Thas @qa@ng com@pwm Wit gppdied bidlogoeaating tamBR-1180 primed

1/47 ¢ Vglé)lrjo;?/‘}/tGCe afg pl?, : u%g{er ‘r;ug PG{%?E %{%O ﬂaﬂlﬁgeg,c’tgg g?éﬁﬁlé% cured for 2

hours(é® 'TB@"YJIH@R rdRfilits 6 m 202 teﬂtﬁlsﬁlgngF ofhells wm €3.0% haze
wer e added setoastlrrlngslutlon of 47.

2t 50 geahsions and 1490 s 6 g A0euAI Do A RIeSEY 1 §PSats o .0
micrdng O RLARARRL of HEc B %Wag %%& atSd b Egglnﬁﬁicﬁ Mdrel and no crack was

ehpera Ur € over Nl g grans of a so t| on o
obseréd Bt73” ra@iuwei ght percent in PMglycol ether, were
added. The conposition was left to stir for an

addi tional 20 m nutes after the addition of the PA-57

gp {@gﬁ_)ggyr}ﬁ R NGoatin K3k omioﬁaﬁ@@hh{ee conmposi ti on was
wcoating to a prinmed 1/4" thick

po[IOy tHrsoh gxtamspjfmweaterAmre ad@drdrdpxynsn tp 4 elirriBQ sefiution e£45.0

erom AT LE PO P20 8 3RSyt (L pRE( MBI, he

mixtite s BRAE] Klroof tERYeHatird %%r@@day%S 01 draze ofh bAIAEDOf PA-57,
revol utions. Thickness of the topcoat was 3.1 mcrons,

10 weightrpenéant inyPMIOH, tveere addadn J hasemaositiomwag legifo gtir for an additional

Lindrigcal ndr observed at 3"
20 Pﬁ‘ gt ﬁj@ff} ghl‘belaﬂg'é%%ggﬁl% W@n’position and
Pr ['Ollfﬂ 1 Tiad Q&itm]g%oﬁlp@ﬁlﬁﬁﬁ wak aplieddlyetlowesatingdele #R-1180 primed
dropwise to a stirrin solutlon of 47.0 grans

f
1/47 i el yopeh quatg iAo ARy 20 g ToiotD BT egmifiespating was cured for 2
hours ﬁc‘tol%b%aﬁ%e ge;m Cesltd il PbRr test using CS-10F wheels were: 4.7% haze

at 50 revolutions and 26.7% haze after 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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stirred at roomtenperature overnight. 0.34 grans of a
sol ution of PA-57, 10 wei ght percent in PM glycol
we@tiven443wer e added. The conposition was | eft tBCHUB2005/036458
for an additional 20 minutes after the addition of the
PA-57 to insure mxing. [0106] This coating
mixmmwpmirxeﬂ@n TORAS tearpwratw hfqeowy%: o8 ﬁgmi@faa phtipn g B A-57,

10 weggh[t parrc%l PM)&{BWC 1 ac u e?ﬁoe %og at?)ﬂ%as 168 ttoeg’ur 8r an a additional

20 migiey herahe dRHMA ofHBE PAgﬁif o ineseihisingr om a Taber t est
using CS-1OF wheels were: 6.0% haz§ at 50 revaol ut g&
arh@l 159 This deaties gﬁmmsﬂmwwea@ah@é PyHeW cpRtiRkioestR Y 8 pamed

v GER GGk pB Tl AP TG R 20 s P ediBl i cured for 2

hours\/é@$3 oS eflare abt rediltsrfastn uﬁ‘abéﬁ&ﬂ ‘L‘l]smgﬂﬂﬁ)(l)ﬁawﬁeelmm rﬁgS% haze
osition anod Priner 2&01080‘11 g{g{lrrs of. DI vvatFr 3.0

at 50Wé’ tigagied 3 opdesealies 29046y ‘n‘tiq’F@ g 95591 e tgpragt was

mlcro%$.a fb11 g)f e co%%ﬁ\ﬂ?a@é‘d S 2O1indR 61 3Mhde] hAHE crack was

et he ol vent. "The m xture was

obsersédatrsédachus roomterrper ature for three days. 0.38 grans
of a solution of PA- 57, 10 weight percent in PMOH,
were added. The conposition was left to stir for an

g@ td1 @01 AMicy4ties CBf8kitibM endPdintd on of the PA-57
ure m XiI ng 0109 Thi's coatl ng COI’TpOSI ti on was

am)l IEdSbngn@Mdeatﬂqur@ addeprirapwiigoto stiEag sglytion of 47.2

erannh b0, 13 B Ran i hals 2o bt S el Gptpin. The

m1xtlﬁ’§‘%v‘ﬁs Sl a[t@§d>ilntt dr@firefol ghed ddyes.3dprags & d;cﬂZEtlon of PA-57,
wheel s wer e: 0% haze at 50 revol utions ?tnd 14,0
10 weightepeadentin %@H, avese addegnThe rpmpesitianswag lefida shipior B%fiddmonal

20 miffs 3P B SO T R TR LN el bt 000 2 ek vas

0 t{@ﬂSﬂeﬂn@&oaﬁng rc@ﬁhpdﬁtlol[l Oad Oplica dyylosy GatiGp &t 4 RB-1180 primed

osition and Primer [01 11] 16,2 te
14 (o naie R e Alls BT Tink foics B oS 5pTing g ured for 2

0B Khell GRS, ¥ h
hourYABE e ol B ity 8 108 Nhelsgrmo 2% ave
at S0re@tichpad at/ Qa¥/ehdze mfteh?Geredalygons) Tickpesamd thhe toacoat was 3.0

sol uti on _of -57, 10 we rcent
micr it SO A AP PSS e g o 6 oxlitdichladréF i no orack was
obsedddbi 30020 M nutes after the addition of the PA-57
O I'nsure mxing. [0112] This coating conposition was
applied by flow coatlng to a PR-1 180 prined 1/4"
thi ck pol yca r.n o -drying for 30
d‘?ﬁnil%] XAIHEC & Gt T Hg A FHeg-fe ours at 1300C.

"'aRﬁZQ]aZ 7 gfﬁﬁé%ftﬁl \Rfﬁt@ﬂW@reTaﬂH@d dﬂ'opﬁ/iselis a RErES-solfion of 3.8 grams
wheel s were: 7% haze at 50 revol utions and 26.

of AH&Z£9. A fetasns @@F%\m B3 e, ofweqm@gléPMfg 1998 eflhé’b&ole)t The
. 3. ] . F ' -
i S 1 bR L Rl 5089 4 8uion ot P57

10 weight percent in PM glycol ether, were added. The compos1t10n 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 for 2
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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observed at 3" radius. [0113] Exanple 9: Coating
Conposition and Prinmer [01 14] 15.8 grans of DI water
wowese/0agded dropwi se to a stirring sol ution of P@WUR2005/036458
grans of A-187, 20.3 granms of G20, and 300.0 grans of
PM glycol ether (PMOH). Them xture was stirred at room
microrse foemalilityeofithe caatingevag sy sluated 98 agyhindricat mandss] hd npncrack was
b A; 57, 10 wei ght percent in PMOH, were added. The
0 SﬁW&GﬁE%s %{USn was left to stir for an additional 20

m nutes after the addltlon of the PA-57 to |nsure
m Xi ng.

f[inZ}.I ple 120 t DIz NS 1LEON: and o
ST B St s

gramsloE U 85 1f8 @ains of &benid &sd cnmsslmgelcﬁad HZO\gtmm @f iggprepanol. The
5.8% haze at 50 revol utions,

4. 5% f 1
mixtueayas] sited AkroomhicaIpRELEe greriiedt { %SQ s st e, 10
weight @{ Ea'g i b P?fwé Q% dTHé%oﬁ%%sﬁ‘éﬁ‘ w481 EkoQfr for an aélﬁh’uonal 20

ri c nan re no crack was observed at
minutésdiien she a{dﬁﬁﬂ)ﬁ]ofﬂ@%ﬁé’ td asu@omiximgy Conposition and

dhUF ShiscgHipessimniasur ekt ot Sory SShGedfa Y1150 primed
1/4” tl‘ﬁ‘ ﬂ'?g ’ycérﬁ atIpBHEe. OAféd agﬁdryﬂ{gdfo?— 86 nfin@sa ie @htiffMvas cured for 2
F t her %%—D The mi'xture was stirred at room
hours aetai)éfﬂatﬂﬂze gamrremus Seomia Febertessysig &i¥sl GF wheedowerei da.3% haze

PA- 57, ht
at 50 @gﬂlblggl?s( arr@#gvy Ihg% gﬁg{wohﬁgplsvgzl o%r}éﬁ?{lﬁyg %%dcggtﬁhewas
evaludtbdbh 8 SyR{diRb] hhgiraldsidtiotadkiwistubséteddt I aradins.ur e

m Xi ng. [0118] This coating conposition was applied by
flow coating to a PR-1180 primed 1/4" thick

p bona p . E éﬂ g ﬂ! for 30 m nutes,
E(gﬁgzglx_%feeBb%M Cotnb&diti {anlc!E‘r:i/rhé}gsmC Haze gai n

6?154 O groms af Da beter tvesé addBidmlgo@Ssd 1or stimeeg suspemseon of 15.0
6. 4%

YO AN TR T .

The n qu?@%hé ét[ér?’edoaft r aﬁg étﬁlga d’V@ﬁn abq@t £ O6f aasolutlonl of PA-57,

no crack was observed at
10 weﬁgdupuﬁcem[ 1ammq)HEwarqaadded,1Th®zxanposqlo®omsdsft 9 gir famn additional

P 012 t dded
20 migptspafaang dtic o e BRSOl TR AHERg 5 o ams of A 1
8{01297 I 1 QR %Eoﬁ@s@ﬂorﬁ%’s &51i8d B HoR cobBRDI0PPRANS P imed

yco he m xture was stirred at room
1/4” th&kmreb&mﬂuoaat& @taquhr Afterlaiy-drying 68 3gmainstesfthe cepbingwasgured for 2

7. 10 we PM 0
nous3h g5 s B Bbpl Po TRy GHOAL w290 ase
at 50 Ahtions aFor%&bmtp oF 8% c@ﬁﬂh%] Qsh@raaﬂtﬁdtdncx{b}mﬁldhbeﬂ niAdET and no

|

to insure mxin [0121] s coating corrp05| tion was
crackapgsidbeetved atfy " oadigsat i ng to a PR-1 180 pri med

[0128] Example 14: Coating Composition and Primer

[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 stitred 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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1/4" thick polycarbonate plaque. After air-drying for

30 mnutes, the coating was cured for 2 hours at 130C
whlawe/ogsiin results froma Taber test using CS-PCFUS2005/036458

wheel s were: 1.6% haze at 50 revol utions and 5. 6% haze

after 200 revol utions, Thickness of the topcoat .
3[MAPL Thissoaties ermmasiiiop wis appedRatlo v gosime t@@eﬁlﬁm?é%pﬂmed

1/4” 1Rk ol gX%rng%t%ﬁ%‘]lmEgﬂéﬁu-%g’l&§6 ﬁﬁﬁut@@%heo&%ﬁﬁ% 6ds Bired for 2

ating Conpositi
hours E?[l?((’EC [FQik2 Shindrehlig i a Ghbdditeshasiag C\SelrQF wﬂehésjwere 42 0% haze
pwise to a stirring suspensi on of

ot S0 Ry algOnST Rorebibey o hf Comi G = S DHRGACH gifgdrel and no

madg&ésgbﬁﬁﬁﬁﬁﬁ@ﬂ Agepropanol . The mixture was stirred at
oom tenperature overnight. 0.10 granms of a solution

of PA-57, 10 wei ght percent in PMOH were added. The

r.-an additional 20
HQAIRES 'n‘rgé%3¥957 to insure
o<1'3Q$A1[n%és&%]ofIbl Exﬁ%fﬁﬁn& biiraiyhmermhoapptdpgilye
ow coating to a -1 180 Brlms 1/ 4" thick

hydropamy equdous aﬂetlcpn awgilable ag HS2O ¢ -SAVENAY ey Piscptaaiu Py 9.66
t
s QA B AL bR Gy B
0.10 gkBnS ¥ HacAsticH oHBA STV DY Wbigﬁﬂperafmﬂ 116P1\/Q§Tgfd5tﬂkﬁleﬁf\ﬁﬁé a@0d. The
revol uti ons. For mabi | i ty of the coatin V\&sa eva E)gfl

compexitien wps lefidpisinfor g#aaddiEpnal 24 nyguiss alie t ﬁ% el g PArS7 to

: 3".radids. 125

1nsureF;inP{1£$ ! ’?lgliﬁé:%ljf% cbrr?é%i%ﬁ 3 fag'%l)pl 6bé/'r v G0k agZé) %Pﬁnl Bdbrimed

1/4” tﬁfcﬁ% iys@rboata plique.r Aftgr sivdpdnsfo30afindss Oh@(:(mtmg ofas cured for 2

7, 1.4 grams of succinjc anhy dr:ﬁdi@é i nker %h
hourscgh 307, Flgeca 5Pl lsofBish AN S RS | Shegle MR 104 haze
at 50 %%Pfllt‘?‘aﬁé Sx?cp‘ﬁ)g %E %%%Vﬁo%ﬁchﬁmo& 19 @8R e Bpcoat was 3.0

I on wei ght percent in PMOH, Wwere
microagldBotmabiléty of fipasatindwaneasliatdd ot ocyindricilonangiel and no crack was
additjonal 20 mnutes after the addition of the PA-57
obseryed 3t/ §A8 xi ng. [0127] This coating composition was
applied by flow coating to a PR-1 180 prinmed 1/4"
thi ck polycarbonate plaque. After air-drying for 30
(1334 Exanipde toAidating Wempesition apdPrimehours at 130C.

PROETE A BTy 50 s B 280 S entls 88 O, 4 70,0 gams of
PM gBfcol BBercRa dtibd WafooR Riripetabite ORermighy.| 010 o omwrtmm of PA-

and no crack was observed at 3" radius. [0128] éﬁgp
57, 1qwe1gh©a@rp¢@ icBNbelyrelcgherarere pAdere  Teemppsiion v e ogfir for an
addltlcg)]na];%)t l’Blnél & a%tela‘&lgigqlgf?ﬁ Bf’th}q)& 37% ﬁfg[}félgﬂlré UREHRition was
aged aiVOYEY te@eraaitel fof . dhygbafiose a)éoa‘ﬁhsig gbylmhomt Tﬂhes cc(aEilk@ebmposmon

The m xture was stirred at rln g for three
was aghjad b tlow cgRMBIOGHPR 1480 BEMGR L4 UPRK BolycaBongle lgeue. Afer air-
drylng %ﬂlﬂesph@éoatw\@asacqﬁ&gfor AR uROAROFIC. | 198zeVWB de8ilts from a

Taber test using CS-10F wheels were: 1.34% haze at 50 revolutions and 4.19% haze after

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 7” radius.

[0135] Example 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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for an additional 20 mnutes after the addition of the
PA-57 to insure mxing.[0130] This coating conposition

worwcappho ed by flow coating to a PR 1 180 priP€riU$2045/036458
thi ck pol ycarbonate plaque. After air-drying for 30

m nutes, the coating was_cured for, 2 hours at 130C )
solutipme®P Ayz7n 19 @sight sercensin RMfddyere @ded, sfh?gcoeswﬁ@n was left to stir
ls : . QO . | i il .
o s OB A1 iy, 0 D3R BP0 B RS i
compéditlon@as sticd beglonbseiing ¢ aPR3!' 80 adimesl. 1/4 Othgk]polycarhphate
15: Coating Conpasition }a]\nd Primer O%ﬁzl] ﬁ m xtHg otH
plaqua.sAffeypigHEyIRS for 30 minutes, the coating was ctired for 2 hours at 130°C.” Haze
: | = QX i r anyl | gl I :
e T A TG T
Form#WiKtyatfahegoating ywas @valbatgd ams cplindeicaDmandrdl &nd.r@ qackasafbserved
, i sopropanol was stirred at roomtenperature overnight.
at 3” di§- grams of a sol ution of PA-57, 10 weight percent
in PMglycol ether, were added. The conposition was

left to stir for an additional 20 mnutes after the
adell 37] dxampla He Gamfrative BxampleeConting fomppsition

T
C ifion was [y ' - 80, .
COPET A Tl B ShorAY S0 ey et b,
CA), #kdpréiciialide bPEoaBRlg BB intNS. RaaitiNw 6)093,168) wak dpptic@by

hours at 130C. Haze gainr esults froma Taber test .
flow ensting taoSPREH Sitsianagl g tickpobyrarhepatelagge. Adies piidrgng for 30
. nd, 3. 0% h t i hi

i e SRS s QS BLMLS o o EAET0nPl T o
using V&5 1 6 alhiéls @drean0.89%Hazaatri0aavolutordranti 0c78% hazecafee 200

was observed at 7" radius, [0Q133 anpl e 16: Coati.ng,.
revolutinms oBekusss ahdretrncRat wishd Lokgity fﬁwte@rsa@skovv@w&h%d n an

oven g‘{ ?Jggﬁi%é%]wﬁh B8R BEMBTo dingf?ogedlﬁ@ QutlQe@ noeaTBA Ll 65PY, the

er was stirre room tenperature
coatipv@nclied vefor® itdulrmndamfl oa asylindiiceh mehdieh- 57, 10
wei ght percent in PMglycol ether, were added. The
conposition was left to stir for an additional 20

m [6%%%@#&&5 18:heorasiitteakativld O8I GonpitihShAPrimer

mXin S conpositron was aged at roomtenperature

f 40140 daygembefoally avatlells SR MPILPTAL (FAC Tenlenodesies, Fig-»

co Ition was applied by.fl 0at (N R 0]
AR el R ha R P ag, B A80vas
appliéd b iYW Bafi toIOPRIINBO BHimed mﬁl”QDiak'PBEICMSnﬂH prdud. OAfter air-

hours at 13Q0C. Haze gain results froma Taber test
drying oy mswites-thaiseating wes @ired fop 2dioHesz 139°G oH azegsmy e gssfrom a

and 4. 199 f 0 ' i
o RS TSR B 028 TSRS P kbt
200 réRstuedal Thickekse bf theypdoatvaschl nifevods. eThactdtacsanpbeckas placed in

an v ORFRLIADRS il 1 BREROLp BB ProReE U HBeg i CRQHEE the
coatilgé %ﬁn@gegf%%forg E)t%o%%ﬁlg?pl%edsdﬁcacdlﬁiggﬁg? hyfidge, and 30.0

I'SOpro was st roomtenperature
overnight. 0.05 grans of asolution of PA-57, 10 wei ght

? g[r()i{? ﬂtr Eylcarr]nnqg/gdl Cg\r/%aerat?\gedlfga'mn-{g aogt?nlgpegﬂlgés?t?onV\aﬂn% Ilnergér
[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 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: 1.48% haze at 50 revolutions and 3.57% haze after 200
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for an additional 20 mnutes after the addition of the
PA-57 to insure mxing. This coating conposition was
wappbioed4by flow coating to a PR-1 180 pri ned BREHUS2005/036458
thi ck pol ycarbonate plaque. After air-drying for 30
m nutes, the coating was cured for_2 hours at, 130C
revolutkone Taclmesscafithe tPEPSYag 3Paisronse Sthe goptqd semplecyes placed in an
F log~i
oven 38 orRntE ity % R it e Blhe S ein PUUTRS b
coatir%l'bﬂadk@d BEREKIt vousld b Phiced dn atcyBiidricatimasdre]. 0137] Exanpl e
8: Conparative Exanple Coating Conposition and Primer
[0138] A commercially available SDC MP1154D (SDC

T l, tative of
ES{R}E IE?(%@E’ 21 %% #E%ﬁgh& gg%l)sm@n 51?(813%31?9 o5 Ve

appid4ed. mygrﬁm@mfmmatmgvar@a@e@mpvmwom stimeng olution of 4.0

t hi ck pol ycar bonat | a After r dry
grams o84, > L e W S0, eamsasPRb RGN Lhg, tf%ﬁwure was
stirre«\%\‘?tér%t)&% Pér%ﬁﬁ‘cl: oFert 1R @74 8Bfs Jf 8rfacisit BEditae-di

aze at 50 revolutions and O. 8% _
sulfoduaciatafin srixtaf0ofrethenbliaridowater (ONF-ZRn6as Westers KeReogase Bigt, Kirkland,

0 h d
o S B L LR Ay
tempé}h‘ﬁﬂé zﬁﬁ‘%&%@d% aAb0 F6RarGoofer 8 @@Ekm@efﬁfeaibhﬁﬁg ﬁiﬁh@ﬁt@on

could be placed on a cylindrical mandrel. [0Q13

E>{ah4}ﬂ] érhleecoa@ogpamaw%n wreuamplied by ﬂpwr@a@gmrgﬂd 0 primed
. 0140] A )
e A BB TR ot ANy e e

hourd £ ABEXENCEdtingnthe 61@dice RGS stbesiati2ed and tHdnSubjBabé tite coated
No. 6, 348, 269, was aBplled by flow oatin

articlg Bpsapipies avator yapeiat R Go e £PHEh &t ed?eaemg clepy %fé‘?r T0'seconds
and r%g%ggé/ L fgg% lgﬁagh@ffﬁﬁﬁe e %:ds ekt G a%@ﬂteﬁ@fsn?g CS-10F

ze gal n resul froma Taber test
wheelsSi¢1g: Cﬁ% Rizevin 6@ lr@zomﬂroas afd 2.0% lvee caftalt 2@0rey@utipust %n@kness of
and 0.47% haze af O ‘Eﬁf{ ol ut.i ons. i ckness oIi 1
the taPGORI GRS SweEOR- oEmg Se e T s s EAaE Sy HRELa

PhsBBS W Wiih& the thernof orm ng
mandg?é@@ g\régg[&léu “'ned herein. At 165 0C, the coating

cracked before it coul d be pl aced on a cyI i ndri cal

par.ativ pExa rgpl e
‘élxt?g%-—grcvrmer cially

aV[j@'l h’ﬂbi Fl %s@&v&&%ﬂ@&&%@r@mﬁé to & Elﬁimngéﬁlaﬁen ot 5.88

CA), a representative of coatings described in
gramPaf Art87N3.79 ron8oHGB2thvand 3P 81 grards PN glyead sHer- nEhft pyixure was

d 1/4" .th
s R S50 kG o
comp¥Rition vids 148 RGtir Hezivodfiuls dtesdth tanperatnrecandahear agedst a 100 °F for 3

using CS-10OF wheels were: 1.48% haze at 50 revol utions
Weekarbdf@e sRinE apelictionr 200r evol ut| ons Thi ckness of the

[%ggg]o H@%o&ingcccrgg{li) Qifidn WEQ P68 PR BE®Drimed

ven 1n dance vv|t the errmfo?m ng
1/4” ﬂﬁ@cp&‘lw&b(ﬁmd plaqr. Maiair.—dngfﬁﬁS(IhﬁmWﬁethe coating was cured for 2

hours 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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coating cracked before it could be placed on a

cylindrical mandrel. [0143] Exanple 2 1. Anti-foR
w@e@biomg4Conposi ti on and Prinmer [0144] 1.91 grepowUSL008036458

wat er were added dropwi se to a stirring solution of

4.0 granms of A-187, 5.15 grans of G20, and 40 grans

of PM gl ycol ether. The m xture was stirred at room

6&’@5{)%@19!@@#&%&1@ B %ﬂ;ﬁggﬁggg g:g tﬁrﬁBCéélxé Joﬁﬁaﬂ é&{@ Primer
cpm 30) A VammaadialiysaviilBlig SDC ARE140 q&nc&wadmpmgpgs J(nzs%nahelm

CA) ¥ itioh BY 40 utne b LR aDeriang W hetnck oty Giooaaie e,
After"ét%r r%?_ﬁ}}' 8@ mirue BleScdafhRas 6@8d K Iﬁﬂ&i étcl@t)"@nThe coating on

s coati ng conposi tion was appl i by fl ow
the surfm:e |Wa§ stovedhatPR°Q and thaprsitbjeeted tojsaturhied Iwamwpmaé 6AYT.e The

coatelgBH{E pecine s g el 3og e BBl iR o1 AP L iR, Have

gain MESltSeh QArBbr 18601 11 DR RSB jweed: €3120% a8 at Frevolutions and
article to saturated water vaﬁor at 600C. The coated

14. 3%&1@2@:&@ BE6 aeveluiionsr Thigknsss affhe topeprtsvas Ad megiens Egrmability of
the coatl.%g was Wald %ted %ﬁ%tcy%gﬁ?cgl_.ﬂ%hgre W&a&a\;&' wgzzl ét f;e sotg%n al0”

test usrn s Wer e:
radiug.evol ut| ons and 9. 0% haze after 200 revol uti ons.
Thi ckness of the topcoat was 3.2 microns. Fornmability

of the coating was evaluated on a cylindrical mandre

X j . 0146] Ex |
g;@lgﬂtﬁggﬁgge %.%&%ﬁgr%(?%efﬁhefablé%g%” Erer []0147?"1’ e

2. [DlS@rAmaﬂkralBle praherwassprepactieyimiltiop wiPeby(0:0/- 8,2 -ethanediyl),

alph%f['3E§6 biﬁ%lég t§|§g %Vﬁ%ﬁgo]f‘gl{ﬁ%%l?gﬁﬁ 45%95%@%@% T-oxopropyl]-
omega ;@ s RzH@o%nﬁét%ario@!i ﬁ§7 gr @qnal ﬂ@%tﬁ&l}iﬁ%y@yﬁ{?ﬂhaﬁ&] “1-

grans of % sol i d) “was addéd
oxoprpopyls B046%0 yawt. IaedtPotyﬁo&}t—l 2- fﬁhﬁnedl\vd) lalphe s[ 3a3-dbhenzotriazo(-2-

T aE R o er R T pBmiey ot MR 40-55% by we

(TinSRTPLSD), ik Speelt mhlefrﬁéhlmoﬁpbfa%ﬁ Opdriyi@wh, ONE) ks 4 cdBfhercially
primed 1/4" thic polécar bonat e pI Af t er

avaﬂ@hlc PBrlw(hgnmerr Bosnb A gesans afffangeat | %ﬁgvaﬁaiéd@%toécﬁ%%mgof
PR1 ]%g r&‘?lg ugthn%:%m gjggiéo{'lg\% ?%[e {025215 ot &{)&rcl%e t?tleoc%ggngaépphcatlon.

S JDus 3t Hels eahpdsiti@Pwis @plied s prifher Eyaﬂbﬁd:oaﬂiﬁg ©la221/4” thick
becane clear after 10 seconds and renmi ned clear, for
polyeagbanateslagiige The Riifuer wag 2is dgadl forrons lhlpﬂrsberf?r@mpahqaéwa of a topcoat

of Extragié)tl? PSIrRGafat g%}}ﬁ&) élﬁ‘e 9 h %&a{"l? %‘ém results from a

utions an aze evol'utio
Tabetl MMGSQDFM‘I&GIS@W&&E 09’@]$a23 aR50rrevolmtions &rat hiedho hbzd after 200

of. the_ coat.i.ng s eval uat ed on cyl | rej
revolyfigns doEmakili pldho pRaipg rps svaliated gap gyl ?‘{)‘f&gﬂnﬁgrﬁﬁﬂdém crack

@(,’é gparahive Exanple Anti-fog Coating Conposition
was dhlerve@iPS] 0150] A conmercially available SDC AFl 140

( JOC5 Aot atigirals ]ityl afdhe cotiap evamevaluated by both QUV and Weather-O-

Meter. The coating doesn’t show adhesion failure and crack after 200 hours 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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CA) was applied by flow coating to a PR-1 180 prined

1/ 4" thick polycarbonate plaque. After air-drying for
wQ@ooaiomsses, the coating was cured for 2 hour sSPEL/USBOEN36458

The coating on the surface was stored at 20C and than

subjected to saturated mater vapor at 6Q0C. The coated

alli56] Exayuple et W gatheraly 1 and renai ned

r at 7 o t r
1§55 2y Shs ey BRSBTS
compds@il wid [eft 3o atixdfol fous Holns befoad bcmtlng @fplicatioh uThis ra:smposmon was
Thi ckness of the topcoa

t rons.. Formabil i
applicdes 6 pECESS AYIONY SRS AT BRCBRONCR T e %mr%% was air
e AEOLoRIGR OIRPNLE B0 L SEYRE, o v
cured f&X1BRdurdfaesat@er abl e primer was prepared by nmixing a

Pl %&ﬁ)ﬁ/agg gf%ig?%sgl n%@%’i‘:ﬁe& Eeat u?l%,fI?—lé)F Wheels were: 2. 7% haze at
50 rev'oimﬂ)lngﬁﬁ{ l’i%t}ﬁﬂa Mrét-20y QéVQﬂMRﬂlg anl)mablhtS%(f BleC¥tihg was evaluated
(2H benzotri azol - | - di met hyl et
on a clylihdricl m}tddltekgmhmmhqk WaxsE0s )%S/%” 1“19«81545% by wt. and

g¢ %iﬂf gde%@%%a%ﬂﬁg 8#%18)cpfttg%\z/aszevaluated by both QUV and Weather-O-

Metery |"17hefbb£ﬂmé dstsie o edHsion itdry dﬁ@éﬁﬂt@lhﬁﬂw aftel 200KBRErS pyposure to
onega. c¢%I/ldrox -, 40-55%Db Ti nuvin 1130, G bha

ultravgﬁ@ch@t in/b @me@atgd wortpeng egjcﬁrs ,Qlﬂgms om)atqdﬁ,tngerathe

cons TES G544 Y Lo, A BTG M oEy0, e

WeatHD-Méter wwetatagac@emqgsuomwmvﬁs -left to stl r for
four hours before coating application. [0153] This

conposition was applied as a priner by flow coating to
|
a1 pL et BRlCKIRRAR ol HEes mAPHPIIELieR Rpiing

from fhéab@becofthe Tventidny adhichdanotntg baasnsideredilifngied 2 Wbalris degeribed in
13Q0C. Haze gain results froma Taber test using

the desgyiptign. wheel s were: 2. 0% haze at 50 revol utions and
11% haze after 200 revolutions. Formability of the
coati ng was evaluated on a cylindrical mandrel and no
crack was observed at 3" radius. [0154] The
weat herability of the coating was eval uated by both
QU and Weat her-Oweter. The coating doesn't show
adhesion failure and crack after 200 hours exposure to
ultraviolet [ight in both accel erated weat hering
testers. The QUV was operated under the condition of 8
hours UV cycle at 70 OC and 4 hours condensation cycle
at 50 0C. The Wat her-O Meter was operated accordi ng
to ASTM 155-1.[0155] Exanple 25: Coating and
Weat herabl e Prinmer [0156] 3.0 grans of Tinuvinll30 was
added to 150 grans of PR 180. 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 polycarbonate
pl aque. The prinmer was air
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dried for one hour before an application of a topcoat
of exanple 7. The final coating was cured for 2 hours
w@rooedE3® [0157] Haze gain results from a TabPeT/USEIN5/036458
using CS-1OF wheels were: 2.7% haze at 50 revol utions
and 12% haze after 200 revolutions. Formability of the
Whatdpelpimgsl iias eval uated on a cylindrical mandrel and no
crack was observed at 3" radius. [0158] The
weat herability of the coating was eval uated by both
1. AQdMpasitioMédiits iwtielapslied 17 haulbshatd angl cioes ptdvides awabrasion
adhesion failure and crack until, after 200 hours
res1st@13(c|[f@@@ﬁbée eQRtine oPSRIdsHRYTalS, GATPIHNE ot h accel er at ed
o R rp Rt Eitfont MG IR R 08 Bl She piEa
condemsmﬂenﬁatleam omyyaf am @bxﬁ ﬁnﬁfiona’rhléanmd laglicl@undiional was

oper ated acc in 5-1. 59] 1t will
organg R LG S P RS TAEGEE S B bl pidgitfunctional
crossﬁﬁl%i‘ ch gﬁsésrﬁily'laﬁ@d BERREBbndlRAh yARNADRherdhi a1l 4t Seast one of
not

e considered limted to what is described in
said dpogy tﬂla@upm;ltSllm alsaidi dolcungtinmal ¢rganopolysilexangds picha in a molar

. i C n.a ied..t str d, provides
ratio g o R PREY bt robBrut B0 PTG SHES: «
S URStnfiGtinG of afEP kufbiciet todydAlpRGHE- pogR Airttissd] kitate, said diol
m xture having hydrolysis products and partlm
functipmabiengaranetysdpxane, asdssid %lygat%# myHifepsepakiaershinial
silane and a diol functional organopol ysiloxane and at
| east one multifunctional crosslinker, wherein said

2. Thwkémpositién andhintxids slaim R evheceinpaid sekast omielof Isai'ﬁ epoxy functional
mul ti unctlonal anhydrlde and wherein Salq | east
silangpd w9 dii §mepiena) ordsneRqlpeKans s RFrseRidR aguqler gfie fo said

multlfﬁﬂ‘[l;‘flgh%ﬂr&%ssﬂ ?Qﬁﬂlﬁt@llt@i@e is present in a nolar

0] sal tifunctional crosslinker from about
10:1 to 1:10; and an anount of water suff|C|ent to

hydrol yze sai d epox unctional silane, said diol .
. TR GERPHa Bt RSOy S dmen A Bt SR BB to a radivs
from%l)ﬁt' 4 g@l‘f td Bﬁ'ﬂhaﬁ BB 110 HeBEs ora pdBarb RO Sibstrae. as
clarmed 1n claiml wherein said at | east one of said

epoxy functi onal S|Iane and said diol functiona

|
o BRSO S TR b Y e
from BBSutCPIRRS th 'aB@ut@SmGHe@loﬁﬁ%oﬂﬁaﬂﬂoﬁa’t@s&bmw el n said

coating can be fornmed to a radius fromabout 1 inch to
| ess than about 10 inches on a polycarbonate

5. %ggéﬁ%ﬁgﬁgn 8S clyﬁ?ed(ﬂ %91’3'1 %elﬂ%al lc%h ha{sgl rlfilaLb@Jf' fr?ﬂgi'r{‘?er of

can

betwd&PMbs Bah Bl@diﬁﬂotp@roablﬁtu flesd thalncabest bpbreem aftyici(r tegolatiens of a Taber
substrate. 5. The conposition as clained in claim1l
wheghher ei n sai d coating has a Taber nunber of

6. The composition as claimed in claim 1 wherein said coating has a Taber number of
between less than about 45 percent to less than about 15 percent after 200 revolutions of a
Taber wheel.

7. The composition as claimed in claim 1 wherein said at least one of said epoxy functional

silane and said diol functional organopolysiloxane comprises about 5 to about 90 percent by
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bet ween | ess than about 10 percent to | ess than about
2 percent after 50 revolutions of a Taber wheel. 6.
wab@eoosposi tion as clained in claiml wherei "PEHUN2005/036458
coating has a Taber nunber of between | ess than about
45 percent to | ess than about 15 percent after 200,
weighted theroiidnef wid eompasitionyarcbwhergin seickmuliifimstipnal grosglinker

ol ai 0 clai . . b
compi3 475 | Do RO et A8 B, g B L R sBl¥eiposof

or ganopol ysi | oxane conpri ses about 5 to about 90

ercent bywei ght of the solids qQf said conposition,
8. ThepmpRsiimassiarentn el b ayioeim hosp Heal GRRBRoR G SH eguoous-
i ‘iﬁ#}n B0 4076 AWBHIY pdent BE weht H5th

organg«fgo&?né&é%tﬁrpeg% [ osnsfsfrgl.% ai‘lz')ﬁgtt cd;%'paosi ti o% aeél Jgfai %réed [ ne
compokitibm 1 wherein the solvent constituent of said

aqueousorgani ¢ solvent m xture conprises from about 40

to about 98 percent by weight of the conposition. 9.

9. THE Sorﬁgﬁg?@oﬂ 4d RS 1P E1BINTE Wleif Hid SBlvEntEHRE@uBntidT8aid aqueous-
sol vent constituent of said aqueousorganic sol vent

orgamd scilveng nistuseisecleetdd froonaresthen & glycokordl glge! ether, @ ketone, an

l ycol ether, a ketone, .an.esier | et her
ester S aBerpeetro SRt Fand¥ 18 T Bt ROHARRIGHS Fofatid egpu
contafily frofY DiPabeaN! Béambdifatbmeantl hixtiaboltred) carbon
atons, and m xtures thereof. 10. The conposition as
claimed in claim1l wherein the solvent constituent of
ai d Leouso Ao i. '
10. THF L pPRNRGY FANARRy Hinl EncPl ! Siich, Rt kB Rncous-
orgari€klyoft ?Ei’ilmb'ﬁrseledteﬁ $roth glizcolé’,],tetl&m rglykol Rgeﬂs aawgg ltl&g%rmula R'-
or an al kyl.  group containin rom1 t out 10 carbon
(OR*@RUWARG W U b i Gl i denast or &b Akl woHe cpRigiiing fepm 1 to

abouﬁﬁg&ﬁ&b&pat‘c}ﬁ% hog Raﬁsoiﬂlﬁa]%ﬁgn(fc@% nglﬁtbiﬁﬂ% #4361 80 hbout (35 0 carbon

conposition as claine m 1 "wherei n sai
atome pokgorivinationsiadrecd | ane is represented by the formul a
R3 xSi (OR4)4-x , wherein: x is an integer of 1, 2 or
3; R3is H an alkyl group, a functionalized al kyl

iR108 iYEIRHR 1 vHbréth ¥hid SpOEPFunaoral K¥ne i
11'%%%%@}30%%%@%%&%?%2#?%%5 theréof clon aining from fetlsb

represdaert byl the Fampdm RASHOR hnd wiewding at | east 1 epoxy

functianal grqQup; R4 is H, an al kyl group containing

fr’_ﬁ)}ﬁaillfﬂﬁggg)éﬂtggr arbon atoms, an acetyl group, a

- RURD)aB WO ¥ AP UP fuMBBE Y ed SkaNgrbd, 28 elkydéneGroup, aR aryl

or 3, and conbinations thereof; R5 is H _an al le
grougyrapuiyd stheniand sgmbingiiens thereairomtaining iopbh toaahewt 10 ggybon atoms

and S AP R pRRphA g ( 1) 5yR v group and

R* is H, an alkyl group containing from 1 to about 5 carbon atoms, an acetyl group, a

-Si(ORS)g.yR6y group where y is an integer of 0, 1, 2, or 3, and combinations thereof;

R’ is H, an alkyl group containing from 1 to about 5 carbon atoms, an acetyl group, or
another -Si(OR’ )3_yR6y group and combinations thereof; and

RS is H, an alkyl group, a functionalized alkyl group, an alkylene group, an aryl

group, an alkyl ether, and combinations thereof containing from 1 to about 10 carbon atoms.

12. A composition which, when applied to a substrate and curéd, provides an abrasion

resistant formable coating on said substrate, comprising:
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R6 is H an al kyl group, a functionalized al kyl group,
an al kyl ene group, an aryl group, an al kyl ether, and
w@ oovbioneso ons t hereof containing from1l to aboRCT/LI82005/036458
carbon atons. 12. A conpositi on which, when applied to
a substrate and royvi des]éxadgoabr asi on reS| st ant

7 BN atne s H S Rl oSS Rrdigis pgd martal

cond&3HeO BSa 8ol AtcHos byg%ﬁbpaygﬁdstaﬁe St nasmp:r 1¥1%dr§;uon
roducts and partial condensates of a d unct on

crossnkpanwherkipsal doraltifingtiona crassliger sreelentet] tfiohunod i fonetional

e B3RS RR R DS S SaP 5k,

wheréit lshidfdislath@idahl GBAMOP6IyERSxand ipresdny Indd @6]ar ratio to sald
nmul ti functional anhydrides, and wherein said diol

multifypetenal seasslavighobbemyabpuichdahie §: éoarﬂlésent in a molar

rat.i [.Qs
- e G ARG e SE R0 Qi on Horbffblysilosane
and s#id silyldtedlnyléifisetionalc@sslinkegt i onal or ganopol ysi | oxane
and said silylated nultifunctional crosslinker. 13.
The conposition as cl ai rred i n claim12 wherei n said
13. Tﬁ& ORI fme - I:)ggﬁj'F i
hydr o yétlws produ c?sﬁlgn partl a %:agdn né%%g 0 Sseglﬁlent mixture
furthepomprisesipilraysas pwidhets endpattislododdatsafes 884n oy functional silane
[ t]f nctlo rosslinke 14. A conposition which,
and S&Hé‘ﬁieéépﬂ@@al Tt”%Jm sﬁ’t“%erand cured, provides an
abr asi on resi stant for mabl e coating on said substrate,

conpri sing: an aqueous-organi ¢ sol vent mi xture having
14. Ahgcdnmsytsmswlpph;dzzmpah@ﬂ {ocer tubstiate embiensd tpesvidés amrabrasion

ncti.onal nd at .l.east one
res1st§,rﬁ %?all?lrﬂc?o éﬂ%fm ?‘18§§}P%%W e POIRHPE n sai d
Mah tabfeoneor Smad solveds ik tileHaving HAQGHEFrotih@Thnd partial
mul tifunctional carboxylic acids, multifunctional

condenpg9h aeapox s Anctipna) seanscanghat teastiome muiBincioriey dtrosx:lwﬁr
Whercﬁﬁ' ?aﬁ%ﬁfl&fuﬂ?tz@gg%l%gsﬂnﬁ%s & ang“ce(? fr 121 glu oﬁXnJl%n oxy ?caamds

multlfnmbtﬁcblfalu mo:’rtydﬁﬂéﬂ aad §isghted Kﬁlﬂtlmﬁctfdh@m@@ﬂdes1&1d1wh&em said at
nd an_ampunt of water sufficient to hydrolyze

least ?q&@féﬁ&yom Ao s LIEIe i BESE R & FROaraRtq foLpatd mBhEgmetional
crossl‘fﬂk%?ﬁffr %outIV\ﬁ)ef {%! f‘léad conposi ti on cont a! ns an

anount east on€ of tetrafunctional sil anes,

dias |atm)ua‘sqf veatel szalfﬁrqrd:ntsﬁa) hpdrelyzé tiewdpbk ¢ figdtiold) stlatedad the

.sai d coati on said substrate. 15. The
o B e P o vt st ane of

tetraﬁi—‘riéﬁ@ﬁﬁ'shhﬁé@ dll@ifa{n'ﬁléj &Rd alk ﬁ?&?ﬂes Hl@&ffﬁfen??tl%ﬁ&é?fs%ﬁcctoh@ﬁhaﬁgld on

l'ane and a disilane, and wherein sal
SaldSﬁbﬁhl@ta onal silane is present in a nolar ratio to said
at | east one of said tetrafunctional silane and said
disilane of at least about 5.5:1. 16. The conposition
15. T8S c6thpbdilsh astlsihRl i i 8 ierbirS il cAHPEDYUST RERAN £ least one

sol vent m xture
of a tetrafunctional silane and a disilane, and wherein said epoxy functional silane is present

in a molar ratio to said at least one of said tetrafunctional silane and said disilane of at least

about 5.5:1.

16. The composition as claimed in claim 14 wherein said aqueous-organic solvent mixture
further comprises hydrolysis products and partial condensates of a diol functional

organopolysiloxane and said multifunctional crosslinker.
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further conprises hydrolysis products and partia
condensates of a diol functional organopol ysil oxane
w@naedaiddo nmul ti functional crosslinker.17. The PCT/US2005/036458

conposition as clainmed in claim14 wherein: said
tetrafunctional silane has a formula of Si(OR9)4,
where RO is H, an al kyl group containing from1 to

17. BRUm )g%sﬁ%ﬁ%@@laﬁﬁé&ﬁ'ﬁc%ﬂh 0f&Sint hereof, , an (OR9)
carboxylate, a - Si(OR 10)3 group mhere R10 is a H, an
al Sa;d te‘gaﬁuuptlmhmhmn haﬁga formmlaloftSH(QRYOy twiBracRT 13dHh, aatatiog group

contafigfip B b ioAh 5 o ol AtHer e BLFORSy g ale, a -

L H |20
Si(OR %%&?ﬂftvhé&@%{?}ﬁsaﬁ efmrﬁdélr@éll fot clzoglaﬁﬂi%)ﬁ@rgl ESrab%lut E{%ﬁbon atoms

and eﬂyrseth@mi an\m& éucnrbmyla@nqr RDther oHPR Sosgromp amd @qugmatlons
there(g{,gx}ﬁ%re cont aining fromabout 1 to about 10 carbon
4 functionalized al kyl group, an al kyl ene
orsatipdisidahedbyh f@HOUPof (aﬁl@m&?p@l&éi’mw”g L @RY), 808erein x is 0, 1,
conbi nati ons thereqf;, wherein Rl1 and R15 conprises H
2, or 3and i og oubereisdt apvd Ry WS%HUQH alkylgragpeqntaiping from

aboutcﬁfob ]119{ %P%I?%oﬁg e ﬂl.tnc ﬁ@f‘f&gpﬁéﬁ I%Llégge'ﬁg £roup, an aryl

grourg lak ylkspelygther group,natnalcbmbglahbﬂmhafwﬂtwhlerém Reband R 2omprises H,
]gar bon at ons, gn al kyl enepol yet he{) contai ning from
SRUPcopiinpg fromyabopb | frysboxt Lpgarbematamp) atypcstih sropp, and

comb%ifﬂéh? Merede0shdrlid G £¢isa #hkn 9{1 eéb%ilprfé@s a éﬂgrl%ﬁg gl%'ilﬂ $Bntaining from

may contain one or no
aboutvmmr@xont 13 carborsatdms,rwml]amal@nlyemﬂcmegm @bowrl tBrbout 12

wh 0, th
carboB o a1 S, B AV IAR PR Y B2 Adlons gy hich may

contaﬁ?%@orfﬁélg‘&léﬁrﬁf S %%@(%}{e% Yf))f“rs)() ﬂ%}?Ré 20dIF* BofBpHRSCI or Br;

, R16 is H, or an al kyl group contal ni ng
and Whemm if yt is Otbenthercgis 8 dingeirsilaonraslicoa bondcamdovizréined

ISR RR BB o S TR S BRar ek e BpBoiets. o>

R'® 1d-H G nadll IgralipsBtaanE Boti N dboai (LcdrBorpkonts, slRne@smalRed alkyl
atoms an acetyl group; and conbi nations t hereof . 18

groupy g aEW}ﬁ?é SFUPRN Ayl grosp g8 @lkoxypolsetherizrovhardgombpgtipns thereof;

RY 1% rraloacﬂr{jl Sgg@uJJ éebgllct)@ﬁg gr[ : onél:fou? i cﬁ%gg thoﬁ{sl ﬁ{]gc“tet}?:%goa{lp; and

erei prese
combiritians thetdofi to said at | east one aIkyI S|Iane of at
| east about 2.5:1. 19. An article, conprising: a
substrate and an abrasion resistant formabl e coating

18. TR RicAlaslcBRntd ANGaiH 4 @ﬁ@reﬂlf saﬁ%&nﬁﬁﬁﬁl iALIHddVat 1east one

curing a coating composition,
alkyl silane, and wherein said epoxy functional s11ane is present in a molar ratio to said at

least one alkyl silane of at least about 2.5:1.

19. An article, comprising:
a substrate and an abrasion resistant formable coating formed on at least one surface
of said substrate by curing a coating composition, comprising:
an aqueous-organic solvent mixture having hydrolysis products and
partial condensates of at least one of an epoxy functional silane and a diol
functional organopolysiloxane and at least one multifunctional crosslinker,

wherein said multifunctional crosslinker comprises a silylated multifunctional
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an aqueous-organic solvent m xture having hydrolysis

products and partial condensates of at |east one of an
wep@sp4fumct i onal silane and a di ol functi onal PCT/US2005/036458

or ganopol ysi | oxane and at |east one multifunctional

crosslin n said [tifunctionpa cros

conpr i s@g’ gﬁ%f? Ia? g'lthg{fu?ﬁﬂl‘? gﬁﬁ??&??%ﬁ{aﬁ éfﬂ‘m?&?’lfﬂ%c 108%0“1&“6 and

wher ei Nga§ddig] ﬂl‘hcﬁ&ﬁﬁ;b fg@ﬁ@pdﬁmﬁﬁh& 18 PRSYtiN A #hd18NAo to said
silane and sai d di ol nctional organopol ysil oxane is

pr es ent mihifenciighalreresghinler fionsationt h@xﬂ tt¢ lufcandnal

et er suf 1 RO PESyare sk Rutiol el Finapey Ractona

si | ane, sikas, Gaidi dib] ﬁlﬂﬁ%hpdﬁ%hn@b%ﬂmle)’zﬁid' éﬁi@d‘@la‘t&ﬁd
said silyl ated mul'tifunctional crosslinker. 20. The

arti cl enblifEcapparesslighesi m 19 wherein said article
conprises a formed article conprising a forned
substrate and sai d abrasion resistant formabl e coating
20. The aridleas ciimbe astlainn &9 stefehceridhrtishi dnpuissd 4 Rir@edyrticle
appl yi Ugoécoatl ng .conpositign to a substrate,
COmprigH} °§la?<§ etesgd é@ﬁﬁb&aﬂoflcSWSt%Héo@tﬁ?&fe?ﬂ?@Hg fgrmed on at least
one ShE AP RHCRY A P K0 o Ae Sl B TH S Bl Bt satd
coatifigicerhpositomppnd sibseuehtly Eastingsuid prbistrae sdct}stﬂmtsmﬂ fonmed substrate
sfo sai.d at | east one surface of said substrate between
is for@ledy substrate and said coating. 22. An article,
conprising: a substrate and an abrasi on resistant
formabl e coating formed on at |east one surface of
21. Hwiagtide b&,clﬁm@i inylaimed 49 frtheo aetnpising atdeast pheprimer disposed on
) ni ¢ sgl vent m xture having
said TR Bt 0 A AR BESRES oi hecnd s fooa e o
functional organopol ysil oxane and at |east one
mul tifunctional crosslinker, wherein said
22. AwprticleupRIBPEYRE’ crosslinker is sel ected from

T St b PP SALP Rl f r iR colfd ol MBS b 881et ome surface

of saﬂrsdbs&ﬂwley QuriRyj adccxzitmg chipeditiean abmprigagopol ysi I oxane is
present in a nolar ratiq to said nultifunctional
crossl i nker @faqflP%q;g@m sofgent migtuge hayingluyiralysis peaguets and

of wat

or ganopeTy A Phnelts 0% QYPRRLIGE] SRatbrh o il A Rpst one
cr ossl imuléfuncfi@nal Arosa]mker,lvd;er@n ﬂqud inmln@mcmrmm bokglamiker is
and an a raal on reitbhsi’aant {or malbg1 at i forrre on

at | easFlogie fom guionaf cpriaaylic peifs npyitifipe Yl?fba nhydrides,
coat i NGndQIPIRRA indA fune QERA afhy¥ides, and wherein said diol functional

organopolysiloxane is present in a molar ratio to said multifunctional

crosslinker of from about 10:1 to 1:10; and

an amount of water sufficient to hydrolyze said diol functional

organopolysiloxane and said silylated multifunctional crosslinker.

23. An article, comprising:
a substrate and an abrasion resistant formable coating formed on at least one surface
of said substrate by curing a coating composition, comprising:
an aqueous-organic solvent mixture having hydrolysis products and

partial condensates of an epoxy functional silane and at least one
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an aqueous-organic solvent m xture having hydrolysis
products and partial condensates of an epoxy

wo coveipsm@al sil ane and at | east onenul tifunct i PEEIUS2005/036458
crosslinker, wherein said multifunctional crosslinker
Is selected frommultifunctional car?oxyllc ?
mul ti fuweltlﬁmapnaéﬁmsalml@égv cxavey saifl pyliatigetiona Crosslnker s
mul 1 T UBELAbn AR HRHES: ot REEGAL TdRh Mo AR Yuhydrides,
functi on ane 'S presen ratiro to sa
mul ti f yaatsiigad m?lﬂtiﬁﬁictl&kaﬂ? enlofdritie andbateir §id epaxy functional

1:10; and an anobunt of water su t to I
sai d epirge BoReseRigRAmelpT HHe t %1??&5 %ll%égg? }W{;&eas?ml\éﬂ of from
nultlf%mgﬁﬂﬂp§h)959g%h]nker wherein said conposition

contai ns an anount of at | east one of tetrafunctional _
si |l an es di sinl am:emi oﬁwdteasufffjblen’u tb ydolyzesaidf apok e fitnctional silane

render i d .coa id.on.s ubst.r at.e. . The..
o tel o s Bt SRR RS s Sopapiition
CONMPOSsi doh A dﬁcirﬁ&&% oﬁ&t 1bR8§te sMerdindionsl siRhe)alsiigna) and
silane and a disilane, and wherein said

e
funct i calleyl sdieanesuficipntde emmden saidicanting rlgwﬁm gnid pibstaptg.
at |l east one of said tetrafunctional silane and said
disilane of at | east about 5.5:1. 25. The article as

24, TeAiriBE aé Mafphed 0 PdmVB3eKedréin Sald¢os@dt ¢orgpoztipdatltdesnt least one
i ncludes at | east one al kyl silane, wherein said_epoxy

ofa tﬁfmarf@ncptmal silpne anda disilpnes gechwherginesaihtnoxy factigngl cﬁﬂé%ﬁ ] Present
ina IE%lar {&?étt% (s:aelcg 2@ %Art l&élr: 8\?} Iééé?%gragﬁlgﬁ(%nail @iﬁaf?(‘lte a?? QUi dfsiBind of at least
about §.811sparent abrasi on resistant formable coat i ng,
conprising: applying a coating conposition to a
substrate; and curing said coating conposition,
25. mea[rﬁélg as Ql'aﬂn&ﬁ%tc'l:{iﬂl f?,oxgﬂé}élhtshﬁ%oﬁﬂﬂ%&drﬁ@c&ﬁmﬁr}noludes at least one
queous-organi c solvent m xture havi rolysis
alkylmﬂﬁﬁh,l evhsredun chigh apcmaﬂunammdkmhaae sprefentin d makt ratiodo efidahleast
epox functlonal %g_e and a diol functiona
one gy sHEAHRE | qaét%’é’ﬁlét “at | east one nultifunctional
crosslinker, wherein said nmultifunctional crosslinker
conprises a silylated nultifunctional anhydride, and
26. Aipevcessifos praviding b ewlstansially tinspatedt epesign fesistant fmapble coating,
silane and said diol functional organopolysiloxane is
com;ms&gem inanmlar ratio to said nultifunctional
cr SspyihPk ebatidebnifeetion 10a dus@atk; & and an amount of
water” sufficient to hydrolyze sai d epoxy functiona
si ¢uing, saisladogtinig mmpmrn, whareinosaibersbia e gRMPesiHerbcompEses:

orocess b cRb T Rk Vgl HEARRLAAE ROt Roducts and

step of p:frﬂﬁlfﬂoﬁaerﬁ,aﬂed of @deatlone of an epoxy functional silane and a diol

functional organopolysiloxane and at least one multifunctional crosslinker,
wherein said multifunctional crosslinker comprises a silylated multifunctional
anhydride, and wherein said at least one of said epoxy functional silane and
said diol functional organopolysiloxane is present in a molar ratio to said
multifunctional crosslinker from about 10:1 to 1:10; and

an amount of water sufficient to hydrolyze said epoxy functional
silane, said diol functional organopolysiloxane, and said silylated

multifunctional crosslinker.
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substrate. 28. The process as clained in claim26

further conprising applying a priner to said substrate
wW@ri0e/0443@0 appl yi ng sai d coating composition toPCHUN2005/036458

substrate on said prinmer. 29. A process for providing

an abrasion resistant formable coating, conprising;
27. Thppbyasags elaowt inrepiodiépfisshen comprising theigep phicsmingggid coated

curing said coating conposition, wherein said coating

Substia{nmosi ti on conprises: an aqueous-organi ¢ sol vent
m xture having hydrol ysis products and parti al

condensates of a diol_ functional_ organ poI%si_I oxane

28. Therierogess ke elsimeshian ki 36 lurtber OREIISEIEGORI R PHImGhiorsaid pubstrate
s . TR . |
prior PP R aoa BT B Ll Glbste PR PRl

anhydrides, and silylated nultifunctional anhydrides,

and wherein said diol, functional ar an? ol ysil oxane is
29. Aypresesifor PO A bRaHQNTeHE2RLPEmARIF EPA THRCATBRIANE

cr ' . . t ‘ . :10; and an anount

ofasagiﬂﬁ%%@%glgéﬁgglt 0 yads}lgftflaztée’%ggi d diol functional

oregeing paitl yeatingxangpositidn swhateigishid| capida eampasitioncompnigés:

crosslinker. 30. A process.for providing .a br.asi an
Ceststant f GPEBRESERETG RV AR Ry ghig Bipdcts and

coati ng)aﬁi)im&‘fde‘hhé%@s 31, @olStRSHonal QgapdlyRilbk e afditleast one
coating conposition, wherein said coating conmposition

conpr i sesltifnetionpl emsslinkery avlictein s2i¢ apltifangtienaboieashingker is
hydrol ysj s, pr.oducts,.and. parti.al n - -
cpoxy. Falscienanar un ARaiR foly I8 BHaGHA ARBloR anhydrides,
mul ti f ypatsiipRald mildsskiioie anhydhidesiand $letkin said diol functional
mul tifunctional crosslinker is selected from_. )
mul ti f umeatiopalysilexanp iareseat g melar rpvorte said arylt fmetional
anhydr i dlespnd e sy liatiesh.ul Libuggt i onal anhydri des.
and wherein saié epoxy functional silane is present in
a nol ar rat i dneow@bfiwatet siifficient to duydtol yrecesl diolkfenctminal
fromabout 10;1 to 1:10; .and .an_ anpunt of ter.
suf fi ci @Bmapelysierage 912‘3 S"é‘z F‘gylgﬁg gﬁﬁtﬁﬂlﬂgﬂqn&ﬁ%ps@in}cgrn e
and said silylated multifunctional crosslinker,
wherein said conposition contains an anount of at

30. Aeaskssobepmividieg amihrasion meitansfdraable coaling, cempasngind
al kyl .silanes insuff.i.ci ?nt 0 rte_nd r said coating
r i PiRH2 SeRESOBROFILPR o33 Subgfrate od as clainmed in
cl &ﬁ‘ﬁ?%gld%%ﬁ% SorSiHsHiOWRERIn aRicdafifl Bst@Posifiod &dgrises:
one of a tetrafunctional silane and a disilane, and
wher ei n sai dareppryus-ongenic soluentanixawe hpgng hedyelysisiprodgcts and

| tj.q to.said at |east j d
Vot af i rare e Rl AR ARRRaRY ABleengor Kot opey

about  myltifunctional crosslinker, wherein said multifunctional crosslinker is

selected from multifunctional carboxylic acids, multifunctional anhydrides,
and silylated multifunctional anhydrides, and wherein said epoxy functional
silane is present in a molar ratio to said multifunctional crosslinker of from
about 10:1 to 1:10; and

an amount of water sufficient to hydrolyze said epoxy functional silane
and said silylated multifunctional crosslinker, wherein said composition
contains an amount of at least one of tetrafunctional silanes, disilanes, and

alkyl silanes insufficient to render said coating rigid on said substrate.
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5.5:1. 32. The nmethod as clained in claim30 wherein
said conposition includes at | east one al kyl sil ane,
wanaemsiei n sai d epoxy functional silane is pPEFERL005/086458
a nolar ratio to said at |east one al kyl silane of at
| east about 2.5:1.
31. The method as claimed in claim 30 wherein said composition includes at least one of a

tetrafunctional silane and a disilane, and wherein said epoxy functional silane is present in a
molar ratio to said at least one of said tetrafunctional silane and said disilane of at least about

5.5:1.
32. The method as claimed in claim 30 wherein said composition includes at least one alkyl

silane, and wherein said epoxy functional silane is present in a molar ratio to said at least one

alkyl silane of at least about 2.5:1.
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