CURABLE COWPCSI TI ON AND ARTI CLE PCSSESSI NG PROTECTI VE
LAYER OBTAI NED THEREFROM CROSS REFERENCE TO RELATED

WORRISIEARKON Thi s application clainms the benef PCTAS2006/015898

U S. provisional application Serial No. 60/678, 989,
filed May 9, 2005, the entire contents of which are
i ncorporated by reference herein. BACKGROUND OF THE
CVWFAB LEXC QNP O SIS ANID AR TET EPOSSES SINGBROTECTIVE

Fadr a1 on- cur dehERBREARIL rh RO orpos ¢ on for
application to an article such as a high capacity

CRCSY RERERENCH TBIRENATED Aol eRdiToR A new form of
optical information storage nmedium the so-called

"Blu-ray" Disc (BD%? technol ogy, has only recently nade
Thisj applicatifer daigs 8P %fﬁc ef U\ prewisiepal apmicatipyySerial No.

coShE AP 08, HOUREE by SIS L ity

refer@@tcherein. netal all oy as a refl ective layer, a thin
information |ayer (for BD-ROM), a recordable |ayer

for abl e | ayer (for BD-RE) and,
BAC?K@EQWQ%H@#@%@%& ective topcoat, or cover,
| ayer. The cover |ayer consists of a relatively

ThisCHRENTINY RIFQ LR cufBi! EshpRidnAARD At dRak, fd h Red and/or
approxi mately 100 m crons thi ckness bonded via an

radizittimegyirstde protediize hafdspateroimpasitiy &or, appbicyicdblaa artgle sudhras
re-recordab a t he se may be, of the
ahl%th%ag??l %Céleg‘gﬁéﬁ{l?%?@alg&r? %ﬁrﬁgr eadily scratches and

acqw res fi nger prl nts, the current comercial version

A n@f' fdrhﬁofaipmcﬁlayfoans@oﬂ storage hedieh, whd §u-called JBOI-e61 Dig (BD)
tridge, a conponent that adds significantly to iS
teche%'ggy des Rl TeetilydpaderitfeampesF] EPRSATAnFR cOf BEBFY. dPIuTay

optiédt hfofilh t@ra QURE cBisids BE HaYml SbshriteQef (RRUEpuRfd
d

m crons be ts surface therefore thus requirin
on dnpcideagil asnntﬂalremetalt dlyyi 4sya eleptareddydroa tinatinfehigtion kyer

B e LT X AT ST e e

and FH{a119 14 100 ﬁ‘ﬁ‘dr&g f&&lﬁvé Ropcta! &C&)VEP @ayRE.OTBE EdWeR layer consists
‘cartildge of lu-ray Disc with a protective coating

of agelatiyedy ekpeosiae elolwéfcast@d pelyrarbonrge (H(e P ¢f apprardmatelysl 00

mlcrtorr]ls thickness bonded via an adhesive to the information layer, recordable layer or
re-recordable layer, as the case may be, of the substrate. Because this PC film readily
scratches and acquires fingerprints, the current commercial version of the Blu-ray
Disc is enclosed within a protective cartridge, a component that adds significantly to
the cost of the product. The information, recordable or re-recordable layer of a Blu-
ray disc is only about 100 microns below its surface therefore thus requiring increased
surface integrity compared to that which is acceptable for a conventional compact disc
(CD) or digital versatile disc (DVD) surface.

Efforts are currently being made to replace the protective cartridge of a Blu-ray Disc
with a protective coating on the disc and even to replacing the PC film used as the

cover layer with a lower cost but still effective substitute. PC film is not only an



cover layer with a lower cost but still effective
substitute. PCfilmis not only anexpensive nmaterial,

woRoteg2ai2hfi cult to assenble in the di sc manuf aCTaISRVG/015898

process. One approach being considered to inprove the
Blu-ray D sc technol ogy consists of a 2- |ayer
spi ncoat abl e systemwhere a first 94-98 mcron | ayer
expenSive Pukiertad] 10 id di€fidultf to rassini0e 1 i tdddcninaghfctdrimmprocess. One
substrate followed by a second 2-6 mcron |ayer |,
apprRaghdbeing capsidesed Foimprage s By Pissiteghanlogy Lapsists of a 2-
b= f] I p&d er tges.q@ - 1 e e
Laye o P e o RcRC 1L P, oo e
infommation-doatdimigy| i1 desi sustratet followadityea tdeeortdr@-6c oxtionglayer

operations jnto, a .single coatjng.step enpl oyi a
hardgbat grchBavIdey Auasipn EFISTEE pbEis RERPT bR} nes
all of the functions of the aforenenti oned two-coat

Givéy Gk SRerdRRIpAXitiRIf ot 2NERr SNAcoaedbdd SRt st Koalicle: kighly
in general be achieved with highly crosslinked resins.
desitablesto sombinssthe v egiiting opelatignssinig hxinglg saating step employing a

. _pol rization. Shri > t . CQV r
singB poTEe, Fatp Sfion ol SERURRL PS8 ok WE liBRhs of the
afordib@tioned tws-complyitedl, This stress in turn can create
what is referred to as disc tilt. Because of the
m,ni aturi zation of _the_ i nfornmation %)i

L .the | .
Abrgsii EesiFarcH ABd | serabil Fesistatee amin gen IF}L%F %gﬂﬁevwf §tith highly

cosBBEIe 51| kO 589y o) TR Sy i

ShrihhdgeENT ItiENcdvier tayconmpharmueingictdates seregsr teenn it andtheisubstrate to
.there is..provided a curable conpositian iC .

whirh v appubl )Tre e G R, G ORRE v aHerEd o s fiseotie

Bechuse Bt e hB@filriAnoR fof T freFeamANalr ey hnd) ERURSceSary precision
colloidal silica with at |east one functionalizing

requitiegnieofghe {aser ightapasticulastyninl the cash of Blyrrampdigiesicgssive disc
N n 'y, a nonoval ent al kyl, cycloal kyl, aryl,
tﬂt%ﬁ%i’?%"g@?&'ar al kyl group of up to 18 carbon atons,
optionally possessing at | east one chenically reactive
BRIEFMIESORETION OFITEH BIVENGH#ONhe group consi sting of
al kenyl, acrylate and epoxy;b) at |east one first

in SRS JRNOTET DOSSESSING Alrd S25E0 005 ©'uBbE Yo b

which comprises:

a) functionalized colloidal silica obtained from the reaction of surface hydroxyl
groups of colloidal silica with at least one functionalizing silane of the general

formula:
(RY),Si(OR?)4.

wherein each R! is, independently, a monovalent alkyl, cycloalkyl, aryl, alkaryl or
aralkyl group of up to 18 carbon atoms, optionally possessing at least one chemically

reactive functionality selected from the group consisting of alkenyl, acrylate and

epoxy;



c) at |least one second curabl e nononmer possessing
epoxy functionality; d) at |least one third curable
wounsneic2possessi ng at | east one of al kenyl an@CT/US2006/015898
acrylate functionality together with epoxy
functionality, the third curable nononmer replacing or
suppl enenting the first and/or second curabl e nononer,
b) pravileled oné Hatt wirabietihendrdrr possessimigl & Iastoomer of efeayieand
both the flrst and second curabl e nononers, the
acryfaie BcHoRalityed col | oi dal silica possesses at |east one
of al kenyl and acrylate functionality together with
ep I ) one
B e e e P
of functionalized colloidal silica inparts hardness to
d) t het deaseane daird eyrablenpendmen possesséignat Biapicena pk alkenyl and

e LTS Sy SBEH B e T BBt

repl@dusg) of e@k{p}@;ﬁeﬁth@ the Firstkadfor Gkcdndeczable dncmmwspmmed that
When a ed to a substrate or article and cured, the

wheemmdtqumbl%momm@,r repkeasttioghthe g and seeond cugblymapemers,

?lgr(c"{’l%bﬁﬁeﬁeédl E(ﬁﬁ]tsﬂﬁﬁ g&sggs%eswa{ ‘i&s’h%ngsd}eﬁk@ﬁ}llyaqd acrylate
vant ageous or a ation to 'u-ra ca

fundtﬁﬁélﬁtp%geﬁterwlﬁf@ey frattiomalityieed, mmjnlaﬂeyi to such a
mediumas its pr otective cover |layer, or hardcoat, the
cured coatin f this invention prOV|des

€) thé“g?gﬁgﬁéﬁ t%Fd%%?F&@ﬁ“ﬁFmg@pﬁlch and abrasi on
resi stance and antl -fingerprint capability on the

The$#EdeBES 0P funkchiSnaRed UaNoMlsBlic@Xihipatts ha@ntRWoIhE LireadOating
and very little tilt. The egfre55|on “functionalized

compesifion dateins; PincetheBngdenslined aifiee pasicles Wo nak dadegp yglume

0J;1.0 '
cha R il oBlon e uE8 AR el M Efkage of e
curedUoadpositian N ok z&p)phwl tda wabisahtei dr arﬁcladmﬁ x@dd,tthe pompositton

the curable conmposition_ of the inventi
of thi, iygRtien PIOY S 8 BACBENRY EW?]@U@%SI%W&%@#P&%WW is especially
o I r
adviAEold for B ER %‘Sﬁgﬁ%ﬁa’ SiRal bk infhibh sBfifhe il When
appbafcbﬂimneh atthédiumess listprotégtive qoesulayernbr havlcqray tlbe enred coatmg
tained fromthe rea mdg silica Wt
[

comawwv A5 FyFUER PLovAd esttH% a?qﬁ?fewtm PP, ?foﬁca%‘fh and

abra%idn' &ﬁsﬁﬁma%h- gebiift CaBRk® oRANP FFck @R thehediimWile
be nade tonﬁossess organi ¢ noi eties bonded to the

exhibifirfgdlow sbfinkdge a@dIVﬁBalltﬁaﬁlitl cles that areeither
essentially chemcally inert, e.g., alkyl, cycloalkyl,

The¥x %resmgh Kﬁ{n\é{lOIﬁPQG(? gﬁéﬂeh silica" as used herein shall be understood to

mean a colloidal silica which, by having been rendered hydrophobic, becomes

compatible with the curable monomer(s) with which it is admixed to provide the
curable composition of the invention, the compatibilization being achieved by
chemically reacting the colloidal silica with a silane, referred to herein as a
"functionalizing silane”, which produces this result. As a result of having been
obtained from the reaction of colloidal silica with functionalizing silane, the
functionalized colloidal silica component of the curable composition herein may be

made to possess organic moieties bonded to the surface of the silica particles that are
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groups, or are chemcally reactive, e.g., alkenyl

groups such as allyl and vinyl, acrylate groups, epoxy
wgnroewspei62er conbi nations of such chem cal ly re®&CTivge006/015898

groups, e.g., acrylate and epoxy groups. The term

"mononer” as used herein shall be understood to

i ncl ude pol yneri zabl e conpounds whet her they be of the
eith8O Bssptiallectemicalyl Gertpeigs, ﬂkylp@blcylﬁﬁlkkl@ av gl iafidayyl abldearalkyl

term"acrylate” shal| be understood herein to refer to
roupsy VI e ARMGEHY nr@f“ﬁﬁf@r Fiat alkenyli groups, sughy pysllyl and viny,

acr%?ltginglg]lst gé?%&soérgh 5 OF oﬁﬁirﬁﬁb&vgﬁ%dcﬂrbﬂeﬁu Eﬂrytﬂegéﬂfvé rdups,

ective
e.g.haggylaicapdepdyy gotpcal |nfornat|on st or age nedlunlsuch
as a Blu-ray Disc, it is not limted to this

e
oA R MR e D

abrasion results for various coated optical

Thej et maeiydaie'st bpBgbe dhrdesstprst thepginhin mkg Hutagryatet jgad/or
metfiﬁf% of the invention. DETAILED DESCRI PTI ON OF THE
[ON The curabl e conposition of the invention is
obtai ned by first providing a functionalized coll oi dal
While kliecaurablé eoaftmlgabhqnaﬂt]bn efl thio lﬂveimhﬂ isqjatticm&rlyswell suited for

gﬁvan eous]a%/l btalng} reactin unctional i zi ng

pro AFFUYCANRE| BaRgcILE PP G BHORT QR p g medium

suclf1 lé@“at Bﬁﬁﬁa'y' E{%@ G0k | ok dhitesil 1ol s hﬁpﬁcﬁﬁ&? %ﬁi €£n 6e 'Ih?ﬂh'ﬂ&ﬂ to
| éast one first, second [ or thi curab

prowdn @rxhxratalndhlghﬂrye&ﬂ;r?a@l hed abrasibn e‘csmwmabegi f@rompn@vus:l ether

b%h? cuaed éonp03|t|on of the invention. Colloida
subgfrqfes Aud;aticleSyer i al Iy supplied as a di spersion of
nano-si zed silica (SiO) particles in an aqueous or

BRIEFMPESCRIFEIUN OEIMMDRAWING | oi dal silica contains up
to about 85 weight percent silicon dioxide (Si () and

typlc 1y up t about, 80 [ per cent |IC
Figgfeok isaews e TABFH ?'?HPSI%JF%\.A@ 3‘51: (YREPE Soyed gpligd| dnformation

stor%gé h@és%th SithidCahd stk aae'sk%@ eldt tl?e hosgrnef from about
bout 250 nanoneters which, for this

|nvent| on, advant ageously does not exceed about 50 nm
DERAILER DESCRETIANOEIHE INVENTION

The curable composition of the invention is obtained by first providing a
functionalized colloidal silica. The functionalized colloidal silica is advantageously
obtained by reacting a functionalizing silane with a finely divided colloidal silica.
The functionalized colloidal silica is thereafter combined with at least one first,

second and/or third curable monomer and cured as hereinafter described to provide

the cured composition of the invention.

Colloidal silica is commercially supplied as a dispersion of nano-sized silica (SiO-)
particles in an aqueous or other solvent medium. The colloidal silica contains up to
about 85 weight percent silicon dioxide (SiO;) and typically up to about 80 weight

percent silicon dioxide. The nominal median particle size of the colloidal silica is
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does not exceed about 25 nm Silanes useful for
functionalizing colloidal silica include those of the
wgensyriaie2ior mul a: wherein each Rl is, independear/ug2008/015898
nonoval ent al kyl, cycloal kyl, aryl, alkaryl or aralkyl
group of up to 18 carbon atons, optionally possessing
at | east one chemcally reactive functionality
typissllyedat edadgeost frbve apoatp toaibsusL 50N garimeadik €l which, for this
. acrylate and epoxy, and each R2 is, independently, a
InveRtiqBy aﬁ‘@ﬁEagﬁ%}HFYoéé?Sb’éﬂ FXCa%¢ abous OO py #nd] MoK, pdRtageously
" a'nd S.a whol e nunber of from1l to 3.
‘km§P@§%§S tbggt%%%mbe used for functionalizing colloida
silica include al kyl-, cycloal kyl-, aryl-, alkaryl -
Silapecusefd féoyflunctmmabizing ngllaidilziles isclode these of the general formula:
phenyl di - net hyl net hoxysi | ane,
1 byret hyl di net hoxysi | ane,
G‘ﬁ@@ﬁ éxyl met hyl di - net hoxysi | ane
phenyl tri met hoxysi | ane, nethyltrimethoxysil ane, and
whdrbia dack®' is) ldeydndemhy, ai miongvaédtaiied, cclealkylf B, alkaryl or
vi nyl al koxysi | anes such as . ) .
aral{«;yl,grpp@pf-,yp i 1$r§th@19(9msaﬁgt’mnally possessing at least one chemically

readfhBVREHOAALEY SO Tt W ol pellBEh Y BEARE) 8iri AR und
epoxy,myidt eacke Rfi dx isddpandentignd nidnevhlekichydabdaybsi fadivalofsus to 18

as the allylalk ilanes disclposed in U S. Patent No.
carbon gsemsand “a ﬁ%?&’ﬁ]‘f’%g“%@ggﬂm Toﬁal |y containing
epoxy, specifically, glycidoxy, functionality, and the

Sildnes BabshYeivsed £ f@fhdtﬁbhﬁiiiiﬁ%&ﬁloi&w BilRa iddnaRalEis %%rél§ﬁﬂyl-,
in US Patent No. 4,898,959, the contents of both
aryly, alkarpla eadh arglybicogfainineotilooesatuel apphengtdiragibdmethoxysilane,

r - [Nl N { .
L I T
phedyladmythoxgsilas et frynhelhomisiiaey siad toéike; alkenyl-containing
. 3-acry|oxypro@¥ltninethoxysijane, . .
silapesnggh At R EeRysaeyich ret My lyehyldhmethpxysilane,

i LRSI LB dimctsehorysiane,
vingdoimétheryatlimed, vinyttetthoxyssliahgned the like, allylsilanes such as the

allyfg@fsﬂgeggg%{og%g{@%k@%@@ﬁ%@@g g%‘i&d%i holet el

con&iﬁﬁ% ¥hERGY Ricemich Oy By b8t RawyishdlA@nd the beta-substituted
2-met hacryl oxyet hyltri et hoxysi | ane]

allybsilapesysuelx gethhsd dis¢leseddn J58. it Non d,808859, the corgends of both

U5 Bt SRR Ry uRL L PSRRI B PR porslayrranipiing silanes suh
as ﬁac@&]y)ﬁ%qﬁ@fﬂymﬁétﬁ%’lﬁidthd’ﬁ%my@ab@ﬁtﬁc.yproplymethyldimethoxysilane,
3-acryl oxypropyl net hyl di et hoxysi | ane,

3-aqylexypron NP BPYYREARS 2omabaciyloxsihy ipehyldiethoxysilane, 2-
me@@%{%i%@%@%iﬁe%@%&- o)ggag{}il%xneé}’lyltrimethoxysilane, 2-
acrylexyethiacnefhoxyidinay B-mmitiy hetiylor i ropyls3 nattescrylox ypropyl-
triethoxysilane, 3-acryloxypropyltriethoxysilane, 3-acryloxypropyldimethyl-
ethoxysilane, 2-methacryloxyethyltriethoxysilane, 2-acryloxyethyltriethoxysilane, and
the like; and, epoxy-containing silanes such as 2-(3,4-epoxycyclohexyl)ethyl-
trimethoxysilane, 3-glycidoxypropyltrimethoxysilane, 3-actyloxypropylmethyl-



2- met hacryl oxet hyl tri met hoxysi | ane,
2-acryl oxyet hyl tri met hoxysi | ane,
w620t hyd2acr yl oxypr opyl - S- met hacryl oxypr opyl t r PeThS2006/015898
| ane, 3- acryl oxypropyltriethoxysilane,
3-acryl oxypropyl di net hyl et hoxysi | ane, 2-
nmet hacryl oxyet hyl tri et hoxysi | ane,
dietBog8iljtlep 3 0etyiosybrapéyrhetk yidithethex ysilak, Bheerfloxygpropyltri-

et BN R HEEY BFATT e sihoBE BB 4 BBy FEaH g
met@ﬂﬁm‘féﬂh& s, 8lrhét r;‘%ﬁ&h?ﬁmﬁ&ﬂ xﬁilﬁz&e?gi Fyloxyethyltri-

nctlo |2|ng silanes w each “suc dane
methonsdam, Agnethyladryexgpopyhaidtucaylozypepdiretpxysikas,, 3-
siljca can be reac d,sinul t aneously

aors ke Rar T o0 O Vg P B bk e AEC o

metmrﬁhxmﬁﬁﬁm Sy @b&ytdi@s&wﬂahb@snw aﬁmeqndaer
whi th ‘possesSes epoxy functionality. It is also

W|th|n the scope of the invention to functionalize the
Fungtipnadizerholknidal @élcwcpwaan@ m} e mpreatifferenhiuvacipnpditienean be

Obtaéllledf %{/?u ﬁg{ag e co {)1d§11uﬁﬁtlsﬁ \ aé }n\én% ﬁlfg:rent ?xltlxl;c¥1on ;kql%ghsﬂanes

eca ain o

w1t1$lehdﬂ %ﬁc}dlsﬂﬁﬂmﬁeﬂainmgUanlfﬂem rﬁm&ﬁbnaﬁzlﬂQOgrBﬁS Thus, e.g.,
referred to above, thus_ introducing b
collpidak:silisAagant begeackdosenataneavely 8h épwéaaléﬁbwrl@} §up different

silafids! 1@ o IE@[P ofdes e%hgcr ﬁtel Rinflao nﬁﬁtg oﬁ?er of which
Wi t wel g t

react ed o about to a per cent
posirass depdxgr ﬁmi:tmfalrty; nckiis ndlsm szﬂgn sthe aﬁweps )of the invention to

d t f I d.
fungtielige e sl Saticn b adhaiHAns Cam A TR TFiRRt T or
fun®fdnaly, 8¢1, ANPrandaPBx P BurtBibhal AP a@BE BRI GH KRR of the silanes
pronofing condensation of the silanol groups on the

discdgseicia Y. tRat¢ns sNend, 4flﬂé2%tl I‘Qfﬂ(lvdl foapkovgr S ( Bifroducing doth
fate t he

il ane C I
fun‘fgtf?ﬁé{}ﬁl%ﬁé @%fﬁ'}n&%g‘ba oce%Ol di é‘r% Catal ysts include
organoti tani um and organotin conpounds such as
In de@traBhhié yblldiddlavladaccant et @attadnwith from about 5 to about 60 weight
|sopropox acetyl acet gnat e butyltin dilaurate
perespg . basggy d%éﬁﬂé ofat P’Eﬁﬁ%’nﬁlﬁ@’f‘%ogﬂan?zﬁ) oneIf efasHatme ref‘ﬂgng
S NOFA! 408 Odn Bd'e hdal &ﬂts:a@e ERed®Blize its pH.
fun%:tger?ﬁleegl Io;% élad%ll ng ﬁ ?du{rygt [ onazg I zing sil ane(lgg ' % 5
An actlonmbasei ad lelaasaoﬂhalb batabysts quosioting pendensatiasf of the silanol

grofi) o Hensilic Brefigieh apd 1y ARRr iang euns diieg Sisfas) San be

used ?@fb'cflitﬂ@ OO S Hali2RiRPIBELsS.1 HecH &@aljié't’é ir@hﬂ@'orgdnlotlthﬂlum
and the functionalizing 'silane(s) in the aliphatic

anda| colganotini | | corapeuwnider r sich o Her eitatralyitd préi@naper sfitgpium
isopropoxybis(acetylacetonate), dibutyltin dilaurate, etc., and combinations thereof.

In one embodiment, the functionalization of the colloidal silica can be carried out by
adding the functionalizing silane(s) to a commercially available aqueous dispersion of
colloidal silica in the weight ratio described above to which an aliphatic alcohol has
been added. The resulting composition comprising the colloidal silica and the
functionalizing silane(s) in the aliphatic alcohol will be referred to herein as a pre-

dispersion. The aliphatic alcohol can be selected from, e.g., isopropanol, t-butanol, 2-
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The al i phatic al cohol can be selected from e.g.,
i sopropanol, t-butanol, 2-butanol nethoxypropanol,
weteoe/12a2e conbi nati ons thereof. The aliphati cPCT/US2006/015898
al cohol (s) can be present in an amount of from about 1
to about 10 tinmes the weight of the colloidal silica.
In some cases, one or nore stabilizers such as
butahoh ydeiwxypidpand, Bic., tant] ravmdtiftions plesrebfny Thx viliphatie. alcohol(s)
4- hydroxy TEMPO can _be added to this predispersjon.
can b ReiRat ith 3 AMEEL of fonm Ao unie alaqutaﬂaé tme# ﬂ_t?agfélgg‘éﬁf the
collBBaPHAEE i sBAEles! Bfe BHnRlre SUBIRLRT dIcARRT £hPflox)D2.6.6-
resulting pre-dispersion is typically heated 1n a
tetrananiydpipetdimgdoxyabdat 48iydxyaritEMBM) &80 v aflded aopsrs gute-
. of fromabout 1 hour to about hqurs to effect,the ..
disoPEiRgy | Broogte eani Sl HRONE G oS a5 Gt ppgaded 16 adjus
the gﬂoaff fenNsteldi@efet TAO LR £RLdiGcdabn Jnyp‘i‘&ll%/-'ﬁéﬁted in a
ool ed pre-dispersion is then further tredted fo
rangsr meywelen abdut B8P Clliagpdoui 620°0F. fdie paxiect ofofmeini abeut 1 hour to

colloidal silica by.addition of | east one, curabl.e
aboficy bt T ety FEreRind ot hedlamoy b e Gite Refel Broias me
fundtioBhlpdaoHbider sili@t € or epoxy resin, and optionally,
addi tional aliphatic solvent which can be sel ected
from but_not |imted to, isopropanol, 1-. i .
Therfopkedxare-slispewsismisi then furbeng%gied i peyjde & fsekdigpersion of the
) 3 r ; J .
fnd RLUEIR o REFERERAAY 084 iy b ek Oy o on
aliphatict cye it edrylaid, irethand diacridaeeor@pony tdsinaand optiamet hanigéional
. in.t i i di iC, i it , th
bR o R e e B ol A BT o RoSanol, 1
ipRspahéIZ ednfe ol §in | hickdte] BolhdhRN efONERD chAbRhti
metE%%%Jpa va%lﬂumn%f OIfx?o(rjn@JgBout 68 & Torr ig.about 250 lo.ns
therFefi IThanfinaltdisperstorped the funstionalized woBdidaltsilk@ a@n bedreatgd with

.14Q C. to.remve | ow boil.ing material.s such as ..
scidityite! Vb IS Qi e IR Rl R ot Bk B, as the
caseC @NGEBE. I artasl filiab Rispsish b iRy furkiiendlRgd tlIbRERsicaSs dhen

final concentrated dispersion. |f desired, the

congingiatpdsigudes jaoypcrmy pfe fropn alpoudi G diogi habgutt3pd Torr and at a
' ' b i i liea U T .

temp{ Rl 87 Bphe Bbuf Bh' £ 48kl 1457 G0 iy I Fhiting materal
sucle agrpolventt, sesadual atatdreaiet, thathisakdayed eompemtthtedhdispersion being

subsequent |y, an appropriate capping agent that wll
refefteg &Q W’F‘ﬁs@efg}aﬁﬁ%ce%tirﬁ%‘%%ls?‘ﬁ?@ﬁps on the surface of

the functionalized colloidal silica particles is added
If de@rddDendhRPEESrabn iof the Sihlt @p&siBABINthe f@adionaliZe@Ndolloidal
_about 0.05 to about 10 times the amount of silica
siliqarcas éntfutthertfhectipneliztids da tkis gmbedintanhdbwdiodleg einappnents are

at 151%{ %)Ar?ilally removed and, subsequently, an appropriate capping agent that will

react with residual silanol groups on the surface of the functionalized colloidal silica
particles is added to the dispersion in a suitable amount, e.g., from about 0.05 to about
10 times the amount of silica present in the pre-dispersion or final dispersion. Partial
removal of low boiling components refers to the removal of at least about 10 weight
percent of the total mount of low boiling components, and advantageously, at least
about 50 weight percent of the total amount of low boiling components. An effective
amount of capping agent caps the functionalized colloidal silica, the capped
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renmoval of |ow boiling conponents refers to the

renoval of at |east about 10 wei ght percent of the
woav@l12zount of | ow boiling conponents, and PCT/US2006/015898

advant ageousl y, at | east about 50 wei ght percent of

the total amount of |ow boiling conponents. An

ef fective anount of cappi ng agent caps the
funcfthﬁﬁlﬁziedmallbﬁaﬂsmcﬂ beingl defirsdd| Hegdin at Bdunctionalized colloidal silica

edf unctionali zed col|loidal sili ca bel(gg defi ned

in kgt rinleast apoRt AR HeRival AsuntagsORY alicast AP 30hpegfinmore
adv%t o%:tgﬁsgg 9044 aﬁ&tpﬁ g&@%nt BF RN ER0 Sk y%ré\g)sl ﬁ@i&nt in the

percent, ant ageously at
cori8¢popdingentcapmeid ﬁllnetlcﬁnaheeds colbmddl silicaulpse |dJeeB dnuctionalized by

correspondi.ng uncapped. funct.i onal i ze 0
readfigy oV BL G A4 LA pisg TS Trehepsed, gofidal Siien BlreRly
can @ﬂ?fl}tve th@ BN thé %otfayaﬁh‘tbl@ ré@h‘ipéﬁﬁoﬁo%ﬁhﬁ’l@ﬁoﬁs' Whieh include
ectively can |nFrove he cure of the total curable

the @@mpdsfmpmnahm leidplo sidicanttiymialiynghayd @ettﬂermp ﬁ@dperature

tionalized_.coll l dal. B y show bet
sty SR, R ishF i SR iR RoreeP O Bl Bface
oftlherbdl\f@idéhsm@@hmaiotBeérﬁé’h‘pbecgrOUIOS on the surface of the
colloidal silica have not been capped. Suitable

cappi ng agents. i nhcl ude hydroxyl -reactive materials
Suitgplg capring pgepisinciuge hydioxil-repstiygpnaerials suchgs |Sﬁylav%@gents

Exaffilof 'a@gbrfé\ﬂg% Fg‘éﬁg }]rgﬂl%_l Rt akd ﬁ'&ttlﬁﬁiité&)(oy]ile ame ld1sﬂazane

xanmet h t et r anet hi zane,
(HMIDX), et anetin W disildmaheli cﬁvmylzammethyldlsﬂazane

dip}%i_n%&?t? et ra{lm : h? C}\(lj Iétlsfipéq Er’é)dieihylamine 1-
(trlrﬁéth%'lﬁ‘i‘?}tlblﬁilédzbl@ )rhﬁétﬁ?léﬁioﬁ)sﬂﬁﬁé pBitAYEH 10‘1&[&&!11514’63@113

anet hyl chl or odi si | oxane, péentanet hyl di si |l oxane,
pen@mthyléﬁ@moﬂmtmmndm@mmmpe&ﬂlerwﬁeTh¢ am@paﬁeéhdmperswn is

I%l ?grlggggqéesojgm Qou%ﬁgdge ag)gu@ Pg)% e ffor]c 458 er1 #r e
rang@h® ffombabouh@.8 hduiso abOwtt484h3uizo Uhe res'ﬁﬂt@nﬁ Iﬁﬁcuirb &mﬂhen filtered.
mxture is then filtered. |If the pre- dlsperS| on was

If ﬂw@a@d@aewmﬁfv%éﬁﬁt%\m@ E#RPING SN thegrableramer Teferred to
abo@@fs%ﬁ&&ij’( @%Vﬁndl ispad g tI@iefn‘ﬁkmré PFf frlbt[f@la}lﬁed %Pallmdal

di spersion. The 'm xt u functi ona
silicaiand carablednonomad|$ 1mnmarﬁra(cezi) atiapressmeadifroat elsbua .56l orr to

re of fro out 05 (r to ahout 0 Torr to
abo Hareteiopt b eitsegiraind Sisogaar Hitng R g e dSwer
boilgQ%Ronehts Wh eﬁ‘%bweﬁg r&RIVRPRSHRE, HypHslcR D &Rl 4 ?ﬂi‘ng agent,
resi dual water, byproducts of the’cappi ng agen

EXCesg CayEng agaui, ragdalgeshltq, agerraibsthmgialliykremovede subst antially
renmoved. Following its preparation, the functionalized

Foll%\(z)vlullgoftsd Srlepe%rlahon IS RIRADE e I:ol (?al %erg% 1%ponent of the curable

composition is combined with at least one first curable monomer possessing at least
one of alkenyl and acrylate functionality, at least one second curable monomer
possessing epoxy functionality and, optionally, at least one third curable monomer
possessing at least one of alkenyl and acrylate functionality together with epoxy
functionality, either to replace or supplement the alkenyl- and/or acrylate-containing
first monomer(s) and/or the epoxy-containing second monomer(s) or, when the
functionalized colloidal silica contains at least one of alkenyl and acrylate
8



conposition is conbined wth at | east one first
curabl e nononer possessing at | east one of al kenyl and
waaenyliai@4f unctionality, at |east one second cerC@ISe006/015898
nonomer possessi ng epoxy functionality and,
optionally, at |least one third curabl e nononer
possessing at | east one of al kenyl and acryl ate
fundtionelityaogdthérywith gpbie fumdtional@poxy a frowal kdphavahient for both the
either to replace or_ suppl enent the al kenyl - and/
firstagndy pegerd cemmomHishg EOflngﬂn&Tﬁwmmesq WRAPERORHE): the cured
bb thin th
confPREn SO POy RO PA0N L UONBIGRE s, idpHRL witin e
resubtingapdlgmpt(s)athds poowdiag af dmaiﬂe @cratchtayldtabgzeimlewesiaﬁanh material
oxy, functjonalit as a total cenment r
welf Rt osproiiits e autisetion mist (& coue Tty CHEER WRe of
subﬁfatéshﬁdWﬁI@r1§1§ﬂ1dlrfghﬁlecéf6f%ﬁleﬁﬁaﬁ’é?§ hfg]\hoéhp%lw ofQEH] Htdtage
functionalized colloidal silica tightly bound W thin
medihsuches the Bhigrapdigarer (s) thus provi ding a durabl e
scratch and abr asi on resistant material well suited to
. oi e )
Whgx{ 194%6 ?félﬁ?tl({%a%ecf ?)ll)l\élglstcsﬁ}éc C(?l{talgg) ggrdtﬂp nglféégﬁlll hdfor. a acrylate

funéthﬁaﬁﬂ‘y%ﬁln@mycfﬁﬁdldﬂagiy aapaei duyatd madimessp a&ml ﬂieﬂaltca to
such as the Blu-ray Disc. Wien the functionalized
provige fli; EADIE FPmEEs Ao P RCETS sitityngtions] (egesseily e gasgveith

the %ﬁg&%ﬁ%tmggxgglg dtthE PRtYiohdiibel 'ch'ﬂﬁgéltsYl %lltﬂ?:eoﬁy cRbhRally

ereto to provi e curab
integrangubiaia the trhetmes f dreepatyati lﬂlemfn:’tmm agh ré¢snbed $1$a¢urir§g of the
t he, cas;eFvvlth the . third curab

COmDONEOPN o 0T iSORY APRIFHoMS Sueh £S5 B‘é?V ing nﬂﬁeefzfmt%ﬁ daideast of 2

Blulrﬂ§' 8Bt ahR d:hél‘iﬁdﬁll%l ﬁﬁeé‘af H%Il%%%lﬂer%ﬁ&p@ﬁh&ﬂ@&n bdygdrticularly
forns as a resul he curing of the conposition.

adveigageovsre appl i cati ons such as providing the protective
hardcoat of a Blu-ray disc, this chemcally integrated

Usezlgl/ igﬁ(?égpl %ﬁ?&é%%?es-gc?rtﬁﬂméaﬂrs?37119%1&' &Uh&ﬁ’sﬁé that can be

eous.

inc@pomtedtia-thevnabli cugnfosition ofuhabteeeﬂmnwmroa ihtlade dﬂ:nmbﬁo-
incorporated in_ the curable conposition of the prese

di- ity &t ghd higheifvacuonslinparsylateg plimesous speciiig ¢xamplgst W ich

are Wegljﬁf)\gfslqlg?{evaz{]al ity acryl ates nunerous specific

exanp ch are well known in the art. Useful
acryl ate nononers include the nonoacrylates, in
Usefﬁldracrsdmt‘ monomewmamdy Hretreencaarytptess impertigulata glkylagrydates

such as %lhy?acr fa e, pfopyijaéé Eich Xuty actylz{{e ,t hé{tw?met aa%;%th%t €

propylmethacrylate, butylmethacrylate, ethylhexylmethacrylate, etc., 2-(2-
ethoxyethoxy) ethyl acrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate,
alkoxylated lauryl acrylate, alkoxylated phenolacrylate, alkoxylated
phenolmethacrylate, alkoxylated tetrahydrofurfuryl acrylate, caprolactone acrylate,
cyclic trimethylolpropane formal acrylate, dicyclopentadienyl methacrylate,
ethoxylated (10) hydroxyethyl methacrylate, ethoxylated (4) nonyl phenol acrylate,
ethoxylated (4) nonyl phenol methacrylate, ethoxylated nonyl phenol acrylate,
isobornyl acrylate, isobornyl methacrylate, isodecyl acrylate, isodecyl methacrylate,

isooctyl acrylate, lauryl acrylate, lauryl methacrylate, methacrylate functional
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propyl met hacryl ate, butyl nethacryl ate,

et hyl hexyl net hacryl ate, etc., 2-(2- ethoxyethoxy)
webthyl12anyl at e, 2- phenoxyet hyl acryl ate, PCT/US2006/015898

2- phenoxyet hyl et hacryl ate, al koxyl ated | auryl

acryl ate, al koxyl ated phenol acryl ate, al koxyl at ed

phenol net hacryl ate, al koxyl ated tetrahydrofurfuryl

moribgiey ) éBox ¢ pelyethalenhe pycalqB §O)yahenoaeyytte,anethoxy polyethylene
trimet hyl ol propane formal acryl ate, dicycl opent adi I

glyaeb (3992 frymam@tha@rty}%cgeﬂ &y Hoimthﬁmg ¢l {p3f) monoacry ate}/

I
ety AR}t A el gEALa ) Hronclac A PR R 2t e
polyuethinephethadrylate; yttaldwyll asque rgdly[aop}glér&t gycql sobor nyl
nmet hacryl at e, i sodec

oG NRErSIp B EOPPOGEE U o] PrBeayiate argis! aelite sisary!
medléadr'%llﬂe FRhRAREMHRTR 'acﬂﬂtg 3£€t"r éﬂff&uﬁ:{:ﬂm fefftyIRBaiREay]

pol yet hyl ene 0) nonoacryl at e,
acryhae, Hudgcyﬂ)me;&mlctwehte,r@dghqhb& (350) mononet hacryl at e,
nmet hoxy pol yet hyl ene gl ycol (550) nonoacryl ate,

Ui de RS Rl P ARy BRef Rtk TR URG, habr
dlmeﬁlh&ﬂyﬂﬁéi M1 4-Bgrhiyddad] RliacP@htepI @pmk@e&ogﬂmmﬂlacrylate 1,6-
nonet hacryl ate, propoxylated (2) al nmet hacryl at e,

hexgiedsgt Wacra)éatw laéﬂslexmeé&l 9}m%4qﬁﬂéﬁey@11§%y ated cyclohexane
dlm%r@%.{gl 31 & %{r@%ﬁé? IﬂF{)}IY}gat@& Fzyéléﬁe nd &ﬁl{eﬁmﬁgf &B{:ﬁfa% ¥ koxylated

acrylate, tri
cyclohétume dyhethanol dndethimyllatek elkoxidetd Ihemhnadnoi/ tHamteate,ncl ude

alkqﬁy%éq% (ﬁ?lé{l%l%t%lacry e ﬁ@?{%ﬁte&lnggp%%{gté}?cn?dgalcyngtla
alk(ﬁ(yfa‘tm&?%&%lggdl 'H‘?rh@lﬁﬁérwa?é @ycléhe@g'an@@m%bphlacrylate

diracr hexanedi ol di et hacryl ate, al koxyl ated
cycbhcxamh ametbamtil dinéthawllate, émtlwllealealycaﬂ ﬂ@%@b’ﬂ%@ alethylene

o) BB R e NS o Rt B iRt S o
dimegMaryRal, ethostiyREddyl 0 SisplhkioX viataste rw;@maie@m bisphenol A

di mrethacryl ate, al koxyl ated neopenty

dlmatha@rry;qt@te&oxalar@é@) blﬁ@laﬁnﬁbé&éwxlategﬁtpe@rlated (2) bisphenol A

B AR AT SPRIPTS FLTPRERL T .
dm@ﬂtﬁm@'ﬂat&ileﬂmxyla&tddBOﬂbmplfmbleﬂ eheg:ky;la:tﬁl etﬂmx;ﬂzzttbrhéﬂo) lbwphenol A
SR Sl LS G, SB35 2SS

L
dlmgﬂﬁ&rty}:a{atl%r g ox?fa&‘??@ Bis élt()ié%lx cf(i‘%%@lgl Sth% 'r%ghoxx\lated (8) bisphenol

A dithetbagrylateg ¢thexj’i@bc§1 I(@)ttusphﬁﬁ()l Adupdtbansylata, ethoxylated (6)
bishe B} PAPUh S R P Eebe sy, SRyl Griviete dycol
dimethacrylate, neopentyl glycol diacrylate, neopentyl glycol dimethacrylate,
polyethylene glycol (200) diacrylate, polyethylene glycol (200) dimethacrylate,
polyethylene glycol (400) diacrylate, polyethylene glycol (400) dimethacrylate,
polyethylene glycol (600) diacrylate, polyethylene glycol (600) dimethacrylate,
polypropylene (400) diethacrylate, polypropylene glycol (400) dimethacrylate,
propoxylated (2) neopentyl glycol diacrylate, propoxylated (2) neopentyl glycol
dimethacrylate, tetraethylene glycol diacrylate, tetraethylene glycol dimethacrylate,
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di met hacryl ate, ethoxylated (30) bisphenol A
di acryl ate, ethoxylated (30) bisphenol A
wdadizowthanyl at e, et hoxyl ated (4) bisphenol A PCT/US2006/015898
di acryl ate, ethoxylated (4) bisphenol A
di met hacryl ate, ethoxylated (8) bisphenol A
di net hacryl ate, ethoxylated (8) bisphenol A

tricy@lodedana dintétahieol dﬁﬁcfmaw,l tﬁbﬁaod&hn@dlﬁm‘lﬂml dlﬁnethacrylate
di met hacryl ate, ethoxylated (6) bisphenol

tietalvna s sestYiagrate GERYDIGHE iopt SmedhasNyie e igropylong phiseb

I | di | at
diac1 88 Shp e YO BE{Y BhEmBRRE MM nAUCS, 101 ene gl yoo
(200) dlacrylate polyethylene gl ycol (200)
Am@gnﬁtehmfuycttamal apxyll@t@t ﬂyalteuaa o ysad h@mﬁ@)ar@ileahﬂwl?m(b (15)

wim By RBoasE0) ARy | SRS ey ety pRPalEob O,

ethoséylaﬁ:ti hasy Xﬁﬂkﬁlyldl’ﬁljo}éﬁfeoﬁibbﬁmﬁe ( étﬁ@iyl%@t(km@ﬁmbmtympmpane
pol ypr opyl ene { di met hacryl at e,

trlanyldpoxyﬂhaK}ddte(iZ) 9he@p@n@y olgropans! iageslae.at @hoxylated  (20)

oimBRSREEH By RS, HoPhyaeh, & M IRESY Byt o

viscOHiffefrfhash dyabl@t@ahé iteyeylate @amae@tmmh@iaeﬂylm qﬁrbpd)mz&ed 3)
tricycl odecane di met hanol di nmethacryl a Met hyl e
glycgiyy cElaciylaer proposylaiedt ()| alyseryl Meﬁ@P%%tﬁ’a@F%ﬂoéﬁ’ ted (3)

trlm%t.lrl‘lk@ ;ﬁB%zlrn%P g{lgéﬁéan ; ?fh ?8{(?1&1%86 )&n)lt)rthﬁk g%l? Sg%: %’Frgalrc]:glate
trimehyloipbpmet hma;ocﬁm:ebe tumemyltﬂpmpmear grimtthosnylant, edtr{s15)2-
hy Ry Ry hy GV BRED RNV ot GBI IrBtydioy) Bpatopiply tiscrylte

and el 1Rt hy!l ol propane triacryl ate, ethoxylated (6)
trinmethyl ol propane triacrylate, ethoxylated (9)
trimethyl ol propane triacryl ate, ethoxyl at edoéaZO)

Useful jtetea- mnddhlgh@pﬁlnethnaht:yc pqrylates  andli methgcrylaggs gl eanebe used

s, R VYR e e AR i pemanery

etholk¥lagedr Y(53t Q)/enlﬁéﬁylﬂﬁiwﬂ ateﬁdac(rﬁl)\tem Yoo Wiscosityac dmeﬁﬂa&ythntol
propoxyl ated (3 ycer trimethacryl ate,

pentaa@wssyp@tthlege cBle e %wyél}rﬁ?lotstawxlaqea@d;ﬁh%%e

propoxyl ated (6) trinetliylol propane triacryl ate,

Addﬁtﬁdlﬁ%%g@?h@ﬁﬁﬂﬂam aél?a&agl iAtifde mt,sg%r%hai 181 BRABRC)

trinet ate, tris dr oxye I soCyanur ate
acryﬂatesae:gy,ltmse dlstciossd {Uby Batonylﬁo r@ﬂ 24,7 @odmmurmceltents of
triacryl ate, tetra-

whig e Grogra g Paerisreaee be i e e s et fet 1 Bl
thosd DB AN r@adtﬁ‘l‘g' a'ﬂCi%c hildtd-tepfnihatal folRReMEne derived from a

tetraacryl ate, dipentaerythritol pentaacrylate,
polyether diol or polyester d101 and an organic diisocyanate such as isophorone
diisocyanate with an active hydrogen-containing acrylate such as
hydroxyethylacrylate or hydroxyethylmethacrylate. Especially useful are the urethane
diacrylates of commerce diluted with another acrylate of lower viscosity to provide an

acrylate monomer mixture of more readily manageable viscosity.

Epoxy-containing second curable monomers (i.e., epoxides) that are suitable for use

herein include any of those containing at least one epoxy functionality and,
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et hoxyl ated (5) pentaerythritol tetraacrylate, |ow
viscosity dipentaerythritol pentaacryl ate,
woenicaaony| at e ester, pentaerythritol tetraacrpCans2006/015898

and the like. Additional useful nultifunctiona

acryl ates include polyester and al kyl (novol ac)

acrylates, e.g., those disclosed in U S. Patent No.

advahtagkdusist those benteinirigrmoreahdresticsepoky Whictbnaitg Examples of
in, and the ur tha

i ncorporated by refere
such gy FPRRSDE FmORER 0 1 L riOUeEstsnt ol R By Caderrali
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metlwos'cbbewmp@lybaéwméy&wma@wcw@wmﬁ@pxnh%@s wingl of
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U e es)
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blS(%ﬁ&PSWﬁ%ﬂ@%UWI’t%%@é*(‘g %’&p%wgon%wye%aﬁxsémopam

f t
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dlo%éj%ér%%ﬁéﬁ% Sﬁ/%pm?p hexy g;%rﬁ YC%/L:%%Lntgéigr% dioy%i_de 1,2-epoxy-

HneKe b | at
6(237g%%&?gg%ﬁgmkﬂﬁ&a¥ti2%@?@@cIohe§¥1 5, 50§%|?oe(3

epox;@cyg@@pep}ﬁpiﬁn@héﬁmp@xmr@pyﬂg@m@ 1-(2,3- epoxypropoxy)phenyl -5,6-

epoRy R LT SRR R ey cyclprapsaippeny-2-
epoi@@irdib’}ﬂ YeHeo)) € RYDiNBL M\ -epdx - U%Xal@di@h%hncﬁﬂ@dnahﬁmmﬁ@a

rboxyl ate, vinyl cycl ohexanedi oxi de,
cyclonerégu&g}fwofl gneidyl cther Wﬁ%ﬂ%&tq& dlaéyc‘é@xi etfm «fiskygidgl
hex thy galtg Ef;%l%&?gfpégﬂ 12}?’&:?101 g)ﬁﬁg %ﬁghenol F, alkyl glycidyl
ethelns aﬂ@l—&iﬁmﬂiepgygllyomlghtsyé@ afitye mono- and poly-phenol glycidyl

onc g B e R REBO LU B

dmﬁr&ﬂﬁﬁ{e Yﬁnetﬁ%ﬁﬂ"—@ﬂﬁfﬁb@xs}q ?Qﬁﬁ%ﬂ@ldlﬁﬂlﬁy} methane, 4,4'-

yci dyl et her of lindleic acid | i nonene

dlhw!rwdfiﬂ%enﬂt Cﬁgl!@ﬂw( mg#}aagwﬁﬁwzdoweﬂwlxpybpgm methane, 4,4'-
L dic ent a ne di - - i ,
gk R bl Bt R afyrp 52 5 S huddinbeny propane, 4.4-
dmﬂré;éfdgyheﬁﬁmﬁy Gha mm yﬂ_y@m?yﬁyeayﬁmem@w RoBpYy@dlethers

epoxypropoxy) phen
of the ¢ lormatlon a}{g DOXy)

bromination prog cts of the above-mentioned diphenols;
polyglycidyl ethers of novolacs; polyglycidyl ethers of diphenols obtained by
esterifying ethers of diphenols obtained by esterifying salts of an aromatic
hydrocarboxylic acid with a dihaloalkane or dihalogen dialkyl ether; polyglycidyl
ethers of polyphenols obtained by condensing phenols and long-chain halogen
paraffins containing at least two halogen atoms; phenol novolac epoxy resin; cresol

novolac epoxy resin, sorbitol glycidyl ether, and the like.
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Fundlo¥fiAYT et hehg00 yCI dyt—acTyi@l®, 9 yci dyl | 2060
CollBRLINBGLY!| at el phenol novol ac |epoxi de acryl atje and
nethacrylate cresol novol ac [epoxi de acryl atle and

TotdIBF feC T V1 at'e,

obhgphenol A ep

Xjotp acryrare a

"§d-40

seco rylate/ and the |ike. The anount of
thir M8§hk pnal i z¢d col I oi dal silijca and first, second
and/or third{curable nononer(|s) in the curapl e
Firs (ﬁ.;&ll O Ofs_g5tTe TTIVETTt T O [Glpovar y W detyl Jgegeet n-
asp? anple the wei ght amounts of functionalized
mwﬁﬂioﬂkpal sillica and total ngnoner in a curable
conp05|t|on ¢an be as presentled in Table 1
Secdlgh oW NuTET Ol g3t e cuT abt e [TRIggoS T T T oS Carh gy
mm@ﬁgpgged in 1ccordance wi thin the scope of tihe
pmn&ﬂv g&% qu exanpl e, when [the functionalifzed
monslk llica lacks at |egst one of alkenyl,
acrylate and epoxy functionaljity, both first{ and
ThirdeC O CUr a0 1-8 2-6

MOnomer, as
percent of total
monomer
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nmononer(s) will be present, e.g., in the anounts

i ndi cat ed above, with the third nononer being omtted
wenviwieise4or, if desired, being present in an R2ODWSR006/015898

such as any of those indicated. However, when the

functionalized colloidal silica contains at |east one

of al kenyl and acrylate functionality together with
Numegoxy othenairabde abmpesitidrizsecar bk ipteparminanecordmme avithio thet deepe

of (G4 I¥ppiof o Fatany 4 @r%ggtﬁ%ﬁyrﬁ%ﬁ%%ﬁ Sralmpaiciicey & s
oneg@?@éfls )acfr?g rtr:g?ngXEng/c x%ﬁoﬁalft %ﬂhvﬁfsi/ ﬁ@&écoﬁ@%@ble

rmno m xture of
morfdnes(s) awidh bea@msdntnwrga,nm the Whphms tm@caiml aibbee, cvmh ithey third

Qs tion of th t. ti
ok PR QPR eEYRI TRt B PrRSeHdr an SR LRR ot iny
of th&e YhdiSatdd. CH® BV VR HerDte thiotRRMAca ¥b]161al0dilidtedtnt 436k at least
and/or the use of a free radical curing agent. The

one @i adlishyl Mrﬁméatteuf@mptmnhmog@mdvm emxyén@qatgmahw theeaatire
mono né%coptegF g t(:l(l)rr bie c% I?%gltly)ll rér?\él %a%% cg %lr%ﬁioﬁ%afﬁg or,

rat1o one or

if desied, r@dembelg elﬁﬁgfeahmbﬁnts uE rnhla@ ram)rm(spomn démamgde with a
Ferom des. The conposition can be ultraviol et

relafiye}itsmmatl eyt 0 Rt GPoRasRe( PhEsConth MangpsFe) P miggreqef first

4 ng. There are no special restrictions on
andltggéeo(?lna ﬁ}ogllr%# t he useful photoinitiators provided they

generate radi cals by the absorption of energy.
Whilk threaoniradile@toating leompesiGon bl e poestot inV@ﬂtﬁtloviél @er titnepdevide
a ha&{lﬁogb tgn g%%@ggﬂfq%gﬂltpf%logagl\én? r%s&lts are agh e\%rdebs etﬂg: application

of héathyEhRior-tBe URL S/ frbe RIAGAY b adent. 1TRO BurablIc@fiposition can
1173, Ci ba Specialty Chem cals) and 2,2

be ayredelyharx gnepgasicedregita iéﬁlcgeneq@m ﬁ@@ieaxultrg‘a@m lighs elecigpipbeam
. | )
o SR P TS Bhhe 1OFELLRIR HEELNN) B8RS, gk W

o&ﬁﬁk)@i&l:yémheésy | The d@ﬂﬁpbﬂiﬂldﬂﬁmﬁf bd:l altealétriighatared if one or
oct yl.oxyphenyl , (ghenyl i odoni um hexaf | uor gant i npnat e,
moxs; phe mrua Bnis e prigikiosqusiagt BRTIE GFOPM él?ﬁw'c)? IegcioEs on the

f
v P T o 04 6T GO 0l
of eﬁptgyoUdtlrdwoleialug}mfséMYWMwmmmtom61 blends ofaditmsdrs used in the
gener 0 ch a
UVEERe s it Byrenianle et suu Fadtny - Belif Loteny

ﬁ&ﬁ@oﬁé‘smé}ﬁ&rﬁh% 0Oba S%éﬁal%?Cﬁ&ﬁﬁ:ﬁls?ﬁn@@Q'd%@dhoxya phenyl-
r eagent (s) he free radical generati ng corrpound or

acetol-phenome tﬁl‘ré@umﬁﬂo ftkaubnesiaftsiéilientied®s deconposi tion of
Additional curing agents include onium catalysts such as bisaryliodonium salts (e.g.
bis(dodecylphenyl)iodonium hexafluoroantimonate, (octyloxyphenyl,
phenyl)iodonium hexafluoroantimonate, bisaryliodonium tetrakis(pentafluorophenyl)
borate), triarylsulphonium salts, and combinations thereof. Preferably, the catalyst is a
bisaryliodonium salt. Optionally, an effective amount of free-radical generating

compound(s) such as the aromatic pinacols, benzoinalkyl ethers, organic peroxides,

and combinations thereof, can be added as optional reagent(s). The free radical
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oniumsalts at a |lower tenperature. Al so useful herein

as curing agents for epoxy resin nononer(s) are the
weupeyiacize salts, e.g., the urea-superacid sal PET/US2006/015898

disclosed in U S. Patent No. 5,278,247, the entire

contents of which are incorporated by reference

herein. In general, fromabout 0.05 to about 5 wei ght
genemating comipasetionmixtire of siuchl comgloudds fanilitdies deoompesitibnaf

.0f the foregojng curing agents will cause the
oyl e SRR ITERS cur e, As those oki11ed in the

art will appreciate, the curable conposition herein

Alsoaikefid Hedin ANRriAL ¥ 8 RESxORE IO RRdhoeHS e e et Superacid
such as surface treatnent agents, surfactants,

saltang-Bs the wrea-gupaiecid satsylisclessddndi.SvBatgatl Nae?,878,247, the entire
o Cobi |
con QS PAIE o ABRERRRE PR 200 e,

pl astici zers, suspending agents, and the like, in
In gemovah faord abomv@eOd tcostmlut drvedigtitperdBint based @nfthelidds salids in the
fluporo surfactants that inpart |ow surface tension my
conppostigmgidhe foRRIOMERIIR agpls vl eausg thaospmarasitionheren to cure.

i ncrease surface slippage that in turn inproves

As 858 8kifled i fHeShARARappIeteatd ML tinaBletontgoRitioR Westith EAF Eontain
tension materials al'so inpart enhanced antifingerprint

oneperomere pther epfidnadingeedissitshsuchras rsefsentreaimenicageatsg bwfactants,

N N G T .

stabiilizeat, CantiRRasi] HHERN bR APEteaRRd dged, i pldstidRersP shdpending
properties thereto. A principal application of the
agepisy apfl Bwndss it kenvn and epnveptional pmebeist iSikicans dluidsganddfluoro
. .0 r. d .
B AEoRle il ARy UL Pl YRR RSN g cpuin
conmetsitionatol imgmasegbafase atippayehbnt metuanmiitiproven ablrasiCresistance.

where the. c osiition can function as the topcoat_ or .
Thelgeldiion ol e eh e gaiongmaistiply alsg pepRE cBhagiced ARt getprint
propéies & in@hRE bXRTRISES c@itfetlahfidst rative of the curable

and cured conposition of the Thvention and opti cal

discs coated therewith. In these exanples, a series of
Theenredrempesatiomef thopysessit inventoner adhereap aorsect avith apbisiratd or

il SHRSL L8R B8 o Bk RS s e
A frhegtal applidation df dfie p@keyl PWo&ibvhi€oe i9Xha &f (Phlectné coating, or

é)%é%/styr ene, (PS)), to_about 70-100 m crons thickness.
hardggat, dor 3y @ aviethel LhRBHe tdatclapress. afbsrmenlastiss generally,

metaRMUnAYRSHI A3, QQS‘; and other ceramics, wood, etc., where the composition

can function as the topcoat or as an intermediate coat of such substrate or article.

The following examples are illustrative of the curable and cured composition of the
invention and optical discs coated therewith. In these examples, a series of curable
coating compositions were prepared and applied to substrates, specifically, discs
fabricated from polycarbonate 0Q1030 (GE Plastics) and Noryl® (GE Plastics: blend
of polyphenylene oxide (PPO) and polystyrene (PS)), to about 70-100 microns
thickness. The curable coating compositions were applied to the raw substrates and

substrates sputtered with aluminum or silver alloy. Hardness of the cured coatings
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substrates sputtered wth alum numor silver alloy.
Har dness of the cured coatingswas neasured using the
woenwi21ddar dness (ASTM D3363). Tilt was neasur edTASR00G/015898
a Dr. Schenk PROneteus Mr-146/Blu-ray instrunent.
Table Tilt was al so determ ned in sone cases. The
Table Tilt test involves placing a disc on a flat
was Srwaﬁtae@ uving lthet Penci ditrdness SASEMUD3268). tThk vesmhesured using a

i.sc_in contact he f.l at rfac d nea ng .
Dr. §ihenls PR e M 4By teegtent 1 Lae dat 3% dipor e mined
in erg\g b?sles o Wﬁtﬂﬁl Tfﬁtteﬁ%&(ﬁﬁ% 1@01ﬁ Q 1écV8n hiflak shiPace with the

erve en the disc til he coati ng side
concavel spdesizpiand thiel ¢entes @fbiher d/lecd mvlwntat:h emtlm g flaf swface and

toward the. substrat ond o fo
meahi e e el DEREE (51 DS o i Rigng (B0 el B ls0fiar
surf:Qeo rA 'ﬂeg&twé Mk i oBsebRE widnihe i dide fild @vied e ¥&ERg side and
Wcm and a dosage of 0.304-2 J/cm or Xenon

posmVeaslﬁ iBohsprved yhicn dhe dipd tiltciomardbadikstioiessidt t hese
exanpl es included a spin rate of about 500-3000 rpm

Typ{cgf cu}e g&hd?&in%c oatthg %xé(rh]?l gth%{] fﬂ%w 1'91561@@3 @éﬁsz QE% %gmf)n D or

m cron e conpaosi
H bullb véthba $et irRénsity mmgmg wmkem@asapm \wcmﬁ and & desagp m‘eosm 2

condenser, and an_ overhead stirrer re charged 104
Tenfor gl agbBrl; dapics] i syt RaPdigonpiy FRe e RGs drstuded a

spm?ggpmqogg ggﬁo gg@oﬁgn 6 1N@o gb&xﬁgg i %@_m 2h GhproxiRk&Y 70-100

m1c®n2h16kﬁeatﬂtgr<ﬁr¢malb§,ddegmsmmm di nol - n~noxyl and 156 g
nmet hacr yl oxypropyl tri met hoxysi |l ane as functionali zi ng
Sli The m xture was heated to 80 C for 2 hours and

all owed to cool to 30 C before charging 72Qg
nmet hoxypr opanol and, as another functionali zing

To 5 lieh8-nedBBlagk éq’uilppémvﬁdﬁﬁmeﬂn@ihﬁet h&bﬁdlerﬂéxaalﬂd/hmb\&rhead
(SR833S from Sartoner Conmp ants wer

stitrplewergshagpd \}%Qja aiout pollaig éHwa @8 ﬁlﬁP éQ% A &ioo Selog
Con?;%ln\jgé%ﬁﬂﬂﬁg 33 p'eﬁ:laﬁtdS@\ﬁ i Gkl NG6b %scﬂﬁ&ﬁdﬁot 9.996%%4-

vacuum e r'esul
hydmmﬂehﬁ;ﬁat'eatnﬂhyl—mpqmadmobn-mm aidrisd gabout 55 WBI ght
er clent fu ctlo alized n%‘lo artll cl es.. of g,gllo
metRaqryleXyPreRuHIPEt RScypfis « Hnd oty ich: 0k s Bt
heatél tI8@® ¢ RERAEL £1d théh ARMANG @bol 1330° @DefHE LR Mg 7208

methoxypropanol and, as another functionalizing silane, 380 g tricyclodecane
dimethanol diacrylate (SR833S from Sartomer Company). The solvents were
removed by vacuum distillation. Complete removal of solvents was accomplished by
heating the batch to 60°C for 0.5 hr under full vacuum. The resulting concentrated
pre-dispersion contained about 55 weight percent functionalized nanoparticles of

colloidal silica.

Example 2

To a 5 liter 3-neck flask equipped with a thermometer, a condenser, and an overhead
stirrer were charged 1040 g aqueous colloidal silica (Nalco 1034A from Nalco

Company), containing 34 weight percent SiO; in water, 1460 g isopropanol, 0.816 g
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stirrer were charged 1040 g aqueous colloidal silica

(Nal co 1034A from Nal co Conpany), containing 34 wei ght
woermanie2s O2 in water, 1460 g i sopropanol, 0. 8¢®/US2006/015898

g4- hydroxy- 2, 2, 6, 6-tetranet hyl -1 - pi peri di nol - n- noxyl

and 156g net hacryl oxypropyl tri nmet hoxysil ane. The

m xture was heated to 80 C for 2 hours and then

4-hyrirboned, 6 Gtetranietttyd 1 3GPCidiad] ai-goxshand L gz 720

nmet hoxypr opanol _and,_291 trlcyclodecane di anol
methRcEHPYY PRy vm@@gsvl%n%&ﬁ%ﬂaé? we hpaied 0. SO%eijgr 3 hours

t
and BBl VP LG RO P LUIER RGN B o Bphino R 2
tr1c3h:dxidebarteai1ﬁ‘nahﬁ‘mﬁlahadi)ylﬁtef(SRﬂﬁiBEfrofnLSdrtomat Gempaiie The
resultin congentratea.gﬁe:di%fer ion co %aln %
SoIVG1S YTV oR Gy SBLTE (isishn Corue @ar oy af Saf it g
accARRIRREd b G fig BB & °6 {610, glak Bnd@ Tl REcuRETPRIE ti on
was prepared gy m xing 150 g of the functionalized

resudting evindetitragdd pre-alispewsiagi copeninsdabout 6 IEX weighéparceitt h

fungf&?“i‘&?&;‘f8§)%‘§%‘#é§‘§"ﬁ%@§?%§ oory, ?eqt/pglcur e(tnm) UVR6 105

from Dow Chemical), 1.21 g glycidyl nmethacrylate (GWA)
Exatipleo3n Dow Chenmical ), 3.3 g of an acrylate polyol
(Joncryl 587 from Johnson Polymer), 0.95 g of a

cat oni ¢ photoinitiator WI 6976 (from
A cyig 61@3)&@85 GOBPOglipR & rPé%Haeeaiu qbﬁamsnhﬁgo %Pghe%&%%@ ized
collbiti4P fsfli%m r@-"i‘hs%@?s%élal by @efpral 9) - wihe mydure of 34-

appear ed I cal | ear and ossessed a VISC?SII of
epomcbhﬁsdme%l}@ mymdbkmecmhpmﬁauel dBywagre UVR6105

o Rl d Hh e AR o RCnen Porst b

3.3 @fof Gl acife PoBol YRBCSA sghhlom 2@ Plyihet), bt%qg aff 4 e4tionic

standing i n an anbi ent conditi on overni ght. The
photoomitiaier UNHI%6offreai Baw; Shemigads and (A8 ar ofd adifice 1rdisal

o |
oo SR 7 R SRR RSB, RS ppecsa
optipaley cledpat Posvresetl abisuvpiteo2930 dps at h&"(]’rdhlmmrrsbla nemposition
photoinitiators set forth in Table 2 at anbie

WasHIFRFGRE 2 BRI Rl aﬁareor@%%%. 3 %ﬁuwégogmﬂ Waﬁﬂ‘% grigpons
thic hgﬁ 1384 lféﬁ%ﬁg—léfﬂx%%g Iﬁl Oglagrj%f%]% Qs sﬁ%ﬁﬁf h8avAYURA after

results o Ss an
standing in an ambient condition overnight. The contact angle of deionized water on

the cured disc was 68°.

Examples 4-7

Curable coating compositions were prepared by mixing the functionalized colloidal
silica pre-dispersion of Example 2 with the monomers and photoinitiators set forth in
Table 2 at ambient conditions. Each curable composition was applied to a disc and
cured under the conditions described above. The results of the Pencil Hardness and

Table Tilt tests carried out upon the discs are set forth in Table 2.
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Table Tilt tests carried out upon the discs are set
forth in Table 2. Table 2 : Pencil Hardness and Tabl e

woi2bde/12eRl Resul ts Exanpl e Functionalized Col | ecdals2006/015898

Silica 82.44 79.12 75.75 72.25 UVR6105 7.47 9.98 12.51
15.21 GVA 0.48 0.64 0.80 0.97 UVI6976 0.37 0.50 0.63
0.76 Joncryl 587 0.99 1.33 1.67 1.96 Darocur 1173 8. 24
8. 43 8. 64T4bl8h Poatih HaldiesOshdDEblOVil Dt REsulB0. 00
Thi ckness, microns 73 75 70 70 Pencil Hardness 7H 7H
7H 7H slightly slightly Table Tilt negative no tilt no
tilt positive These exanples denonstrate that it is
advant ageous to provi de a good bal ance of
epgXipeont ai ni ng and acpyl at e- cgnt ai ni ng7nononers in
the coating conposition in order to produce low tilt
Fhctidiglizaat ed di scs. At | ow epoxy levels, the coated
cHifsl dilidat €d ragat i velgo.mhil e as7hi gh emmey | evel s,
t hrmes ed disgg7tiltedopositivyeky aftersziuri ng. Wien
t heggar yl at e agdg epoxyolgvel s arg wel | bpalyanced, the
caayeogdi scs rgsmin flgiof ol  owggrsg curi pge The opti nmum
brhaypcg7i n acrybat e angdsgepoxy leyels cangge readily
tatenimined forgaqparti gubar curghl e cong@si ti on
enprQyi Ng routpmeo t estipnge Exammleds 8- L@oLur abl e
coating conpositions were prepared by m xing the
ThidRGE igRdhd zed ol | oi dajs si | i caypre-di spgysion of
PeX@MPr8reds W t h7ighe nonegers andyphot oi nitgators in the
anounts set fqphhyin Table 3 at anbi entgigpidi tions.
EaGhle aQNPOSi ticphtiveas apalii €d t goairdi SCpadighecur ed under
t he conditions described above. The results of the
Table Tilt and Pencil Hardness tests carried out upon
the discs are set forth in Table 3. Tabl e 3: Tab(l% Tilt
Thess, gxPaples demgnyrns that diis pvanfageous to provide a good balance of

epoXy-containing and acrylate-containing monomers in the coating composition in

order to produce low tilt in the coated discs. At low epoxy levels, the coated discs
tilted negatively while at high epoxy levels, the coated discs tilted positively after
curing. When the acrylate and epoxy levels are well balanced, the coated discs
remain flat following curing. The optimum balance in acrylate and epoxy levels can

be readily determined for a particular curable composition employing routine testing.

Examples 8-10

Curable coating compositions were prepared by mixing the functionalized colloidal
silica pre-dispersion of Example 2 with the monomers and photoinitiators in the
amounts set forth in Table 3 at ambient conditions. Each composition was applied to
a disc and cured under the conditions described above. The results of the Table Tilt

and Pencil Hardness tests carried out upon the discs are set forth in Table 3.
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Exanple 8 9 10 UVR6110 1 8.04 7.77 8.24 GVA 0.49 0.47
0.50 UVI 69922 0.66 0.64 0.67 Exanple 2 82.58 79.28

wWo 2o 2daamcryl 587 3.79 5.47 Darocur 1173 8. 24P8TA52006/015898

7.83 Total 100 100 100 Table Tilt, degrees 0 0.19 0.03
Pencil Hardness 7H 7H 7H 1 Cyracure(tn) UVR6110 is
3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexanecar boxyl
at e fromTbie Lableckilt.and Pey¢ibHardatisest REGHI2 is a
cationic photoinitiator from Dow Chem cal. Exanple 11
A curabl e coating conposition was prepared by m xing
3.07 g of an epoxy novol ac (ESCN 195-25, from Sum tono
Chemical ), 10.28 g bisphenol A diglycidyl ether (DER
332 fropxdip Chenical ), 0853 g gl ycidyp nethacrylate
(GW) ([(vegmPow Chem cal §,048. 9 1g77FCSIl €62 prepared with
met hacr ygaxy pr opyl -tri mephgxysid.ane fomgti onal i zed
col | oi dg\168b42i ca from CEoggdvangesh Matgesy al s-Silicones
di sper gggdmbR 2hexanedi ol dgegy yl aves 1.79999
Cyr aculgchyTb4vl 6992 cati oni c phptgoi ni §igator (from Dow
Cheni qgfrdour %@ 0. 369 Dar goyr 115/ r ady gal
phot oi ni ti,gf or (from G bgg&peci oty Chggm cal s). The
curabl e conposition was spi ncoated on OQLO30
pol yeasibonat&rddi scs and Ug- cur ggho Theggaired coating
exhi bpedmadiagci | Hardnegs of @i Exampples 12-15

! cﬁ&ﬁ@f@_mﬁl’m 7 %,4@@65@5@1056%91&1_&:&1!}1@E4—J_p5b@cﬁl$déxﬁﬂe@dﬁ30@§late from Dow

Chef.unctl onal i zed colloidal silica inproves the Pencil
W dness of the cured coati ng conposition and reduces
disc tilt. The curable coating conpositions were

2 Cympeue) aPEEIR)is ndasianirphetpiaitipterdiopdRosChemisdonent s

Example 11

A curable coating composition was prepared by mixing 3.07 g of an epoxy novolac
(ESCN 195-25, from Sumitomo Chemical), 10.28 g bisphenol A diglycidyl ether
(DER 332 from Dow Chemical), 0.53 g glycidyl methacrylate (GMA) (from Dow
Chemical), 8.9 g FCS100 prepared with methacryloxypropyl-trimethoxysilane
functionalized colloidal silica from GE Advanced Materials-Silicones dispersed in
hexanedioldiacrylate, 1.09 g CyracureTMUV16992 cationic photoinitiator (from Dow
Chemical), and 0.36g Darocur 1173 radical photoinitiator (from Ciba Specialty
Chemicals). The curable composition was spincoated on OQ1030 polycarbonate

discs and UV-cured. The cured coating exhibited a Pencil Hardness of 8H.

Examples 12-15

These examples demonsirate that the addition of functionalized colloidal silica

improves the Pencil Hardness of the cured coating composition and reduces disc tilt.

The curable coating compositions were prepared by mixing the indicated components

in the amounts shown in Table 4 at ambient conditions. Blu-ray discs were made by
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in the anmounts shown in Table 4 at anbi ent conditions.
Blu-ray di scs were made byspi ncoating the curable
woaenpaidikons on OQLO30 pol ycarbonat e di scs foPComwseoobyisses

UV-curing. The Pencil Hardness and Table Tilt test

results are set forth in Table 4. Table 4: Penci

Har dness and Table Tilt Test Results Exanple 12 13 14
splnl&tﬁ@aﬂlémufdblé@oﬁ@o@E&ﬁ&i O($L0B8 Iﬁﬂ &%o@ﬁt%&s&lfcﬂbwed by

Castor _oil 7.81 8ﬁ 4.69 3.13 GVA 4.69 3.75 2, 8%6&
UV-gying 9PhesPensilglaygness gud Dabje THj resiigrulipayases fath o ple

1.88 1.25 Total 100 100 100 100 Pencil hardness 6H 6H

Tab%g 71'%5153*1&%%&3& Encﬁ’féﬂ@TilVTé'stResﬁ{s' ghly + No tilt No
-neck flask equi pped

with a thernDnEter, a condenser, and an over head
sthxemple. wer e cHar ged %040 g KyjueouslTol I oidal silica
(Nal co 1034A from Nal co Conpany) containi ng 34wei ght
pef@HEAP Si 2 in water20 1460 ¢ i sopr®banol, 0.82 g 4-
hyRER332- 2, 2, 67%11 et r et hyl 46.8%i pe?i-¢fi nol - n- noxyl and
1%58stgr aiket hacr }718éxy r 6@yl tri fe€hoxy$dilBane. The mixture
waSMéat ed t 04809 C f 3752 ho&. Thd-88atch was al | owed
t ANI62 t o 306C5and tSWEr eaf t3¢d chakg@d with 720y
Petohaxytp? opandti3and 240 g t rli&ycl odééane di net hano

di dbatatl at e ( SRE83S f ri@h Sartl®fer CofPany). The

sol vents were renoved by vacuumdistillation. The
ReatiClarduass gradetfdl |y hdhted t@ and Héld at, 60 C for
0. Bblertiltunderslightly + vagdighlontt oNetilipl eleliy renove t he

sol vents and provide a concentrated pre-dispersion. To
the solvent-free pre-di spersion was charged 160.8 g

acure(tnm UVR6105, 10.28 g glycidyl nethacrylate
E&MQ. 6 g pre-dissolved solution of 30 wei ght

percent Joncryl 587 in acetone. Acetone was renoved
To 4 5 titer BhecRifbatkIe@uippedweichial thethsinkdet, atdoaderatr, 3D &h overhead

stirrer were charged 1040 g aqueous colloidal silica (Nalco 1034A from Nalco
Company) containing 34weight percent SiO; in water, 1460 g isopropanol, 0.82 g 4-
hydroxy-2,2,6,6-tetramethyl-1-piperidinol-n-noxyl and 156 g
methacryloxypropyltrimethoxysilane. The mixture was heated to 80° C for 2 hours.

. The batch was allowed to cool to 30° C and thereafter charged with 720g
methoxypropanol and 240 g tricyclodecane dimethanol diacrylate (SR833S from
Sartomer Company). The solvents were removed by vacuum distillation. The batch
was gradually heated to, and held at, 60° C for 0.5 hr under full vacuum to completely
remove the solvents and provide a concentrated pre-dispersion. To the solvent-free
pre-dispersion was charged 160.8 g Cyracure™ UVR6105, 10.28 g glycidyl
methacrylate and 169.6 g pre-dissolved solution of 30 weight percent Joncryl 587 in
acetone. Acetone was removed from the mixture by vacuum distillation at 50°C.
After the batch was allowed to cool to 30°C, 7.72 g of Cyracure ™ UVI6992 and 52.9
g of Darocur 1173 were added and the batch was mixed until homogeneous to provide

a curable composition.
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After the batch was allowed to cool to 30 C, 7.72 g of

Cyracure(tnm) UWVI6992 and 52.9 g of Darocur 1173 were
weadamd2and t he batch was m xed until honbgeneoBETUS2006/015898

provi de a curabl e conposition. Al um num and sil ver

sputtered OQLO30 pol ycarbonate and Noryl (r) discs were

spi ncoated with the foregoi ng curabl e conposition and
Alugifued anddsilvadVsputtgied. O30 UpdsloatBstatd @ad hNdryd® Rissi tvere
_Hardness of greater than 9H and | ow del ta radjal
spingeaiechpiithrtha JOsBONE GurabIe pprapositions and: geresl ygderadolight. The

curefXOh s IR RERGeA EbfaL & gL AR S BB P BBy Ml Beviation
as shewn at Tavle ot The edtifgailic gehibii@d &3611gnITabar Hoaaoweas flown
sputtered -0, 23 0QL030 pol ycarbonate - Ag all oy
byt%ep@l%tﬁéﬁéﬁ‘t@‘g!ﬂégmr%rl (r) - Al sputtered -0.21 Noryl (r)
- Ag alloy sputtered -0.71 Exanples 17-24 Exanpl es
17- 24 denmgnsis Atre)h RdialPeOMaDE of Clifkdeatiasd angles (a
nmeasure of fingerprint resistance) of a cured coating
in accordance with the invention by the addition to
the curable conposition of silicone |eveling agents
(BYK 353, BYK 356, BYK 322, BYK 371 and BYK 300 of BYK
Chem cal Companppiass fdijeabesad-f agt ants (Zonyl 9361,
Zonyl FSJ and ZggkrefSP from E. 1. IpyBont De Nenours &
Co.). The silicone leveling agents (surfactants) and
f1 uorosurf act antg)1080 olgEaxdatei -t gt he curabl e
conposi tion of Exgmphersd and spi ncoatsed on OCQLO30
pol ycarbonate discs. After UV-radiation curing, the
contact angl es obry®1Ampanatd t er deixni zed water drop
on each coating conposition was neasured. As a
conpari son, theNoomtadp abdeygpetendd t He/1cur ed coati ng
conposition of Exanple 3 was 68. As shown in Table 6,
the addition of the | ow surface tension surfactants
significantly increased the contact angles. Table 6:

Exa%p'fésaﬁt ,Angl e Measurenents

Examples 17-24 demonstrate the improvement in contact angles (a measure of
fingerprint resistance) of a cured coating in accordance with the invention by the
addition to the curable composition of silicone leveling agents (BYK 353, BYK 356,
BYK 322, BYK 371 and BYK 300 of BYK Chemical Company) and
fluorosurfactants (Zonyl 9361, Zonyl FSJ and Zonyl FSP from E.I. DuPont De
Nemours & Co.). The silicone leveling agents (surfactants) and fluorosurfactants
were mixed with the curable composition of Example 3 and spincoated on OQ1030
polycarbonate discs. After UV-radiation curing, the contact angles of a 1 microliter
deionized water drop on each coating composition was measured. As a comparison,
the contact angle of the cured coating composition of Example 3 was 68°. As shown
in Table 6, the addition of the low surface tension surfactants significantly increased

the contact angles.
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Exanple 17 18 19 20 2 1 22 23 24 Zonyl Zonyl BYK353

BYK356 BYK322 BYK371 BYK300 Zonyl 9361 FSJ FSP
weundeaciamt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 CoaCirng2b/015898

Exanpl e 3 100 100 100 100 100 100 100 100 Cont act

angl e, degrees 93.4 92.4 97.5 99 92.3 82.5 85.9 81.2

Exanples 25 - 29 To a 5 liter 3-neck flask equipped

Wi th a ther noriibky 6: Gontah d@BRNVeas@fttheiifs over head

stirrer were charged 1040 g aqueous coIIoidaI silica

Nal co 34A frgm Nal ¢g) containin ght percent
EX%V‘ in]I\%ater, 1g040 g‘i tho%pr op WEic%16 g f‘1{3 24
hydr oxy- 2, 2, 6, 6 tetrarret hyI - -pi per i d| nol - n-no meyl

= s il m e s TS

S“"t&t?tag nd th eaft char éd Wi t 720g 0.5

Oar?é‘ﬂxy opano and 380g tricyclo a than
e (S S fr Sar%@ie gﬁﬁ'panygb The 100
sol vents were renoved by vacuumdistillation. The
C‘E)‘H‘lecﬁh was heated to 600C for 0.5 hr under full vacuum
’corrp ely ve soI ents d pr de a
%&?&ent a‘{ ed pézeiml spgyggl on.>Fol I8 ng cg% ing 517t he812
pre-dispersion to 30 C, 273.67 g UVR6105, 17.39 ¢
gl yci dyl net hacryl ate and 469. 66 g acryl ate pol yol
Exag@ldstdsomo prepared by di ssol ving 10% Joncryl 587 in
acetone, were added thereto. Acetone was renoved by
vacuum di stillation at  500C. The batch was al
To g o fer Poneshiblagheqtipaderish tiermerIcehaForAesge anﬂlm verhead
stlrr% &eé%hgrg@gﬁ@wg é ci%s %Bﬂ'oﬁé’i sﬁlcg (fwce%@@mfmm Nl 8992,
i ons of ther ting ositions were further
containiegl3dvivelght pacmt|816®uewstar,ﬂa¢@ g meshxSPicp4aol, GBIL6 gd8a
and 8 from General .. Electri ones) in the
hyd%%£§ 2“1“8‘ih15‘yﬁT iRPeridiiol nfloé‘ﬁﬁaq%nieé cont act angl es
metﬁﬁ‘dr?loﬁ?ﬁéﬁilﬁﬂn&ﬁbﬁfsﬂﬁﬁ& 'Y Bk tiRe s AeRedas §0°C for 2 hours.
The batch was cooled to 30° C and thereafter charged with 720g methoxypropanol and

380g tricyclodecane dimethanol diacrylate (SR833S from Sartomer Company). The
solvents were removed by vacuum distillation. The batch was heated to 60°C for 0.5
hr under full vacuum to completely remove the solvents and provide a concentrated
pre-dispersion. Following cooling of the pre-dispersion to 30°C, 273.67 g UVR6105,
17.39 g glycidylmethacrylate and 469.66 g acrylate polyol solution, prepared by
dissolving 10% Joncryl 587 in acetone, were added thereto. Acetone was removed by
vacuum distillation at 50°C. The batch was allowed to cool to ambient temperature
and then charged with 188.58 g Darocur 1173 and 13.8 g Cyracure™ UVI16992.
Portions of the resulting compositions were further mixed with the silicone surfactants
(SF1642, SF1188a and SF1488 from General Electric Silicones) in the amounts set
forth in Table 7 and the contact angles were measured after curing on polycarbonate
0Q1030 discs.
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0OQL030 discs. Table 7: Exanple 26 27 28 29 30
Surfactant None SF1642 SF1642 SFI 188a SF1488

weundeacia@amt charge 0 0.14 0.035 0.14 0.14 Coat Pam/USa®6/015898

7 7 7 7 7 Contact angle, degrees 60.9 103.2 99.8 101.6
92.4 Pencil Hardness >9H >9H >9H >9H >9H Cr osshat ch
Adhesi on 5B 5B 5B 4B 4B Table Tilt after 24hr standing
0.48 0.05 0.19 As the darasdld Table 7 denonstrate, the
Penci| Hardness and adhesi on properties of the cured

coat s eval uat ed the sshatc Adhe3| Test
(ASTllﬁ%a%@éeQ) wer e exg%I I ent he coa &d di scggal SO
exhi bi t ed very |l o Table e sur
af t SPIRIRY g% Whi | €%%he | 4[‘71 on%ﬁngsﬁbeeﬁg]dég% @488
vvisi:“ﬁaa@%hia cetocrtalne? odlrreﬂ it \H,ﬁ be
undePERIE by t hose skllled in the drt that various ’
changes y be made nd eq valents y be u stituyted
Gogfackqng nﬁﬁgmihere mntho epartpgg fro e scofd
ﬁkpﬂeHWHweﬁtlon PA add|t|§§: many Hodi f i cgti ons
G@Sﬂ’é 8 AdBesiftapt a Mrti cul situat® on or terial
Tableﬁ'%ltﬁféf‘égﬁ'?rﬁﬁ‘gdlw t R'Si nventi on wi t hout depa@r i ng froo]r%
the essential scope thereof. Therefore, it is intended
that the invention not be |limted to the particul ar
As GEROH DAY %Qatesth%fr%na@ﬁarmgeaﬁ@aam a;%regerﬁeg of

carrying out t process of the Invention, but
the timed | qoatimgsi fmalumtddl by thel Gusskmteh Adhesdomd st s(ASATNI 33§9) were

cxe 2 Bl AP PRBE RS o L B Spraues 24

houdaffey Bdingonal i zed col | oi dal si I | ca obtai ned fromthe
reacti on of surface hydroxyl groups of coll oida

silica wth at |east one functionalizing silane of the
While therigyention has heen(desgrabmd witlpyefergnee to certain embodiments, it w111

be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
the process of the invention, but that the invention will include all embodiments

falling within the scope of the appended claims.
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wherein each Rl is, independently, a nonoval ent al kyl,
cycl oal kyl, aryl, alkaryl or aralkyl group of up to 18
woanianiatons, optionally possessing at | east ®O®/US2006/015898
chem cally reactive functionality selected fromthe
group consisting of al kenyl, acrylate and epoxy; b) at
| east one first curable nononer possessing at | east
WHANEISOCLAIMGEDYIS: and acryl ate functionality; c) at |east
one second curabl e nononer possessi ng epoxy
functiopality;, d) at.least one third curable nononer
1. po§§9§§&%§° OwgégﬁkgﬁémaﬂnﬁF%enyl and acryl ate
functionality together with epoxy functionality, the
a) thifnftoahRRIdCoNBIHANEicA SBlaffet FEbiR the HABGHBNrfi@e hiyaroxyl
first and/or second curable nononer, provided, tha
grougiief toldoidali siica witib bl lansth one funciionaliziag sdane hdhe jgeseral
fo qﬂd second curabl e nmononers, the functionalized
oM oi dal silica possesses at | east one of al kenyl and
acryl ate functionality together wi th epoxy
®RYHESiORNHgpal i ty; and, optionally, e) at |east one curing
agent for the curable nonomer(s). 2. The curable

caonposi tji;on of Caiml1 wherein the functiognalized
Wheé%Ple&&H;?rl is; iofepen %n'{kbtaamﬁw 115 AlE e CC Si?oﬁrygf alkaryl or

aralﬁ%rgr@&;? of‘ﬁﬁg fPKY EarBbP MBS %ptﬁﬁkﬂl? bgﬁless%ilé 4198asVohd cRemically
functi‘onal’i zi ng silane in which” each I's the sane or
reactiivé flenesimmakityksdlgetesly Eloomlthey Brouar gdnsisting lof akdoalt.yscrglate and
aral kyl group. 3. The curable conposition of Claim?2
%erein the functionalizi ng silane is at | east one
menber selected fromthe group consisting of
b) pheineait Rk Mitkireirablsysbh@n&, possessing at least one of alkenyl and
phenyl et hyl di net hoxysi | ane,
acrydafe fEREQYMHEL hyl di met hoxysi | ane,
phenyl tri net hoxysi | ane and net hyl tri met hoxysil ane. 4.
Th . Y SO
O U al RS EARRST A AlpShe iR hibe WL A IRy
reacti on of surface hydroxyl groups of coll oidal
d) si lat deasivionh third carablmotonomat pessasping pafeast anevf @keayl and

lLeast one Rl is,.or ssesses, ..vinyl, . allyl or
acrs) 18 ot oBesnl v 2BRE Eicythiliy, B, i cRbsope, monomer
repla¢ihg e sipplefemihgathe IfReSindeseBndOOE 18 SRSn0RRY X Provided, that
functionality. 5. The curabl e conmposition of aim4
wheptihe Biid qusbl¢ mepemeEPlageshptls thefiat angd sgeond curable monomers,

the functionalized colloidal silica possesses at least one of alkenyl and acrylate

't he

functionality together with epoxy functionality; and, optionally,
e) at least one curing agent for the curable monomer(s).

2. The curable composition of Claim 1 wherein the functionalized colloidal silica
is obtained from the reaction of surface hydroxyl groups of colloidal silica with a
functionalizing silane in which each R' is the same or different alkyl, cycloalkyl, aryl,

aryl, alkaryl or aralkyl group.

3. The curable composition of Claim 2 wherein the functionalizing silane is at

least one member selected from the group consisting of phenyldi-
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| east one silane selected fromthe group consisting of
2-(3,4- epoxycycl ohexyl)ethyl tri nmet hoxysil ane,

wOo-20eyiciadoxypr opyl tri net hoxysi | ane, 3- PCT/US2006/015898

acryl oxypr opyl nmet hyl di et hoxysi | ane,

3-acryl oxypropl ynet hyl di met hoxysi | ane, 3-

acryl oxypropyl tri net hoxysi | ane,
metliylﬁﬁﬂi@&?ﬂk&h@){&iehﬂhﬁﬂtyﬂddhﬁﬂﬁkbmﬁmsj d}@hﬂaﬁxﬁmethyldi—

nmet hacryl oxyet hyl met hyl di net hoxysi
met@w‘f:ﬂ%cplgﬂnwefrﬁ%w&il ¢ Ak psthylipmet thoxysilane.

acryl oxyet hyl t ri net hoxysi | ane, 3-net hyl acryl oxypr opyl

4. tr i’[‘fl%tcﬁ%l/egédn?ﬁb%ltloﬁ “of Claim 1 wherein the functionalized colloidal silica
met hacryl oxypropyl -tri et hoxysi | ane,

is ol3aimed ﬁonxﬂmrmwyionrqféuﬁm]sydrané gr@;ps of colloidal silica with (i) a

‘%C ﬁ%‘ﬁ(ﬁ%% g @;{%#a@ hox str 858653?158632 vinyl, allyl or acrylate

funcien¥it9xue (Hya flfnbﬁéﬁh‘l’i%iﬁ%lshl@ﬁ@m Whicil BElegdt'oabIRE possesses epoxy
composition of Aaim1 wherein the colloidal silicais

funqgtienelitsd wi th from about 5 to about 60 wei ght percent
t her eof of functlonaI|Z|ng silane. 7. The curable

Cor’ﬁfg% Hb?éqco%p 0B €1 el ﬁéh Litfle is a
P ELREL Ghfrcl

artlc € size 0 € COo Fca does excee
leasazblmﬂll_aﬁéﬁblmd Bom Thegoup abhﬁstmgmﬁas(stéﬁ-on of CI aiml

S ST R M A R R AN N S S
acrﬁ%{a/?ggﬁlrﬁ&ﬂ?ﬁ%tﬁd x9GilR Qa@ﬂgmxy)@g) B rfdihy lﬁﬁﬁ-‘etﬁ&gsﬁﬁ{e 3-

partfcle si'’ze of th i'dal silica does not
acrymw@mpyathOZSmm Zlcmeth'ﬁhlaflwla’rbﬂneth@bimb@iymlm af

ety Pk G o itihe, 2er Be Gy RGP Hipiesoitage 7
acryl&c%ﬂﬁ/ltﬁh{étﬁd?(?sﬂﬂﬂlatii ﬁié&@‘ld&jl?lakyﬁrbp)ﬂ&rlﬁlléﬂl@bysﬁlafi@VBOYTEY

ossesses at east two acr ate functionalities 12
mettprsylesiyrippd-tethprwilensd- mylwmrmﬂtrwﬁméﬁlhmh% second

t
s SR S TRRATR 5 LS SRR RIS R GBI AL P
acq&ﬁ@@ﬁ@kﬁﬂ@@byﬁbﬁ@SIn possesses at Ieast two epoxy
functionalities. 14. The curable conposition of O aim

4 re|n the third abl ses .at | east
6. ondTFIGHADIe CARRSIISN k&Pl W HPHIL IR SRl AAds Zected with
fI‘OIlll Qﬁﬁft 5Q8 %b&ﬁ%l&v&gm%fc%ﬁtaﬂhbfe}éf of functionalizing silane.

7. The curable composition of Claim 1 wherein the nominal median particle size

of the colloidal silica does not exceed about 250 nm.

8. The curable composition of Claim 1 wherein the nominal median particle size

of the colloidal silica does not exceed about 50 nm.

0. The curable composition of Claim 1 wherein the nominal median particle size

of the colloidal silica does not exceed about 25 nm.

10.  The curable composition of Claim 4 wherein the first curable monomer is

multifunctional.
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15. The curabl e conposition of Claim1l wherein the

first curable nononer is at |east one acrylate
weebmced4f rom t he group consisting of nethyl acTyisaioe/ 015898

propyl acrylate, butylacrylate, nethyl nethacryl ate,

propyl met hacryl ate, butyl nethacryl ate,

et hyl hexyl net hacryl ate, 2-(2-ethoxyethoxy) ethyl

11. acIMHeaugablZcagiionsifGlhina ¢0 Whafetn thé-RtleRaX)6kd) first curable
met hacryl ate, al koxylated | auryl acrylate, al koxyl ated

MoNeRS: PPEEPSes at least AR axylaig Bacionstiticset hacr yl at e,
al koxyl ated tetrahydrofurfuryl acrylate, caprol actone

12. 2CFpeahEanl€ Xgljlng&slt{léﬂ HF@M&% RhoRal efsg&?ﬂgdt celgﬁ{l%{ Icr)A)%}n%mer is

di cycl opent a nyl nmet hacryl ate, ethoxy
multifushictonyedt hyl net hacryl ate, ethoxylated (4) nonyl
phenol acryl ate, ethoxylated (4) nonyl phenol

methacryl ate, et hoxyl .nonyl -phenol acryl.at
13. o or iy ilacroprreb ok & blaimy 1Y efRaRr e 2EWNEFicimal econd
cura®ld bialRsscs £ AL TeMdt twstepé\;@y finafichalitisoct yl acryl ate,

| auryl "acryl ate, lauryl nethacrylate, nethacrylate

functional nonomer, methoxy pol éet hyl ene gl ycol (350)
14. m.%)@g@lyplalpeqommsﬁmyofpg]lym I4yW pr@mg[d}ecgprd( gg@})le monomer

T N

fundvionali®t hacryl at e, pol yur et hane acryl ate, pol yurethane
nmet hacryl ate, octyldecyl acryl ate, polypropyl ene

I I hacryl l.ated. (2) allyl :
15. 0o b GRaE compaungs otk lh PEerf b ufatopemeeis o
leasﬁnglilét'] @éﬂylg{e%@}éﬁ{eﬁ Bm ﬁﬁ:l@f&ﬂi &)lnsfsﬁﬁg t@ff%gﬂgg{/?ﬁriflldfey bropyl

actylate, tridecyl” acrylate, tri
acryfase. Hatylgeratate, mefigdivathperyiate, gropybnetipeylaig, htylmethacrylate,

3-butyl e ghygol. di met hacr.ylate,  1,.4-butanedi 0l
etnsfpek ok 23 BneR o Gt Briang PR BHO G Berytae,
2-plisaRaEy]ahetiicaglatel AkexyldedidneNansdite) alkixvRithibsienbAtSlate,

al koxyl at ed cycl ohexanedi net hanol _di acryl at e,

alkogylassd phenalnetacr Ytexalkexydpte icrahyirofiigylacktlae, caprolactone

. i L di Cr vl
sery R S bR RSl RO Reinft R0 Mer | PRIBEAN i Fcrylte
cthdxglateted0) hydtoxeitlind aneyhaatdate adthargydted € noeylgdiehyll acrylate,

l yco iacryl ate, al koxyl ated neopentyl . gl ycol
ctnclhie g} flwséhyp_i\?mﬁm%@ﬁ_ﬁ LhPRitiRgRgH! @P&&ﬁﬁ%{%ﬁé@,,
o églmdkimégsrd)ﬁog@g E, te *%%ﬂﬁ‘é‘ﬁ?%‘g@é?%’ DR, I?rgféﬁg%%ﬁg?gl,ate’
isoatiyp moyldte daurgl accyhtediangl yiettastylaie pnethgdrglate fyhetearial

o5 B2t} BT 2B G P BhRSAh Ay poseyen
St Mo a5 o
methoxy polyethyfene glycol (550) monomethacrylate, polyurethane acrylate,
polyurethane methacrylate, octyldecyl acrylate, polypropylene glycol
monomethacrylate, propoxylated (2) allyl methacrylate, stearyl acrylate, stearyl
methacrylate, tetrahydrofurfuryl acrylate, tetrahydrofurfuryl methacrylate, tridecyl
acrylate, tridecyl methacrylate, 1,3-butylene glycol diacrylate, 1,3-butylene glycol
dimethacrylate, 1,4-butanediol diacrylate, 1,4-butanediol dimethacrylate, 1,6~

hexanediol diacrylate, 1,6-hexanediol dimethacrylate, alkoxylated cyclohexane
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di met hacryl ate, ethoxylated (3) bisphenol A
di acryl ate, ethoxylated (3) bisphenol A
woiomihaznyl at e, et hoxyl ated (30) bi sphenol A PCT/US2006/015898
di acryl ate, ethoxylated (30) bisphenol A
di met hacryl ate, ethoxylated (4) bisphenol A
di acryl ate, ethoxylated (4) bisphenol A

dimehaRo] gk ylhtat ﬂko;@ﬂit@d@i’d&%@laﬁ@&m@ﬂ%ﬁbﬁdl@&ryﬁte alkoxylated
di met hacryl ate, ethoxylated (8) bisphenol A

cyclghewsng é@ﬁgﬁhm dlf@ffth%?%yha@t glijoxgyted h@ﬁﬂﬂéﬁl@l diacrylate,

T T R e —

alkaxlyacel nedpmpl‘@lwa Idahethﬁcigkamle ayqlbhs;hye:mme«thaaor &hatyhaxei
neop ent met hacr a ene (040
cyclpohompe iRl dimemryiae, grtiens sl dpoiis, dichylese

SRR b B SRy F’éﬁg’e eyl ane

dimgthyerylatd, 6ﬂm)<ylatedc<w) tsphenploA ;aemrmtemhcgdygmm (1() bis@)lenol A

dimg%lprmt s hodifa a@d&@%ﬁi@ﬁ%ﬁf)ﬁgﬁfgﬁ%& tgi &a&a& 0 eidoBenol A
dimBhaageYd, %%le@t?eh (BEPRSHHY] Aglhéé?ﬂbtedé@@iﬂét@& @3) bisphenol A

propoxyl ated” (2) neopentyl gly di nmet hacr% at é,

dlmc@mrablmq ytf@mla@ldﬂ@] bl@lTh&n@lyA éta@rylate,t qthexylase @@) QISplmol A
aimPE RS eHloR Y Breg L PN S G A b PR [ D bRl

dlmgﬂhﬁﬁglatéj Ieﬁi“oﬁcylaﬁiQS) bisplenbly A elitetibotghie, dthlmylh&dr(yj Bisghenol
ropyl ene glycol diacrylate, tripropylene glycol

eaciylatey stheeylated o jipherdd 4 igl}ethaqrﬂétphﬁ}h@%%te Hhe
bispthﬁxcglgﬂ[ Xm?étﬁacrﬁ t%oxy#@ﬁ@gly%i’lgﬁc{r*(llﬂ@,, )})‘F’éq@

at e, ate ane

dlmhmlaetg/tayé albepenestl tycpl dbeglat peopamﬁ@wobummmrmate
polysi e et 20 A S diptisbyets ey Ko RisRB Bacate.

ol;temﬁ&{ %1%0@ (4d®) amcyylaéomyéfﬂlﬁ&ﬁéﬂ%lg&@ocg |ld¥EehXdrylate,

triracr ate, | Ow vi'scosi ty tri | ol propane

polstqthﬁmeyglmoé (6053 diageylytepalyeshylend éwq} (64 dupﬁwalﬂm ed

oAby e g, Y GpuBaBRE BBl ot fneBiob bt

proﬁdﬂy@&éd’ﬁ@h@opeﬁf}@ BByl dibedlats brdﬁok?ﬁteﬁ)(hﬂhd@b%@hgycol

triacrylate, trimethyl ol propane triacryla

dlrn@mawlm |t@r4§ﬁwﬂﬁ;ﬁ@11q0ﬂ ﬂ’@f’lhfb?é‘? Wa%eglyl%rxeugéycol dimethacrylate,
tr 1c§’<% {]é\é%[ e di i/néz {)l; dlh&gféYea ﬂwﬁfoﬁeéaﬁk %ﬁﬁ&}@ﬁo@ dlrhéthzf'crylate

anurate triacr
trleﬂilylehe gBichydiadrplacy aﬁmhylemer ggmlylhmt:thacrg]apee tipep yledvr glyodl

disdgRiea B gRATE SVl AT EET . HBEHR G (LD e olpropane
tr1a<E} m@@%x 12t (3?@%@1%5%{%}636 & 3cBflate RERNS BRI {lrS? tol

traacrylate, alKkyl acrylate and uret hane
trimethylolpropane trlacrylate ethoxylated 6) trlmethylolpropane triacrylate,

Pt

ethoxylated (9) trimethylolpropane triacrylate, ethoxylated (20) trimethylolpropane
triacrylate, highly propoxylated (5.5) glyceryl triacrylate, low viscosity
trimethylolpropane triacrylate, pentaerythritol triacrylate, propoxylated (3) glyceryl
triacrylate, propoxylated (3) glyceryl trimethacrylate, propoxylated (3)
trimethylolpropane triacrylate, propoxylated (6) trimethylolpropane triacrylate,

trimethylolpropane triacrylate, trimethylolpropane trimethacrylate, tris (2-
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di acrylate. 16. The curable conposition of Claiml
wherei n the second curable nononer is at | east one
wepoosy12ie2si N sel ected fromthe group consi sti n@CwWUS2006/015898
gl ycidyl ester of nono- or dicarboxylic acid, butyl
gl yci dyl ether, phenylglycidyl ether, 2-ethyl hexyl
gl yci dyl et her,
hy®eoxyeth ybhisaemylurat toipbryBite yiid @@tﬁmyjeﬁgﬂh@d@&aﬁﬁﬁte triacrylate,
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d.erx | ate, vinyl cycl ohexanedi oxi de, bis(3
1af:rAY-aé%oxycycl ohexyl - net hyl ) adi pate, bis(3 , 4-epoxy- 6-
nmet hyl cycl ohexyl net hyl ) adi pate, exo-exo

16.bi sTRe GnaPleXYRY64iANEOE @Ia)m atiRsrein @RKIRce¥Pcurable monomer is at
bi s(2, 3- epoxy clopent ) ether
leagt ope gpeyA=sin, Sele %@Ws@mgﬁ glpeiéyaaster of mono- or

dlC%ﬂbg )Eics%gd %u@ﬁ) g?}%m’g? g%g% yﬁglglég?léé etﬁ)erd%-gél%%&yl glycidyl
etheli, lcyclobgtentmeathylf3- bydh@ﬂeeeﬁylaﬁb(@(ﬂat&ﬁfepokiﬂmef}&
MRS TR ST
B
methy¢lchesploxatipylehérpgphemydth o@elohexanecarboxylate vinyl

i -4,
o SRS P SEeRE P BRS Trea gt sk bgpoy-e-

meth@fé:@ﬂbhe)ﬂyl%e f}@ﬁcﬁpéte exo-exo bis(2,3- epoxycyclopentell) ether, endo-exo
- epoxy hexahédronethan0|ndanoxy

bls@y?tﬁll%é’ﬁl’cémﬁlnﬁﬂbﬁbﬁ 2yles@y(R 3eQH%VPr0997€Y)9Y£éG&m§HP®Pane

2 eSS v e R & henol £ al Ky
epoglyprobdyy)nabbeiehe,ahdigtycidyl@hdt@ifYinoBiy pidl¥imes sli@biene
pol y- phenol gl ycidyl et

_alkyl -, npno- or
dl%’é?;ggHf’&r@i}reP@W?é(FlOBFXSﬂin?i@é‘FéBﬁYHIOPeﬂ@élﬁn@ idifgidey 1, 2-epoxy-
(DY j e et hane,
6 (ﬁg%w}gﬁrl @dﬁ%};eéahér%p qfﬁ?ﬁ%?ﬁ?%ﬁeﬁi% met hane, 4,4'-
epodw}wdlppwyﬂmbmszw dpmpfqplyleﬁ&ir hia(%3-epoxypropoxy)phenyl-5,6-

epog}/ﬁ%?dg%‘*%)éﬁ@} %qngh%ii;% gpox;E)Q}?chpentylélenyl 2,3-

epo%y op$li éﬂﬂéﬂ qXQ%bl%(Sg(l' %ﬁ&lylﬂ-w AhBhePHonRiRR8MRandkyethane,

ydr ox |phen sul fong,

cyc{qpﬁst@nyln yclag&ym@yéntw) mlhlm@neqo@ll digllygidiybsthere digéycidyfl
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eth&@} Hieyl- of ante@ﬁeglpélaymteal dlied-, Byor@s bLpdlf YphBebl AEdE effer;

di phenol s obt ai ned
polyglycidyl ether of pyrocatechol, resorcinol or hydroquinone, 4,4'-
dihydroxydiphenyl methane, 4,4"-dihydroxy-3,3’-dimethyldiphenyl methane, 4,4'-
dihydroxydiphenyl dimethyl methane, 4,4"-dihydroxydiphenyl methyl methane, 4,4'-
dihydroxydiphenyl cyclohexane, 4,4'-dihydroxy-3,3'-dimethyldiphenyl propane, 4,4'-
dihydroxydiphenyl sulfone, tris(4-hydroxyphyenyl)methane, polyglycidyl ether of the

chlorination and bromination products of diphenols; polyglycidyl ether of novolacs;
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by esterifying salts of an aromatic hydrocarboxylic

acid with a dihal oal kane or di hal ogen di al kyl ether,
woabosphye2is dyl et her of pol yphenol obtai ned by PCT/US2006/015898

condensi ng a phenol and a | ong-chain hal ogen paraffin

containing at |east two hal ogen atons; phenol novol ac

epoxy resin; cresol novol ac epoxy resin and sorbitol
polyelxcidyy ethet dfediphenpls dﬁhainmwsslt@ifymlgmd&irs ofodipladnols ahitathdd

hird bl.e I t
bymﬁ‘d@ﬂngs%ﬁ té@% &y 5‘%" i ﬁﬁémﬁ?fg gmfiﬁ g oa&l??lf% or
, I -
A s A M 3

phenebandia longrhiaist lealmenm@rafﬁ@ containeg at lesotwatmiagealatoms;
BT AT CEIoNy Tt e TEbN R o e ond P it eter

conposition of Claiml. 19. The cured conposition of

17,0 aiThe 2uraBle cobymsitiohedd Cloip 0 Silidrein thé tlﬁdaélﬁhlﬂe ndohomER®s at
cur ed CO?POSItIOﬂ of Claim10. 22. The cure
leagtopRfoBieRIosh sglected aﬁ%l he geoup capsigiing ef éllv\hgldﬁldyl ether, binyl

SHFRIPARE s PSEPORIAy O ST AN Gk i

acryfateCloaii meﬂﬁcmtritc,h craeola newuliak r@bmdef a@ylatec @st methaciglate and
net al | tal alloy, glass, ceramc
blsgl?{ I\Rggtﬂ’oﬁ@ nzat%\P &‘@Cré’ %y ai m 23 which is an

optical information storage medium 26. The article of
18.Cl aThe d&edMdb@PodiforofiCRihal versatile disc. 27. The

article of daim23 which is a Blu-ray D sc.
19.  The cured composition of Claim 2.
20.  The cured composition of Claim 4.
21.  The cured composition of Claim 10.

22.  The cured composition of Claim 12.

23.  An article which comprises a cured composition of Claim 1 adhered to at least

a portion of a surface thereof.

24.  The article of Claim 23 which is a substrate of at least one of synthetic

polymer, metal, metal alloy, glass, ceramic or wood.
25, The article of Claim 23 which is an optical information storage medium.
26.  The article of Claim 23 which is a digital versatile disc.

27.  The article of Claim 23 which is a Blu-ray Disc.
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