OPTI CAL | NFORVATI ON STORAGE MEDI UM POSSESSI NG A
MULTI LAYER CQOATI NG CROSS REFERENCE TO RELATED

WERPeI A4 ON Thi s application clainms the benefP€T/082006/016269

U S. provisional application Serial No. 60/678, 990,
filed May 9, 2005, the entire contents of which are
i ncorporated by reference herein. BACKGROUND OF THE
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coating for a hi g capacity optical 1 nformation
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1 of the Blu-ray Disc is enclosed within a protective
altemali¥-i yge, a conponent that adds significantly to the
cost of the product. The information, recordable or
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on one side with a metal or metal alloy as a reflective layer, a thin information layer
(for BD-ROM), a recordable layer (for BD-R) or a re-recordable layer (for BD-RE)
and, finally, a 100 micron protective topcoat, or cover, layer. The cover layer consists
of a relatively expensive solvent-casted polycarbonate (PC) film of approximately 100
microns 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.



(CD) or digital versatile disc (DVD) surface.Efforts

are currently being made to replace the protective
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on the disc and even to replacing the PC filmused as

the cover layer with a | ower cost but still effective
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In accordance with the present invention, there is provided an optical information

storage medium possessing a multilayer coating on a surface thereof, the coating

comprising:

a)

information storage medium, the light transmission layer being obtained by curing a

a light transmission layer in adherent contact with a surface of the optical

first curable composition comprising at least one monomer possessing at least one of

acrylate and epoxy functionality; and,

b) a hardcoat layer in adherent contact with the light transmission layer, the
hardcoat layer being obtained by curing a second curable composition comprising

functionalized colloidal silica and at least one monomer possessing at least one of
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hardcoat | ayer bei ng obtained by curing a second
curabl e conposition conprising functionalized
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foregoing nultilayer coating in its hardcoat |ayer
provi des a scratch and abrasion resistant protective
lying light transm ssion |ayer
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“"functionalized colloidal silica" as used herei'n shal

metharylager st ood to nmean a colloidal silica which, by
havi ng been rendered hydr ophobi c, becomes conpatible
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tal ne fro the reaction of colloidal silica wt
confemionalgmatdadniasg si |l ane, the functionalized coll oi daI
silica conponent of the curabl e conposition herein nay

SS noi, et i es, bonde
The edglpfegélgn o? rf ﬁgnaﬁ ZﬁI g (Bg?ltsﬂﬁa &S P f,]eélt heg galﬁ eé-tungerstood to
me@s aedsmmaddl ysiGReRitEEH, | by ihaeing, bé%ngre,nda{eliyﬂlydrﬁpiﬁibﬁh’;ﬂ%)ébmes
, al karyl and ar al kyl groups, re_chenic

ally
comp@abku vih i Gurablg engmerslowih which ibds aqimyqedatﬁoprowde the

cur:}ﬂlepyéomposmon 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
either essentially chemically inert, e.g., alkyl, cycloalkyl, aryl, alkaryl and aralkyl
groups, or are chemically reactive, e.g., alkenyl groups such as allyl and vinyl,
acrylate groups, epoxy groups, or combinations of such chemically reactive groups,

e.g., acrylate and epoxy groups.



acryl ate groups, epoxy groups, or conbinations of such
chemcally reactive groups, e.g., acrylate and epoxy
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to mean a preformed |ayer, made up of a single |ayer
or assenbly of individual |ayers, to at |east one side
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the art.

Useful monoacrylates include alkylacrylates such as methylacrylate, propyl acrylate,
butylacrylate, methylmethacrylate, 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,
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di cycl opent adi enyl nethacryl ate, ethoxylated (10)

hydr oxyet hyl nethacryl ate, ethoxylated (4) nonyl
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nmet hacryl ate, ethoxyl ated nonyl phenol acryl ate,

i sobornyl acryl ate, isobornyl nethacryl ate,isodecyl

acryl ate, isodecyl nethacrylate, isooctyl acrylate,
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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
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particul ar
those obtained by reacting an isocyanate-terminated polyurethane derived from a

polyether diol or polyester diol 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.

Still other acrylate monomers that can be used to provide the first curable composition
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, 3- epoxypr opoxy- cycl ohexyl - p- di oxane),
6-(2B-6pdxiyp{apo8y)hexahyrer b ponsthanpinssnedhe.3t he

di.gl yci dyl.et her ,qf 1inal ej i ' ' rys
ero GBS 2 e T BB oSk Rl .

- GYeddoarnl adh@hgottidane,de(2,3Le jopentylphenyl-2,3-
epogj-](Z,:g?epoxypro,pox )hexahydrdgzsggﬁethgpoLn ane,
epopyRropy-ether), 1,2-bis(5-(1,2-epoxy)-4,7-hexahydromethanoindanoxyl)ethane,

cyclopentenylphenyl glycidyl ether, cyclohexanediol diglycidyl ether, diglycidyl

hexahydrophthalate, diglycidyl ethers of bisphenol A and bisphenol F, alkyl glycidyl
ethers; alkyl- and alkenyl-glycidyl esters; alkyl-, mono- and poly-phenol glycidyl
ethers; polyglycidyl ethers of pyrocatechol, resorcinol, 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"-
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epoxy) cycl opent yl phenyl - 2, 3- epoxypr opyl et her,
| - (2, 3-epoxypropoxy) phenyl -5, 6-
wepwxis2teekadydr o- 4, 7- met hanoi ndane, PCT/US2006/016269
0- (2, 3-epoxy) cycl opent yl phenyl - 2, 3- epoxypr opyl
ether), 1,2-bis(5-(
, 2- epoxy) - 4, 7- hexahydr onet hanoi ndanoxyl ) et hane,

T L I o
of thichloymiatign aret brensnasionlpreduictsrd|therabave- Immlphqhehph@,.ols

oo S S o BRI AEL BN,

estemhi@ém&h dy hlpﬁunﬁg %t%e@uy esatifeidalts OE &P bkl

hydroqui none, 4, hydr oxydi phenyl mnet hane
hydwcafoomlmtdawyh 3, d@alqalkme wy dibalsigen 511a11fvéteﬂ@h@olyglmdyl

ethelzrf E%)d% t&}ﬁﬁﬁ%' meﬁ(jl'] wg%hg?cpﬁ%%delonﬁ-cham halogen

paraﬁ'uﬁy&)h@lﬁriﬁg Ehl%ﬁls}t kweé h@lbgéreataﬁne, phenol novolac epoxy resin; cresol
4' - di hydr oxy-3, 3' - di net hyl di ﬁ(&yl pr opane,
novqlaqepcaqym%no%@m% Blyisidyl sibet awétheal
tri s(4-hydroxyphyenyl) net hane; pol yglycidyl ethers of
Oth%r'%g)oﬂﬂ [ RhbRetdt 5{ cah @e Qgé?lrﬂe'ﬂélh 'nﬁmu(fér AT BseREink Bleast one

ve-ment i oned di phenol's; polyglycidyl” ethers of
othen typ@l oi (fmctpohlytgl aigh alyl, enplarsicnfatel fipietiondlgy.oBramplesioby

h f b d. .
suctg et Jopgmena s h RGN el Ry Ay svsidrh
acrylté, fgl 1&@1'1&@&&%%%1%10%6‘1@'1&%6){1@1& akbdoydte @ﬁ&m&ﬂiacrylate

pol ygl yci d ers of phenols obt ai ned

cresgbpayeiasi qux idh apylate mnﬁr@ngyhaﬁfau isPhend @e@p%aﬂfeaacmlﬁ@ and

rnaﬁ g@g&nhﬁg:gﬁ ikheast two hal ogen atoms; phenol novol ac
tesin, cresol novol ac epoxy resin, sorbitol

gI ycidyl ether, and the like. OQher epoxy nononers
Whildrdte fimncirebla s:empbﬁ'tiem of thegirestat idvestiorpwik eswitinge povide a
| east one other type of functionality g., 1yl
light, m Gron davgt 4t aYPERC el G sl i Bhigied by the

appR&HI6h A TP the LRCHUSR: & hite Elr 'e@éhts et'I'lh@E e.¥1 Ml first
egC|dyI ether, glycidyl acrylate, egC| yl
curablst kewpgditior caphenaired @vmgn@g@tﬂ@ dige ar@dhyhlag@ea%@r such as

ultr%?lgggg% gngtrorbﬁ;gs%ﬂ |8 novol a%dla (%1)(; 'og %Pf%'%; %o%a %ﬁgmcal free

radlﬂﬁt deperaydralsech andzd bempousds aymlﬁeﬁ»ﬁm fTMestompwsamrecan be
onposition of the present invention wll over tine
ultr@w@lvt Hghtzeuredy Ht oner girigpesliofinitialpsy ISa%ddsﬁmr@mto curing. There

are ?18 ’k‘%le&h RRtrich ?ﬁéngh”ﬁlé' ﬁ%}ﬂ'et §f feCushll! ﬁgmgXtoH;Errogded they

| on of heat an e use one or
genenatei nepdingBntisy  THeu sabserpgion tdﬁ e chergyt Cltrabbdlet light-sensitive
phoCQ g'%lﬁt) Ip? Bt né)gemﬁﬂtr:o?g uté)gd n tl?en %l’Vg %Elriecoff {heeep{egéjnt Ccurable
composition include 2-hydroxy-2-methyl-1-phenyl-propan-1-one (Darocur 1173, Ciba
Specialty Chemicals) and 2,2 dimethoxy-2-phenyl-acetol-phenone (Irgacure 651,

Ciba Specialty Chemicals).

Additional curing agents include onium catalysts such as bisaryliodonium salts (e.g.
bis(dodecylphenyl)iodonium hexafluoroantimonate, (octyloxyphenyl,

phenyl)iodonium hexafluoroantimonate, bisaryliodonium tetrakis(pentafluorophenyl)
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ultraviolet light, electron beamor gamma radiation,
or by one or nore chem cal free radical generators
WGEmh/1z40z0 conmpounds and peroxi des. The conpPST/USN6/016269
can be ultraviolet light-cured if one or nore
photoinitiators is added prior to curing. There are no
special restrictions on the nature of the useful
it iat . ¢
bora@ 8 Bl B Bl ML HAB DEPROP ERABLE Bkl B
bisarphi@doniumh salatOptonaily, kaheffdem@famcmnt phfres-saditsé genemtmge U

cure of the resent, cura iti.on includ
compRuRg(E) HHeR QIHWUF PBﬁ%‘ﬁ% 2 ”Eaﬂﬁyh et O(%%‘P%B‘HPX“ICS
%}Jﬁn Cdagt! rédents - The free radical
and I met af?%(lgalf%ﬁedﬁf} H-eégge?gﬂ-%%gﬁ%lneggl gg)gcure 651, G ba
genefiiag wampyulidm‘rmumns Yf susdiciotiponads féglﬂliaﬁ@ﬁ degempesitioncdlude
ts sy ch as bisaryliodoniumsalts (e.qg.
OmuE‘lsété g &R?Fa)‘r‘r(?dom um hexaf | uor oant i nonat e,
(octyl oxyphenyl phenyl )i odoni um hexaf | uor oanti nonat e,
Alsobiisefill ekl @81 duiing &dgenis | 151 epoityaidsito hopbriey(s) bertae epperacid

triaryl sul phonium salts, and conbinatigns t%}é%o
salts pp. g% dheaiey suparecid selsy Jis¢losed 1 BSsBigns Naon? (hrdhthe entire

free-radical
Cont&ﬁ J()ef‘g Chéreclgﬁ% &fa% %}y ﬂ gg&:{e e aromatic pinacol s,
ben20|nalkyl et hers, organi c peroxides, and
In gemardm finanni abost 0.H5 teabqut Gaweiblt peickat ba‘iﬁdd}m the tethl sohds in the

nt The. free. radi cal generat.in
compesyitan ¢ B otreRne e RS e Sy e Hf SRR Rrfesigon
here@tbéMesal ts at a | ower tenperature. Al so useful herein
as curing agents for epoxy resin nononer(s) are the

superacid salts, e.g., the urea-superacid salts
As thpssoskgladdinj the @ﬂgrvﬂbwr@?ﬁlatmoﬂle Hirstzgirgbly compgsifpl carp contain

one g%%%“&tﬁ?r‘lipu%éﬁﬁg%&%nﬂs @ﬁ&g&oﬂ']@ta@) oBY¥rs! §MRGARE Sntioxidants,

rom a 5 to about 5 wei ght
plasfi¢ifers,ndndohs &ﬁepm ]nim/vﬁ atchtorsehiiciml iamauhs mowided itheyodo not

of the_foregoin will cause the. first
nesYPHIEsCt B SRBr DI &Y Hhe gt HPRsmiAQoR REpatise of Rigdaver
obtatlddihige@h. Wi I | appreciate, the first curable

conposition can contain one or nore other optional

i ngredi ents such as UV absorbers, stabilizers,
As pmvioosly dadicated panplicatigny el the finst cagblel gagepositieniiadhie dﬁﬁEFd

conv t | al [
SR DL AR DR e S ST Y o
con@hmﬁ&tabmévﬁf by gy dfagie known and convent1onal spincoating procedures.

In one embodiment, spincoating conditions include a spin rate of about 500-3000rpm

for 1 to 30 seconds to provide a curable layer of approximately 50-150 microns
thickness and, for a Blu-ray Disc, a layer of approximately 90 to about 99 microns
thickness. A typical curing procedure for the layer of first curable composition
involves the use of a Fusion D or H bulb with a set intensity ranging between 0.384-
2.8 W/em® and a dosage of 0.304-2 J/cm® or Xenon Flash Bulb. Curing can be partial
or complete; if partial, complete curing will be achieved when curing the second

curable composition which provides the outer hardcoat protective layer.

In the second of the two operations or series of operations which provides the
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obtai ned therefrom As previously indicated,

application of the first curable conposition to the
walemsned4sur f ace of the high capacity optical PCT/US2006/016269

i nformati on storage nedium can be readily and

conveni ently achieved by any of the known and

conventional spincoating procedures, hi one

. , B . 1ioNS ipslaide . '
I e S R e
commisirghfuactionetized tolpigalosilice tak leas0ael BONOINCT possessing at least
t hi ckness and, for a BlLu-rgy Disc, a layer of . .

one Gl ER ALY b PaB n g o B et R R swringasent, i
applied PicC @he Glohi M9 RAQC E_Qﬂt'i'éﬁ?rf@fred hexpk ay@fsndsidd N&fer, also by

curabl e conposition involves the use of a Fusion D or
spinddating, lbo wistitabde thickniess, esgsiin $hercapgydinig B hetaydifc, drogg gboup 1go

n2. and .a d f.0, 3042 J : :
aboub PiEicRs; g BER eedlinbent e Jroth G P o F0RS Kidgs i a
secofi® BRbEditheat! Ith PPovilld h tba]l ashibiay® chivkpess eflkigngrankission and

second curabl e conposition which provides the out \%o )
hardeeat dryerstof gbewtel 00 musTonsyand thefeakiercused, 64 28 desgribed gpove in
' : Lese ' -whi ch provides
Com}%%g%ng‘%g@[o}%t&ﬁgg S’r% hge?f lr? %‘R%f ta? ljflg(gl%%&goat ing herein, a
second curabl e conposition conprising functionalized
The ceddndi aliadbles icbinpesitian i ebeinedrty mitiadlyepropidéges Simgjionalized

|.egst..one, of acryl ate and, epoxy. functionality and,.
collQiFAT Wi | 0 ARnq iontisedn B et wlica s v R aecolly Qifiped by
reaclifle I'Qh@onh®ARE ARGE! RhthyaCHAGY Hivaled Cols1aan s@ic@n The

| ayer, also by Spincoating, to a suitable thickness,
functionplized polididal silina ipthezeafieyicomaljingy with af Jegph s GGEylatet gnd/or

about .10 m crons. i - fi ] i .1 rom about
epor RtaifBe PBORE 1o fhoPide e B ARUNTE BomBRA. 07
provi de a total conbined thickness of |ight
Collbidahsilits 8 commentidiiyr apphtd hay eispesfonabionanoldEdniiicao@E0O2)
and thereafter cured, e.g., ,as cri.ped. ahove in.
particlss i &R j2GREN 198 AHE SelYPRhgeG My ﬁ'gﬁ? F‘?‘E‘f‘%& éﬁ%?ﬁlcgn&lns up to
abmﬁ%Wéﬂg { g&cen-'f_rk‘ﬂi&%cﬁﬂgide YSRR) @nd eyPReEIyt Ptd htSout 80 weight
obt ai n y initially providing a functionalized =
percent] dibéapadiosidei cBhe Mpminglmedisorpartiicle dizeoif| the ¢alloidp] siliea is

.1 s advant age I bt ai ned, b actin . -
typieallyci P A i Pt W Ero 0ot () whicho forhis
invehtibh, CatvarlthgedusCHded Nt | eke€bdCalduoiS0anm Sinkdi érel &dvantageously

thereafter conbined with at | east one acrylate- and/or
doeseni gyrcasd sbaitZSigimononer to provi de the second curabl e
conposition. Colloidal silicais commercially supplied

Silafiss Refl BRHIRIRAaH ingd 8O Rid1 38R a HdldeAnbsd JPe general formula:

RYSIOR) 14

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, and each R” is, independently, a monovalent hydrocarbon radical of up to 18

carbon atoms and “a” is a whole number of from 1 to 3.
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particles in an aqueous or other solvent medium The

colloidal silica contains up to about 85 wei ght
wp@egoerre4si | i con di oxide (Si Q2) and typical |y RPQI/US2006/016269

about 80 wei ght percent silicon dioxide. The nom na

medi an particle size of the colloidal silicais

typically in a range of fromabout 1 to about 250

Siland&H3 z{rled'esils@@f@r tﬁﬁallzlﬁ c&lm al'sﬂiéﬁrﬂﬁdhﬁfb alkyl- 4 o] cycloalkyl

dva ageous oes not e ceed about nm an
aryl-paliant-ageé ataﬂ;ltw cdmammgmlaexs:s@h aaphenylcﬁﬁleﬁwﬂmﬁhbwsdsne

useful. for. funct ona I.Zi ol.Loi dal s ca incl ude
Phen_b’}r‘i‘%fé]éylglfnetﬂ?‘%‘y r e ‘?h(‘}F‘glg‘I‘ %‘ ! bsaé‘fh Rl is,
phengﬁﬁﬁ@ﬁﬂﬁmtahé/ ’méhifﬁﬁ?%tﬁbﬁgglaﬁé ladd theCﬁk%I ﬂﬁéﬂwicontaﬁl\iﬁg

aryl or aralk to 18 carbon atons,
silanegp eigoribd vmykaﬂmgs@mms a einylmethpldihethoxysilane, r eact i ve

vmy];rﬂle{ftgﬂ eﬁlalélx$ %te lér? é%mn}}}ogﬁsdgrelg C%ﬁnﬁ%%éﬂ?}’létﬂgxﬁﬁlane

v1nylﬁ'iﬂ€@16ﬁ§’s€lﬁﬁé me@tri@ﬂmyﬂaﬁetanh)tﬂé Dﬁﬁﬁbﬂlﬂmd seal asafie up
to 18 carbon atons | e number of from1

allylallyilgnesedhesiose at Uk rPaﬁﬁélt h@eww% indudiag fosg pdgtionally
con P 8. 6 BSLAE Tuficpa LB i it

allylgibeey suth nie tivge distlosed/isi U .SnBatent No. 4,898,959, the contents of both
ane

phenél it qﬁ%@%ﬁ%@@% [hg]ﬁ:én acrylate-containing silanes such
as 33{9}@1&&&{@9@&@ ycﬁeth@pﬁﬂaﬁ@tataéwmkyp%&ﬂlwﬁﬂyimemoamane

al k I -contal ning silanes,
3- acwlcpvyylpatpyhmyfsihmwnsubmedvcwlmmmhwmlmmﬂﬁ@i Rane,

Vi n S| I | di | e,
mepefyfoTEhatmg P EERORYEreRE: 2yh et PR TRk Tlahe 28
acry)dxR¥th{ ki akMAex lah@f'jemem@lici }thdifyl 3ahétyhc3yﬂoa;npiﬁpgzluch

astheallylak silanes disclosed in U S. . Pat ntNo
tneﬂsomxbm@z%acnyimqynmpa&rlpqh@wﬂm 3r4CBY K YBFORB A

f
cthof e, AP YERERyLLTLARE 2 oL RRRIY é?é‘ﬁ%gé Jhd
the like; khSepblat- ﬁmtalhm,g sélax%&u&ﬁ&, 2- (h@-epmqtcydbhewﬂ)eﬂxyi h

trlmgt@pwsg?%efgtdiycag ﬁ(l);gfﬁtrr h at $ by Elgrfy rx%r%%y e yl-
dleﬂgoxg %ro@?}dﬂhﬁﬂﬁﬁawﬂi&n?—-acryloxypropyltn-
y oxy

nmet’hyl di met hoxysi | ane
metIB)xa(sldzyieo&-yrpmqg;gﬂoxqthnﬂmﬁwy@cmmﬂane 2-methacryloxyethyl-

met%{ﬂﬁg@?cr g‘!@?)éte % #&ﬁcwgﬁ%{r SI lsga}]n% 2 2Acryloxye:thyltn-

metl?ﬁﬁ@ﬂzﬁﬁc?b )ﬁ{dﬁi(ﬁicﬁyllokz Iﬁpylhﬁﬁléﬂiab@m&ypl?opylmethoxys1lane 3-

acryl oxyet hyltri met hoxysi | ane,

acrybxyprapylteehox sipps. Spiarviex yasepudinyetsdsthoysilane: 22t hoxysi
met%a% O)yfet {n}éth% fa%g %B{Hgﬁ%g%gﬁ%lé%ﬂane and the like.

pr 0|Oy I met ane

Functionalized colloidal silica containing two or more different functionalities can be
obtained by reacting the colloidal silica with as many different functionalizing silanes
with each such silane containing a different functionalizing group. Thus, e.g.,
colloidal silica can be reacted simultaneously or sequentially with two different
silanes, one of which possesses acrylate functionality and the other of which

possesses epoxy functionality. It is also within the scope of the invention to
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2-met hacryl oxyet hyl tri et hoxysi | ane,

2-acryl oxyethyltriethoxysilane, and the |ike; and,
wepwxs2isant ai ni ng sil anes such as PCT/US2006/016269

2- (3, 4-epoxycycl ohexyl ) et hyl tri met hoxysi | ane,

3-gl yci doxypr opyl tri net hoxysi | ane,

3-acryl oxypropyl net hyl di et hoxysi | ane,

ﬁmcéor?aﬁsz QX YRR ¥t %‘{?& %thh él@%mﬁ?é ¢ ARfining two different types of

["'oxyprop I'la
funcﬁoﬁﬂitﬁaa:g yﬂq»l thﬂ] yporst ﬂuylbmbrmht)oasylmtheawee of certain of the silanes

dlsclz);erzfg% 3@:3; :Pgi(g)éfe N}}yltﬁé{gﬁigl e'i}e %r?cg)r%&blo\%] Cthus introducing both
funcéoﬁ‘fﬁftﬁls ?fgb! %éﬁh&t{dnﬂﬁiém%idaﬁﬂﬁca

cryl oxypropy - S- et hacryl oxypropyl tri et hoxysi

| ane, 3- acr yprop trletho§i3|lane
In gana;lg jheoe@pp%pyih@am |rgzgqtﬁ§lxy Ifegye about 5 to about 60 weight

thacr X ri Q¥ n
percEn a é)ra§/eidy )}6 é%?] } cﬁ xyISZ¥ nsglat?eé?,? 4 t l[1fe qemﬁed the resulting
funckighslized l&allmd@ldsﬂ(kﬁd dafitdateatdd wicta at acitl @i basegrotnsntralizenioy .

different functionalities can be obtai ned b tin
An peid @obaseiaayeldiasitherfaltyHs PRRIAGURA F?I&eé%ﬂt%n of the' sifhnol

grod;g)%J N 2Nt daéﬂagﬂ?l 4 haDaR Xﬂ(&)&rsﬂé&ﬁ%&ﬁﬁ@) %hltﬁ@%lane(s) can be

ontai nin erent functi onal g group. Thus,
usedetogfacilicand thal faadtionhliiation peovele Sweherwtysts intbuda n@ausﬂltymum

or sequentia h two different
andmhﬂ¥8§5%§ses§5éxﬁ@a§la?@d¥hn8§|oﬁﬁﬁiléﬁ 3“?%@§othg?nunn
1sop\j?\§%o\r$§}bﬁ{hc&9ﬁ1§&§ﬁeﬁé) ﬁﬂﬂ@ltuﬁ didsdratedt | 4nd coniibih&ionk $ereof.

he”scope of the i nventi on tofunctlonallze the
colloidal silica with a single silane containing
In og¢ £mbpdiment.\the funstiopalifation mptcyllo@a]gsﬂlcaaq:qIWe %ggged out by

addm%ﬁlgé/n %@%ﬁ?@a@?ﬂ% esc}al?(eéé)ao é\rbobﬂ{feﬁ?ﬁﬁlg%qbaﬁ%@%@Jasq{lsﬁe?ﬁon of

collbidbesiliedl il the atxagte, ratiddsscribed ablase tng;vlhoh Ian aliphatic alcohol has

bees {0 19 ¢ éﬁsitrr'%gmcgmfa&ele%}” CEBarng | P BT ca and. the

fun tﬁ)‘ﬂﬁ%ﬁﬂ% sf) ?Irql@gﬁ][ﬁﬁaté atl&)h%p%ltl bQQeFé?ﬂeg hb H%?éiﬁ @8t pre-
ere O (0] | f

ase unc |onaI|2|ng I ane('s)
dlspebfmmrr ebhe 4liphatieslobhdl wgn besdedtehfibinz eg., éssiprapiadel, t-bianela2-

ol SRRt 80 SR ndlond TG0 B Bk
can PJeOpfRdrd Gn GANGRAHRIEF Fronefabbiel $6 laBoal 100tiRIP ShOMeighe of the

silica particles and the alkoxy3|lane grou p(s) .on the
collgidlahwélee) Ip sAMigecagese @NE O fIARIE| slt% 761y pch as’ 4-hydroxy-2, 2.6.,6-

ol BIRTLRARL) P EREREEy SPERER, Sh1o50 ol s e

dlsﬁeeshdirﬁblﬂ ydmdé Insanedse smhll aaountnof acid or base can be added to adjust
I sopropoxybi.s(acet yI et onat e) ,

q?l but [ tin di
the gk of thepreccHisasryioR 6F g, pre-gispets éﬁﬂﬂ’d?ﬂ@:#ﬂeatet%h’é‘ a
ran é"Q&We %61&3:';0"’@ Al ﬁdﬁ? 186¢ Lokeglal palidd 6@frE6ANaHNAL 1 hour to

arri e
about 5 hours to effect the reaction of the silane with the silica thereby providing the

functionalized colloidal silica.

The cooled pre-dispersion is then further treated to provide a final dispersion of the
functionalized colloidal silica by addition of at least one curable monomer which is an

aliphatic cyclic acrylate, urethane diacrylate or epoxy resin, and optionally, additional
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addi ng the functionalizing silane(s) to a conmercially
avai | abl e aqueous di spersion of colloidal silica in

wo b@omeioght rati o descri bed above to whi ch an BCT/phzmné/e16269
al cohol has been added. The resulting conposition
conprising the colloidal silica and the
functionalizing silane(s) in the aliphatic al coho

ahph\%ll:lslg%n{ & %}{)E%Il 2 Jé dnfréﬁl éTJuP rn%@“lﬁlﬁ?é'dstoo RsopF&ifimol, 1-

atic can e sel ected from
metho&p{?f pxppmﬂ 1tméthbeydiprod etmtamn dblugee, hctzy pmldpacrmbmatlons
onbi pati.ons.t her e

|
thersgic Eheafgrel dRASISB R BREIT R AL
acid to? baRVHwiltDad iR chdie W9t re@ove ABidEObd Bh'siéﬁlhlpﬁhhésp as the

hi sonme cases, one or nore stabilizers such
case4mhy d]eoxyl“hﬂs fing, exqurspn avfeﬁlhyﬁupilw}ahilfr@/ F@Wd%ll silica is then

TEMPO t [
cond S ST A B AT R S02LEH g o
tempeBatafdsirb@ MdLtis0° Che :EﬂduOfM(D‘he 018 ﬁ:ncbvepewsbcﬁmg Hhaeerials
resulting pre-dispersion is typically heated. in

suchy an s verss méhlahﬁ’@ , 80, the Bwstsaisd e_nger{t_-,ratqdoqhs%erﬂgplbggxg
refex%d Ioﬁ?e%ﬂ%? Htfﬁl;:lil &%I%ntfa?edaaﬁ%‘rﬁén hours to effect the

eact ane wt e silica thereby
prOV|d|ng the functionalized colloidal silica. The
If dmeﬂeﬂleppm-dispememrs pothel Snalhdispeision lofthe funstienhlized colloidal

pr ov fi_nal of t ctlo alized
silich o bf dafnes aignpi R Bite Rt 38k R Slithogents are
at 1dXONGIBRAIIYR R dSandD s@sbqleatly Cart ¥gpropride rcuﬂ)plhg agent that will

ur et hane di acrylate or epoxy resin, and optionally

reacamuhtnes;daalasula@cﬂearp@sgm the suifogs @fithe swndsienalized @pﬂaldal silica

partﬁie(sﬁ%ﬁ eﬁl tB ?l%e clg qrglgl? ind %lﬁ aﬁf%%il? [‘% )ﬁ f‘]‘om about 0.05 to about

10 tirAdsuBB® @mothiCof, sﬂ@d&%ré@ﬁbiﬂthb Ip!')fnélspdfmbﬁ of fm'a'hilmpdrsmml Partial
di spersion_of the functlonallzed col | oj a18 ica ca h
rempygal of daw d@iling spmpongnts refpisda the TRIRQVRL ghat Isast elﬁawg%(elg t

pe:ré'eﬁtS bf ﬂfeotoE)a? '}Rdﬁ.ﬁxt f fl&lb q}oﬂg]gb@cﬁhﬁorfeﬂﬂg Ukd h@\%nta%éodsl‘}ﬁ at least

I"sper'si on of th
aboﬁuﬁ(bWexghaperzmﬂ of tel tofatl ainost] of dawmollmgemnmne@m Aatedtective

under a vacuum of from ab t b
amofgh ot SapReE hEeRsera il dogrinelzsbisapsh 3ty gie sapped
funckfbPafized QUOREPYificA B¥ing Abfindithei@ih &6 la%ﬁctmahzea&ouoldal silica
solvent, residual water, etc., the thus-treated

in vl ehiaast sbugilmsresinb rﬁdwémtn@equélﬂeartrle@t #Bowelbperoey. gore
adv?)l}tggaeldmg G525 Al oﬁjtt %3 %En%rﬁ‘tjr P -thd el &BbAS r?%éé present in the

F'sTon O di'Spersion of
con%&iﬂﬁlﬁlr@n@hdappéﬂ fpkctionaiabd solloidal sihtn hevef behhfanctionalized by

reaéglgg;\a@g Egllghég ggerltn éal%lpfnget?lgOfﬂhcgﬁ)rr]lghze!doc\:lg)lfgndak sﬂ%a effectively
can improve the cure of the total curable composition. Formulations which include
the capped functionalized colloidal silica typically show better room temperature
stability than analogous formulations in which residual silanol groups on the surface

of the colloidal silica have not been capped.

Suitable capping agents include hydroxyl-reactive materials such as silylating agents.
Examples of a silylating agent include, but are not limited to, hexamethyldisilazane
(HMDZ), tetramethyldisilazane, divinyltetramethyldisilazane,
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at least partially renmoved and, subsequently, an
appropriate capping agent that will react with

WO e®@bdemsi4 si | anol groups on the surface of thePCT/US2006/016269
functionalized colloidal silica particles is added to
the dispersion in a suitable anmount, e.g., from about
0.05 to about 10 times the ampunt of silica present in

dlph&g@teﬁﬁlﬁeﬁt?ﬁ?ﬁfﬁ (&nﬁﬂ:ﬂﬂﬁsﬂ%&@%&hﬁﬁe Parti al

nova i hg conpohénts refers to the

(trlmeﬂlyds\v]all)lmfdamlej tﬂaﬂhydxbiﬂmb&me ypsingpmeting clderodisatox artee
unt of | ow, boi

pent iy MRSt 5ic- B4 POHEPRANE SR80 T JFE-pT dipesion i

thenth@ae& 8} AtangRFBE RAbrPdboliOYDDith bb&ht A20PONRR aDeridl of time
fective amount of capping agent caps the

rangmgrfmm ebeutiOzZebows Id diouh#8 Bours.c Bhe feneltans gsre is then filtered.

funct.ionalized cql l.0i.da
1 g BREG R 0b S8 e Y emPips B B By o
aboval®tddelQo PRHE @R tfinabdivisndiag e Dhs yxtate dfdasditionbliaed cdlloidal
percent, nore advantageousl %/1 at | east about 35

silicpand-epeble @?omﬁ@r@} @éog(vqn&ﬁ'@ abjp BIFSEIIH PE LML 2boHt Qo to
abOLﬁ1 956 95899 {p e C | O f a s e%tp%g& 4iSpakibg eﬁuﬁﬁ% gk gﬁiceé', lowed

ave been y re tlon w th cappi ng
boiliag eotmpokappsucy as pelvémnxesldoaiaﬁfateredypxodﬂl@$ dithe sappicgagent,

effectivel %S_@ [ ove tlpe CUﬁe of the total curable
CXCESHFAPEYIS 355RE FIWHB‘& g SLOSRUBHY [HYFde t he capped
functionalized colloidal silica typically show better

Follé@ﬁ‘fg" itsgirRRr o, eheSfuaidnalided! JofBidANSliOf OiBpdrRhibt the icrsle
i ch residual silanol groups on the surface of the
comp@sm@n daonshiingdcwith at/leash one BwaAMEkpYeersing Aot Ypjeand/or epoxy

t |
o0 RS IS U BTG 5, Sl e
hardeg#shydr gt wdmpldiest tha Ip&pﬁmhoh Ioﬁtheeldultﬂ:ayer coating herein. These
hexamnet hyl di si | azane ( %52 tetra gldlSlIazan

acry{Algy| mﬂl CROPAFOARPETERe d'?epﬁ TG ARIRR e stame
clas tp@é @E k <§Me§é h¥§c)1gé@515’é/\}eaf& riﬁelu@ibn in the first curable

I mdazol e, trinethylchlorosilane,
compentlamanm yzin:lbﬁ e cding o different froen therreertnyhatios inlanoEse Mixture

etc.,.a co nati ons. ther of The .rans
presgricu e s P Rb R eS| Thefopdialib® BRRifisiicn osg ve
pres@ht o tiRDQIsbnd 48rable E&ﬁp@nnﬁf hpebl&ﬂ tviaffiing AR@uAG. T O first
about 0.5 hours to about 48 hours. The resultant

embeiliteente this emennt jcar ebedibopt &0 pyeighi isesestoif vinssecond
emEARSUTCo OGRS 50 oA, 5.6 RRLpITRERER! sbow 20.60

weiglitppfieni, ofithe bRl sachditeralile compeditiomal i zed col | oi dal
silica and curable nononer(s) is concentrated at a
pressure of fromabout 0.5 Torr to
The second curable composition can also contam one or more optional components,
e.g., any of those mentioned above in connection with the first curable composition,
in the usual amounts. It may be advantageous to incorporate one or more surface
tension-lowering materials, e.g., silicone fluids and fluoro surfactants, in the second
curable composition in order to increase surface slippage of the resulting hardcoat
layer which in turn improves its abrasion resistance. This addition of a surface
tension lowering material may also serve to enhance the antifingerprint properties of
the hardcoat layer as indicated by increased contact angles.
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about 250 Torr to formthe final concentrated
di spersion. During this process, |lower boiling
w@ovporemt s such as sol vent, residual water, DbRQI/US906/616269
of the capping agent, excess capping agent, and the
i ke, are substantially renmoved. Following its
preparation, the functionalized colloidal silica
As i&@%&%@&* th%fapEE@atfoﬂr(ﬁ“k{h«,e it TRABI 198 dridl €OHHsERRnNErthg,
at | east one nonmer possessing aciylate and/or epoxy
the pfasettinansibi contemplatesithe aset df&knewoacngd cenyeabippal optional curing
conposi t.ion which, on curin for he hardecoat |
sgont PRSI EPRECLTES BILpAT e asre dhe PR RIATEE wopRhn
and GRMl YOthBEEEHE cIHBIE &odfioyiidhao provde R adosdt dhydr g the
nmononers can be sel ected from anong the sanme cl asses
multdaygdr spetimgdsredt. nononers descri bed above for inclusion
in the first curable conposition and can be the sane
fy.di [ f. '
he Righling SRt 1 AMRuTDER ot QlpalRp BPFCa Thfbhiicon storage
mediubif) 6pécdficillyzeBlenlyl Disclab veiith bas bzen dpplipd e swwltilayer ¢dating
. second curable conposition in wi dely varying anmounts.
in aceerdgnge; wigh the PEFERBNEUPNi s ampunt can be about 50- 80
wei ght percent, in a second enbodi nent, about 10-70
EXAMgPORt percent, and in a third embodi nent, about 20-60
wei ght percent, of the total second curable
conposi tion. The second curabl e conposition can al so
Solutions of firss readcieconst euaple; A0S KIORH 3YFsn PEePagedgand sy copted

h . . . . .
o TEBIEEITER 60 SN Al gy
e 50 e s i i o
dianelag ol 2L pdrh AUk A 1seiBiva The SHPctiHgus epipleyed
Fusihﬁ‘a Pé&dﬁ rbuftpwitﬁ O RARRerRHY (/LSRG 69 8 WiemP aadhidosge

coat layer which in turn’inproves its abrasion
of 12ékndt Spireoatifty congditibing were @piarataeff approximatsiyo?0 rpm for 30

| owering material ma I serve. enh t
secopfy it {RGERR e APPSPORRED: 26 "arop nietR SFRUERTSh 403y and about
1400 Fsth S6H SBub30 boroheatestos@s bl ini@oghesicés protetiie lagaesuch

of- the application of the first curable layer and its
thicknebsdiqeasipnebging gharedieristic &6 a BUTHBHEI on cont enpl at es

the use of known and conventional optional curing

/ § ur

Har g b D B A e PR s
meas@ednsing v Dab$ ehepk PROID¢tew MITol 46/ Bividy inskremteat. dcoat

| ayer of the nultilayer coating herein.

A. Formation of the Light Transmission Layer on the Discs

To a solution containing 50 weight percent aliphatic urethane diacrylate in 50 weight
percent hexanediodiacrylate (Ebecryl 230 from UCB Chemicals) was added
approximately 9 weight percent 2-hydroxy-2-methyl-1-phenyl-1-propanone (Darocur
1173, Ciba Specialty Chemicals). The solution of first curable composition was
stirred prior to spincoating. A coating with a thickness of 97 microns was applied to
both the Nory1® and PC discs and subsequently cured thereon to provide a light

transmission layer which is identified below in Table 1 as “Layer A”.
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The follow ng exanple is illustrative of a high
capacity optical information storage nedi um

wGapweilticaal |y a Blu-ray Disc, to which has beePCHpfi0€e6269

a nmultilayer coating in accordance with the present
i nvention. EXAVMPLE Sol utions of first and second
curabl e conpositions were prepared and spin coated

B. @ ke A N Ao } 6n iRDiséGE OQ 1030) and Noryl (r)
yphenyl ene oxi de (PPO) and pol ystyrene
(PS) from GE) substrates in the formof discs having a
A dispmsioar whs 130epatedanontaining k 48s sweightl . Peraent Tigthogplated

._condi tions | gy.ed .Qn H. bul i e .
wimpplaupe, SRETREOANBER SRy, ol el ool gusient
percBit df-cNbAN siliGPinaedal fuféticialighd Wik sneficeylox yppopyl@intetiadxy

approxi mately 300 rpmfor 30 seconds to provide an

silangpeilwed imthexanedipldinaylste. | (Tghthis dispeisionsyeis pddpd,7.Anweight
t i e e
per R0 AN L R TSR0 Bukt PSYLOE i

and Qi3 eighopacditiof @ YKaIa@® ¥Ki Geantical fCaniiny) nay shifsc. tension-
Har dness was neasured fol | ow t he pencil__hardness .
low R B S BIBGVL0Fhs S9RRE0 SOt CHPRSITNG. ol Tb RDRRion
| Bdp@YitibA Hab WHREY pridh to 5RIBEHHNGN CRhti
Cons?ﬁgpgtgﬁgec%{%%@%ls%sc e} éIflalyer on 1t hepn' sgssﬁﬁrlo a n ?ngs
of 3soicusrisahickuess avend applEd tasheyRC apdNermt™ dib¢sppravipesly provided
..urethane diacrylate i.n 50 I ght rcemt . o .
witth et ani il eletrnane e SR e sdeatifieg petpw in
Tablka$ AdcedeA T, aKé Mllglayed chRinghbeipgrigeiified as “Layers A+B”
2- hydroxy-2-net hyl -1 -phenyl - 1-propanone ( Darocur
thergin73, Ciba Specialty Chemicals). The solution of first
curabl e conposition was stirred prior to spincoating.

TARLE BT hOIP RN e SRR, ol "ana Subsequently

cured thereon to provide a light transm ssion laver

di spersi on p2s@repar ed{cont ai ni ng 4( cwéligéht per cgnt
et hoxyl at ed| t ri net hyl ol pr opane tri acilydvarage ofINPTA,

LayehiDide i s i dpMiscdsited bel ¢@oatimg Thivkeesd | I8t Chamger A" | Bencil Hardness
For mat i on of (cp$f@ 28dfsdcoal:) (aayege dif) t hoodiceatiog And | (average of 2)

LagiRAZRC f r om 5300 oner ) and 1d@5wei ght per@éht of H

LagdlA/0org@l  s| 50cca mat eri abgbuncti onal ijz@@® wi t h H

Laveed ReB/Py! oxXYRKAeyIB)Y | met| hax®) sil ane di(AwBed in -

Lal@¥AneMog V| axrgbahe. T¢ (ARBS di sper Ji(anByer e addgd

T Dafta dbt¥RedHAla TA Instrument Carri-Med Rheometer CSL sy, for Layer A and obtained
following the WPSTEM P-2 test for Layer B.

2 Data obtained using a Dr. Schenk PROmeteus MT-146/Blu-ray instrument.

3 Data obtained employing ASTM D3363.

These data indicate that the multilayer coating system of this invention performed

well in both the tilt and pencil hardness tests.

While the invention has been described with reference to certain embodiments, it will
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
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percent 2-hydroxy-2-nmethyl-1 -phenol- 1-propanone

(Darocur 1173) as a photoinitiator and 0.3 wei ght
w@enecante4pf BYK310 (BYK Chenical Conpany) as aPGUUSH0€016269

tensi onl owering surfactant to provide the second

curabl e conposition. The final dispersion constituting

t he second curable conposition was stirred prior to

TR, CPRAT AL P BRSO

essefitiad scafecthuedh ’Emteﬁord\ 1ar$dintelndede tifat dre ioversidntiet e dinitkd to
t he hardcoat |ayer ntified belowin T

the pagtiglar gm %frﬁ%ntrﬁml?SF e the Bet mpyerorigR %sqenf‘?ff?%%out
the prod¥s! & é%vérﬁfohe bt thefBhE idventibh twilNBciRaeGill ekBsdigRsts

est Resul'ts Data obtained on a TA Instrument
fallifgawithinvbelsd@pe ofrtheepp@sled®BGmsé.or Layer A and obt ai ned
foll owi ng the WPSTEM P-2 test for Layer B. 2 Data
obt ai ned using a Dr. Schenk PROreteus M- 146/ Bl u-ray
instrunment. 3 Data obtained enpl oying ASTM D3363.
These data indicate that the nultilayer coating system
of this invention performed well in both the tilt and
penci | hardness tests. Wiile the invention has been
described wth reference to certain enbodi nents, it
w Il be understood by those skilled in the art that
vari ous changes may be nmade and equi val ents may be
substituted for elenents thereof w thout departing
fromthe scope of the invention hi addition, many
nodi fi cati ons may be nade to adapt a
particul arsituation or material to the teachings of
the invention w thout departing fromthe essentia
scope thereof. Therefore, it is intended that the
invention not be limted to the particul ar enbodi nent
di scl osed as the best node contenplated for carrying
out the process of the invention, but that the
invention wll include all enbodinments falling within
the scope of the appended clains. WHAT IS CLAIMED | S:
1. An optical information storage nedi um possessing a
mul til ayer coating on a surface thereof, the coating
conprising: a) a light transm ssion |ayer in adherent
contact with a surface of the optical infornmation
storage nedium the light transm ssion |ayer being
obt ai ned by curing a
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first curable conposition conprising at |east one
nmononer possessing at | east one of acrylate and epoxy

wo eovetiziemal ity; and, b) a hardcoat |ayer in adPer/E81006/016269

contact with the light transm ssion |ayer, the
hardcoat | ayer bei ng obtained by curing a second
curabl e conposition conprising functionalized

WHAP k@ daivisblisca and at | east one nonomer possessing
at |l east one of acrylate and epoxy functionality. 2.

The optical information storage mediumof Claim1,
1.  whiAghontisakinfmmaio storage) medign ppssessing.a mglilayer iceating on a
Surficgfore j Qn st orc%gr?rsmg umof Claim1l wherein the
E}lé}FﬁI?r SIS I1ay ' possesses a thickness of from
about 50 to about 150 m crons and the hardcoat | ayer
a) Pposdams esnamiskion Kags sSnafdhtreamcadnactt wilh b $wefaab arftthd ®ptical
. . mcrons. 4. The optigcal infornmation storage nmedium af
inFoRR{om SIOrREMEANTE NG [ PTEHR 5o T aFmE D bY Guag o
first t%ﬁ.lteaBLeC itRh Joﬁ&)?i'sﬁ?% a0k PmBRGHE: &%sé&i‘ﬁg QP feadWhe of

ardcoat | ayer poSsesses a thickness of Trom about
acrylhtd andadpouy f@tiondityremd, 5. The optical information
storage nediumof Claim21 wherein the |ight

transm,ssion | ayer, posses a. 1 hj ckn f f1 u
v o ATEERl Rk e BREC S50, Qe TS RS SpBlpup o
hardpe@ Sle§&Ciscify bbiagled a5 c@ing b aRt@IdBiraklet@nosition comprising

mcrons. 6. The optical information storage nedj um of
funcaippglized cpbeidal siliehand jat deastprg BlongRIEHRESSEDINELRleleast one of

acry%g%%}gkg?%@n%?ﬁ%hges at | east one acryl ate nononer

roup consisting of methylacryl ate,
propyl acryl ate, butylacryl ate, nethyl nethacryl ate,
2. pr dihglapeitdc@ofoypmatien storagy ImetimofyClaine | which is a CD, DVD or
B et hyl hexyl net hacryl ate, 2-(2-ethoxyethoxy) ethyl
UIB Y15t e, 2- phenoxyet hyl acryl ate,

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

3. acrmhkabgticad ikformbade dtgrhgn ghaliinl af &Claiah KDXyheréidihe light
phenol net hacryl at e, al koxyl ated tetrahydrofurfuryl
trangisyipaleyer pagsessen etthigkness of [fxpms abeus 30; te about 150 microns and

' I j +.adi.enyl
e 0T U EASSBRIE Ry o L Skl ok
net hacryl ate, ethoxylated (4) nonyl phenol acryl ate,
4. et Hieybpticadl ibfymatory | stghgn ahediemhat rolhom e] widreiny Het dight

nonyl phenol acryl at I soborn |l ate. Jd,sobornyl
tranﬂgl(sﬁtge ﬁwegpgs’seqsg%ﬂ g’&é@eé{%‘?tgﬁﬁl é!)o%?ggtg @éﬁ)ﬂt 995mierons and the
hard®Bht@¢drPodeSses a thickness of from about 1 to about 10 microns.

5. The optical information storage medium of Claim 1 wherein the light
transmission layer possesses a thickness of from about 95 to about 98 microns and the

hardcoat layer possesses a thickness of from about 2 to about 5 microns.

6. The optical information storage medium of Claim 1 wherein the first and/or
second curable composition comprises at least one acrylate monomer selected from
the group consisting of methylacrylate, propylacrylate, butylacrylate,
methylmethacrylate, propylmethacrylate, butylmethacrylate, ethylhexylmethacrylate,
2-(2-ethoxyethoxy) ethyl acrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl
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i sooctyl acrylate, lauryl acrylate, |auryl

nmet hacryl ate, nethacryl ate functional nononer, nethoxy
wpoiogarteyd ene gl ycol (350) nonoacryl ate, met hoRGT/US2006/016269

pol yet hyl ene gl ycol (350) nononethacryl ate, nethoxy

pol yet hyl ene gl ycol (550) nonoacryl ate, nethoxy

pol yet hyl ene gl ycol (550) nononet hacryl ate,

e

phenmmmae,r alkatyéatepretploydrdfurfmdyl (aRiylaie,| opprohastingcepilaice,
st ear crylate, stea lL.ate,

cyclic BpeRTEPRARe Eoiral Sas e, Ay RET TS pethacaylote

ctiodJEAREEI0Y b iy ihyl ARENAcr Aaley bAbEYIal (RN phenol acrylate,

etho;aymecbm)yﬂoaw@hgngvlcm:th@nryﬂ@tehafgmyylaueé nonylzp\fxmlaiﬁlé/éat@l

isob }21 éﬂ%& 1s%t?dé%¥1buéﬁzgc?qlit%l 1sﬁ&e{£gf Q:%?lo?él %E&ee &glgt;hafrg ate,
isoo@*ﬂ%@i‘ﬂé@t 186kyE X&F' teemeﬁ rﬁ?étlmirﬁampinedxlaa@flajé ﬁinetlonal
koxyl at ed cycl ohexane di net hanol di acrﬁ@at e,

monerhiio mpthes Pokipdivme ehyre! (1 50% meanuryaienBichoxy ppiyetiylene
oSSR St P LR P

met}gky polgemy&fné )gl;&bb(SSla) i’r(]lomymah(ajadyhmﬁ pe]tyUgdth@b ytcliylate
i met hacr ate 0 xane | t han at e,
polyBipheOR G MR ARG S ABtn BSPREDEne BSESTyl ane
mongﬂn &Qéryﬁg%@E%Jo%gﬁtedgaﬁélm hmcwme Oéteﬂ%'lrﬂéﬁﬂé’t@réiéa@ﬂe

I propy |acry at e, |propy ene
methacryteaerahydtafuriatyhaccylate; eecﬂrahm’pfmfﬁgmqefbacrﬂate tridecyl

T GBS L DBy

diméthA&eylieat &bu@iﬂé@%ﬂlﬁb@tﬁté 2)4- biltﬁﬂfhﬁdildlméthacrylate 1,6-
di net hacryl ate, et hoxyI ated (3) bisphenol
hexagedie} §iperyeate, é;d-,bc;@sap igldimgthagyy e enxylated cyclohexane

dlm%‘jaang‘ri gﬁg{y\é%tée yﬁ%ﬁﬁ)}%&r&%ﬁ%ﬁ gﬁcgm%la@ alkoxylated
cycldl!ldiﬁhél&m[eﬂh@bhdm&tﬁmx}ydtta,t aékby(y‘ﬂz)ted:)h@qah@:hdl digcrylate,
T S,
alkog.?m%ﬁ éé{'{tﬁtg?yco?ﬁﬂl%fﬂdﬁl% éﬁ)o@k%ﬂﬁﬁl@ihaﬁ‘ol d1acrylate

ate, ethoxyl ated ('6) bi sphenol
cycldhemandn dnmqthamédlnmtmmlatat d&ethylspe Elyg,pllﬁmvlam, diethylene

ety BB e KL SRR ANy TN A Sa Pt Y ene

dlm&ﬁ%?ﬁ & Lethgk g@h (m)rmgﬂhaﬁdly& aiaenylawlemmakeelr(e) bisplsambol A
200 dlacry at e, ]%yth Iene lyco

dlm@thm.whtﬁ; pshpayleteg@)yte@ ¥e, o) %ﬁ@ébsﬁp%?r@lf\
dlmgt]?l aPeV lg%?ylg{eﬁgﬂylflgﬁlg%l A 'dfﬁ%hﬂ&lﬁ éérﬁllé‘ﬁ{gf“;%‘gf?’l) %Si’sgﬁ%ﬂo@ ne
dimédhﬁiﬁplm&g ethoaylaied (30) bisphenol A dlacrylate ethoxylated (30) bisphenol A
dimethacrylate, ethoxylated (4) bisphenol A diacrylate, ethoxylated (4) bisphenol A
dimethacrylate, ethoxylated (8) bisphenol A dimethacrylate, ethoxylated (8) bisphenol
A dimethacrylate, ethoxylated (6) bisphenol A dimethacrylate, ethoxylated (6)
bisphenol A dimethacrylate, ethylene glycol diacrylate,, ethylene glycol
dimethacrylate, neopentyl glycol diacrylate, neopentyl glycol dimethacrylate,
polyethylene glycol (200) diacrylate, polyethylene glycol (200) dimethacrylate,
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pol ypropyl ene (400) diethacryl ate, pol ypropyl ene
gl ycol (400) dinethacryl ate, propoxylated (2)
woeapanteyd gl ycol diacryl ate, propoxyl ated (2)PCT/US2006/016269
neopentyl glycol dinethacrylate, tetraethylene glyco
di acryl ate, tetraethylene glycol dinethacrylate,
tricycl odecane di net hanol diacrylate, tricycl odecane

poly%gl‘glgggft@gl’ @b@?&l@ﬁg aYé g&gmh%%h@giy%a Gb)’&iﬁlethacrylate

triet acryl ate,
polyeth'ykan@ glyceln€00) (jaacrlylacb aclyythateas gtwpmﬁydmeﬁlagtwde,l

polypopgiepe (Aath GieBiarBlgipacipromycns Aty (b Al SharahE.
propbk V18l Xiﬁie%perﬁ?ﬁél%’dl Al Rek14td @roﬁdxly‘[@écﬁ?@) kB ABA BBy col

triacrylate hoxyl at e ( trinet hyl ol propane
dlmathacasdatyl @tr@ethxehen@g teltdiatrylate, tetrpetbylage slype thacrylate,

trlcyfl:;)ldgcgaglyri harho gha‘c }yla%t Sic%ﬁ?c}ecér{aé ({[E’l E?mgl: 8 l:n%ﬁﬁ?r%rlate

trietiyléRCalyd oA decr 1808 tYlbﬂfyR:&b fglycbl dll’f&lﬂh}tf}@été,rtﬁpﬁipﬂene glycol
triacrylate, pentaerythritol triacrylate, propoxylated

diacyylgte, gnw@wwe g}xcalsﬁhwe&taéryl%? SHheRylaigddd ) simeghylelsrqpane

trlac[:flﬁtge éﬂ:&‘éﬁ grngl)%ﬁﬁ{?g?t%ﬂgﬁ%rgﬁn %rlager Eﬂﬁ%&?ﬁ{reggg%)gpane

trlméthylatpry]l)alberladryllatae tthykyihtpd (ﬁ)&nmethyildpquphlm telacrylate,
kB T S 65
trlacgaatg}’tﬁg I%My)atécﬁ@‘?% AT Eridcby1Re! MwatiSoosity

tri met propane tetraacryl ate, dipent aeryt hrit ol
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second curable composition compnses at least one epoxy resin selected from the

group consisting of glycidyl ester of mono- or dicarboxylic acid, butyl glycidyl ether,
phenylglycidyl ether, 2-ethylhexyl glycidyl ether, 3-cyclohexenylmethyl-3-
cyclohexenylcarboxylate diepoxide, 2-(3,4-epoxy)cyclohexyl-5,5-spiro-(3,4-
epoxy)cyclohexane-m-dioxane, 3,4-epoxycyclohexylmethyl-3,4-epoxycyclo-
hexanecarboxylate, 3,4-epoxy-6-methycyclohexylmethyl-3,4-epoxy-6-methyl-
cyclohexanecarboxylate, vinyl cyclohexanedioxide, bis(3,4-epoxycyclohexyl-
methyl)adipate, bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate, exo-exo bis(2,3-
epoxycyclopentyl) ether, endo-exo bis(2,3-epoxycyclopentyl) ether, 2,2-bis(4-(2,3-
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9. et acrﬁluca]t mformation storage medium of Claim 1 wherein the first and/or

second curable composition contains at least one curing agent.
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9. The optical information storage nmediumof Claiml
wherein the first and/or second curabl e conposition

w@emwbatwsd at | east one curing agent.10. The opeCTEE2006/016269
informati on storage nmediumof Claim1 wherein the
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reacti on of surface hydroxyl groups of coll oidal

10. S' Jrﬁe" d@?ltiﬂfo?fna{i&?mﬁcgrage ?né‘dﬂﬂﬁbf ondhi 1IZWhdeRi dlélﬂﬁlcaénatlﬁsd

ener In each RL is, independently,
colloi‘dah siViah énobtainky frone yied wadtiopl of sarface hmmwlygrogps ofr q}lk)ydal

f 18 b | ]
sﬂlcaa\yltlp étalgilst gﬁ% O aﬁ%{qgss%%ed%e 831? g&an&l# 1 |p :J ; sessi ng

sel ected fron1the group consisting of al kenyl,

ag)ggomﬁﬁte and epoxy. 11. The optical infornation
st orage medl umof Cl aim 10 wherein the functi onal i zed

colloid S|I|ca|s obt ai ned fromthe reaigtlon
whergiur ¢agh R ;sml ﬁﬁ,p% mymoygentoallyly cxglpaikyl mlha’garyl ot

aralkéffJ gﬁﬂli; entﬁb tﬁ 1§Qar°t§oh %;/)}’i@ﬂﬁl? }Fﬁ LB% ’at %ait;t?l)elz%ﬁgirﬁmﬁﬂy

reactafeafutigtioglioy mele&tﬂd ffditﬁ thptgrmqi comﬁi&hmgaoﬁ ofresylonagtate and
medi um of Claim 11 wherein the functionalizing silane
CPOXYs at | east one nenber selected fromthe group
consi sting of phenyl di net hyl net hoxysi | ane,

11. Phepy! peiday! difomidiony Stdrafe medium of Claim 10 wherein the
cycl ohexyl net hyl di net hoxysi | ane,
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(3, 4- epoxycyclohexyl)ethyltr|nethoxy si | ane,

13. 3- MClogﬁwpm@@Mhitidmthg@/Smle&nm & Claim 10 wherein the
acryl oxypr.o nmet hyl di et hoxysi | ane, .

funCSIDa%:/eryﬂyp pcéblsylh@%/rﬁ,pmawg %{,fé Sthe: ahsactiog. of surface hydroxyl
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14.  The optical information storage medium of Claim 13 wherein the
functionalizing silane is at least one silane selected from the group consisting of 2-
(3,4-epoxycyclohexyl)ethyltrimethoxy-silane, 3-glycidoxypropyltrimethoxysilane, 3-
acryloxypropylmethyldiethoxysilane, 3-acryloxyproplymethyldimethoxysilane, 3-
acryloxypropyltrimethoxysilane, 2-methacryloxethylmethyldiethoxysilane, 2-
methacryloxyethylmethyldimethoxysilane, 2-methacryloxethyltrimethoxysilane, 2-
acryloxyethyltrimethoxysilane, 3-methylacryloxypropyl trimethoxysilane, 3-
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acryl oxyet hyl tri nmet hoxysi | ane, 3-nethyl acryl oxypropyl
tri met hoxysi |l ane,
w@20vetibmes yI oxypropyl -tri et hoxysil ane, PCT/US2006/016269
3-acryl oxypropyltriethoxysil ane, 3-
acryl oxypropyl di net hyl et hoxysi | ane,
2-nmet hacryl oxyet hyl tri et hoxysliane and 2-

! L S 1tribffx§ il dnead-
e e n the
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60 wei gh ercent thereof of functionalizing silane.
acrqu)g{e&ryﬁgle%gy ]éf‘e'i nformati on storage medi um of C ai m 10
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silicat hee tRaiéchawitlirelpmn apautt cfe abpyle Q9 waightc gercgptqsereof of
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ﬁum?%?’?ﬂ%?@%%‘storage medi um of Cl aim 10 wherein the
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16. doHg opticabiafeatatidrostorazd mediuhOof ChémoHl idwtein the nominal

information storage di um of Claim 1 wh in the
medigp pytiglesirephthe %@ﬁ)&kﬁ‘?%ﬁ&fsm ﬁ’é‘iﬁgﬁ S%Wt%@gmat | east
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18.  The optical information storage medium of Claim 10 wherein the nominal

median particle size of the colloidal silica does not exceed about 25 nm.

19.  The optical information storage medium of Claim 1 wherein the second

curable composition further comprises at least one surface tension-reducing material.

20.  The optical information storage medium of Claim 1 wherein the second
curable composition contains from about 50 to about 80 weight percent functionalized

silica.
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