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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.
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a) a light transmission layer in adherent contact with a surface of the optical
information storage medium, the light transmission layer being obtained by curing a
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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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
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.
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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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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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bls( Ex0: % éxgcygﬂ)g %ty@ gRE 2. BQF‘F %) e nt % et'he wﬁgﬂogélﬁ)pmpane

epoxycyc endo-"exo
2,6-bisX, 2 sﬁo@@mppxy&bfdphﬂnyyp)dwxdmeh 2,6- b1s(2 3-

epoé&é&&x@éé&r@gfggﬁi Bxg:%g ! %@%&F gﬁ]lé&lﬁ?lc @%@gﬁ Ej?rlonene

d10)§d66 20 %@v Bep&iye &{&QBF B, BiyeRGenthdiéne dioxide, 1,2-epoxy-
yl et er of linoleic acid diner, |'i ronene

6-(28- GPO?@EIOP@XSZ)hbX@G'QrM‘l éﬂ@@&b@%ﬁdﬂh@)@@%r opane,

oo B 23 ROk SO0 a5

epoij?_y ﬁgxagydm T GNAloaRané, \0-Baydxyicydtopemyiphenyyd, &t her
epogm(mgy w&%ﬁ%{-&géx ),Zﬁ@:tqafahgﬂMﬁ]@ydromethanomdanoxyl)ethane

cycl%pgrgteﬁgyl(p;ﬁ)e%y gl%ﬁbpaﬁéﬁ YRR edfol Higlycidyl 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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epoxypropyl ether),
1, 2-bi s(5-(1, 2- epoxy) -4, 7- hexahydr omet hanoi ndanoxyl ) et
whame/1216¢4/ cl opent enyl phenyl gl yci dyl et her, PCT/US2006/016269
cycl ohexanedi ol diglycidyl ether, diglycidyl
hexahydr opht hal ate, diglycidyl ethers of bisphenol A
and bi sphenol F, alkyl glycidyl et hers; al kyl- and
dlhyg%c{i(?l&%)bf&h l:g%}/els ax?dsﬁ Qﬁhyen r%hagfén gol?giggl gﬁgé’ﬂs
of theehlrination andwlyidnmﬂanlonqmalucts of'the @]Jdvydmemt;bdd:(bﬂighgnols

poly it aﬁhﬁvdf% &le h%@ﬂ %’EW&%?‘E‘W 2h i Shheincd By "
esteﬁfy‘ﬂng &hdyydf Q?ﬁﬁgﬁd??%%ﬂne&'ﬁ? BMtkriffRid WANe of ﬂn 4romatic

dr oxydi phenyl cycl ohekxane,
hydmparbomlimtr yh 3 dﬁlalqnumt: oy Hibielsigemgliallsil sibari@ol ylyridyt

ethet) QR RBhEANS el Y RO S RbERs S e R Rl Y

parafflsy@hnisenidy bt BidIexs h@lf)gérhzﬁoﬁhbi [ﬂfehﬁléﬁdv@mc&pdxy resin; cresol
brom nati on products of the above-nentioned di phenol S;
novelag eRfIXyarHY sorhited glycisy] el pad the ks ygl yci dyl et hers

of di phenols obtained by esterifying ethers of

Oth%i eggﬂﬂ flo 0191@1(36}115{%911 BY uSiliREdih Yﬂdi‘!ﬂiestﬁl) deoRfes@fg af l@ﬁ@bh@

rocar boxylic acid wth a di hal oal kane or di hal ogen
othed it;q:lequlfulﬁmbaahty;mg ygllytcvioyll or aetyhate Sunsfiopadity.pBraraples of

suclyz el RonRB RN ERERSH Seah vinf BheRDLrBrs SLRHEA
acryPig Wmawﬁ\f@é@&rﬁa@xmleﬁlaﬁﬁdmw@aﬁde abg Ve asd ﬁBGIMMyIate

resin, sorbitol yc ether, and the like. O her
cresebmwlmomip @cnygm ar&ametbecrubé@ bisphenoh A enoxiggeacyiye and

east one other type of functionality,
me ?Cg‘i,gt%a Q'iﬂ\}%: nyl or acrylate functionality. Exanples

of such acrylate nononers i nclude allyl glycidyl
Whigd therfirsyeuryble @bm@bﬁybn of therpresghy tivelgtion wdl Weatttime provide a

.. gl dyl th | | d
ligh P AIRTOR 1910h 6 Aot TR D0 PR BRI St gharel Bhipe
appHELBAGC Hed! frd/d RO RENGH ot &PAY IR %rdgleﬁ%"se T3S e. %f the first

nethacrylate, and the like. Wile the first cura
curablaTpompesioen ehn theecysedebynan energetid dise vvadllcalogfémratwrrréuch as

ultr Vdﬁla gglgnglectg&h%%a{] éargnﬁlﬁfsl Iggd;?téa %?] Pg tong'gg mctq% chemical free

radidflPdeneakdr9Rue ad18ad canpdaids ahe pescidds. OTiee eompaitéon can be
curlng agents., Thus, e.g., the first _curable
g

ultrasiplgb Behtraed: HrpnseornprsPhiojoinitiatont isyrdded Pricgdo caiing: gfhere
are %g%ﬁg@%lg{ﬁstz%ﬁg%s?g% rtHElb%tﬁYe' o the ﬁseﬂ.ﬁ‘ CH%IOEJII%E {o@%}g%ﬂﬁh Qhey
genératt calicgBneyat dies ahsoﬂpuaﬁ afo enenwouhﬂilsa\aoidt light-sensitive
phoP elrru%)étlogse%)r b ergl%ls Co 1n1(%13a%:otré %gec{: ?IP tl?e UV cure of the present curable
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-cured if one or nore photoinitiators
is added prior to curing. There are no special
w0 e®bn2wid ons on the nature of the useful PCT/US2006/016269
photoinitiators provided they generate radicals by
the absorption of energy. Utraviolet |light-sensitive
photoi nitiators or blends of initiators used in the W
cur e t ke, :
borai5} iy sylpHEn BEERE. 4o s ARl i fORBRSE S L i Bralystis o
bisarﬂllladi!)nnﬁl et Ciismﬁﬁalw tay effhaivecmiant ahfte2radical generating
di met hoxy- 2- phenyl - acet ol - phenan | rgacure 651, ba
compgyadishpich aeHmrempdy PinagRls (EBARRAK (RS, é@%ﬁ%%mfﬂ’eﬁ]%e
[ [
o e e T RE e e
gene(aﬂng ybmpwrtde@mhl,xturp loé m}dh)qouq)gnndmﬁacﬂltates decomposmon of
| uar oant i nonat e, bi saryli odoni um
OHI“FéPﬁ% PHENETASTAY Sphenyl )~ 8 WO 2006/ 121644
PCTI US2006/ 016269 borate), triaryl sul phonium salts,

Alsoaefut H¥Rin ak | cfing t4pene abr eﬁ’(ﬁ:@f ﬁsﬁbhy)nomhﬂ{s)cat:ahy Supermld
a bisaryliodoniumsalt.

salts agrBul e @ﬁa‘fsvlé%aﬁ?lééﬁlésa@ls‘é@-‘ﬁérlﬁtw ﬁgPafé%Iﬂeu%a?%?Ms l}’% enfire
| ethers, organic
Conténgs(f%i\lg' Qﬁﬂe mg&@g%‘g% I?ﬁ‘i&t% g}reg%f can be added as
opti onal reagent (s). The free radi cal generating
In gaerghofiiord about®.fF tr ebait Ssweihtopngsnt ba@dmdhb tatalt sodids in the
deconp |t| n of oniumsalts. at a r.te rat ur
compStT, QoI FOTEP RSB AR g Mo Mot SERDTE; QtieSition
here//ABRURY (S) are the superacid salts, e.g., the
urea-superacid salts disclosed in U S. Patent No.
5,278,247, the entire contents of which are
As th@ﬁ@(ﬁkp\kﬂdamethe Byt Widk epnseriatebe dirst curable campgsition cagppontain
r t
one §file SugttaBndl by Shall, BEBEHbeRaRpIATs ahoxidants,
plast@ctiiérmghrﬂgﬁeﬂ&emﬂ knmusmd threvehtiorsdl amouatsl promdntb dmlytdoonlot
herein_to, cure. ose killed in the a
negagiyphyetfest T rAPPFSCiAbNe ey i ighE GABEEPTIPR Arapsiies ghihg pver
obm 8 1¥reff®ne Ot her optional ingredients such as W
sor ers stabilizers, antioxidants, plasticizers,
and the like, in known and conventional anounts
As mmmusiedndlh@tyd d@pphg@tlonn@fgﬁlmfwrét gurableeeampogitighyio the desired
bl.e wa S [
surf?d% fetgfl Zl}gh %a&aéa(u gtn%a;ger e z[tﬁ)l?l %&g.‘; glii}ad%rg lQIglrl e q’éacﬁly and

convenbn€l§taekievallp) apst e kﬁ(f)wﬁ hﬁd tomvehtional abllneoatmg procedures.
conposition to the desired
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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surface of the high capacity optical information

storage nedium can be readily and conveniently
waehbeywads by any of the known and conventi onal PCT/US2006/016269

spi ncoati ng procedures. In one enbodi nent,

spi ncoating conditions include a spin rate of about

500-3000rpm for 1 to 30 seconds to provide a curable

¢ . ) Lo . '

hardgc Hhyey of Y BB B oA e A ond PG rthion
compabying fudtiohatized solldilalcdilies ait ledst gy mehomer peggessing at least

one G AFBI e POTE At oYa I AP ORSbRTHy 4Pt AR RO RAERL i
appligfllt oNhd Yok Egstgﬁﬁﬁﬁﬁﬂy" QréBAight - BandhEs¥foraNshed, also by

osage of 0.304-2 J/cn2 or Xenon Flash Bul b. ring
spinaating¢o pavitdbdd thicknessomgl.én dhe dase plag Bluatay Liseysroan about 1 to

cyping wl.l be achi.eved e ur i t . .
aboof {p e s B IRk Y50 oDihallh £ % B6ER Y miremn =
secofd efnB6diméat, lt@pesvidd B tbtAEcEaiaed thadknksieoft Nght ep@saissionind
or series of operations which provides the 9

WO :
hardowo byye e 16 ahowHOUSEUDS/ TrehewalterGurdy §2-128 Jetcriged aprye in
Lt [ ' ad. cur abl e
conrgHior B e (SRR o SR " ol o
silica, at |east one nononer possessing at |east one
The aécoad ropkatie camgosiox ys dbtaied dryainitiajlysprdyidig & dwadtiopalized

at | east e curjng.agent. .is .applied to the nqw.at
collqdal e P g ioarEar seyisicel i@ < anlieqySh e by
reactiYe S RRGRAMEARE dilnd Hitht abfifely hilsAdeas soll®dd. silicl t e

case of a Blu-ray Disc, fromabout 1 to about 10
functipealiond colipidal fsilicatis thetratieneambiaetiwith aileaiwe agrylage- and/or

about .5 m crons._in . 0 ' . rovi de a
epodgiteigpR g I el B p R AR PR potad 7
hardcoat | ayers of about 100 m crons, and thereafter
Colleidaksilic® isgcommsrciidlycsuppietl abodispenioncofmmotsizzd sili¢ah(SiO2)

the curing of the first curable co Ltion. The .
partigles o AN @QReP O CHHFp éelSVﬂltoWe Y, bf%ﬁnﬁﬁ@mﬁﬂllﬁwtcr’aﬁarv up to
abmﬁrﬁvﬁlgi' he @rcérgrk?ﬁdoﬁr‘(ﬁbkiag dsic9h@fAtalsi dp €AabollR®0 weight

unct | onalized col I oidal silica | s "advantageously =

perceint silicvaddibyider €Blet norginal mediani pntidle sizapfshe gaboidhk siliep is

dinely divid col loidal sjli The unet i.0 h.Z -
typicalD 1 EAES O e 20U p PR 20 P els e Wl B, s
inveBH6n, dviihtBs@usBNEBeR ot @RB- S8t S0NMM GindoneResdviantageously

provi de the second curabl e conposition. Coll oidal
doessnqtiesecel gbewAParai al |y supplied as a di spersion of
nano-si zed silica (Si02) particles in an agueous or

_ . . - . L . _
siaf LB RO TIBIG AL e Gl Ape LR
typically up to about 80 wei ght

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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percent silicon dioxide. The nom nal nedian particle

size of the colloidal silicais typically in a range
woboobnomsweabout 1 to about 250 nanoneters (nn) REN/URZ006/016269

for this invention, advantageously does not exceed

about 50 rim and nore advantageously does not exceed

about 25 nm Silanes useful for functionalizing

Silanfia Pl fbd Fi TubAohiifint BARGIASiIIATARRARYL EOEBH
aryl-naikaryhlaad brafityhebntaoymg shinky$uchas ph¢nyM1kaﬂMm@thoxysﬂane
phenar al k)ég group fafélgg%cgq%g g '?. g&ﬂr torm oipflleonally

phengﬂfﬁﬁa t'hgfa?sjﬂ'aﬁé/ rﬁ&ﬁﬁﬁhﬁé’ch&iy‘%ﬂhﬁé" ‘ﬁn&ﬂfwﬂkecﬂﬁéiy@cbﬂﬁnﬂﬁg

acrylate and epoxy, and each
silangs d@gehnjenyllalkoxwﬂmmmh@nNlﬂWdctbﬁldnb@hOXSQdﬁ@al of up

t Ql.
vinyliety e ang SR SR ek psfb Vi RMERRiRh ol 1A,
vinykfi@btheRybilage, %@%ﬁea{oxwﬁﬁe | @dahd Kkeﬂ gligleildmRb dwdh Bithé ca
|nclude al k cl oal al kar an
allylalkyd sxlynesccb@%@pﬁ il % il Nos 5,480,423, indluding those Sdkitionally
COI‘I'[%H %ﬁ%é%lm&hgg&ﬁb{(g rfﬁnctlonahty, and the beta-substituted

allylﬁy&hs)hﬁh)ah flsé disdioset thd)KﬁSPdltamté\Io 4,898,959, the contents of both
phenyl tri nmet hoxysi | ane yltrinme hox si | ane

US.gRiensibeins la?%‘eﬂryre%rrﬁﬁar?ﬂ% S AL %}amlftgrﬁélanes uch
L AR A o

3- acwlmpmmﬁtlmﬂmthlap@ 1- m@&;acr}dmwyh}tlmﬂhy cmshwmlm%

mettgerSioyelsglp PR ARG e drebi s Dot SiTae 2"
acrylRyetRyHrdBedysilans; I3uebh ?labf}@@ﬁ_/pﬁﬁg’l Bira¢tBddryloxypropyl-

contalnlng epoxy, specifically, glycidoxy,
trlethQﬂYéﬂar@n%-la@B’ xyaipyttHethpeysilang; §<acr floraoridimathyly anes

oo DR DR, BB R B o

the liRe; ik, epEtyceOn L Rilaks rsyélaasez-@mfepmxycygoheﬂyb)ndgl-s uch

as 3-acrylo I
trlmgthgéysy y Xypr A (}ﬁrﬁ dl et 1y i:‘allg?fpo?(’ypropylmethyl-

] 1tri-
S s —
metmmmﬂmtwbxmhﬁykmylmcmowﬁma Aenethacryloxyethyl-

metlgéare ! 5}%{%@?@?%'{’@ teiiglF 2%121'1611 xysﬂane 2-acryloxyethyltri-

ﬂ%;@sﬂemél ﬁ?ﬂe‘ﬂi}@%&ﬂb@%pfi =Ieektaeid:apyapylEythoxysilane, 3-
trlethoxyS|Iane 3-acry oxypropyltrlethoxy5|lane

awy@mmvbwbm@mla@ﬁ AEACRYIPXYREEIND %qthyaﬁboxw ane, 2-

ﬂ%a_cﬁr ﬁﬁ}g@ @ﬁ%ﬁ&g}ﬁe {120%/ g&?i 1t ict oxysilane, and the like.

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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the like; and, epoxy-containing silanes such as

2- (3, 4- epoxycycl ohexyl )et hyl - trimethoxysil ane,
w@2@bAzicsioxypr opyl t ri net hoxysi | ane, PCT/US2006/016269

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

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

3-acryl oxypropyltri- nethoxysilane

flmc§<:) Eacr yc%lfg)@gpﬁcm&ye{ ﬂhggl ﬁé%/ oxiﬁgﬁn% two different types of

funcﬁoﬁ@itjﬂ,&cg yhiptahdh y!pdmyl ﬁtmtﬂimmmyl dsanehe case of certain of the silanes
acryl oxyethyltri-

sl SoFPIeB e ch 0 St hed §o Gbgys-olbyt dntrestusing Lot

func Qﬂﬁltleg mt@@i{eyﬂlﬁ?%mréﬁféﬂl dollbfiah@Nysi | ane,
acryl oxypropyl di net hyl et hoxysi | ane, 2-

nmet hacryl oxyet hyl tri et hoxysi | ane,
In geneaalr fHeosofloiday silich e bR yeicdteshwith rean ehent| g feeabout 60 weight

okl oi.dal,. sili nt aiNi r
perctply P oo o oallif Rzt TR0, T1 B, afle
functibRalizel lcellsiakl sslidal aa BMtfdﬁteﬂSWﬂﬂl’ﬂﬁhy aclil fok ®agnio neutralize its pH

functionali zi gﬁj silanes w th each such sil ane

An geidtayi PAsAgRSaV f&ﬁé?rﬂ@fﬁt catal RS iPEMAPINE AePAsPRAGEN ofthe, silanol
grodps o thecs?lk(!ag[} d k\ﬁst Hife a1k }?ﬁar{ee?t%hgﬁ oh e "sﬁﬁﬁe@éiséaﬁ be

r sequen eren anes one of
usediol fadilipos the Tamgioasalizatiah @rdoassc t Such a;hliat;ytsancluddn erganétiganium

f which f t ity. Lt i |
and i (KRR SETIEIGE | haitihvert | of EBHY” Wt/ 1 Sawym
1soch$5&§§g&gt§§Qg:&g§aQe) BivREIP BRdur#S, dtd Carfdddntiftalons eréot.

a single sil ane contal ning two different types of

functlonallt%ﬂs ., allyl and eF functlonallty as
In opg embedipzens ﬁu@m@laalﬁamn phidiesp lalﬁélssﬂl@ﬁ ) heserigchout by

bl O P40 509 b Wpesion o

collbidacéilienal the erkigialrhtdo dedcribed bisave tbrwigenen allphettimealcohol has
colloidal silica can be reacted with fro %P?
been gded- 60 heiretingy @?Iamlt%gelalpflﬂgg e GO Silich &t he

fun%tfd)ﬂﬁltlilﬁ% ‘cs,‘{lI zg qc 1 c% g -alddhof 63l bR defelRq tb aRktik | 'a§‘ @ pre-

uncti ona silica can be treated with an
dlspamium OFhebaiphatioalnehsl K:am be ecledted fybim, e.4n lmmpaool bhgianels 2-

s ot her atalysts e n.of .the
busg| pedROSRRBARY. (e TR opa R e es | Rndl PR albdibic)
can Hekpreyepl liRRA AP 08 frddi abb@ Bitd AB&UtS)0 ks lige wesdd of Qhe

facilitate the functionalization process Such

Collealtahlslﬂdsa s In semgcasess gBA OF iNRQrAistabil IZ&FﬁdSWhg'f’én‘HlB’WOXY'Z 2,6,6-

o GURPIARRER e, LARBARY TEAERRGR, 1 LA s o

dispeidion. BNsbreOMRianeds| omsll hheurefof abid @rtasendobe neded, totddgaust

functlonallzatlon of the oIIO|d silica can.b
the b} pf &he prgrdispprsionqiThg eHlting, RErCISREETPY it @ypé?a“é(ﬁ&agﬂﬂ in a

rand@baws B 58k oY zﬁ‘l\ﬂadduﬁkih@’ @A HGH Berfli S HfSMOMbARE 1 hour to

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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colloidal silica in the weight ratio described above
to which an aliphatic al cohol has been added. The

WO e®ahiziemy conposition conprising the coll oi dabCBEUS100€016269
and the functionalizing silane(s) in the aliphatic
al cohol will be referred to herein as a pre-
di spersion. The aliphatic al cohol can be sel ected

aliphfaE? r@ol‘%ng whidts RR %@ asréﬁalctedt £rBtit BPlnos Zimikedl &) Gko fpropanol 1-

r opanol nd conbi nations t hereo
met}@b;mhpmpmcm daheth(my}z pmpyl reetates Sehené,netan audocorhbiphtions

thercob NBPata Gisprien of s die e cgioli Mg fep b freated with

acid %} Bl drzv%'ihc‘ arp Hﬁlhax@ﬁalée hyaH R¥Mmdve abidfs or basic impurities, as the
tetramet hyl pi perdinylloxy (i.e. 4-hydroxy TEMPO) can be
caseamidye det o This ingr él-SpQISlsp eafsthenfunetionsbires coleidalceilica is then

consREMLA AT SR H s JORP o BB TR 6 A 48w o

temper Aot GIPR6MI BBui 304 ¢ PicCatiduy 19@aCetb fedre martgﬂutgetrwnls
about 50 C. and bout 120 C. for a period of from abqut

suchjash @dverttoresm@hwa@r h@gs she thugfireated qoneenti@ind: disperyen (igane
refeIFeA%r}x 2rh b o ?i cﬂﬁg Mmprow di ng the

Uhctionalt 26 Ica. The cool ed
pre-di spersion |s then further treated to provide a
If désired) thei mrpetigiesiorodr theefindl ulisgersonalof zled funstipwdlided colloidal

i 2 b B b A s o

t 1k LR} Gerbve@PRY sutReduentl rbpiad i diértQhal will
y @%M %6/ 12Vf644 %?ZTI U%zoog/ 016 69ﬂﬁgl ip pz;?igcgsol vent
reacmlmhes;dnalkﬁelastdl g@upédmf the wirfaest ofribe fynasiopdized golloidal silica

partlgi gﬁ%?cg&ﬁqub %%pm? Om}’a &1 f)f%pa %t el% r‘@&ﬁ% gut%)'(ﬁ ﬁp%lout

| ndt er €eo

10 tithdssthé nfduinidéfSdliedasiresendin thh @ref dl@ﬁérsleﬂ ak lfm&ldilmlrdlom dRértial
silica can be treated with acid or af

rempvH o e PRhE SRS FeDVE LH IvappL Balgpst about 18 weight
per&gﬂio{ﬂ;{hte' Ol nunt B€ 10 %%ﬁﬁéa&/ élggﬁmeﬂg' gnd h(ﬂ%lnta%b&ﬁﬁr St Q&hst

e functionalized co ica Is thén
abowdi{cesighBperdent ofl €re tatal anoumh of flow hortingbwatpodeBs Témreft‘estwe

RO Zai0S issS0uR, B ASTREHEHL Sl ST B

funcidnli A SPbiRNilicd BSihgl dafinetic@éin a8taFunctionslized colloidal silica
thus-treated concentrated dispersion being referred

in whichhet &iast aus 10ipeadent dveniagesvely alilegse aBown20 percent, more

desi ‘ ot . . ) of

saviigaseify vl eDelt EDPPRrRa T g iRe AR FLERTPRIER ' we

confe&ﬁéﬁlﬁirfgn@ridaép&i funetiélised E’fbldkddﬂ&d‘ihca how }hienlﬂmglonahzed by
onponents are at | east ggrtlally renove

reaoy@g SEiHy SARRIYE aggnty Fﬂ},qp@mgi ’f?ﬁ‘?h@da‘fj’élﬁfd"? ﬁ]i]lca ifeptively

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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react with residual silanol groups on the surface of

the functionalized colloidal silica particles is
wa@eed2t6o4 t he di spersion in a suitabl e anmount, PEI/US2006/016269

from about 0.05 to about 10 tines the anmount of

silica present in the pre-dispersion or fina

di spersion. Parti al renmoval of | ow boiling conponents
i Smb@yidig1 AriQbnhsill S@sthyRRAHE, 110 wei ght
mph%@é%gnt o?kgﬁé&gg?§ﬁhﬁ%un? b#glomyboiling component s,
(trimethylsdlg)amidageleusimethydthldresibine, pentametibylcheroghsiloparec ent

of .total anount of.]ow bojli onmponents.,.An . .
pentgnsthisy Bk s en ing Forabison Caaredt? ThRTBATRRo didpdrsion i
then]fchl:’eﬁ% PP AnkE 8 oA %b%hgﬁjf it hbsut 140CCCARRGRriod of time

oi da

unctional ized coll oi silica being defined herein
ranging frorh ebaitti0ohhdurs togabout 4Sheins. The fegwltant miggrecis than filtered.

| east. about 10 percen advant age t
i e, R taioh wiS pESlel 0l e BB e R B R R bRt R o
abovR8¢ &RRRH to Bdrnt the finaPdisSdrdiam OThmdttp® difeseidhalizedicoRoidal

__correspondi ng uncapped functionalized colloidal silica
silicp andecusalelp mqpeEEr G hisicPREAtaed af & BEssusH ohfrem abgpiP-adorr to
. t . ) o . Cailica

about 330 Tor RGN the 1 OHEHERRR RO DM RRE B, BlobPiopies
boiliag epmpohdnsuchas svilvert] weigualtwatér, bymbduatss of the capppeakent,

functionalized, col|oidal silica typically show better
excepoBPPINEABERA A e LEF SR RLK emeyedy ous

formul ations in which residual silanol groups on the
Fonédd{n%%epreﬁraﬁdi@ tifetuh&idializedl dolieRlaNAlEa BsthpdiRanofiappadble

Sui Tabl'e ‘cappi ng agents include hydroxyl -reactive
compegiden is| combirdd with 8f legst an¢ mynagenpessessmEAeHYias apd/opepoxy

funcfatefii 35, P e R ARpE Ko BE A i h b forms the
harddbatilayer tagtl rcafmipldasl e prdpazeioe of fik MAt2HRE IR gAkrein. These

PCTI US2006/ 016269, diphenyltetranethglgisiIazane,
acryliq-t AchEPPRY-SIN3ININgG; BPPYE R 538, be; selected from among the same

clas%:rs r ; ﬁl}%? E)E%Jﬂogiegaaﬁgcﬁbe& bRt fo¥ lisdih Q6P $h i@ Brst curable

enta ['orodi si | oxane, pentanethyl di sil oxane,

compbsition amdlcaopdiheatine s diffeemme fifom thisen e va nEmEmer mixture

di spersion is then heat.ed i range..of . fr bgut 20
preseat icins ek, AR @ompgN it e gungoalinet cHEH g G be
pres@ROM tHe. Rchfliiciirab® abiapdsitith HoWidely HagyingalouaR! In a first

m xture is then filtered. |If the pre-dispersion was

embodizied thibt hmoapicay by ethout 11ESCVeishe Resohein a sccond
emb'(‘?cei{n?ernrt,e&otu? 19%0%%1@13 Pgl% 4 d ahd i{ Q" dllch irbg%ggd?gﬁt,o abput 20-60

I'spersion. he m uncti ona
weigitlpefoang 6fltheub@bdeeonidaaniie compbsitienncent rated at a

pressure of fromabout 0.5 Torr to about 250 Torr to

The%gé%n@ts&?ratgllg\%g{;np%giagg r(]:gr{ atsg %or?tlalsnpgr{esérorrr]lbreDggt{orr]lgl (t:cprhgonents,
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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boi I i ng conmponents such as sol vent, residual water,

byproducts of the capping agent, excess capping
wagmnti2ieand the i ke, are substantially renoveRCT/US2006/016269

Followi ng its preparation, the functionalized

colloidal silica conponent of the curable conposition

is conbined with at | east one nobnoner possessing

As ik yéa%@ Gf 8 g%pgflcﬁﬁﬁw thd HPs(t‘tchth@ Tabdr 4 B QisefichD&uring,

secon conposition which, on curing, forns the

the pfmemmmmbaymnempthtesah@umcéskm)ma apd @pa‘reattlpnai qpflonai guring
nm tilayer coa n rein. Cti% at B0t ‘cation

agenig pUYCORTRE BIONF EfEig reosrenes (BT Y Bt B anwlig

and éd?ﬁlgsme set&ﬁpe%aaectmgﬂueﬁ 18 fproaao MRy Bardesd rlaﬁecbf the
above for inclusion in the first curable conposition

multldm@rmmgéletema same or different fromthe nonomer or
nononmer mxture present in the first curable
[ ] L z€
The ﬁogfg%gﬁ% p iple -Ep?lhlis%ﬁ% 818 h'1 g:?p%e &B fgtgill t11|§f8h1h?€0nc§"c8rage
medivhg €pacificallyi mBhﬁmylmltss, to Iwhleh hag Isden @phexﬂanmﬂtllayemQ:@tmg
ampunt can be about 50-80 wei ght percent, in a second
in aceppgaRfic et the PBRFERt MPENF®Pwei ght percent, and in a third
enbodi nent, about 20-60 weight percent of the total
ExXANgSoRd cur abl e conposition. The second curable
— conposition can also contain one or nore optiona
conmponents, e.g., any of those nentioned above in
Soluu@mmef:ﬁr&ﬁ renglj seponch eurhble seomngsiions WestpeRRRradotnd SRIR copied
oo i goTBEh s (PR ZBY, 8 FENFRSEASNE ol 6 pBSh B tene
oxids (PPOYAER] polystsieenarBSy frumrceE)swb%mxbam the form fidissebaviog a
curabl e conpositiqn .in orpﬁéfto [ rease sur.face

diamgfer pialld BYm 2R & BYAIEPEt Adr BEbat 19 GYFE (SORAIHORS eppployed
Fusﬂn#‘ Dot %ﬁ)"@ﬁh' alset ﬁ‘xlrt’é'r@fiﬂf Bhhg Er%%e?&/@éiﬁ?6 2T caddhd b @0sage

ace tension lowering material may al so serve
of 142®/caﬁh Spireosting @ntlitfons gergr spmrap:r rpproxémaisty 3Q0wpm for 30

rdcoat l.ayer as indi d in ased. cont
secony oo GrouHE D AT DSEY P bRah BB TR BE 1Rt and e
1406 #518 & abolie3@PRboh 80 BBviak atheridrbs Iahrd@tjzitqﬁbtecﬂnﬁbylayeraMh
I t's subsequent curing, the present invention

thickngs dimshsipesbaing chpsecteristiz 06 wB Uiy BBEvent i onal
optional curing agents, spincoating procedures and

Hard:n% 0,4 (4 Qs H(e%&ﬁ?&?ﬁ?ov&]ﬁ% ﬁé@erfcﬁggﬁ;ﬂélrfgsé QRN R I8 OMrilt was

e second r e conmposition to
meamredlusiﬁg hﬂi:& $atedk PRIOhatgesrMaf 146/8lu-myfitsituengst. coat i ng
herei n. The following exanple is illustrative of a

A. Fo gtlgr? oF Tgll tnghtp[';rlaltl:s{%lr|11ssllcl;lr]lc Ezi{é?toh ?hne ﬁ%sgsr age

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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medi um specifically a Blu-ray Disc, to which has been

applied a nultilayer coating in accordance with the
w@emshanic44 nvent i on. EXAMPLE Sol utions of firSeCENS2006/016269

second curabl e conpositions were prepared and spin

coated onto both polycarbonate (PC) (GE OQ 1030) and

Noryl (r) (bl end of pol yphenyl ene oxide (PPO and

B. E&%}{ﬁé%&ﬁﬁ@ﬁgf’d@)a{ E%g GElhebi0St rates in the form of
Ia 0 mm and a thickness of

1.1 nm The cure conditions enployed Fusion D or H
A Wispbrsigint hwas s gtrepanede nsputpiningngidfg Weigheepercest 2 ethoxylated

. C and a, dosage f 1.2 . <Spi ncoat | .
wimg S Poe WEeR e (AP TAe S5 3B EBHD  apd 40, yeient
percE@of 28110 GICAMESmberi gl fauétiiaBfdopih eaeiiRt @by pRopylirededivxy

ht transm ssion |ayer and about 1400 rpm for_about

[
silar@ogiélé@brwélemegioéf#m@ age. 3 Tej Biodispersigaowereppdsied ct.7 weeight

| ay ok g i . PVe
R
and D&@éﬂghhgrﬁkﬁg $)§ B@?IM(I @YK Bﬁﬁ:ﬁﬁcalﬁcjmpaI@S as ABaacesiEnsion-
[ . PROet - 146/ B| uU- . . .
TR B Scher Pro pue M4 LT 90 ot gpnion

conk 8 5558 i gk S pAG0\ol pabns

of 3pmicoemntthicknan ediro dpmiedytb diePC End Moyl “2discsfpreviowdp provided

. em cal s) \was .added . approxi mately 9 i gh r .
it LRt o34 SRRy ForedgAaRpar 15 DStk S eraicabhpe Selow in
TabfelT3s G.far IPeahelhultiffentcsaing) beidpadanifieti &n“Diyetd ASHB™

curabl e conposition was stirred prior to spincoating.
thergincoating with a thickness of 97 nicrons was applied
to both the Noryl(r) and PC discs and subsequently
d ] i jght transm ssion |ayer
TAI?V#?ghTfhgﬁlrdggﬁﬂtl?Ilag{(fg%g?sgv%%lsd}#sTabl e 1 as "Layer A". 15
WD 2006/ 121644 PCTI US2006/ 016269 B. Formation of the

LaydaDikcoat Laly¥iscasity t he DiJ Soging Thickpess $ TdhClmge pr epqPertil Hardness
cont ai ni ng BEps@i2Qhits, pen ¢ Gitveregaddby| qiped coating and | (average of 2)°
trimethyl ol p2@ane triagryl ate (TI\/PTApulitRﬁ54 from
Sartoner) apd 40 wei ght | percent of ¢ddvengeaiS)si|ilca

Layeiad®C al f up8G0 onal i zed | wha.56 -0.48 H

Layee Andas | oxygooopyl tri net|loesy sil ane|dd.vuted in H

LafexAmgCol d| Axrgbia)e. 1¢ (AMBy di sper gicamByer e _adddd

Layers AYS/NGRI® | RRT(S6IN) (A+B) (A+B) -

"D SR 2 ATk todthenl CRBEVIE] RAecoRERPESICR fdr Payed Alind bbthintd
foll FinthP RAISTENM P-L3&sPfor 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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and 0.3 wei ght percent of BYK310 (BYK Chem ca
Conpany) as a surface tension- |owering surfactant to
wpemeiizess he second curabl e conposition. The fPCEIS2006/016269
di spersion constituting the second curable
conposition was stirred prior to spincoating. Coatings
of 3 microns thickness mere applied to the PC and
mtuaFﬁﬁ e %teﬁ‘élst%sth rtgydh | ¥ {Heox#/grﬁg)n Wlitfl&ltl‘l?%ﬁftlré R08 the
er cure vide t ar dcoat er
essemiihe rsttcbp‘el theleblel @Mreﬂmre Tabl iatehded that theeinvaitiontrog be limited to
mul til ayer coati ei.n tified as "
the pagqudT FIbpAEREnt Sdr?SFii 23 ke g“eﬁﬂéﬁqdeﬁgm&g’iﬁ%i‘tf GEging o
the @X@srs/ ¢ 1?19 (&fRal bt tlﬁ?%é ehtbe ki Sicilidb talChab&dments
nci | ness (cps@ Its, (;) (average of 5) post
ﬂﬂhmpwﬁhm@h@ﬂwpéaﬁénampﬂnkd2k®ms25<C) curing2 (average of
5) Layer Al PC 500 100.56 -0.48 H Layer A/No 1 500
98.61 -0.74 H Layers A+B/PC XX (Sol B) (A+B) (A+B)
Layers A+B/ Noryl XX (Sol b) (A+B) (A+B) Data obtained
on a TA Instrument Carri-Md Rheoneter CSL 500 for
Layer A and obtained follow ng the WPSTEM P-2 test
for Layer B. 2 Data obtained using a Dr. Schenk
PROTet eus MrI-146/Blu-ray instrunent. 3 Data obtai ned
enpl oyi ng ASTM D3363. These data indicate that the
mul tilayer coating systemof this invention perforned

well in both the tilt and pencil hardness tests. Wile
the invention has been described with reference to
certain enbodinents, it wll be understood by those

skilled in the art that various changes nay be nmade
and equivalents may be substituted for el enents
thereof wi thout departing fromthe scope of the
invention. In addition, many nodifications may be nade
to adapt a particular 16 WO 2006/ 121644

PCT/ US2006/ 016269 situation or material to the

teachi ngs of the invention wthout departing fromthe
essential scope thereof. Therefore, it is intended
that the invention not be limted to
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the particul ar enbodi ment di sclosed as the best node
contenplated for carrying out the process of the

i nvention, but that the invention will include all

cgrn;g Lments falling within the scope of the appended

* 17 CLAIMS: 1. An optical information storage

medi um conprising: a substrate conprising

Ipol ygHetificalnalassiptien datepolediny eenprisiagid a mul til ayer

coat i . faceof . the nultilayer

coat g ko SR Ry B P C AL ad U B by & T
adhernenilticoat @atingoh B s fsaof the gultdrateh ehe rofitilagad coating

i nfor.mati on storage nedium the light transm ssion
CPRPEFNBei ng obtained by curing a first curable

conposi ti - iSh.-0g: at s .10 ]

st Toast TbaBEBRIShIoR oy PRRIBRG PARBTRILEPRRESEL e
opiich] ifdprosativarsdeast mediyer thetighttharsanisiaolayadteing dbitaihdicby

| i.ght _t ransgn' ssion layer, .the gar dcoat |ayer being |
%‘H&’aﬁ‘ AEdcw ]&?PMPQSIHC%B‘EB%S"&%? Bisk OROIGBAINE, Rp§sessinig at least
oROBPAd: Plafddind e PHS] fiRBRaABY aft@! | 01 dal silica and at

| east one nononer possessing at | east one of acrylate
and epoxy bf ahatdceatddyiet in addereTheondgst indthl the hflutrmasission layer,
st,orage nedi,.umof Clajml which is a DVD or Blu- ..
IR ERELTS PR gL Cyriierien ety poiEe S casieing
fifdcabialiked ¥HIRII@IRilichandl hOBAst ohé ARREMESH*BekRY &F least one of
possesses a thickness of from about 50 to about 150

gty lafcoans! apady funstiosglityicoat | ayer possesses a thickness

of fromabout 0.1 to about 10 m crons. 4. The opti cal

i nformati on storage nediumof Caim1l, wherein the

2] i ghtthe bpiadas iifsihidn sty e ROEEAFTEaith [ Whidknes £IMDVD or Blu-
from about 90 to about 99 mcrons and the hardcoat
13yg)ig¢. possesses a thickness of fromabout | to about

10 microns. 5. The optical information storage nmedi um

of ' rej Jol . ] S, - S
ossens Rl MR B ST LS i B
transoniss® lape posgessdsartbickadss bafrem ghosssd perboat 11 micn@ssind the
of, from about 2 tg.about m crons. 6. The optical

gt FET B e o S0 ket oot St i © bqla ahT e

first and/or second curable conposition conprises at
41 eastThOBSi AL b LoARRSARMERIB G €daih! ORVHAEN the light

transmission layer possesses a thickness of from about 90 to about 99 microns and the

hardcoat layer possesses a thickness of from about 1 to about 10 microns.

3. 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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group consi sting of methylacrylate, propylacrylate,
butyl acryl ate, nethyl nethacryl ate,
w@emppteet hacryl ate, butyl met hacryl ate, PCT/US2006/016269
et hyl hexyl nmet hacryl ate, 2-(2-ethoxyethoxy) ethyl
acryl ate, 2-phenoxyethyl acrylate, 2-phenoxyethyl 18
WO 2006/ 121644 PCT/ US2006/ 016269 net hacryl at e,

meth%%glgi lclﬂ)?ﬂ {eﬁ%&f#dka%% tleaahﬁoxﬂitg@gﬁlénﬂa%gllate alkoxylated

" acr ated -phenol net hacryl a

phenallrrIeﬂIx@ycf}aite,ohlkf:t}ﬂ:am/tétralﬁydréﬁurfyarylatcwatatoaprommmlalatyclame
acryl ate, cyc t te,
cyeligisfeshBiolarobnse el A S P RIoe R a1 0)
etho:!&ﬁﬁécP@OZh? ﬁ%étlﬁc@ﬂﬁte @fhb@lﬂtle@(@%oﬁ@ pH&ﬁGlVdcrylate

et hoxyl at ed nonyl phenol

ethomatemet) ylbaqu:;hemlhneimtcayle@, eibayy afde apeyl phemc;haaltyéate

I I b I
oond 0PNk, BGHA SerrARETY ol ARG, Bl SRARE e
1soodtﬂ%Wlat@Clﬁl‘x’ﬂyﬁﬁﬁyla{eawhwl mm;aml mmacﬂmmamudm e
functi onal “nonomer, nethox pol yet h Ien egcoI 50
monerero methaxapelyerlanse)yceb(38 ﬁgPP@?Féylaé OXIX Blyy Y ene

eSS Gy TBLAOKY LA, Sk
B e o et At ol vt ooyl ane
polygqegt@a? rgeﬁ@ﬁ@ﬂ%ﬁ gx% I/%Cf-‘/ yB?a;W‘IOQg@BX EQ)C% |yl
mon&ﬁ&tﬁl #)?orpog‘\?l%@:@(h) AR Yl Rryl Sk es%éaﬂfl acPRAtB %@éa‘x‘illat e,

tetra acryl‘ate, tetrahydrofurfuryl

methaettyhﬂc:,rtgtlreﬂlydrofunfunj'émyylatqatﬂtlyhﬂirgfurfmyldg@mcrylate tridecyl

acry s S BRBO Yo e o1 SR BV EE! 3 3hfens plypol
dlm&h&?mdeai mmﬁém@uam%wh Albusehdiielrdimatheacrylht1,6-
hexanedi ol di acryl ate, 6- hexanedi ol di net hagryl ate,

hexaabmwmqw@e dﬁ:h@qae%hﬂleim@ﬂ%wéwll Qykesdygyslogexane

amHGEH S0 U5 BRI R ek sl e
cycl&hdﬁ@ﬂe/ ﬂl&ieﬁfihnblé&aremhcqllatd,l ?ﬁkmgylladxhhexaad:d{«zi)@dlcmyla@
hexanedoi | dj net hacryl at al koxyl at ed, n i
alkogylpiediheginedp) fimedhact P%%P@I@ad edpsait Sivept I}a%v ate,
alkogglgf%ghex éﬂtﬁt cof%ano dﬁ@t@ @cf@feﬁﬁfé‘ﬁlm@!hﬁﬁébdlziﬂrﬁate

met Hacryl ate, diethyl ene

cyclg]hqxrand: ddmcahmrpl dineethagiydath ydletheleng gkb’@dl diariketen giethpilenee,

glyca %ﬂ%?ﬁ?tsg ‘L\g %g}’lﬁg a}%’g%ﬁ cgétlc(%xlafj Elpg(%ﬁfgeﬁlgﬁgl;%oy col

dlm&hﬁ’&?])é{ea%@loxﬁb{éﬁ%W)Qﬁs&ﬂeﬁcﬂl)A Biase) Qihoékylated (1) bisphenol A
acryl ate, etho ated (2) bisphe
dlmahmx,améox@mé 73 Wsbangloh dischie: ihoRx ated (2) bisphenol A

dlm%%%cry ‘éﬁl %él?ﬁdggbq%&)ﬁgﬁélﬁ d a%}glﬁe negllti@%tedﬁﬁ) bisphenol A
dlmethacrylate ethoxylated (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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di met hacryl ate, ethoxylated (30) bisphenol A
di acryl ate, ethoxylated (30) bisphenol A
waolkovetibiwes yl at e, et hoxyl ated (4) bi sphenol A PCT/US2006/016269
di acryl ate, ethoxylated (4) bisphenol A
di met hacryl ate, ethoxylated (8) bisphenol A
di net hacryl ate, ethoxylated (8) bisphenol

A
oS TEREGE 810 0L N .8 AR
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propbSAREd @)@%g &1%115&9 HYa%ﬁ;éTézﬂa 25?8%(94811/&@ % %@@entyl glycol

di'net hacryl
dlmdﬁﬁﬁtmgltﬁlasﬁhﬂtwﬁgcol p}ﬁcyy;l@thyﬂe@h@hgjpw gibfcqlztbm;thacrylate
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dlacwﬂaﬁ@ttnar@pylea@ glycoltipstiegiviate & Ozylaff‘édééhzrwe%ml@&pane

N e
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A ethog}i, met 2 egt I at éir’rﬁ’ﬂ cI ode ane gi: gﬁgo O propane
trlacfaflét@tlﬁgllllsgﬁ @X&&%d @i5ysiyast iijieﬁ:}ﬁatet 1bwwlmit§%ne gl ycol

I acr ripropyl éne gl'ycol 'di nethacryl ate,
mmehyuloigwm drigcr$latet pemasryititsl puamdnte, propoxsdated )eglyceryl

wiaclE PR ) R o B RRD Briror e B 5 o
trlm@;h liﬁbﬁdn@dné&g/latd propbiylhted m)Qﬁﬁﬁmﬂdlpﬁfpalyé @fabrylate,

oxylated (9) trimethylol propane triacryl ate,

trlm@hmbigrpmr@drlwmlﬁtes rrimethHpinsonsne ﬁam@tha@rwlaéﬁe 58 @t e
o0 PSRRI Ao s EL LS ] BB e

dltrlﬁﬁﬂty&ﬂpmphm teahadrylaecdipeabeythpital penighatiac, cBpxglted€d)y |

triacrylate, ropoxyl at ed | yceryl
Pentt‘?rb’%‘(“%l‘éﬁq%ﬁlc e, 1 BWoVbQ‘}QWya‘ng%“tg%&%“f&|Pﬁﬁtlaﬁ§?iylélfepr opane

I
PR e R o R0 B0 urehane
diactylataet hyl ol pr opane trinethacrylate, tris (2

hydr oxyet hyI ) isocyanurate triacrylate, tris

i socyanur
7. d| t ? yI 0 éngtloarllnsg r\f{%et r g(g%lgl #frdflg%ﬁl peﬁ l%tehreyffrﬁ antdér
secope @h@awwnqioemoﬁtcbmpmk@ta@ deaét'&)ne cpexy fesmygelwwacﬁom the
tetraacryl ate, low viscosity di pent aeryt hrito

groupeRpaiaiEng Algl¥cidylsaict abmeye a‘%réh"é’é'?(%iﬁy ic geiflt %Vk/glﬁ?lﬁyldather
phelgﬁggaagf Sha! SRkl S9OUPI Ak, REFAbRLEnARIL I SL hane

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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7. The optical information storage nmediumof Claiml

wherein the first and/or second curable conposition
w@owpntses at | east one epoxy resin sel ected frPONMU$1086/016269

group consisting of glycidyl ester of nobno- or

di car boxylic acid, butyl gl yci dyl et her,

phenyl gl yci dyl ether, 2-ethyl hexyl glycidyl ether,

I
oo LI (s o e et
diox81e0)2y0-bis (2, Dlepeceypeepuxy)rexiaorasne, the d1g1y01dylether of lmolelc acid

d1me%é§%%§ggﬁ%%ﬂogt%exglsge 4F h%xyc;’clohe&%ﬂ/rogane dicyclopentadiene
dloxéeﬁ zﬁ/y -8t sz &%ﬂéﬂéﬁydﬁsu BrftitReHaf, gse(myl

xanecarb vi nyl” cycl ohexanedi oxi

epoxp)cs(:lapmtglpbm}cdﬂc}ﬁmwropyimhdmyl %%epwwromxy)phenyl -5,6-

cpoxsi B R S ey Y SRR ek b ARl e

epoxggx%g?]: Sh&P, qx%is@ opeR gmbb) 4@’! hexahydrozndt#0hdaRo 312 thail€)
121644 PCT/ US2006/ 016269

cyclensaseppipbpat ) xojdyl hexk: ﬁyylﬁh@@aﬁ@ol diglycidyl ether, diglycidyl

3
hexaéytgt gl!nﬁ%l%te ag%%%/)g reg%g ég 19%&%?%%& bﬁﬁﬁér@f gNgikyl glycidyl
ethef] atklyl-air djdety hglycidfyl d:siterrohlkyle, mmcﬂ or gokyephend] gipeidylesther;

polyg}iygi(gl&f%b@mfiﬂ:@% hé']I g£ ﬁ}b éﬁlu?lg e RN
dmy&r&y&gﬁégﬂ Gickian? £ POXKPABRASYY- Asx@Rydighedyl ineRideangind
dihyémaygipbsml dpeethyl phibayd, 42 -dihygrorydipbpyil endileyl methanezd 4y

dih 85933 ﬁ@%tﬁgpgé{@n% éﬁ%tchlé%dro 3 3’ dlmethyldlphenyl propane, 4,4'-
dihydr %d})%h&pﬁ KNGS 'tm‘yﬂﬂoﬁ?m&hﬂ&n&ha@@ puisietyepdsil ether of the

(D

et her

chlogingtiqs apddweminatiep pxafncts of dipbgaglyaobrByHdvisihieg oh Bszxﬂlﬁ%t
R D

by ebexByfiyglsais lof hﬂhﬂﬁmtlcmygfopmrbdyﬂueadnbmthfa diha pdlleans| orA

d bisphenol F. alk dy| - alkyl- or .
dinefaea e eyer vy et B polyphil Sheaind Y condiieine a
heﬂﬂlﬁﬁél gl’é (ﬁe&ﬁﬁ{ haloQéﬂ p)ﬁgifﬁﬁ'cgﬂthm%g‘ﬁ'lea%f tvﬂyliém efbas;,

resorcin hydf oqui none, (ﬁ r oxydi phenyl
phemrﬂmbmiec epxd’ resinmrdsocbnyvcsacaepodwmmw sopbiéel\2lysdst! isthee,
4, 4' dlhydroxydlphenyl di met hyl net hane,

8. 3| ﬁl&}x& Eéagr%%%rﬂy cgheﬂgl{aggﬁlteﬁ%hl &Péllaﬁﬂei’wlféré'i'nihe first and/or

cyc

secchdEurabld oeisvstion, c%mpilis@ztt hatstlbrphmoydmarsejeated frofp tHe-group
di hydr oxy dlphenﬁl sul fo

con&mtm(czfﬂﬂyhglﬁw @Ibﬁywwbglﬁ‘élﬁ@ ethes) glyridyl afyylate, glyFidyt

&h tesdf novolak
e RG50S, AR pRBEARE el novo
epofide ycHylets elythethhbrgtatodndbigihenal A epditidé amrglateyor methacrylate.
esterifying ethers of diphenols obtained by

9. eStﬁelaémﬂcH i &H@Z]Hgfsg?rggea{n%%tn{ 5f E}{aqrrnof %&h%?e)@f ltl'lecfi%? Iaﬁld/or

second curable composition contains at least one curing agent.
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di hal ogen di al kyl ether, polyglycidyl ether of
pol yphenol obtained by condensing a phenol and a

wo ongAziead N hal ogen paraffin containing at | eaBCtT/US2006/016269

hal ogen atons; phenol novol ac epoxy resin; creso
novol ac epoxy resin and sorbitol glycidyl ether. 8.
The optical information storage nediumof Caiml
10. M]ﬁ[eedﬂ?lcglnﬁf(;rtnﬁﬁsn §’th¥(§8 mednfn Qf‘éla%rlasbﬁ&eﬁocﬁp aictibOilized
onpri‘ses east mononmer sel ected fromthe grou
colloffansilisi hmqbta)lhedﬂfﬂoyﬂ thgl Iyeaatd)ytl ofetutfece hydrayyl grbyps efy¢olloidal

eyt DRSS S e il L gery ot e

cresol novol ak epOX|de acrylate or nethacrylate and
®RYH.Bi@RAgNOl A epoxide acrylate or methacrylate. 9. The
opt|cal i nfornmation storage nediumof Caim1l wherein

the first and/or second curable corrp05|t on c nt%
whergin ¢ashR’ isnéndenendegtlnge monoyaleniylisyo gyaloalisily aryl, alkaryl or

) tQ&.%h&ﬁﬁQﬁ
AR08 15 or e 50 e e ety
react®@ fudlctiadalisy Iseleated Sfrahtthe rppouyf comsitting <Df€ a&bnyin aofylate and

surface hydroxyl groups of colloidal silica with at
€POXYeast one functionalizing silane of the genera
forrrul a:. (R)aSi(OR2)4-a wherein each R is,

E‘ﬁ@e BEteaAt | WnfortdHRROEIAsY Mbdih, dFy @i Kyd , wlkitn the
aryl”or aral kyl group of up to 18 carbon atons,
funcnmalmaldoyoqdals siisa | lﬁgotmmqscbefmm dhe reassioncefl pyrface hydroxyl

tive, functio aI
arou LU S5 R b Bl B RS B4 g e o
diffeBdHt ia lcWﬂb@kﬁBhﬁQﬂu§L@Eﬁg@oﬂﬁd&qﬂg@hpCIaln110 wher ei n
t he unctional i zed col | oi dal S|I|ca i s obtained from
the reaction of surface ngdr oXY. ro s. of _col | oi dal

12. 51 Theaonied HIPRITORTE rgedimart IR 4 SISR the
funchﬁnzflﬁﬁlg]sﬁfﬁﬁe Q¢ at fHabd @ﬁeeﬂkmﬁlﬂkyélecté‘d’ ﬁjoﬁﬁlﬂé %‘rouﬁ'&:&h&stmg of

aryl or aral kyl group. . The opti cal
phenyﬂﬁmreﬂrylmethosysdamg e phmlmmhﬁl‘dlmthpmsllin% @y@phexwhgethyldl-

metl;qli[;}c [ onq‘& m‘%&%‘ﬂggﬁ cﬁpeﬁ@rﬂnme&%%ym.er sel ect ed

phenyld|nethylnethoxy3|lane,
13. phany! @ptitw| ifeRhiony sitbrage, me&mhohﬁ)(yﬂilrmn hytDdiwherein the
nmet hoxysi | ane phenyltrlnethoxy5|lane

funoyenalized rgabloideb eylisal snebtamsd fofa fé\ﬁﬁee%ti%ra RF oPFfags bydroxyl
grou% I%F %91201?@3 il lI'cEQC\g tlllg(:i)%bt étg)ngﬂ F1¥1 'sp whiti et leﬁﬁ%n'ezlgc’is

al ne reaction of
or pesselsas,eviiyldatiylydr acrylate functionality and (11) a functionalizing silane in

which at least one R' possesses epoxy functionality.

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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groups of colloidal silica with (i) a functionalizing
silane in which at least one R is, or possesses,
woeovgh2i6ad | yl or acrylate functionality and (iPQT/ES2006/016269
functionalizing silane in which at |east one R
possesses epoxy functionality. 14. The optical
i nformati on storage nmediumof C aim 13 wherein the
' I Z] I d trictivsildngne sel ect ed
mettgcl ek IR A BO RE B ey B BiRkicRtRy i
acryl¢:=Sipfopgitimy tytdtiodexilanee 2 mdthacrylex yedxgitriethoapigiane and 2-
3-gl yci doxypr.opyl tri met hoxysil ane, 3-
acrylogsieiHy R‘?’%Pg%g}]taﬁét hyl di et hoxysi | ane,
3-acryl oxypropl ynet hyl di met hoxysi | ane, 3-
15. 2Crhél SRS fiR¥inhdtionedtbRxy mddang of Claim 10 wherein the colloidal
2-met hacryl oxet hyl net hyl di et hoxysi | ane, 2-
silicamat reantsd oxiffet igimebewti di krotabewty S0 ayraght percent thereof of
2- net.hacr yl oxet hyl tri met hoxysi | ane, 2-
funqb"@?ﬁ?%&f/ll%ﬁyl tri net hoxysil ane, 3-nethyl acryl oxypropyl
trimet hoxysilane, 3 22 WO 2006/ 121644 )
16. PCIHUGROAE1FdAiRM0n sotdgaangdiony@ G- 1G wdieteix yid heminal

3-acryl oxypr.opyl tri et hoxysil an 3-
medigg p@tﬂﬁ%ﬁ@&éﬁ%‘f%ﬁ Pt 39&%0? Eff&ed about 250 nm.
2-nmet hacryl oxyet hyl tri et hoxysliane and 2-
17. aciud ﬁgﬁf&ﬂ hfobhh§dh @%Ya}k'rﬁ&ﬁumléf- CHig optwiesdin the nominal
i nformation storalge medi um of Claim 10 wherein the
medien pamticktasize ofithe ealloidal sidige ders na exceed sRPWPONM 5 t o
about 60 wei ght percent thereof of finctionalizing
sifang, 18- i i b efhisl 96 3R IR Ghé! Mofinal
18. d Jgﬁem%%éa\?h%r%gﬁ %&% é&%ld%r% %é@ﬁfﬁﬂn%% ?gaﬁﬁlpggti clre si ze of .
mediah @artiolel spiectilths tdllaidal dities dosstnot xxered abpw S @50 nm 17,
The optical information storage nediumof Caim10
wherein the nomnal nedian particle .size of
19. corlri_;‘c’)io@H_Fa IR B e ¥OTBY n&ﬁ%@d"éﬁgﬂp éo?”ﬁﬁ%ehqg}e ﬁcé) nd
curaQle fcbﬁlgbs_iﬁsﬁ REAIRE EQfipiSded haIBSst BRE kuiace fiersicdi-dddnyhategiah
the nomnal nedian particle size of the coll oi dal

silica does not exceed about 25 nm__19. The optica
20. i nhe maticninferanatige siewee fefiumy of ﬁ%lamMHeWg‘FW“% e second
ecaond . d
curd§REBRon o EFuRnF BB ThL S0 o080 o RAPLSER, fRhecdofiltle
silicgptical information storage nmedi umof Caim1l wherein
the second curable conposition contains from about 50
to about 80 wei ght percent functionalized silica. 23
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