14 Sept enmber 2005 WO 02/ 075733 PCTI US02/ 05050 LI M TED PLAY DATA STORAGE
MEDI A AND METHOD FOR LI M TING ACCESS TO DATA THEREON BAGEGmeutar @P0THE
| NVENTI ON Optical, nmagnetic and magneto-optic nedia are prinmary sources of
hi gh performance storage technol ogy whi ch enabl es high storage capacity

coupl ed wé bin7sgss easonabl e  price per negabyte of storagfysebisy of optical
nmedi a has becone w despread in audio, video, and conputer data
applications in such formats as conpact disk (CD), digital versatile disk
(DVD) including nulti-layer structures |like DVD-5, DVD-9, and nulti- sided
formats such as DVD- 10, -and DVD 18, magneto-optical disk (M), and other

wr i te- onCENITETS PEAYI 1D &DA S TORATH MEPIAANS MPNFODHOIRIMIBYRGR, DVD- RAJ,
DVD+RW DVD-RAM and the like, hereinafter collectively "data storage
media”. In these format ACESSTAPATABBEREONNt 0 a substrate into a di gital

data series. In pre- recorded nedia, such as CD, the data are typically

pits an 66N ﬁqﬁm‘&%ﬁ rface of a plastic substrate through a
~ethod gu% as |njb(e)((5:t| on nol |r%8,ﬁustanpi ng or the like. In recordable
medi a, the data are encoded by |laser, which illum nates an active data
| ayer tﬂatlcahnmlgmegndamm@eomihamﬂg@ arc p[imap'raomcs oithiglapgfomnasceof

hi ghly-refl e |onsmai p the data stream In
Those”  fifiaet CohiSlo Rl wplRbEakifizs BEh s Fadkup@ PR0ER Yuttls Lol vt r ot o
bef ore prRRgpel MEgdbhe of sfotagk N BE of é}sncb}hﬁecﬁ@ha% veditRe widesieadheautiio, s eit her
reflected or not, in accordance with the encoded data. The |aser |ight

t hen t rges §n%a@kpﬁtﬁr@ﬁ¥gwpﬂ’ﬁfé’%$ ok Torats; acomaactolbes €&, dedct or system
where t t I t desirable to
o flp k@'\ﬁ)j péﬁalﬂ% fhiaye STy SEHE hgpbwg mp%, ahd mluﬁe

have a limte or a I'sc eXanpl'e’ "sanpl'e conputer
pr ogr ansdedrfermmtosicied VWD J61 ant DYD- B stagnete-splical diskl €M) pandarikdrce t hem to

bt  0d G tie whdm T nErr Y fE e ot ERE B e Pif BYE S Wented for &
DVD+RW, DVD-RAM, and the like, heremaftcr collectively “data storage media”, In
these formats, data are encoded onto a substrate into a digital data series. In pre-
recorded media, such as CD, the data are typically pits and grooves formed on the
surface of a plastic substrate through a method such as injection molding, stamping or

the like.

In recordable media, the data are encoded by laser, which illuminates an active data
Jayer that undergoes a phase change, thus producing a series of highly-reflecting or
non-reflective regions making up the data stream. In these formats, a laser beam first
- travels through a plastic substrate before reaching the data layer. At the data layer, the
beam is either reflected or not, in accordance with the encoded data. The laser light
then travels back through the plastic and into an optical detector system where the data

are interpreted.

In some applications, it is desirable to have a limited life for an optical disc. For
example, sample computer programs are provided to potential customers in order to
entice them to purchase the software. The programs are intended to be used for a
limited period of time. Additionally, music and movies are currently rented for a
limited time period. In each of these applications and others, when that time has

expired, the disc must be returned. A need exists for machine-readable optical discs
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‘or modification of that coating and/or material could provide a disc with unlimited

playability.

There is a great desire on the part of movie studios to protect their intellectual
property. Commercialization of limited-play data storage media that can be easily
defeated 1o afford data storage media with unlimited playability would present an

‘unacceptable risk of losing intellectual property.

BRIEF SUMMARY OF THE INVENTION

The present disclosure relates to a limited play optical storage media and a method for
limiting access to data thereon. In a first aspect, there is provided a limited play
optical storage media comprising an optically transparent substrate; a reflective layer;
a2 data storage layer disposed between said substrate and said reflective layer; an
oxygen penetrable UV coating disposed on a side of said substrate opposite said data
storage layer; and a reactive layer disposed between said UV coating and said
substrate, said reactive layer having an initial percent reflectivity of about 50% or

greater and a subsequent percent reflectivity of about 45% or less.




substrate, said reactive layer having an initial percent reflectivity of
about 50% or greater and a subsequent percent reflect |1\4|$qpternbazbé200545% or
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are neant to be illustrative, not limting: Figure 1 is and isonetric view
of a data storage nmedia; Figure 2 is a schematic show ng incident |ight,

10, and transmitted light, 12, passing into and being reflected from an
alum num |l ayer in a data storage nedia coated with PMVW | euco nethyl ene

bl ue basecoat; Figure 3 is a kinetics curve for conversion of |euco
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as neasured by percent reflectivity on a data storage nedia vs. tiie;
Figure 4 is a graphical representation of kinetics curvédsSepemben2e08i on of
| euco nethylene blue to nmethylene blue in PMMA with and without a UV cured
topcoat; and Figure 5 is a graphical representation of reflectivity vs.
time forwobm7Eanpl e 3 data storage nedia. DETAILED g@ﬁ&&ﬁ@%&»lCF THE
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Figure 2 is a schematic showing incident light, 10, and transmitted light, 12, passing

into and being reflected from an aluminum layer in a data storage media coated with

PMMA/leuco methylene blue basecoat;

Figure 3 is a kinetics curve for conversion of leuco methylene blue to methylene blue

as measured by percent reflectivity on a data storage media vs. time;

Figure 4 is a graphical representation of kinetics curves for conversion of leuco .
methylene blue to methylene blue in PMMA with and without a UV cured topcoat;

and

Figure 5 is a graphical representation of reflectivity vs. time for the Example 3 data

storage media.
DETAILED DESCRIPTION OF THE INVENTION

The method for making limited-play data storage media comprises a substrate with a
 reactive layer and a UV coating. Upon exposure to oxygen, a reactive material, e.g.,
leuco methylene blue, which is essentially colorless, is oxidized to form an opaque or
semi-opaque layer (e.g., the deep blue dye, methylene blue). Data storage media with

the opaque/semi-opaque layer can no longer be played in-media players. By adjusting




the substrate. However, the plastic should be capable of w thstanding the
subsequent processing paraneters (e.g., application ofldstdpiemben00ayer s)
such as sputtering tenperatures of about roomtenperature (about 25C) up
to about 150C, and subsequent storage conditions (e.g., in a hot car

havi ng tegpgdAsyres up to about 70C). That is, it, ig e for the
plastic to have sufficient thermal stability to preven?ﬁgézfogé%hatl on during

the various |ayer deposition steps as well as during storage by the
“end-user. Possible plastics include thernoplastics with glass transition
tenperatures of about 100C or greater, with about 125C or greater
preferred, about 150C or greater nore preferred, and about 200C or greater
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are employed. In theory, any plastic that exhibits these properties can be employed as
the substrate. However, the plastic should be capable of withstanding the subsequent
processing parameters (e.g., application of subsequent layers) such as sputtering
temperatures of about room temperature (about 25°C) up to about 150°C, and
subsequent storage conditions (e.g., in a hot car having temperatures up to about
70°C). That is, it is desirable for the plastic to have sufficient thermal stability to
prevent deformation during the various layer deposition steps as well as during storage
by the end-user. Possible plastics include thermoplastics with glass transition
temperatures of about 100°C or greater, with about 125°C or greater preferred, about
150°C or greater more preferred, and about 200°C or greater even more preferred
(e.g., polyetherimides, polyetheretherketones, polysulfones, polyethersulfones,
polyetherethersulfones, polyphenylene ethers, polyimides, polycarbonates, etc.); with
‘materials having glass transition temperatures greater than about 250°C more
preferred, such as polyetherimide in which sulfonedianiline or oxydianiline has been
substituted for m-phenylenediamine, among others, as well as polyimides,

combinations comprising at least one of the foregoing plastics, and others.




anhydride, and the |ike), polybutadi ene, polyacrylates (including, but not
limted to, polynethylnethacrylate (PMVA), nethyl nddrEeptemiiee20065yi m de
copolynmers, and the |like), polyacrylonitrile, polyacetals, polycarbonates,
pol yphenyl ene ethers (including, but not Iimted to, those derived from
2, 6-di ol and copolyners wth 2,3,6-trinmeth and the
Iike),ngﬁﬁy%gﬁé?vinyl acetate copol yners, pol yvinyl gégpgﬁggﬁ?iquid
crystal polyners, ethylene-tetrafl uoroethyl ene copolyner, aromatic

pol yesters, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene
chloride, tetrafluoroethylenes (e.g., Teflons) As used herein, the terns
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aryl radj ol bridgi ' ' r €., 8 two atons
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are -0-, S, =S(0-,. -5(02)-, -C(.O:,"nejhylene,  cyclohexyl- nethylene,
2-[2,2, 1d ﬂb‘i:x}éﬁeghé‘ﬁmlg%eﬁ@yﬁh%t‘ &Fd@Hé’F%Frsé}blf%’ﬁél PRREPREDYISRG pent yl i dene,
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and the |like. I'n another "enbdodi nent, zero atons separ fromA2, with
an i1 uéneladingebut not limited to, hydrogenated polystyrenes, syndiotactic and atactic

polystyrenes, polycyclobexyl. ethylene, styrene-co-acrylonitrile, styrene-co-maleic
anhydride, and the like), polybutadiene, polyacrylates (including, but not limited to,
polymethylmethacrylate (PMMA), methyl methacrylate-polyimide copolymers, and
the like), polyacrylonitrile, polyacetals, polycarbonates, polyphenylene ethers
(inchuding, but not limited to, those derived from 2,6-dimethylphenol and copolymers
with.2,3,6-trimethylphenol, and the like), ethylene-vinyl acetate copolymers, polyvinyl
acetate, liquid crystal polymers, ethylene-tetrafluioroethylene copolymer, aromatic
polyesters, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,

tetrafluoroethylenes (e.g., Teflons)

As used herein, the terms “polycarbonate”, “polycarbonate composition”, and
“composition comprising aromatic carbonate chain units” includes compositions

having structural units of the formula (I):-

0
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in which at least about 60 percent of the total number of R’ groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.

* Preferably, R! is an aromatic organic radical and, more preferably, a radical of the

formula (1I):




exanpl e bei ng bi phenol (OH benzene-benzene-OH). The bridging radical Y' can
be a hydrocarbon group or a saturated hydrocarbon grodf Sepember 2880hy| ene,
cycl ohexyl i dene or isopropylidene. Polycarbonates can be produced by the '
reaction of dibydroxy conpounds in which only one atom separates A" and

A2. As in, the term"di hydroxy conmpound” in f or exanpl e,
bi spheno g%%osgnds havi ng general fornmula (Il11) as f%ﬂﬁ\%@‘@mﬁ% i ')q ft
OH OH .wherein Ra and Rb each independently represent hydrogen, a hal ogen
~atom or a nonoval ent hydrocarbon group ; p and q are each independently
integers fromO to 4; and xa represents one of the groups of formula (I1V):
Re it or -C ("0 wherein Re and Rd each independently represent a hydr ogen

at om or ‘a“'nfb]n‘G\Ya‘I'E*hf“‘l(IIhear or cyclic hydrocarbon group, and Re is a
di val ent hydrocarbon group. 6 14 Septenber 2005 WD 02/075733 PCTI US02105050
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specific) in U S Patent No. 4,217,438 A  nonexcl usive list of specific

exanpl e§MBPAITERE, PYSBEMTEPHRIEH Ae A égnﬁbﬁﬁﬁﬂg’et B liigipe ekEmplesRfesent ed by
formul a ) of hs. f.6l l_.eunaderdal-cabs(4: ) et hane;
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( her ei nadethytene,i-EhhéhbicycloheptylidedPAtthylidene -isdpirepiyiiddng dneopypshledepe.) but ane;

2, 2-bi Sf:)%]ohexylidene, cyclopentadecylidene, cyclododecylidene, adamantylidene, and the
Iike. In another embodiment, zero atoms separate A! from A, with an illustrative
example being biphenol (OH-benzene-benzene-OH). The bridging radical Y' can be a
hydrocarbon group or a saturated hydrocarbon group such as methylene,

cyclohexylidene or isopropylidene.

Polycarbonates can be produced by the reaction of dihydroxy compounds in which
only one atom separates A! and A% As used herein, the term “dihydroxy compound”

includes, for example, bisphenol compounds having general formula (IT) as follows:

B L &
=

wherein R® and R® each independently represent hydrogcn, a halogen atom, or 2
monovalent hydrocarbon group ; p and q are each indepgndenﬂy integers from 0 to 4;

and X" represents one of the groups of formula (IV):

R® R®

l |
—Cc— or —C—

L

R av)

wherein R® and R? each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group, and R® is a divalent hydrocarbon group.




hydr oxyphenyl ) octane; 1,1-bis(4-hydroxyphenyl) propane; 1,1-bis(4

- hydr oxyphenyl ) n-butane; bis(4-hydroxyphenyl) phenyllideb¢ptamber 2005

2, 2- bi s(4- hydroxy=l - net hyl phenyl) propane;

1, 1- bi s(4- hydroxy-t-butyl phenyl) propane; bis(bydroxyaryl) al kanes such as
2, 2- bi s(4-hydroxy- 3-bronopbenyl ) propane; 1, 1-bis(4-hydroxyphenyl)

cycl ope&?%ﬂ%‘?’s-%i, 4' - bi phenol :and bi s(hydroxyaryl) cy%ﬁzgﬂi“%ﬁ#@% such as

1, 1- bi s(4- hydroxyphenyl) cycl ohexane; and the |like as well as conbinations
conprising at |east one of the foregoing bisphenol conpound. It is also
possi ble to enpl oy pol ycarbonates resulting fromthe polynerization of two
or nor e Sdivkef ingntive)i lopdimitng keaaples of swtablo phbydmery @inpauntishiucndec phenol with
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‘General ly, useful aliphatic diacids have about 2 to about 40 carbons. A
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pol yest gL - t 1,1aS : ' I - can;al 1 . Branched
pol ycar %r{ tggggge@afog@h@s%f%ﬂggg \5\% ﬁmg‘g’lr%ﬁerlf sﬁ%? lﬂ??rﬁﬁthg%adycar bonat e
and a brtnogedl,pdisehydongbeny)Thethinean @l2dds(ddilygroayihemd) eprapane be prepar ed

by addi b ' toe QUL ' | OQ:, Th . hi t
o wel [P PG A0SR ERA bR PRk ma b e Eatihnas ©
cont ai NhytBo:phérSHSdctdne! €-HhidNeidronmhediOpBsanehi ¢lbisthyyhexypuehydxy!

car boxyl, carboxylic anhydride, hal of ornyl 'and’ m Xt ures conprising at

| east oPrbuGRE; Plﬁé"lﬂ’dl‘@g’b‘?ﬂﬁ@]) m@ﬁﬂmeﬁgneaggﬁbg(‘i-%@w1-@&@3{@#@1}'& i ncl ude
trimel it I L0 ek de.

11 o pr BURPy sty BBk bhGiph Bty B8 bikiBarl) ilel §R40k T 2005
WO 02/ 07,31884-hRiEas w0 Rb0Hb aG/p pepate; TQ-Kit(43yBraxypleayd-chslopentengheny

)i . . tris-phenol .PA (4(4(1,1-. bi : hyd | ) - et hyl
) o ol TR EPPBRh ) WAL Sry ey A Phbba BRI e, 1 mosi ¢
aci d, bgomwaphagontl hetlile Hawbpuy|combiaiichs anthrisig dtilket ofs ofvillel as

foregoing bisphenol compound.

It is also possible to employ polycarbonates resulting from the polymerization of two
or more different dihydric phenols or a copolymer of a dihydric phenol with a glycol
or with a hydroxy- or acid-terminated polyester or with a dibasic acid or with a
hydroxy acid or with an aliphatic diacid in the event a carbonate copolymer rather than
a homopolymer is desired for use. Generally, useful aliphatic diacids have about 2 to

about 40 carbons. A preferred aliphatic diacid is dodecandioic acid.

Polyarylates and polyester-carbonate resins or their blends can also be employed.
Branched polycarbonates are also useful, as well as blends of linear polycarbonate and
~ a branched polycarbonate. The branched polycarbonates may be prepared by adding a

* branching agent during polymerization.

These branching agents are well known and may comprise polyfunctional organic
compounds containing at least three functional groups which may be hydroxyl,
carbbxy], carboxylic anhydride, haloformyl, and mixtures comprising at least one of
the foregoing branching agents. Specific examples include trimellitic acid, trimellitic

anhydride, trimellitic trichloride, tris-p-hydroxy phenyl ethane, isatin-bis-phenol, tris-

7



conmbi nations conprising at |east one of the foregoing branching agents. The
branchi ng agents may be added at a | evel of about 0.05 lddSeHembep2008ei ght
percent, based upon the total weight of the substrate. Exanpl es of

“branchi ng agents and procedures for maki ng branched pol ycarbonates are
descri beglo bam7s#3S. Patent. Nos. 3,635,895 and 4, 001, 18érwéalesdsypes of

pol ycarbonate end groups are herein contenplated Preferred pol ycarbonates
are based on bisphenol A, in which each of A and A2 is p- phenylene and Y1
is isopropylidene. Preferably, the weight average nol ecul ar weight of the
pol ycarbonate is about 5,000 to about 100,000 atomic mass units, nore

pref er a%h&noatml{ﬂ,mﬁﬁw-ﬂy&oﬂﬁﬂwﬁy}ﬁ@p&ﬁﬂl)mmme% thig-pBenod PAS(4(Hhd- nost
preferably about 15,000 to about 35,000 atom c mass units. |In nonitoring
and evabisé-hysgoxyshgryBrasia ee-dipreting sieszylipbenad), of-clgeroforay] @hthabg erest to
determ ne_t:h ncent r.at i . FEri : I ycar bonat e.
As not ea‘,?hydf’ﬁ%%g%’ﬁ%?é ]?’0%8{0}? Bhselnﬁ?ﬁ %ﬁ%%?ﬁ%qg]ﬁ aecgé’gflg%ecftﬂ&ég%%fﬂgg% to. pol yner
br anchi agmbin&sonk t dongprising atnkednt el bAkie foregding dhavhing . aglstsus®he herei n, the
terms "Fries" and "Fries product” . denote epeat | uni.t in polycarbonate
havi ng bRECRS HRFPSE TS b HAER f oxel firtauch05 fEout g waebtaehgloct | bed i n
connect L84 WpbA tO ! Reifht! 49 1he UWRbArate] NExRAPIYS BF BAABhIAE GREMOSAd | on may al so
include various additives ordinarily incorporated in resin _conpositions of
this typ@cedBmsHondukingVisenched polyesrbeataspre deseribeteinr b dletepbd¥swWD 02/ 075733
PCT/tJS Q_fi or i nf or ci X a il hzeEs;

ant i-oxi g’ﬁégg?sslaflgh%’bg’g%ﬂ i‘gz*@rt%“?es (Sf g%gﬁgﬁg}é%%&gnh@bgﬁé hglgeqe%t s; nold

rel easi ghtagpsiattd; additional resins; blowng agents; and the |ike, as well
as conbi nations conprising at |east one of the foregoing additives. In

order t id.inth rocessi ng of. the bstrat.e terial ,(e..9., the
pr oduct ?@%”59 POBB?fg@%F%ﬁ‘-’aﬁ C‘{%P%LQPI}F@Ppr}DO%égQ?C r© t‘db ang it rlgP' a property
~of the @%g@ﬁ@érﬂ Yok @3opAipylidede I Prefothisis,aBe weight S@tagk Yisdldca)ar Weighal so be
enpl oyed. Possi bl e catal ysts i ncl ude ) )

_ of the polycarbonate is about 5,000 to about 100,000 atomic mass units, more
preferably about 10,000 to about 65,000 atomic mass units, and most preferably about

- 15,000 to about 35,000 atomic mass units.

In monitoring and evaluating polycarbonate synthesis, it is of particular interest to
determine the concentration of Fries product present in the polycarbonate. As noted,
the generation of significant Fries product can lead to polymer branching, resulting in
nncontrollable melt behavior. As used herein, the terms “Fries” and “Fries product”

denote a repeating unit in polycarbonate having the formula (V):

®Y,p

TN/

wherein X" is a bivalent radical as described in connection with Formula (0} supra.

The polycarbonate composition may also include various additives ordinarily

incorporated in resin compositions of this type. Such additives are, for example, .
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t et raal kyl ammoni um hydr oxi de, tetraal kyl phosphoni um hydroxi de, and the
like, with diethyldinmethylammoni um hydroxide, and tet1|4£ﬁm9l‘rﬂﬂ%§§55m um
hydr oxi de preferred. The catal yst(s) can be enpl oyed alone or in

conbi nation with quenchers such as acids, e.g., as phosphoric acid, and

t he |i kevofgstssonal |y, water may be injected into tlpereézoseo nelt during
conpoundi ng and renoved as water vapor through a vent to renove residual
vol ati|l e conpounds. Data storage nedia can be produced by first formng the
substrate material using a conventional reaction vessel capable of
adequately m xing various precursors, such as a single or twin screw
eXtrUdeEi]le%neadﬁﬁnfoﬁir@ndgéms Otedthetabilikers; Tdadotdintsydéights sabildelse mai nt ai ned

at a sufficiently gh tenperature to melt the substrate terial
pr ecur s 8lagticizgrs; h%‘l?ﬂt""a QUASERTS BOlbIPIESIG BRENISh AddionalFEsingo PlP®aRg onat e, f or

exanpl e wi t h about
260C 1 " SBUR B e s ot B abiga Rl CoftpRefla Etont BUPTrERAE e
ext rudeadditinenl d be controlled to mnimze deconposition. Residence tines
of up to about 2 mnutes (mn) or nore can be errpl oyed, with up to about
1.5 mn re d Y Prior to
ot rusi BROTHE 1 R aerr s oy Eb o FRRGH G veeRiBheibeRr 10T
like, tpaydibdntteevigameppiooess) bxytobﬁ)niml h@r@drtysxﬁcﬂhe aﬁastmte metdriat i | t eri ng

and/ or the use .of a reen pack or th renmpyve un i rabl e
cont ani (et §138?5‘td)30??ﬁ3§2§§(§l iy alsp dt?ué?’?ﬁw&cep‘?sﬁ@leplcﬁtgwtﬁ ’B%H‘g%m tion has
been pf&ﬂ%@ﬂamhbmﬁﬁa Rlaﬁ)xf;&r %Qalkﬁbﬁosbﬂ&iﬁﬁtlﬁﬂfoﬁkﬁ ankdSthe Giky,axikious ol di ng
and/ or processing techni ques. Possible techniques 1nclude i nj ection

nol di ngdleiﬂlyﬂdnnﬁmd@mmgmu@(t hydrpxide, paléisstqmb‘éﬁﬂﬁ@ospbp@wnmhﬁr% € st anpi ng, 9
gﬁb?’? Péfgpﬁ'gg 2 X6 gt ice’gzg 2 PB L&J%ﬁé‘g§ %SQOmIﬁHgloh%tqqh&ﬁchewce the

en p I onal processin

el ect r ofilcRtak ngids cag,; a8 @hbsphbii qcié,s afs thcrﬂikeoammyxpmﬂm anatec omdyl bgy, vapor
depositjon, . scr rlntlgg a%éntlngm a thetllkgz) | am nati on,
sput t eripisged 49 ﬁé’ yReE m [COHE °d SoaEi Y%Lt | east one

of the &hRKENIVAR tPFARRE Pésithal R BdFounds.

Data storage media can be produced by first forming the substrate material using a
-conventional reaction vessel capable of adequately mixing various precursors, such as
a single or twin screw extruder, kneader, blender, or the like. The extruder should be
maintained at a sufficiently high temperature to melt the substrate material precursors
without causing decomposition thereof. For polycarbonate, for example, temperatures
of about 220°C to about 360°C can be used, with about 260°C to about 320°C
preferred.  Similarly, the residence time in the extruder should be controlled to
minimize decomposition. Residence times of up to about 2 minutes (min) or more
can be employed, with up to about 1.5 min preferred, and up to about 1 min especially
preferred.  Prior to extrusion into the desired form (typically pellets, sheet, web, or
the like, the mixture can optionally be filtered, such as by melt filtering and/or the use

of a screen pack, or the like, to remove undesirable contaminants or decomposition

products.

Once the plastic composition has been produced, it can be formed into the substrate
using various molding and/or processing techniques. Possible techniques include

injection molding, film casting, extrusion, press molding, blow molding, stamping,

9




may be enpl oyed to dispose desired |layers on the substrate. An exanple of a
limted play polycarbonate data storage nedia conpri sd4 Septenibec2005

nol ded pol ycarbonate substrate. Di sposed on the substrate are various

| ayers including: a data |layer, dielectric layer(s), a reactive |layer(s),
a W |lapwaremyssa reflective layer(s), and/or a protesdiv@rbayer, as well
‘as conbi nations conprising at |east one of the foregoing |ayers. For an
optical nedia, the |layers may be protective |ayer, reflective |ayer,
dielectric layer, and data storage |layer, with a subsequent dielectric

| ayer in contact with the substrate and the UV | ayer disposed on the

opposi t &nd giedieofOnageihe gihstratathes begnt prodused,raddiionalroceyeng, dghdpased bet ween

t he sub d | ookt s understoed that the formof the data
stor agea%@pzatqag’ ﬁ%‘{gﬁgit%g%me@g?ec@p "!'jicé)!ét%%hggé? B m%‘ra‘{%p?)rehe r%?mé’fl’ze and shape
whi ch camedapriatng paindag,ekbping, snd ®adibe)] lamlevibg,spuilthiag tat sheslikel age | ayer (s)
may conprjse any. naterial _capahl e ofe”%L ring retrievable data, such as an
opti cal F]Ié)‘i‘%F?m ffHreg cemprasyRg at lggst gn dﬁ%{%@@ﬁ&ﬁo?eé‘?’é%t.echw&‘feéal ly the

dat a | aygy vhanpidyddib GlspEscAted Wt onhOMbs AP Angstroms (A) or so, with a
t hi ckness™ up 0" about " 300A prefierred. Possible data storage | ayers

include, but are not linmted to, oxides (such as silicone oxide), rare
eart h efngsseple of ¢ hmited play peliseaghongie|datp staipgeloeqdia copisigesan injeetem um

t ant al [ r by g W) |.f hor.on, I and alloys
~and co:‘rj"nmlﬂrcllg{i ﬁ%’#@%ﬁ%ﬁ%’%@e&t a}?‘ggésst? 4 ;Hr?etﬂc?f 91?1%8? o”?gg‘é""ﬁhgfe ]%/reasani c dye
(e.qg., i(rjldydim'gnea aiatap hiytra | dbedgcanit ?er(ﬁ)ﬁperﬁdy'lﬁsﬂlay@(m}_lj_hd WoF gari(s), prhalse ch?n?e
conpoun £.q. TeSeSn, | nAgSb,, and t i ke)... e protective |ayer(s),
oht on geDebEe Ssupn pTRt 8 R ONTIE Tosih st et SOMSORS RS have n

t hi cknegsst ehe 6f BatSegdiR@MyabOBbr 419 Bptitarmeda, the 1dyversl§shet fraRctRout | OA,
with a thickness ofgaig%uty 300A orelljess preferrggr I n sorrﬂg enbodi nents, and

af t'hih c Kpess reélpt_rﬁvablfamr, diefgomic leyen, @ad datas pewpelaxpr. piidh dr fbdequime t hi ckness
of the Odg l%&ﬁg@&éﬁn c?x?@crt Gith tf]essu%gn'da]lé' ag?etpé ﬁwgfer%%gr te?ﬁ@g@l%{c&aé&%t%?’

PCT/ US usual 'y determ ned, east 1n type of
r ead/ wrisideeofithe ghsirstsy withlthe/edctive layer disposed between the substrate and the

UV layer. It is understood that the form of the data storage media is not limited to
disc shape, but may be any size and shape which can be accommodated in a readout

device.

The data storage layer(s) may comprise any material capable of storing retrievable
data, such as an optical Jayer, magnetic layer, or a magneto-optic layer. Typically the
' data Jayer has a thickness of up to about 600 Angstroms (A) or so, with a thickness up
to about 300A preferred. Possible data storage layers include, but are not limited to,
oxides (such as silicone oxide), rare earth element — transition metal afloy, nickel,
cobalt, chromium, tantalum, platinum, terbium, gadolinium, iron, boron, others, and
alloys and combinations comprising at least one of the foregoing, organic dye {e.g.,
cyanine or phthalocyanine type dyes), and inorganic phase change compounds (e.g.,

TeSeSn, InAgSb, and the like).

The protective layer(s), which protect against dust, oils, and other contaminants, can
have a thickness of greater than about 100 microns (u) to less than about 10A, with a
thickness of about 300A or less preferred in some embodiments, and a thickness of

about 1004 or less especially preferred. The thickness of the protective layer(s) is
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e.g., magnetic, optic, or magneto-optic. Possible protective |ayers include
anti- corrosive materials such as gold, silver, nitridd4 Septgmbes2DDSon
nitrides and alum num nitrides, anong others), carbides (e.g., silicon
carbide and others), oxides (e.g., silicon dioxide and others), polyneric

mat eri alwopeo@z3s pol yacryl ates or polycarbonates), cagpRBodosdsin (di anond,
di anond-1i ke carbon, and the |ike), anong others, and conbinations
conprising at |east one of the foregoing materials. The dielectric

| ayer (s), which are di sposed on one or both sides of the data storage

| ayer and are often enployed as beat controllers, can typically have a

t hi ckneswually dgterntiredpat least e plart) hyabe tipe bf 6dAvrita theaBarigivemplogeut  200A or

| ess. Possible dielectric |ayers.in nitrides silicon nitride,
al um nurfi-#i I"Pigﬁ‘glc SRUE AThEpEEo-gpticd e 05(333 "gpme%‘lvﬁrﬁ‘%n ekadeednti-car bi des
(e. 9., Sdohbosio8 magekiRis 8k asPstila, Cs‘i’l%l" Hﬁ‘ﬁdégr{é Cempad ﬁl‘u’ﬂtﬂzsaahd al@@fifimone of the

foregoing materials, among other mat eri al s conpati ble wthin the
envi r onrfdmdes AEopg @tb@rﬁhbargidnbfe F.cdicon vabige and others) oxidesifec.sicoayers. The

St 1 oi GAPALEHRE erd QUbylE BBl b S e B RO BlerF eyl
Typ| cal Icyrbtohef kref(femibind; edibmyped-(ik) cadon, bal eha HkE), clonags obbmsppnd 0 about 700A
a.t hi ckness of about &03&;0 about, 600A generally preferred.

POSSI bl é?o gﬂa'é‘?ﬁslci?’é’p?%{%?@eqsh%ﬂe&f SPFRE Befegp] Scapabl e of reflecting the

particular energy field, including netals (e.g., alumnum silver, gold,

titani umheadlecad ;aya(sgl,rwhzen zsieua:gﬁ;s&p@fpbhesmngotatsxde%ﬂhe%@a Qbragbie for egoi ng
netals, and others). The reactive | ayer, which conprises both a carrier

and a r daer mdarerafie praployeshng dicet conmlhrsmcmytynm@ kayefa thickpgss of Wsni ssion to
enabl e ‘?@B@e{c‘é‘ &ﬁé/tﬂ;hh kjoqmﬁéi% v isO Jb%gtefd@dbﬁessdey S&Bre cﬁ?‘e"mﬁybseq“e”t ly

forma layer ata retriev t hat ,  Which
absor bs layess ufidhideingtritesymg) sif icar mtncbm}umummmtmﬂe; aﬁdrmthcm);dmdesr(eg Lected |ight)

at the _wavele aser. i.cally a | ayer
that al PORETTA Oglﬁjh} 'cgfb'é]eﬁélf éeﬁfhclpgfqa%é GSV?’{%CWE%MU[O%?@ CPé’BT‘@E% a%;e | ayer of
about 50¥stosncosfeiat doregeing heut@ll, @y othst hihtctials ddnipatibleP@itkiRnhe refl ectivity
of about 65% or greater preferred, and an injtial ‘percent reflection of

about  7SGGPMEH AR Brlertilenphreaciie wilh haeouding s has been 11
The reflective layer(s) should have a sufficient thickness to reflect a sufficient amount

_ of energy (e.g., light) to enable data retrieval. Typically the reflective layer(s) can

~ have a thickness of up to about 700A or so, with a thickness of about 3004 to about

600A generally preferred. Possible reflective layers include any material capable of

reflecting the particular energy field, including metals (e.g., aluminum, silver, gold,

titanfum, and alloys and mixtures comprising at Jeast one of the foregoing metals, and

others).

The reactive layer, which comprises both a carrier and a reactive material, should
initially have sufficient transmission to enable data retrieval by the data storage media
device, and subsequently form a layer which inhibits data retrieval by that device (e.g-,
which absorbs a sufficient amount of light i.e., incident and/or reflected light) at the
wavelength of the laser in the given device). Typically a layer that allows an initial
percent reflectivity from the reflective layer of about 50% or greater can be employed,
with an initial percent reflectivity of about 65% or greater preferred, and an initial

percent reflection of about 75% or greater more preferred. Once the media has been
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14 Sept enmber 2005 WO 02/ 075733 PCTI USO2 /05050 exposed to oxygen, e.qg.
air, for a desired period of tinme (e.g., the desired alldoSgdtembepla05ti ne

of the media),
about 45% or

| ess,

the | ayer preferably conprises a percent
| ess preferred, about 20% or

wi th about 30% or

reflectivity of
| ess

nmore prafeviesissand about 15% or | ess especially prepefsigdosdspssi bl e

reactive materials include oxygen sensitive |euco or
basic blue 3, and toluidine 0, as

met hyl ene bl ue,
wel | as reaction
foregoing materi

brilliant cresyl bl ue,

products and conbi nati ons conpri sing at
structures of which are set forth as formulas Vi

al; the

reduced forns of

| east one of the

| X bel ow HH_CH3 C~G~C=S: ' 111 J .. G C.NCG CH I
HH et %ﬁ‘?g%gg%l‘jf%gcﬁ ﬁgﬁagﬁ’faw—éﬁ‘ﬁeﬁl‘e’é‘?q Péi“m‘-’ €-§-f thp degired aPO‘Mﬁ%%:I' C-CN~C
~C ~ C ply tfime bf fHle ndid)] tha MyereRisblydodrisdd dhp@si enbdingy 3f iddud 12 14

Sept enber. 2005

45% or less, with about 30% or less preferred, about 20% or less more preferred, and

about 15% or less especially preferred.

Possible reactive materials include oxygen sensitive leuco or reduced forms of

methylene blue, brilliant cresyl blue, basic blue 3, and toluidine 0, as well as reaction

products and combinations comprising at least one of the foregoing material; the

structures of which are set forth as formulas VI - IX below:

}{13(2 111 H

N /C.,\\.C/S\

CHy” ﬁ

H H
methylene blue (VD)
H H Et
| | i i,
17N e O Z e g
il I i !
H/C\?¢C\N¢C\?¢C\H
H H
brilliant cresyl blue (VID
Et H Et
YA ol A
Y F @
Ca 2Co_ 2C. 2C
i \?/ “NZ \?/ g
H H
basic blue 3 (VII)
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WO 02/075733 HHHCH3 I | I~H-C--CCH3 Il I I | HC SC', CNC-CTH 3 |
| HHtoluidine blue 0 (J PCTIUS02105050 Anot her possildl 8epteadeir 2005

mat erial conprises a dye which re-oxidizes over approximtely 48 hours
wi thout a UV coating. The synthesis and oxidation of this dye is shown

bel ow. N, CH3 N\CH3 CH3 13 1 4 Septenber 2005 733
PCTlUSO%%@é’é%the nmet hod of synthesis and the oxygenP(\C/i—}g%@%/?i%%f reoxi dati on
to formthe colored formof the nethylene blue dye is showmn below. H3C H H
CH3 I I I I CH3~N--CH3 Il I I'I HC -

| i
‘ H,C

toluidine blue O X

Another possible reactive material comprises a dye which re-oxidizes over

approximately 48 hours without a UV coating. The synthesis and oxidation of this

dye is shown below:

N
) 7 “CH. -
. CH CH,
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| 1 HHnmethylene blue NaBH4 b McOH 02 in air H3C HH CH3 | " I CH --
NNC.CN-CH 311 1 111 3 1 11 HHHIn addmonto‘lfirf‘eemgmberzea&tlve

| mat eri al s, nunerous other dyes and |ight blocking materials, can be
synt hesi zed to operate to render the data storage nedia |imted play. For

‘exanmpl e weopsas her possible reactive materials can bgctgsifsise U S. Patent
No. 4,404,257 and U.S. Patent No. 5,815,484. The reactive materi al's can

further conprise a mxture conprising at |east one of any of the
abovenenti oned reactive materials. The amobunt of reactive nmaterial in the
reactive | ayer is dependent upon the desired life of the data storage

medi a ifrheg;@mo@aafls?ﬂh%mdtmso y,-gea@ ilidtior 1Bffo linﬂﬁle% EPating. For a

life of up to about 3 days a oaout 30p coatlng, t he
amount ﬁm@é@mﬁbﬂm@m@elsshOWhé)e}Owact|ve | ayer can be as little as about
0.1 weight _percent (W%, with about 3 wt% preferred, and about 4 wt % nore
preferred, }Q@S@ﬂ uponyt hef,ot al wei ght  of ltllge geactiveg Iay;ﬁ ; Wth an
upper am)u ofl req Ct%wﬁme“ akaBHbei ng ab ut 110,\3/\34% Iwi th about 7 W%
. preferregy” a‘bp‘ift\cﬁi’ " é\dplge aéared, g a@o‘iﬁc \@vﬁnc

'preferred T gacttve terral is preferabl mgedIWt acarrler for
deposi ti on pon \a:n’ raf \d:‘l‘rphegnatlo%mamo at hease” r‘*d” hgof the surface
- of the substrathe Posslbl e carriers conprise t tHIh ﬁopl astic acrylic
pol ymers, polyester reS| ns, epoxy resins, polythiolenes, LTV curable
or gani c resins, p@ﬂwﬂuﬂé@hanes therrmsetta. ble acrylic

In addition to the above reactive materials, numerous other dyes and light blocking
materials, can be synthesized to operate to render the data storage media limited play.
For example, some other possible reactive materials can be found in U.S. Patent No.

4,404,257 and U.S. Patent No. 5,815,484. The reactive materials can further comprise

a mixture comprising at east one of any of the abovementioned reactive materials.

The amount of reactive material in the reactive layer is dependent upon the desired life
of the data storage media in combination with the oxygen permeability of the UV
coating. For a life of up to about 3 days, with a 2 to about 30p thick UV coating, the
amount of reactive material in the reactive layer can be as little as about 0.1 weight
percent (wt%), with about 3 wt% preferred, and about 4 wt% more preferred, based
upon the total weight of the reactive layer; with an upper amount of reactive material
being about 10 wit%, with about 7 wit% preferred, about 6 wi% more preferred, and

about 5 wt% even more preferred.

The reactive material is preferably mixed with a carrier for deposition on and/or
impregnation into at least a portion of the surface of the substrate. Possible carriers
comprise the thermoplastic acrylic polymers, polyester resins, epoxy resins,
- polythiolenes, UV curable organic resins, polyurethanes, thermosettable acrylic
polymers, alkyds, vinyl resins and the Jike, as well as combinations comprising at least
one of the foregoing carriers. Polyesters include, for example the reaction products of

aliphatic dicarboxylic acids mcluding, e.g., famaric or maleic acid with glycols, such .
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pol yners, al kyds, vinyl resins and the |like, as well as conbinations
conprising at least one of the foregoing carriers. PolleSeptemben@0tfe, for
exanpl e the reaction products of aliphatic dicarboxylic acids including,
e.g., fumaric or maleic acid with glycols, such 14 14 Septenber 2005 WO

02/ 0757 38y oMifed#33/S02/ 05050 as et hyl enegl ycol , propyl engglx§@lososo
neopentyl glycol, and the like, as well as reaction products and m Xt ures

conpri sing at | east one of the f oregoi ng. Sone epoxy resins, which can be
the used as the organic resin, include nononeric, dineric, oligoneric, or
pol ymeric epoxy material containing one or gl ural ity of epoxy functional
groups. aFGtyksneghnod prervisaes!peel.preopentylglyes], adsth hikedis-wellasgreaction

epi chl or r henol - f or mal dehyde resi ns,
and the?) ?ﬁ%g{saﬂ%’ﬁ?“%?@“a‘ﬁ%%%gﬁ%ﬁyggﬁ& %‘H‘?ﬁfe formof m xtures of

-pol yol efin and polythiols, such as shown by Kehr et al, U S. Patent Nos.
3, 697, 386marmhosy @91715,4@155@ Exelpthanged hethrwpdaait resingiocipte mopmhw’cers are set

forth, for exa n_En .oped ner Sci ence hnol ogy,
Vol 1, IRty SfPerris. B pRURaR SPoR mrtial SoMtaming e o ol r R ot b, 246
et seq cpidd FlRtioRl &reRE Fof Ik Sfpleh 96RLin ;ﬂ&ﬂ]cishﬁf |b|1§<?>herﬁ\>$~A wgdl as

conbi nations conprising at |east one of the foregoing polynmers. The term

t her mopkpisklptobadiy o the ﬁ@F‘y‘ﬁ@hgdrlfa\é’lth§7é‘2110h8}f@i31§?h){d§ repngnandithe Befar ace wi t hin
I ts scopg,d o Hic rPs?ﬁsn&Hlbgﬁ e Be Xﬂ'ﬁfﬁur@?g Otl?{',o\giq? %@B@&ﬁ Qosju ferization of

one or nofe est er ‘nonorer ac‘ry Ic acid ester
nononer ss shBhﬁS;chﬂmetcaﬂrﬂS M@tN@p.rB@@@;B@édn@&,ﬁQheO@eneral formula X2 CH2 =
CYCOOR5 wherein Y is hydrogen or a nmethyl radical and R5 is an al kyl

oo el AmbpBlic Sft pobBRst e SRR B (i, BEGHoni e 2R el ude

met hyl , ofeP&tyer Sméﬁ’c@QMH ,TeblﬁﬁngQPYbl ln'lrhbﬂsMbnce Puﬁﬁﬂiélrsy TohrSRaep @& yl ,
tert- butyI pen opentyl, f, and the |ike. Sone nonllmt|ng

exanpl eSonsi If{&eﬂ?g‘? catéz Goaftseq: Wﬁbﬁéﬂr@eﬁ@ﬁrﬁé@bm@m@ydﬁhﬁh}fﬂ as X

well as combinations comprising at least one of the foregoing polymers.

The term thermoplastic acrylic polymers, as used herein, is meant to embrace within
its scope those thermoplastic polymers resulting from the polymerization of one or
more acrylic acid ester monomers, as well as methacrylic acid ester monomers. These

monomers are represented by the general formula X:

CH; = CYCOORs X

‘wherein Y is hydrogen or a methyl radical and Rs is an alkyl radical, preferably an
alkyl radical comprising 1 to about 20 carbon atoms. Some nonlimiting examples of
alkyl groups represented by Rs include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, and the like.

Some nonlimiting examples of acrylic acid ester monomers represented by formula X
include: fnethyl acrylate, isopropyl acrylate, n-propyl acrylate, n-butyl acrylate,
isobutyl aerylate, 2-ethylhexyl acrylate, and the like. Some nonlimiting examples of
methacrylic acid ester monomers represented by formula X include: methyl
methacrylate, ethyl methacrylate, butyl methacrylate, hexyl methacrylate, isobutyl

rneth'acry]ate, propyl methacrylate, and the like, as well as reaction products and
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I nclude: nethyl acrylate, isopropyl acrylate, n-propyl acrylate, n-butyl
aerylate, isobutyl acrylate, 2-ethylhexyl acrylate, afld $eéptembes 2085ne
nonlimting exanples of nmethacrylic acid ester nononmers represented by
formula X include: nmethyl nethacrylate, ethyl nethacrylate, butyl

met hacr yadsrshaexyl netbacryl ate, isobutyl net hacrylp@ﬁusogfg,gyl
met hacryl ate, and the |ike, as well as reaction products ang

Sept enber 2005 WD 021075733 PCTI US02/ 05050 conbi nati ons conpri SI ng at | east
one of the foregoing; with poly(nmethyl nethacrylate) (PMVA) preferred.
Copolyners of the above acrylate and nethacryl ate nononers are al so

i ncl udecombinbtions comprisisg anledsesmempliasibiegoiag with golyplcsybmsthacylate) appear s

her ei n. ol yneri zation of the nononeric acrylic acid esters and
nethacr%ggg&gﬁﬁﬁ%%g{ers to provide the thernoplastic acrylic polyners
maybe acconplished by any of the known polynerization techniques. The

t her mplc&}gblgﬁmﬁ,%iy{hbcw@% VBt RAY ifd@hRrylRé Finom@isehirRdfsoRIcR@bd ar wei ght  of
about 30 greater are generally preferred. In order to enhance

adhesi ovitin tihe e cthemmoplasiier aordict pelysietss a6 aite apReatsr ibprsin. rra'yrh%e enpl oyed

ther Ebe&%\gﬁn@n%apaﬁ of Hﬁ)ﬁhﬁgﬁd g er?l?c{/ éégi& %SIQI% la%ﬂ%@tb#iﬁ{cuzlm@ Jers

I ncl ude honopol yner's romasin acryllc acid
ester pmm:h:ﬁhq thmmdparsmyharg]idnnmpﬁk yagbs ami:empudﬁdﬁ)y(any af the kgdven t ype of

met hacryljc acid no mar copol.ynmer |vedfromtwo [ nore

G 1 or e HPVRERIPR GBSy ohie. GHOTERLY FE0be FOMATS HGVOF ct SFEbhet hacr y1 i
~acid eshﬁrragmﬁm&ﬂ@fa?we%t SNbakt 30,000 g’#rﬁbld)r fe?ére@@ﬁl@ﬂﬁ{ réfeffle® Methacrylic

acid ester nononer; and the I|ke as wel conbi natlons conpri sing at

| east one of the f or egoi ng primers. Mxtures of two or nore of the
af or ede8tPidgle PhuicaEhesion ¢f the Fepriive Pusryerdhessubgirate, a primes 183Y Bore dif ferent

acryli C?x?ﬁlﬂ?éaoméf@%éﬁveeﬁ WOTRE tHQFn%gﬂ bdd &SR \Rg fimehd GscfEPRY|pHFRES, tWwo or

nmore different methacrylic bonopol ymers] nore different
met hacr ipclude: cﬂmchlcylm@olmadpmadcfrbmmpmlgme ai cheayliseadid it i C

Egggg: %ﬁ&meéﬁglcth%%r c homop méﬁnﬁer:rweeqro%l Q%%nﬁf‘%qé’é c')icmetﬁgcorﬁhyﬁecf an acrylic
ester monomer; copolymers derived from two or more different acrylic acid ester
monomers, two or more different methacrylic acid ester monomers, or an acrylic acid
ester monomer and a methacrylic acid ester monomer; and the like, as well as

combinations comprising at least one of the foregoing primers.

Mixtures of two or more of the aforedescribed thermoplastic acrylic polymers, €.g.,
‘two or more different acrylic homopolymers, two or more different acrylic
copolymers, two or more different methacrylic homopolymers, two or more different
methacrylic copolymers, an acrylic homopolymer and a methacrylic homopolymer, an
acrylic copolymer and a methacrylic copolymer, an acrylic homopolymer and 2
" methacrylic copolymer, and an acrylic copolymer and a methacrylic homopolymer,

and reaction products thereof, can also be used.

Optionally, the reactive layer can be applied to the substrate using various coating
techniques such as painting, dipping, spraying, spin coating, screen printing, and the
like. For example, the reactive layer can be mixed with a relatively volatile solvent,
preferably an organic solvent, which is substantially inert towards the polycarbonate,

1.e., will not attack and adversely affect the polycarbonate, but which is capable of
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met hacrylic copolyner, and an acrylic copolyner and a rnethacrylic
bormopol yner, and reaction products thereof, can al so Béfﬁaﬁéﬁtﬁpﬂﬂﬁﬁally
the reactive layer can be applied to the substrat e usi ng various coating

t echni ques such as painting, dipping, spraying, spin coating, screen
printingwoangsishe |ike. For exanple, the reactive | agefySpmsédg M xed with
arelatively volatile solvent, preferably an organic solvent, which is

substantially inert towards the pol ycarbonate, i.e., will not attack and
adversely affect the pol ycarbonate, but which is capable of 16 14 Septenber
2005 WO 02/ 075733 PCT/[TS02/ 05050 di ssolving the carrier. Generally the
concent rddsblymgathe tcheiecar@emerally thet toacawbwantf ite caaimput the Solweit ght per cent

(Wt % or . re S b (Vor r eat ferre il.e the upper
range of® %) rpercgn a(gvg%f °’2§r %W"ﬁr?‘r? gﬂo {/efgg@ﬁa fﬁf%’n T ed.
Exanpl eSwIﬁfe (BO1Epes ting@ bl Ge PoyRRE B 250k\2BNIS6, Wit 4bder BS Witk pRderBdy col
di acetate, Dbutoxyethanol, the |ower alkanols, and the |ike. The reactive

layer ndya@plss Fpbaremanitable Grgeaicn sehuento ukcludedphylgns slyreh dissetpteat t i ng
agents, %%&gﬁﬁﬁoé%élgﬁ Pﬂ%iyﬁranﬁ%&‘lﬁ&r opi ¢ agents, and the like, and
co

reaction product I mat1ons conprising at |east one of the
foregoing additives. The thickness of the reactive |ayer is dependent upon
t he par tTihe ukantive dayst imay aten epticeklly eopthipyeadious ladditivesc suchrast flasting her eof in
the reacti .and t |red sor characteris s of the

| ayer - bgHP ARy Rtk B EPTRE SefPS AR B GPEFRRIST RIS act i ve

| ayer cand GaindiohftadigiREg aikadt Oite aRhaRpeoid aliditives.ons (), w th about 0.5
tt preferred, and about 0.75 nore preferred On the upper end, the

t hi ckne to abqut 50,it or greater, .wWth up to about 25 It
preferriﬁeﬁ% estﬁr? tﬂbe %Bﬁﬂ’th%rﬁdr%?@m‘d&’ er%"“%rre@ﬁﬁﬁﬁ?a?“' n order to

attain gRplod R copeént@nén RfcbLRL thY irdativdaGstIbnd fhe de§1%ﬁ%'sd&§tlélﬁyer of about
50% or grea er and a percent reflectivity of about 30%or less after 24

hours, eleaciegyiegs ‘Eﬁr@Péﬁ%l%ﬁﬂha@w@ﬁﬂﬁﬁcﬂﬁ@é@sd%ffefbnmﬁd of Hmet oTlehout 25
W th apegc 1ve]$ayer gant Favd QHIckn]é(s)s & iropwcars% ut' 0P & lc%nesf(ﬁf,r e'ﬂl about 0.5 pt

preferred, and about 0.75 p more preferred. On the upper end, the thickness can be up

to about 50 p or greater, with up to about 25 p preferred, and up to about 15 p more

preferred. For example, in order to attain an initial percent reflectivity through the

reactive layer of about 50% or greéier and a percent reflectivity of about 30% or less

after 24 hours, the layer preferably has a thickness of about 1 p to about 25 H, with

about 1.5 p to about 10 t microns more preferred.

The protective coating, which is dispersed on or impregnated into at least a portion of
the reactive Jayer, can comprise any UV curable material which is capable of forming
a layer penetrable by oxygen and which does not substantially interfere with the
~ transfer of light through the media from and to the data retrieval device {e.g., that is
substantially transparent at the wavelength of light utilized by the device, and/or
which allows a reflectivity from the media of about 50% or greater, with a percent
reflectivity of about 65% or greater preferred and a percent reflectivity of about 75%
or greater more preferred). Possible UV curable materials include acrylates (e.g.,
thermal cross-linked acrylates, and the like) silicon hardcoats, and the like, as well as
reaction products and combinations comprising at least one of the foregoing materials.

Other examples of UV materials are described in U.S. Patent Nos. 4,179,548 and
17




The protective coating, which is dispersed on or inpregnated into at | east
a portion of the reactive |ayer, can conprise any UV ddrSeptember @002l
which is capable of formng a |ayer penetrable by oxygen and which does
not substantially interfere with the transfer of |ight through the nedia
from andyb@zhfagzdata retrieval device (e.g., that is Wg@gﬂg@l ly
transparent at the wavel ength of light utilized by the device, and/or
which allows a reflectivity fromthe nedia of about 50% or greater, with a
percent reflectivity of about 65%or greater preferred and a percent
reflectivity of about 75% or greater nore preferred). Possible Wcurable
mat er i alg4g1r50Ud8oms skt 9§Iyﬁ§zcﬁonal at:ﬂsvraﬁér%lon&&a&%smkmaéeﬁr avprRt s, and the
i ke) -si [icon hardcoats, liké, as wel réaction products and
conbi natdizsadateopfishe @Hﬁgla&tmﬂ@%@]ym%gf@tcdt)ﬁe for egO| ng materials. Ot her
exanples of UV materials are described in U S. Patent. Nos. 4,179,548 and
17 14 Sept eEq;])er 2005 o 02/ 075733 PCTI US02/ 05050 4, 491, 508. ‘Some usef ul

pol yfun omal acrylate nonomers jngl ude for " diacrylates of the
formil a J3(:8‘F‘?P Ot POy ~atds gnat‘é?&‘)‘él”c ‘@é_{p TCOL CH2- OOCCCH?

H2. C=CHOOO- CH2- CH2- OOCCHE CH2, | H3 C pHZC—CHOOO Clda CHOHCH2- OOCCH =
CH2, H2 G},GE&M—Gﬁﬂz)JﬁOH@QQﬁCC}GEQCH g&- IGHp- - CH2- CH CH3,
H2C=CHOOO - ([ 3 -OOCCH:HZ HZC—CHCOOtrl’ac ﬁ“ ety % ol as,
OOCCH=CH2, etc. 1 -=CHCOO -- + H2

H2 C=CH - CH 2 ===CHZ H2C= CHCOO- CH2- C ---CH2--CHH, CH2 =
AP 968?3* HeE

Br

: H2C=CHCOO-©*00CCH==CH2, HZCmCHCOO@OOCCHzmz, efc.;

triacrylates of the formulas,
HzC-'_'-CHCOO """'CHzc'Hg'CHCHz—OOCCH&*CHz, H2C=CHCOO"CH2_—C '—“CHZ—"CH:3,
CHy===0OHCHC—CH,

CH,0H
H,C==CHCO0 —CH,—C—CRy—~00CCH==CH,, CHy
CHZ—-OOCCH—._—CHZ @
H,C—CHCGO OOCCH=—=CHj, cic.;
tetraacrylates of the formula,
CH/==CHCOOCH,

. H2C~——CHCH00-—CH;-—-C’H—CHZ-—-OOCCH_—__CHz,

CHz==CHCOOCH;
on
H,C—CHCOO —CH,CHCH—CH,CH—00CCH===CHj, ctc.
CHB—=CHCOO—CH, CH,—00CCH=—=CH,

X3
Although the UV coating may contain only one of said polyfunctional acrylate

monomers, of a mixture comprising at least one of the polyfunctional acrylate

monomers {and the UV light reaction product thereof), preferred coating compositions
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H2C- - =CHCOO- CH2-- f -CH2--O00CCH==CH2, CH2---0O0CCH CH2 tetraacryl ates of
the formula, CH2HOOOCH3 H2C- CHCHOO CH2--C - CH2- OOCCH4CGREptemberi280H0CH3

OR | H2G CHCOO CH2CHCH---CH2  C H 000CH=CH2 etc. CHI =CHCOO -CH2

CH2- OOCCH= CH2 Al t hough the UV coating may contain only one of said

pol yf unové emes7sacryl ate rmononmers, or a mxture conpr pei/ognakesh east one of
the p ol yfunctional acrylate nononers (and the UV |light reaction product

thereof), preferred coating conpositions 18 14 Septenber 2005 WO 02/ 075733

- PCT/ US02/ 05050 contain a mixture of two polyfunctional nononers (and the W
| ight reaction product thereof), preferably a diacrylate and a triacrylate

(and WV doh@h a fbeure @864d MlyMhQRHAtmorioRRFE@Ed the MV Hgi o R S of

nono- acrgl)l at ea used in p.a}(rk?)l/fgul ar il?l%t ances. E)p_t [ o%alr%g,_10 eH%{l/_ coating can
conpr i sélgepthdriesablypdiserylats andad irpﬁalait%@bﬂgw liplstathe renceeh ﬁmgmm cI m(;norre][ s

I n anou a % he uncure / coating.that includes, for
exanpl e,%%ﬁ%:}ﬂ hn%?e?ﬁ%ﬁﬁ%&%vﬁ]ﬁoﬁ?ﬂyg% dﬁﬁ({tj,\qnsf’ﬁg'r‘l]é'? 135 he |i ke, and
react i orOpivoallystthe AW cenibj; nedhi ORApERMPGaGHE BY baask ARfa@falyhe

f or egoi materials. When the W/l ayer conprises a mxture of acrylate

nonomer gjfﬂsﬁnfratleg OFFBICP PR 4t 3’9??@’)45 FRfe 8bouhpO ety pt thegmepngd W acryl ate to
the tri acdinpak iRAdRYIN exARPROCR nBRSHls 2 W—%Q%pr)ﬁéﬁﬁﬂea@éreﬁé,g%é” es of

diacrylate and triacrylates include mxtures of xa_neéll I lacrylate with
pent aer ftenlike, gindtrepciien yiredusts sk aorabinationdi caopyibiag eat iedsh one of the

foregoing materials.

When the UV layer comprises a mixture of acrylate monomers, it is preferred that the
ratio, by weight, of the diacrylate to the triacrylate be about 10/90 to about 90/10.
Exemplary mixtures of diacrylate and triacrylates include mixtures of hexanediol
diacrylate  with  pentaerythritol  triacrylate, hexanediol diacrylate  with
trimethylolpropane triacrylate, diethyleneglycol diacrylate with pentaerythritol
triacrylate, and diethyleneglycol diacrylate with trimethylolpropane triacrylate, and the
like.

The UV coating can also comprise a photosensitizing amount of photoinitiator, i.e., an
amount effective to effect the photocure of the UV coating in a non-oxidizing
atmosphere, for example, nitrogen. Generally, this amount comprises about 0.01 wt%,
with about 0.1 wi% preferred, to about 10 wt%, with about 5 wt% preferred, based
upon the total weight of the UV coating. Possible photoinitiators include blends of
ketone-type and hindered amine type materials that form suitable hard coatings upon
exposure to UV radiation. It is preferable that the ratio, by weight, of the ketone
compound to the hindered amine compound be about 80/20 to about 20/30.
Ordinarily, about 50/50 or about 60/40 mixtures are quite satisfactory.

Other possible ketone-type photoinitiators, which preferably are used in a
nonoxidizing atmosphere, such as nitrogen, include: benzophenone, and other
acetophenones, benzil, benzaldehyde and O-chlorobenzaldehyde, xanthone,
| thioxanthone, 2-clorothioxanthone, 9,10-phenanthrenenquinone, '9,10-anthraquinone,

methylbenzoin ether, ethylbenzoin ether, isopropyl benzoin ecther, o,0-
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trimethyl ol propane triacryl ate, diethyleneglycol diacrylate with
pentaerythritol triacrylate, and diethyleneglycol di adrhy$eptemigier R005
trimethyl ol propane triacrylate, and the |I|ike. The UV coating can al so
conprise a photosensitizing amount of photoinitiator, i.e., an anount

ef f ect i weo tx7ef33 ect the photocure of the Wcoating i npar§insss di zi ng

at nosphere, for exanple, nitrogen. Generally, this anpunt conprises about
0.01 wt"%, wth about 0.1 Wt % preferred, to about 10 wt% w th about 5
wt % preferred, based upon the total weight of the UV coating. Possible
photoinitiators include blends of ketone-type and hi ndered am ne type
mat er i allisthohytetbgrenvsi mabiimetﬂ\ax)dcmmﬂieizms lupleenyl- Rpospanalicle-¢V radi ati on.
It is preferable that the ratio, i ght, of the keton npound to the
hi nder ebenapyl ﬂé’%%ﬁ%‘%ym%@f‘%e@& BSThine Briges, g kg | | y, about

50/ 50 OFUI@EPH)E]UQQJ A0 A8 6 fuc raﬁ o e?atﬁﬁats 'c%gﬁéﬁ’%é’t Jedst QfRTofRRSSI bl €

ket one-type photoinitlators, erably I n a nonoxidizing
atnnsphﬁrqpugth&mnﬂmmtrogen |nclude benzophenone, and ot her
.acetophenones benzil benzaldebyde and O-chl or obenzal dehyde, xanthone

t hi oxa cl oro hi oxant hone -bhe hre

9, 10-an lf‘ﬁ' g‘? ]aﬁ%rnlgay a tor?)}f)%ag zé’ﬂ?ﬂg‘% #gtrngg g@%&’b@ﬁ@%‘?%&gt h:%@nts,l sopropyl
benzoi nihgdoligpic aaems,1OV1Higihenitaiiey, m%smz@an%ﬁ?%ﬂaﬁ’ﬁl bsA 2405050
dlethoxyacetophenone a, a dlnethoxyace henone,

1- phenyiesoreine ﬂpﬁ‘ﬂf&ﬁ%@a@b 2-meghyl H&HIde (% nﬁ%ate, and the like, as well as

a, a-di ”Egﬁ'rh)@ﬂ% iofls PRERM 3RRLARRES smEh@SlBﬁEt N&eO¥f GRS forddiing: hertlel ke.  Further
e d conb

i ncl ud are reaction products i nations conprising at |east one of

the f ottahijiviersgeap st pesent inaaroamourthimsed upamytbe wright 21 ke wistredndVl y conpri se
flatti r}g%errgfrhtg%t %Eur‘%:acegeragnﬁ Vb%ufa‘?\?rp}ﬁstf) ab&n Ig%g/:ﬁp:ig agents, WV |ight

stabili r I'zers~suc resor ci nol
nonobenzoate, 2-methyl resorcinol dibenzoate, and the like, as well as
conbi naﬂd\mrganetemcﬁdfenmhﬂﬁtpmst;ﬁimitempmyichiarsgarage thetis itb aaeasfive lagerf or egoi ng.

The (e.g., poly (methy! methacrylate)/leuco methylene blue basecoat) and a UV cured
topcoat were tested for playability. Upon initial exposure to oxygen, the disc was
playable. During longer exposure to oxygen, the disc gradually tumed blue as the
leuco methylene blue was oxidized and uitimately became non-playable. This was
surprising since nearly all UV cured acrylic resins are crosslinked materials, and a
variety of cross linked materials are known to be barriers to oxygen, and since the
protective layer could be UV cured without causing the reactive layer to oxidize
prematurely. For example, transparent barrier coatings applied by electron beam
evaporation have recently been reviewed (ref: Proceedings,- Annual Technical
Conference - . Society of Vacuum Coaters 1998, Soc. of Vacuum Coaters,
Albuguerque, NM, USA. p. 424-428). If oxygen could not diffuse through the UV
topcoat to the leuco methylene blue in the reactive layer, oxidation of the leuco

methylene blue would not occur to form methylene blue which is required for limited

playability, as described above.

A second benefit of having a UV cured topcoat was discovered, as follows. The rate
of oxidation of the leuco methylene blue to methylenc blue was determined by
measuring the percent reflectivity of coated discs. The percent reflectivity is related to

the amount of incident light, arrow 10, that is absorbed in passing through several
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stabilizers can be present in an anount, based upon the wei ght of the
uncured WY layer of about 0.1 wt% preferably about 3 1fSgptembes@00515
wt % Having nmet the defeatability test, limted-play data storage nedia
with a reactive layer (e.g., poly (nmethyl methacrylate)/leuco nethyl ene

bl ue baseoomt7s73and a UV cured topcoat were tested fopcpusyabisbi ty. Upon
initial exposure to oxygen, the disc was playable, During |onger exposure
to oxygen, the disc gradually turned blue as the |euco nethylene blue was
oxi dized and ultimtely becane non-pl ayable. This was surprising since
nearly all UV cured acrylic resins are crosslinked materials, and a

vari ety 19fers; iRS&lidg Q@M&Biﬂtﬁr}%{eeo]@mﬂ\@r, 40 < PR Fi"gglfesz.t enoxygen, and

since the protective |layer could be UV cdre out using the reactive
| ayer t PEERMIESUViGY i fhetral efiirangroitted Jightpireow 12, ambpwdentiighbar ri er coati ngs
applied by el ectron beam evaporation have recently been reviewed (ref.

Proceedi g5 orc AR Ii%%h [ : - o ety of, Vacuum Coat ers
1998, Soc. gﬁ‘e Vacuunr% atQ Igsr}gll,ed bﬁ?ﬁ@%@f%ﬁ%‘?%ﬂﬁ%@g}iﬁ%ﬁ ﬂffﬂ%ﬁ‘g}). | f oxygen
coul d nof lightfrtfletedtfrono tghlitrhisuthdurfice i aalatat storbgeembdia &orediweli yinehie bl ue in

e woul d not occur

the reactive. l.ayer,, oxjdation of .the |euco . nethyl ene bl

to form ﬁ@ylg%egb]}fﬁ @8{ ’\%ﬁ‘?rﬁﬁgiagso @dﬁ{ﬂfﬁ@g%}edpm ?%afl‘gw%eﬁpéiyéﬂi Hty, as
descri begiappietcsAusRGe DS th Piurd3VbNY PHMNIY /16Ot PR WaS

di scovered, as follows. The rate of oxidation of the | éuco nethyl ene bl ue

to net hjPaing oppdatagsagdaedieni ned by neasuring the percent reflectivity of
coated discs. The percent reflectivity is related to the anount of

i nci dentgehirg it a %A WIAHatd hdtod ' i several 20 14
Sept enber 005%\(_){&%0%@733?3% /%%%%?g{gg@g Hleg)?gei?@?é @%‘8?%‘?#398‘8 PMVAJI euco
met hy| epescdsit ueflactyier for agpesihdwfi time $6i et the 2imiedelaypdatc stotage efidd@ct i vity is
the ratj f fransmtted |Light, ar 1 to_incident light. nor e '
~ met hyl eh’g‘”@ﬂ}@’ imslpel‘cgarba)éép tf):flec’l%ﬂp(fa?{ g#aosgdr?%éuf?ﬁglﬁeﬂm éﬂg%?ﬁnﬁﬁf?’st he anpunt
of dl ig ghav!mgf h eetyeidell percrit heflaativiey (wdn) snidifd etdnbrdiRbdigtaraae: media is
reduce ince .

75% or greater), with a maintained percent reflectivity of about 65% or greater for the

desired period of time, meets the most customer requirements. As shown in Figure 3°

above, percent reflectivity falls immediately as leuco methylene blue in PMMA is

exposed to air.

Surprisingly it has been found that when a UV topcoat is applied to a PMMA/lecuo
methylene blue basecoat, the time is extended before the percent reflectivity begins to
fall relative to a basecoat that has no topcoat, shown below. Thus high reflectivity is
* maintained longer so that playability in a data storage media player can be gnaranteed
for a Jonger period of time. Specifically, it has been found that some types of data
storage media players do not play data storage media when the percent reflectivity is
45% or less. In Figure 4, it can be seen that when there is no UV topcoat on the
PMMA/leuco methylene blue basecoat, the percent reflectivity reaches 45% in about 1
to about 2 hours whereas it takes about 4 to about 8 hours when a UV topcoat is

present.
EXAMPLES

Example 1
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the nethylene blue that is forned absorbs sone of the incident and
reflected light. A typical kinetics curve result is sHévwpeptambeg@0e53 for

a PMWA/ | euco nethylene blue coating on a data storage nedia. ldeally for a
limted-play data storage nedia, it would be desirable to have no | oss of

percent weblesissvity for a period of tine so that thepbifihRdsp! ay data
storage nedia would play inpeccably in every type of data storage nedia

pl ayer Alternatively, having a very high percent reflectivity (e.g., an
initial percent reflectivity of about 75%or greater), with a maintained
percent reflectivity of about 65% or greater for the desired period of '
time, meBtisexamplerestibeutmnaion oé MM Aferd methidene himeroatingBolgtiooe 3 above,
percent reflectivity falls imediately as | euco nethylene blue in PMMA is

exposed B [ rRFA singly it has en found at, .when a UV topcoat is
aop +ed 4 PRI T Misthih REburl S e oy ABER0 B okt ended

bef ore tHieacheroHn olqueerrspt imétHayryl2@0| fiin Wseos fadrilick @b B0 Wearh oft tbasecoat t hat
has no topcoat, s ow. Thus high reflectivity is maintained | onger

so t hat TABRFAFPIGPERP! i 2 pogsand §QIBF&@@aﬁ@éﬁrammtayﬁ“ﬁctcda%olﬂgorgu%eant eed for a
| onger @@:ﬁh&}iﬂw%n&ﬂs%dﬁps%é 57 hkred i a gﬂﬁséee%@wo&ﬁéé s ffe | ypes of
data storage nedia players do not play data sforage nedia when the percent
ref | ect imjogyn was pﬂﬂs% oVerItb@surfalcn ofitlgusodutipn. | Thecderacpaied edutiathwas when t here
bl.ue bagﬁ)ﬁoat t he percent

ot 1ot ot faRAiRdidoln pien i o i Seee e Wit Bob Gy SR RRE ettt Poroe

about 4uiifg abomtlaBudeour s when a UV topcoat is present. EXAMPLES Exanple |
21 14 Septenber 2005 WO 02/ 075733 PCTI US02/ 05050 Thi s exanpl e descri bes

D opr b ot Pt ML e e 0L h0 SOl Lo es) 1 on ©f
2010 pobie eriMBHAYE ankdREdTR&E S 8 @InphbPANbLAR ASidAGIYAD G8mb 8f BRR ks of 1-
2propano] in a 100-mL flask equipped with a rubber septum. The stirred mixture was
heated in a 90° C water bath while a stream of nitrogen was passed into the flask using
syringe needles for both the nitrogen inlet and outlet. While hot, 4.2 milliliters (L)
of tin (I) 2-ethylhexanoate was added by syringe to reduce the methylene blue to the
dark amber leuco methylene blue. To the solution was added 0.6 mL of polyether

modified poly-dimethyl-siloxane,

To make the PMMA/leuco methylene blue coating solution, the leuco methylene blue
solution above was drawn into a syringe and then injected into the PMMA solution

after having been passed through a 0.2-micron syringe filter.

Example 2

'This'example illustrates the preparation of a disc with the PMMA//leuco methylene
bhie layer. Approximately 3 mL of the Example 1 PMMA/leuco methylene bhie
coating solution was applied as a ring around the inner diameter of a DVD held on a
spin coater. Afier spin coating at 500 rpm for 60 seconds, the coating was tack-free
and essentially colorless (e.g., a percent reflectivity of about 65%). The disc was

placed a DVD player and was completely playable.
Example 3
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met hoxy- 2propanol in a bottle and rolling on a roller mll to effect

di ssolution. The solution was transferred to a flask dddS¢riamber2605bout
80 C while a slow streamof nitrogen was passed over the surface of the
solution. The de-aerated solution was transferred using nitrogen pressure.
to a dc-wemavsdibottl e closed with a rubber septum usriis@eSapnul a tube. A
| euco net hyl ene bl ue sol ution was prepared by conbining 1.2 grans of

nmet hyl ene blue trihydrate and 0.80 grans of canphor sulfonic acid with 40
grans of 1-methoxy- 2propanol in a 100-niL fl ask equi pped with a rubber
septum The stirred mxture was heated in a 90 C water bath while a stream
of nitr : iy the, usi i . for both the
i rogen e BRI RPN o e S s P b RAEI G HRRIRE O T )

2- et hy| haxiagodich tinas aveige gelsyntsefiachiglty was mesdered at vegiometimys esieg ol ue to the

dark a h . To, t.he sol ution was adde .6 L of

pol yet Hg?:r. gﬁ%‘%’?{ﬁ %@B’B‘}éi’s;%{"%ﬁf}?@%l Id‘gEdFFZ‘?T- TOS Hhs BEIEH rﬁ‘ﬁﬁ@%ﬂ uco

et hyl enigopped eheCdidriofi thesditcttiin@d frofn@sehBAIBCcoltRlchy lotMtee. PARG thé@ksit | on above
was drawn into_a syringe and then injected into the PMVA solution after

havi ng BBEPephisan Teriteulh ek, 19 e porbles prchyeuld not gfay @Ry 2 This
exanpl e il bush! #e&Bsciiig aheapalald gq)g [ wth the PMW /] euco

met hyl er?lley Bl Ige’ Ieaysecr. &Eapr‘:ch%rﬁﬁae![cgﬂ a?ﬁ_ﬁtl)?%i he Exanple | PMVAAeuco

met hyl ene blue coating solution was applied as a ring around the inner

di amret e®xample OVD held on a spin coater. After spin coating at 500 rpm for
60 seconds, the coating was tack-free and essentially colorless (e.g., a

per cent piaf Lect i Vit 0 9 . . ohi S C: pl ayer and
was corrpTPet exl ybf)el ]ayaJISaI é@%ﬂﬁg %Scﬂgaﬁwd%gag?p\e@%ozera égdg%ﬁ%a{%ifg 075733
PCT/ US02he $0s0disth &oooBs®ubleilswad placadBxaarpbletich wAS mirlsdwedeight of and at
nbi t diti dur,i Wi ti t fl tivit
ﬁe alsﬁp ea&%gﬂ@(g%?egﬁg Ia}?cr ;zlgartau quyﬂ\gelv\ﬁl o%h waté:rth%\éregtggdemé) (131{ gh?sn solll;t?on ectivity was
ovemight, the disc was again colorless (i.e., a percent reflectivity of greater than about
50%} and the coating appeared to have been removed. Another disc prepared in the
same fashion as the one in Example 2 was placed in a closed container above a bleach
solution. After standing overnight, the blue color in the PMMA coating was gone,

Both dises were completely playable in a DVD player.
Example 5

This example illustrates preparation of a PMMA/leuco methylene blue layer and UV
coated DVD disc. A solution was prepared as in Example 1 except the following
quantitites of raw materials were used. Note: Elvacite 2008 is a low molecular

weight version of poly (inethyl methacrylate).

PMMA Solution grams
.Dowa.nol 579.0
Total Elvacite 157.5
Elvacite 2008: 118.1
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Dr. Schenk PROrTeteus MI-136E optical disk tester. As the percent
reflectivity dropped the color of the disc turned frorfdeSsambar 2005
colorless to blue. After the disc had been in air for about 1. week, it
was very blue and would not play in a DVD player; e.g., the disc had a
per cent weblmgstssvity of about 10% Exanple 4 This exapptBsozbbodpt rat es that
the disc described in Exanples 2 and 3 is defeatable. The blue disc from
~Exanple 3 was placed in a solution of 3 parts by wei ght of household

bl each and 7 parts by weight of water. After standing in this solution
overnight, the disc was again colorless (i.e., a percent reflectivity of
gr eat er Hiwefie amit 50% andgighe coati ng appeared to have been renoved.
Anot her disc prepared in the sane fashion as the one in Exanple 2 was

pl aced in a cl osed contai ner above a bleach solution. After standing

over ni gtye SOHdioB| ue color in the PMVA coating was gone. Both discs were
conpletely playable in a DVD player. Exanple 5 This exanple illustrates

pr epar aiyidk biichihydpit eucg gget hyl ene blue layer and UV coated DVD disc.
A solution’was prepared as in Exanple | except the followng quantitites
of raw materials were used. Note: Elvacite 2008 is a | ow nol ecul ar wei ght
ver si on c#pseIiopiceey| met BdEryl ate). PMVA Sol uti ongrams Dowanol 579. 0
Total Elvacitel57.5 Elvacite 2008:.118.1 23 14 Septenber 2005 WO 02/ 075733

El vaci t@oﬁ,?ﬁ(g:PQQ. 4 Dye Soljgjbpn nethyl ene blue trihydrate 8.09

- canphorsulfonic acid 3.02
' stannous octanoate 18.74
BYK-301 1.58

The solution was used to apply a PMMA/leuco methylene blue basecoat to a DVD the
same as in Example 2 except the discs were spun at 500 rpm for 3 seconds and then at

1,000 rpm for 7 seconds. The average coating thickness was 2.6 microns.

Afier one of the discs with the PMMA/leuco methylene blue basecoat had been stored
overnight in a nitrogen chamber, UV resin, a mixture of acrylates commonly known
as Daicure SD-640 (commercially available from DaiNippon, Inc., and Dic Trading,
USA, Fort Lee, NJ) was applied to it in the manner described in Example 2, spun at
1,000 rpm for 3 seconds, and passed under a UV Jamp.

The kinetics of oxidation of a disc with just the basecoat and that of another with the
- UV topcoat on the basecoat were determined in the manner of Example 3. The results

are shown in Figure 4.

Example 6

The two discs from Example 5 were subjected to the bleach tests described in
Example 4. The disc with just the basecoat failed the bleach test just like the disc in
Example 4. However, the disc with the UV topceat did not lose its blue color when
immersed in bleach or when it was exposed to bleach vapors. In addition, it was not

24




Dowanol PM 161.21 stannous octanoate 18.74 BYK-301 1.58 PCTI US02/ 05050
The sol ution was used to apply a PWAI | euco net hyl ene HhBeptesbeo20050 a
DVD the sanme as in Exanple 2 except the discs were spun at 500 rpmfor 3
seconds and then at 1,000 rpmfor 7 seconds. The average coating thickness
was 2. 6 woaxoss3 After one of the discs with the PMWRAbBUaenemrs hyl ene bl ue
basecoat had been stored overnight in a nitrogen chanber, UV resin, a :
m xture of acrylates comonly known as Daicure SD- 640 (comrercially

avai | abl e from Dai Ni ppon, Inc., and Dic Trading, USA, Fort Lee, NJ) was
applied to it in the manner described in Exanple 2, spun at 1,000 rpm for
3 seconghyatdaith pB¥$eplayand dhisallidttalea ipt therveated DMD eitholie G¥iwatingon of a di sc
Wi th just t at of another with the UV topcoat on the
basecoab? S\ﬁﬁsrg g‘a?cz‘rq%ﬁaﬁ@gn%w%}he manner of Exanple 3. The results are shown
in Figure 4. Exanple 6 The two discs from Exanple 5 were subjected to the
bl each tThsts dfaleVicbathgiif codiaativhevith a Pélaanféixﬁﬁeﬁﬂl E:Iih i;eut&ted tdwalkasecoat

failed the_bl e&ch test just like the disc in However, the disc
With thavitey e ﬁaﬁ%%vsauoat%fneﬂ%§éVlF%55bymduJétl%ﬂhsﬁhlvlﬁéﬁfdepweqf@@d in bl each

Sept onbdr S80% ETBBTRoLIRA BRT HOBR, Btk R el L 0D ol ayer . This

‘illustrates that the coated DVD with the UV coating passes the bl each
def eat aBibile pyeferesst embpidinantschayé beﬂn\lshowatandlgeacnb@bmcmtm@rf QMIOII!S a reactive

material_.C t pt| medi a

devi ces‘a”lﬁi S%gdgﬁlsc{ngﬁbyt}%en% %‘éé‘?‘fb& nsep?ryn%]fm%tggs AP ﬁ of t he period
~of pl ay@biidviehtyorof Adcdofdishlg Gt i@@cﬂb@ﬁnc&ﬁbtmﬁttﬁﬂ thspdast fr@ention has bcen

 described by way of illustration only, and such illustrations and embodiments as have

been disclosed herein are not to be construed as limiting to the claims.
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Wil e preferred embodi nents have been shown and described, various

nodi fi cations and substitutions nay be made thereto vaiﬁwted‘@@aEODﬁg from
the spirit and scope of the invention. Accordingly, it is to be understood
that the present invention has been described by way of illustration only,

and suclwobiarstssati ons and enbodi nents as have been gisgtRsady herein are
not to be construed as limting to the clainms. 25. 14 Septenber 2005 WO

02/ 075733 PCTNS02/ 05050 What is clainmed is: CLAIMS: 1. Alimted play
optical storage nedia, conprising: an optically transparent substrate; a
- reflective layer ; a data storage |ayer disposed between said substrate

and sai dwhefik e6iigs:| ayer; an oxygen penetrable UV coating di sposed on a
side of said substrate opposite said data storage layer; and a reactive

| ayer dlagfosed bet ween said UV coating and said substrate, said reactive

| ayer %n initial percent reflectivity of about 50% or greater and a
subsequent " pgr ge ectiyv out 45% or less. 2. Alimted play
opti cal storgge%nnéﬁé apl%omlcafdrt%?g’%riecp%@?@%ngsa| d substrate is Plastic. 3.
A linmited pl ayoptaily ahnsphreiicagbsuargi a as in Caim2, wherein said plastic
conprises at le st one t her nopl astic having a gI ass transition tenperature
of about 108¢& b“ré‘é’Eer 4. Alimted play optical storage nedia as in

daim3, whepghd skl g]ayExl"@ fseai Bl shid sﬁﬁsltﬁ&taﬁﬂsgla Féﬂe&hﬁa e consi sti ng

of polyvinyl chlori | efins, polyesters, pol yspl f ones,
pol yi m des, pnoxygen h@etrahldb%’ COpntg/@smcd T ﬁlmmd spbstwﬂmyshme sul fi des,

~ pol yet hggidlagtgg{agasge]&grl,z% her ether ketones, ABS resins,

a reactive layer disposed between said UV coating and said substrate, said
reactive layer having an initial percent reflectivity of about 50% or greater and a

subsequent percent reflectivity of about 45% or less.

2. A limited play optical storage media as in Claim 1, wherein said substrate

is plastic.

3. A limited play optical storage media as in Claim 2, wherein said plastic
comprises at Jeast one thermoplastic having a glass transition temperature of about

100°C or greater

4. A limited play optical storage media as in Claim 3, wherein said
thermoplastic is selected from the group consisting of pelyvinyl chloride, polyolefins,
polyesters, polyamides, polysulfones, polyimides, polyetherimides, polyether sulfones,
polyphenylene sulfides, polyether ketones, polyether ether ketones, ABS resins,
polystyrenes, polybutadiene, polyacrylates, polyacrylonitrile, polyacetals,
polycarbonates, polyphenylene ethers, ethylene-viny! acetate copolymers, polyvinyl
acetate, liquid crystal polymers, ethylene-tetrafluoroethylene copolymer, aromatic
polyesters, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,
tetrafluoroethylene, and mixtures, copolymers, reaction products, and composites

comprising at least one of the foregoing thermoplastics.

5. A limited play optical storage media as in Claim 3, wherein said
thermoplastic comprises polycarbonate.
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pol ystyrenes, pol ybutadi ene, polyacryl ates, pol yacrylonitrile,

pol yacetal s, polycarbonates, polyphenylene ethers, etiyPeplembei2008cet ate
copol yners, polyvinyl acetate, liquid crystal polyners,

et byl ene-tetrafl uoroet hyl ene copol yner, aromatic polyesters, polyvinyl

fl uori deyopd®wenyl i dene fl uoride, polyvinylidene chl ecigigezos0s0

| etrafl uoroethylene , and m xtures, copolyners, reaction products, and
conposites conprising at |east one of the foregoing thernoplastics. 5. A
limted play optical storage nmedia as in Caim3, wherein said

t hernopl asti g ¢ L olycarbonate. 26 14 Septenber_ 2005 WO 02/ 075733
PCT/ US02/ 05050 ‘g%ﬁe‘?ﬁﬁﬁ%’ B@B%gﬁt%@gedﬁ?‘ﬁ%%sl in %‘l”a?g@s’ﬁ‘éﬂ?\ $idddVin daimil.
wher ei n aiigh is/Veledi@Bbirém the Goplof sy o?é&?]‘a{eﬁl%ﬂ%ﬂﬁﬁ}de&&?h tHfle of

acryl ates, si Hﬁcqn har dcoats, nonacrylic” UV curable aliphatically

unsat ur af EFUBPGaRPRatirdl ot Wated Reapis aewimRrspansideastion preductearbi nat i ons
c_orrprl_s|d&g]bﬁ{aﬁbﬁ%glpgg;g%Qﬂl‘}ﬁéslgﬁgnéoqrﬂ%q%eggi? | (C:)O%f.l ngs. 7. Alimted play

optical storage ne alim n SOV coati ng conprises
thermal cross-linked acrylates. 8. Alimted play optical storage nedia as

in daim6, vhélamedplnontival stosgeimugliaoipClades, dhaeinshid® a triacryl ate,
N-vi nyl | ] styrene,. and reaction products and conbi nations
conpri sicﬁéh{gt%o{ngg%?’ﬂ:(‘)er?é]}ﬁ(’)cfmstgw $O1P08Fhg UV coatings. 9. Alinmited play
optical storage nedia as in Caim1l, wherein said reactive |ayer further

conpri ses a BeAdimiwe pimt apticallstosage anddRdhs il Qlth BewBeraRai@@Nsi sting of  oxygen
sensitive |leuco netgyle?e bl ye, reduced forms of methylene blue, brilliant
cresyl BGPHES CHHRRES lagalate, atuacpiaie. Ak viny! iywelidensnitsns, endreedidr i si ng at

| east opgdaéts bitFconfuMABR QEhpRRE bl et BRY GthéMofesot@ U chdiibg €d pl ay opti cal
stor ageprredi aas in Caim 1,prrv\,hgr ein g%itﬁ{regz%oél U?gé/dé@k#'urt her conpri ses
pol ynet hyl net hacryl atel |l euco nethylene blue. 11. Alimted play optical

storage nedia Adnited elayioptival sigreae siediagaindClaismét wheeein saig esactiver t her conpri ses
about Oladerfiuthdr CoRRRE a 1AM LEM bV Ged RS Eﬂeaglmupb(%%sgtinugpo%n

oxygen sensitive leuco methylene blue, reduced forms of methylene blue, brilliant

cresyl blue, basic blue 3, toluidine 0, and combinations comprising at least one of the

foregoing reactive materials. 3

10. A limited play optical storage media as in Claim 1, wherein said reactive

layer further comprises polymethylmethacrylate/leuco methylene blue.

11, A limited play optical storage media as in Claim 1, wherein said reactive
layer further comprises about 0.1 wt% to about 10 wt% reactive material, based upon

a total weight of said reactive layer.

12. A limited play optical storage media as in Claim 11, wherein said reactive
layer further comprises about 3 wt% to about 7 wi% reactive material, based upon a

 total weight of said reactive layer.

13. A limited play optical storage media as in Claim 12, wherein said reactive
layer further comprises about 4 wt% to about 6 wt% reactive material, based upon a

total weight of said reactive layer.
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a total weight of said reactive layer. 12. Alimted play optical storage
nmedia as in Caim1ll, wherein said reactive |ayer furt‘!l‘fé‘ﬁercten}:i)eré’Q@Sabout
3 M%to about 7 wt % reactive material, based upon a total weight of said
reactive layer. 13. Alimted play optical storage nedia as in Caim1l2,
wher ei n weioglosesactive |ayer further conprises about gcwpdmfesosabout 6 Wt %
reactive material, based upon a total weight of said reactive |ayer. 27 14
Sept enber 2005 WD 02/ 075733 PCTI US02/ 05050 14. A limted play optical
storage nedia as in Claim1, wherein said reactive |ayer further conprises
a carrier selected fromthe group consisting of thernoplastic acrylic

pol ymers, polye 4 enes. UV.curabl e organic
resins, pol yu%‘e%gﬁg‘éﬁ%)ﬂcgjrnﬁ@gg%%lgagfe?ag%ruﬂl %(lz%pg}lv@ gaadéera@ Vi nyl
resins, layadﬁzrﬂaeammeqmmmemmmm giadp @nﬁstmgrmthe&nmasﬁb | east one of
theforéeta%r)%g]&mrlers 15..Alimted yé)éf?tl storage nmedia as in
Claim1l P msﬁqlﬁes@éffisl“érepo’%m%@?’é’@ lenes, Y gura F@t&?m@onm sting of
reacti oneﬁﬁsow?&rétheﬁes%bm:iaﬁle%@ﬁé B&yﬁﬁleﬂscaikﬁs'#@} rdSRROMRri ¢, dineric,

ol igomeric or polyneric epoxy matérial  conprising ['east one epoxy

f unct i orfeaction praguctpidycombinanens cowpyising mlgust mf@mfbreaang omgersconpri si ng at

| east one of the foregoing carriers. 16. Alimted play optical storage
nmedia as in i ri the group
consi sting og% et hﬁ%ﬁé’y\%}%o zps{%ﬁ* gﬂ%gi%eaé C]a'rﬁléﬁ’!'eh?eﬁ% Jéa?mc reaction
pr oduct gs sslected Srophtba gtouﬁ\caimttmpnﬁlahmn tpymmuctl of sliphatid d)carbq:lyﬁduct s of

epi chl oro dr| n vmtpilgg eno - formal d‘ﬁ de resins; alcryl i.c dcid ester
m)nomarérl ﬁ’ﬁfm(?g'r?ﬁf Fin %%‘?Fﬁ’ﬁ%? 5%85“; FROXX atsHia Wmﬁ‘@gf’bregm ng

carri er $eastlohe Apdatyfrictidnallgpotp Opdly Feins SH YRR, AMLombamtibdy C ai m 15, wherein
said subsequgzlt Y;Tér cent g%ﬁp ecjt’l Vi tf/lsdl}yst about 30% orbrlﬁess 18. Alimted
pl ay opP?’E%EFSllﬁ%r]eé‘Q‘émﬁ@mhﬁ GFLYIPE @M 15, wherein said subsequent percent
“reflectivity is about 20% or |ess.

16. A limited play optical storage media as in Claim 15, wherein said carrier

is selected from the group consisting of ethyleneglycol; propyleneglycol;
neopentylglycol; reaction products of bis phenol-A and epichlorohydrin; reaction
products of epichlorohydrin with phenol-formaldehyde resins; acrylic acid ester

monomers; and combinations comprising at least one of the foregoing carriers.

17. A limited play optical storage media as in Claim 15, wherein said

subsequent percent reflectivity is about 30% or less.

18. A limited play optical storage media as in Claim 15, wherein said

~ subsequent percent reflectivity is about 20% or less.

19. A limited play optical storage media, comprising:
an optically transparent substrate;
' areflective layer ;
a data storage layer disposed between said substrate and said reflective layer;
an oxygen penetrable UV coating disposed on a side of said substrate opposite
said data storage layer, wherein said UV coating has a percent reflectivity of about

. 50% or greater; and
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19. Alimted play optical storage nedia, conprising: an optically
transparent substrate; a reflective layer ; a data st orldgeeptember@08posed
bet ween said substrate and said reflective layer; an oxygen penetrable U/
coating disposed on a side of said substrate opposite said data storage

| ayer, wwewsém7isaid UV coating has a percent refl ectipttys@bsiepout 50% or
greater; and 28 14 Septenber 2005 WO 02/075733 . PCT/ US02/ 05050 a reactive
| ayer di sposed between said UV coating and said substrate, said reactive

| ayer having an initial percent reflectivity of about 50% said reactive

| ayer conprising pol ynet hyl met hacryl ate/l euco net hyl ene blue. 20. A nethod

for 11mtinga36£80Slaje dipbad BLSRAPEAI OF RatildAd 84i@6RRGIRAIQ,  conprising:
directing a light toward at |east a portion of said data storage nedia,

wher ei nrefctivg leyerthaving e initiph patens sdflectivigytof alpa §¢%6, shkroangive iyl coating, a
reactiv r a orage layer, reflecting at |east
a porti gﬂ'lng%{ Sé%?@Yrﬁ%ﬂ#e@tgﬁlafﬂlggc&grﬁg@?nﬁ%i%st rate, said reactive |ayer,

and said UV coating; and reducing the percent reflectivity of said reactive
| ayer to | es80.t Aametldsfot lidiifg adkss th damtdivpdscli@n aldanistarapg nelieess to data
di sposed on.a data storage nedia as in Claim20, wherein said percent
refl ect PPV’ about 30% or less. 22. A nethod for linmting access to data

di sposed on ar&ah aﬁ?&ﬁ&gﬁd'ﬁﬁ@és@‘a%%ﬂioh@f@i@ﬁm Sdragd¥MEHIL I Whetdh gk per cent
reflectivity is about 20%or |ess. 23. A nethod for limting access to data
di sposetagir perinaof said dighigrassee thirengha UY poating) ameaive laver; @ ubstaled per cent

refl ect|.yj I 5% or less. 24. A nethod for limting access to data
di spose doéngaéégoﬁggisé&%r%age media as in Claim 20, further conprising

exposi ng sai afleking asleast agertior df seid Hpthlbedcthrongh ei@iubstrate, said

reactive layer, and said UV coating; and

reducing the percent reflectivity of said reactive layer to less than about 45%.

21. A method for limiting access to data disposed on a data storage media as

- in Claim 20, wherein said percent reflectivity is about 30% or less.

22. A method for limiting access to data disposed on a data storage media as

in Claim 21, wherein said percent reflectivity is about 20% or less.

23. A method for limiting access to data disposed on a data storage media as

in Claim 22, wherein said percent reflectivity is about 15% or less.

24. A method for limiting access to data disposed on a data storage media as
in Claim 20, farther comprising exposing said data storage media to bleach, wherein
- subsequent to said exposing said data storage media to bleach said percent reflectivity

remains about 45% or less.

25. A method for limiting access to data disposed on a data storage media as

in Claim 24, wherein said percent reflectivity is about 30% or less.

26. A method for limiting access to data disposed on a data storage media as
in Claim 20, wherein said substrate comprises a thermoplastic selected from the group
consisting of polyvinyl chioride, polyolefins, polyesters, polyamides, polysulfones,
polyimides, polyetherimides, polyether sulfones, polyphenylene sulfides, polyether
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subsequent to said exposing said data storage nedia to bl each said percent
reflectivity remains about 45% or |ess. 25. A method flérSéptembeng086cess

" to . data disposed on a data storage nedia as in' Caim24, wherein said
percent reflectivity is about 30% or less. 26. A nethod for limting access
to dat avr 80888 on a data storage nedia as in O ai np@Qusoabssel n sai d
substrate conprises a thernoplastic selected fromthe group consisting of
pol yvi nyl chl oride, polyolefins, polyesters, polyam des, polysulfones,

pol yi m des, pol yetherim des, polyether sulfones, polyphenyl ene sulfides,
‘pol yet her 29 14 Septenber 2005 WO 02/ 075733 PCT/ US02105050. ket ones,

pol yet heglomds/ylyeiek emeketohBS ATSichiss, ppabtyhds; polfimtadddley but adi ene,
pol yacryl ates, polyacrylonitrile, I }/acet al s, ycar bonat es,
E

. po pol
pol yphePSyasndates, relracrylowiirHg) nofisceralhynolyserbenstcs, rabmbegiienesthegol yvi nyl

acetate LOWH ¢ : = t hyl ene copol yner,
aromat i %th%%‘%/%g’(%@s&?&%l&?%%y| ° I ﬁn ?l%ékéngudﬁgﬁtﬁ%%%g fluoride,

pol yvi ngthyldeeatetrafhicosetlgdene cepalmhéruapmetidpydlesiers, polgvinyhluoridss, copol yner s,
reaction.pr.oduct s dc osi:tes. conprising at | east one of the foregoing
t her nopP L¢P @f‘m on e’r@?ﬂ%ﬁ?@mﬁ th%ﬁ%*ﬁgaﬂggwgégfe{r% Apd X ES posed on a dat a
st or agecdpBRhrsdfeactidh frbdict¥) 204 conpesih BosistheSH Raboak of @eNPri ses

pol ycarbonate. 28. A nethod for [imting access to data di sposed on a data
st or ageforagamg thesmoplastics-ai m 20, wherein said Wcoating is sel ected fromthe
_group consisting of acrylates, silicon hardcoats, nonacrylic UV curable

al i phatical I3g, Ungahid ?Jr%g}ie;;igg@eaés@toa@m ﬁidm?%@atﬁﬁ% L gRaRGReduct s and

conbi nati ons conpri sing east one of regoi ng WV coatings. 29. A

met hod if §aiini 20, wherginseidevbstiate wapaseipophosbohatm a data storage nedia as in
Claim 20, wherein said reactive |layer further conprises a reactive materi al

sel ected  f pamathey 61 8 RnSANIaLE W] GNaFth SERPLbLYEbEYGD methyl ene

bl ue, reduce
in Claim 20, wherein said UV coating is selected from the group consisting of

acrylates, silicon hardcoats, nonacrylic UV curable alipbatically unsaturated organic
monomers, and reaction products and combinations comprising at least one of the

foregoing UV coatings.

29. A method for limiting access to data disposed on a data storage media as
in Claim 20, wherein said reactive layer further comprises a reactive material selected
from the group consisting of oxygen sensitive leuco methylene blue, reduced forms of

. methylene blue, brilliant cresyl blue, basic blue 3, toluidine 0, and combinations

comprising at least one of the foregoing reactive materials,

30. A method for limiting access to data disposed on a data storage media as -
in Claim 20, wherein said reactive layer further comprises

polymethylmethacrylate/leuco methylene blue.

31. A method for limiting access to data disposed on a data storage media as
in Claim 20, wherein said reactive layer further comprises about 0.1 wt% to about 10

wt% reactive material, based upon a total weight of said reactive layer.
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met hyl ene blue, brilliant cresyl blue, basic blue 3, toluidine 0, and
combi nations conprising at | east one of the foregoi ng rebEepembent2d05al s.
30. A nethod for limting access to data di sposed on a data storage nedia
as in Claim?20, wherein said reactive |layer further conprises

pol ynet W0 emwsvacr yl at e/ | euco net hyl ene blue. 31. A nephpdsshatosd 1 M ting
access to data disposed on a data storage nedia as in Caim20,-wherein
said reactive layer further conprises about 0.1 wt%to about 10 w%
reactive material, based upon a total weight of said reactive |ayer. 30 14
Sept ember 2005 WD 02/ 075733 PCT/ U502105050 32. A nethod for limting

access to dasz AinsdHHed: Bmitng dakss 6otk ApBos¥BEha ﬁﬁstdrﬁhg%é@liarﬁs:gl’ wher ei n
said reactjve layer further conprises about 3 wt%to about 7 w%reactive

mat er i af Clads &k visemn said sesivedpeyfrthercogwrisesabaut3 wide toapent.7 31

wt% reactive material, based upon a total weight of said reactive layer.
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