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MANUFACTURE OF OPHTHALM C LENSES 5 Field of the Invention The preseﬂtg JUL 2004
i nvention relates to ophthalmc lenses. In particular, the inventio

provi desweeomsdy and conpositions for producing | enses bypcaaisoorgo0s0
Background of the Invention The use of spectacle |enses for the correction
of anmetropia is well known. For exanple, nultifocal |enses, such as
progressive addition |lenses, are used for the treatnment of presbyopia. A
nunber of methods are known for producing ophthalmc |enses. These nethods
I nclude casting sem -finished | ens blanks and subsequently 15 polishing

and grinding the blanks to form | enses, casting of whole |enses, and

, casting of a surf t] r rmto forma | ens. The casting of
a surface onto M%%%WM%@%ﬁ%MWQ@n reduce
the nunber of nolds required t oOBPJEAIMIC LENSES escriptive range of 20

| enses. However, the known surface casting processes |ack the efficiency
necessary for use of the procesfé@dpﬁﬂleﬂ@"%% production of |enses. Mre

specifically, th : : ' r Lmes. of 30 pinutes or nore
to achi eve a curggeﬁkg%lﬂcg&g????&ggeﬁo g%ﬁ%a{%’%%gﬁcﬂ 'Ot E"srjmﬁef ects, or
voi ds. Addi irventidr provideomethods ambcdmpositions forrpreducinmclenses b icaging. ocesses
cannot provide both a high refractive index on cure and 25 a | ow vi scosity
at roomtenperature. Therefore, the invention provides nethods and

conposi tjgons for casting surf aggskeRiing dP el BYERionC formlenses that attenpt
to overcone these di sadvantages. Description of the Invention and its

Pref erred Enbodi Thause @Gpatieclpleasesifor thavermeition qframeirdpia isrweh &dewand
conpositions fQqr 0 . 1 ¢ lenses, including multifocal
'spectacl e | g%rs%?@ liJeC ﬁl%gﬂéﬂg?lgg'{r%g g!“g/ﬂe&apdaﬁefséﬁe “fbi‘h%’gg',’s%ﬁ-s“ fsed 195 thee nses
produced usiregmeleofipeésbooisia.aAdunctiep oS rettods arfknohe MDHBALGRY dphtRalmic
lenses. These methods include casting semi-finished lens blanks and subsequentty
15 polishing and grinding the blanks to form lenses, casting of whole lenses, and

casting of a surface ontc an optical preform to form a lens.

The casting of a surface onto an optical preform is advantageous in that it

can reduce the number of molds required 1o produce a full prescriptive range of

20 lenses. However, the known surface casting processes lack the efficiency necessary
for use of the processes in the mass production of lenses. More specifically, the
known processes require cure times of 30 minutes or more to achieve a cured resin
layer free of optical distortions, defects, or voids. Additionally, known resins for use
in surface casting processes cannot provide both a high refractive index on cure and

25  alow viscosity at room temperature. Therefore, the invention provides methods and
compositions for casting surfaces onto preforms to form lenses that attempt to

overcome these disadvantages.

Description of the Invention and its Preferred Embodiments
30 The present invention provides methods and compositions for prdducing
ophthalmic lenses, including multifocal spectacle lenses such as progressive addition

lenses, as well as lenses produced using the methods and compositions of the




0 9 JUL 2004 PC /USQOQ 34005 invention. The invention, provides a fast and
reliable method for producing ophthalmic lenses. a 5 In one enbodi meftd JUL 2004
the i nv&¥R 98"y ovi des a nethod for producing an opht hal FRTEUFM400S
conprising, consisting essentially of, and consisting of the steps of a.)
exposing to lowintensity ultraviolet light a nold assenbly and a
surface-formng effective anount of a resin conprising, consisting
essentially of, and consisting of reactive groups, the lowintensity W

| i ght exposure carried out under conditions 10 suitable to convert at | east
about 50 percent or npre of the resin's reactive groups; and b.) exposing,
subsequent inyventigr The inyeqtion, proniden adast jand raligble method, fararodusing t i ons .

suitable t - i.al |y conplete through curing of the resin. In another
enbodi nent ?pl?ﬁ%ﬁ:ﬁ@%iﬁ%on provi des | enses produced by this nmethod. 15 By

"ophthalmc lens" is nmeant a contact |lens, intraocular |ens, spectacle lens
and the like. Preferably, the |lens fornmed. the nethod of the invention is

by .
a spectiacl e | efsOnGgpRodimente theinventionprevidesamethad for preducingan v a
progressiv bl ; ~ ok = :gﬁa [ re nold
hal ves, ang%}g?ﬂ‘:&a{ 95'|c?)!rs g%@?‘?ﬁm%rémg%h% %gftﬁ%ﬁg%tf’hdgraeo &E'fo d'}glﬂ Ft(:ngogreform'
or "pref or aj exposimgntotiow isbrgitydiltrédoloplight alrhgldtassenstipand s saxfidecfoemingpabl e of
refracting Light, whi c& art.icle i.s. suitabl.e for #@Sﬁfl n produci ng_a
spect acl e FReFUIVegInouptala Fesip comprsmeconsising egsapti f ngistng ohononer

one or Nor gaRleydratpd, tRNaW iMRRGIED Y, 1i ghf ek 3 rearti® Sut uRlildr Bh@{tdns BY

“convert" is nmeant that the reactive groups are incorporated into the
pol ymerlbesutigbleftg capyert at deashahomt 5 persentar sppre pf thegesintsheattive grdupsi nvent i on,

a nold ass ' p I LJs ' | t. i,Ql | j ght. .. For

_pur poses omgc’hﬁ)\?gﬁt ﬁ%ﬁgﬁe{é@%tﬁ é'!ﬁsgl}i Fd&%g@YntF?s&Sfﬁ)’Y Z‘gﬁﬁ?‘rdgﬂf‘%ﬂ' #'5an

i ntensity afitableaosulistdntially aimnpletexBrough e @bf theabsinlt Inlarfotherabout 5 MmN cn?.
Sui t abl e wavel engt h?}é_or carryi g&s?ut this step of the process are 30 about
300 to aboffbodtment, herayenfiPy PEIRS 1aKes Produssst By hesonethad: The | ow intensity

exposure is carried out under conditions of wavelength and tinme suitable to
convert 0 9 JUL 2004 . .
15 By “ophthalmic lens” is meant a contact lens, intraocular lens, spectacle iens

and the like. Preferably, the lens formed by the method of the invention is a
spectacle lens, more preferably a multifocal, most preferably a progressive addition
lens. By “mold assembly” is meant one or more mold halves, an optical preform, or
combinations thercof. By “optical preform” or “preform™ is meant a shaped,

20  optically transparent article capable of refracting light, which article is suitable for
use in producing a spectacle lens. By “resin” is meant at least one monofunctional
monomer, one or more polyfunctional monomers, and one or more initiators. By
“convert” is meant that the reactive groups are incorporated into the polymer being
formed.

25

In the first step of the method of the invention, a mold assembly is exposed
to low intensity ultraviolet light. For purposes of the invention, low intensity UV y
light is UV light with an intensity of about 0.5 to about 50, preferably about 1 to
about 5 mW/cm®. Suitable wavelengths for carrying out this step of the process are
30  about 300 to about 450, preferably about 360 to about 400 nm. The low intensity

exposure is carried out under conditions of wavelength and time suitable to convert




WO 01 /46717 PCT/USOQ 34005 3 at | east about 50 percent or nore of @13 L
resin's reactive groups and, preferably, while naintaining the rat 1U 2004

pol ymer i ' | ow as possible, which rate is a rate a W

undesi ramb@h‘a’ﬁkage i nduced defects are avoi ded. One orm | ’5“"8% 'l ed
in 5 the art wll recognize that this rate will depend on a nunber of
factors including, wthout limtation, the resin used and the thickness of
the resin layer. The maintenance of the | ow polynerization rate is

achi eved through the use of the low intlensity UV |ight and, optionally,
one or nore of using a photoinitiator concentration of about | weight

percent or |ess based on the total resin weight, t4 incorporation of
peri ods of non-exposure into the low intensity exposure cycle, and

conmbi nations, fhereof...The tinme for e |ow intensity exposure wll, depend
on the.resi it et B0 Rirosn, BE PR LR brsP /R B Pl et lerio e of
initiator Upefntain®sd e i 60pblmerikdton 243 36w aSpaEsibld) HiSRfkd i Q ride@YpPS, the

t hi ckness of the resin layer to be cast, and the 15 intensity of the W

| i ght. Genemdiishundepisabloshiinkaggmdued defets arp pyoided. ;Bug ordinasidy girbled int 0 about
300 Seco;ﬁdz )z(nbe"ar:%ﬁ[ P&Lgﬁi‘é’@ﬁ% mﬂ%&%ﬁ’@@%ﬁﬁﬂ%b%@ iﬁ&S&Eﬂﬁuq/‘%&f | ow

i nt ensi t osure preferably 1s carri I n oné step. e sone
| ens assenbmigsunkmitatie) thecresih abed &al thethicknkensfithy reeitiagetr Thee carried out

in two or nore steps_.using periods. of non-exposure to the UV |ight of
about 5 to BPUUEIEE BHMEJRY ML TRZALORr S RO EYES %@ﬁgitkwmm&

Preferably, \;Mrﬂtgrﬁitgdﬁv fhEaROspHdhafll, o:ﬁmmorégfﬁgnggau&oﬁ,%ﬁ&conds ar e

al ternated on-exposure periods of about 5 about 60 seconds.
Subsequent teondeheatiasr ofi abatt bwerght péreent onldsnbasad ph phetotad sestreweighe nol d 25
‘assenbly is.exposed ta hi.gh intensity W |i.ght under. conditiong suitable to
Conpl ot 210 ¢ eatrgRain o pgpos b BEXyoborptoep e PR G PRk Rl R o ¢ hi <
step may becahpihtists théreoftbout 2000, preferably 500 to about 1500 mW cnR.
The wavel ength at which the exposure is carried out may be, and preferably

I's, the same as that. used tci carry out the | I ntensj ty exposure. The
sane factors det dPRfimgipythedey mighsity fxapsre i1l 34 29 fherregingelgcied)fon g4

casting onto the preform, the type and amount of initiator used, resin viscosity, the
nature of the reactive groups, the thickness of the resin layer to be cast, and the
15 intensity of the UV light. Generally, the total exposure time will be about 5 seconds

to about 300 seconds, preferably about 60 seconds to about 120 seconds.

The low intensity exposure preferably is carried out in one step. However,
some lens assemblies may require that the low intensity exposure be carried out in
two or more steps using periods of non-expasure to the UV light of about 5 to about

20 60 seconds between each low intensity exposure. Preferably, periods of exposure of
about 30 to about 60 seconds are alternated with non-exposure periods of about 5 to

about 60 seconds.

Subseguent to the termination of the low intensity exposure, the mold
25 assembly is exposed to high intensity UV light under conditions suitable to complete
through cure of the resin. The intensity of the UV light for this step may be about 50
to about 2000, preferably 500 to about 1500 mW/cm®. The wavelength at which the
exposure is carried out may be, and preferably is, the same as that used to carry out

the low intensity exposure. The same factors determinative for iow intensity



PCT/ USOCQ' 34005 exposure tine are determ native for the high intensi@;gt [
exposure tine. Cenerally, the exposure tine will be about 3 second ‘HJ 2004

about 60VQRUMIUS, preferably about 5 seconds to about 1FTEUMFIOSTHe high

intensity exposure may, and preferably is, 5 carried out as a single,

conti nuous exposure. However, the high intensity exposure also may be
carried out using alternating periods of UV exposure and non-exposure
periods. It is a discovery of the invemtion that the disclosed cure process
using low 10 and high intensity exposure permts production of a cast

| ayer substantially free of distortions, defects and voids using a total
UV exposur EXPasytetiig areetermingtive fardhe high intensity exposuse timel Xienerallye the

seconds, PLELELANGNe Wiffbl Qbdth  SERRAVICalcTBo Lon@OEARY, agepRc o 1 oos

15 The | ow intensity polynerization steps na ed out at
anbi ent t epgoendd toraboanth secomdsp The ihighninesssity expoblirefngdyg ahy préféiabhasi n 1 s
hot-coated ang the palynerizati on)fgor ocess is carried out at about the

gl ass t PanSFTPHAY e Gopanuoys e )SUEF Illq’%c"@&r‘é’éihi@ééﬂmw_ HPOFEE By
"hot - coat eglsg lay H%mmtﬁhsihé‘ﬁtcrﬁﬁﬁig}én%dé‘gﬁﬁdeﬁﬁgﬁE9{.& hoh-3xSée L O about

Its Tg. Heating may be acconpli shed any 20 convenient neans hcl udi ng,
wi t hout | ipericalsi on, use of an oven, heat circulator, or conbination
thereof. Polynerization at the preferred tenperature is also achieved by
any conveni ent neans including, without limtation, maintaining the cure

chanber at the Rrighaiseerkry MBEieHfion Dkt theiRlosEPEERPradess udig I | ow and
high intensity UV exposures may be carried out in any fashion that permts

the evef danskhighintensity §Kkpesyes pargis prasustieshofi deashialyer substantially frée o onveni ent

and prefer ?@Jﬂ?‘ eql : I I t he | i ght by

pl aci ng th(iel S’g#tfé%t%%lr‘g@q enea%]ﬁmtqﬁéﬁ/ no %D%g%éé?‘}%‘ﬁﬁ‘fv aggh{l}/%bs of | ow

I ntensity intdvsity,gizhe ofuboutlES0 aniléss aetonkds MPicféralslp themotdl ek posardlting@RoON ar c

| anps, flu resFﬁ;-t e io bul bs, or the |ike, and conbi nations thereof.
High inte b elcf%‘%t“ ®drces include, without linmtation, nercury,
xenon, and nercury-xenon arc |anps, WO 01/46717 5 0 9 JUL 2004

PCTJUSOQO 34005 ]
15 The low and high intensity polymerization steps may be carried out at

ambicnt temperature and atmospheric pressure. Preferably, the resin is hot-coated
and the polymerization process is carried out at about the glass transition
temperature, or Tg, of the cured resin or above. By “hot-coated “ is meant that the
resin is heated before it is cast to about its Tg. Heating may be accomplished by any

20 convenient means including, without limitation, use of an oven, heat circulator, or
combination thereof. Polymerization at the preferred temperature is also achieved
by any convenient means including, without limitation, maintaining the cure

chamber at the preferred temperature by use of forced air.

25 The low and bigh intensity UV exposures may be carmied out in any fashion
that permits the even distribution of the light through the mold assembly. A
convenient and preferred mode is to expose the mold assembly to the UV light by
placing the UV light source beneath the mold assembly. Sources of low intensity
UV light include, without limitation, mercury and xenon arc lamps, fluorescent-type

30 bulbs, or the like, and combinations thereof. High intensity UV light sources

include, without limitation, mercury, xenon, and mercury-xenon arc lamps,




FUSI ONTM m crowave-ignited | anps, or the like, and conbi nations thereof.
Suitable sources for the UV |light used in the invention are commrmnaé Jm
avai |l abl e. g H}e nol d hal f or hal ves used may be made of cal%ﬂ@% 2004
mat eri atQ WM L ng, without limtation, glass or plasti %’?I cal
prefornms used in the nold assenblies nmay be made of any suitable materials
i ncluding, wthout limtation, , polycarbonates, such as bisphenol A

pol ycarbonates, allyl diglycol carbonates, such 1o as diethylene glycol

bi sall yl carbonate (CR-39T111), allyligx esters, such as triallyl

cyanurate, triallyl phosphate and triallyl citrate, acrylic esters,

acrylates, nethacrylates, such as nethyl- ethyl- and butyl nethacryl ates
and acryl at es, styrenics pol yesters, pon et her phosphine oxi des, and the

conven! ent SEERC ARy . F L M v SR Feor Yol o ng,

i nj ection Siﬂﬁﬂ@%&&ﬂc@:ﬂfdi‘lﬁhmglght hﬁdfmfﬂ&r1ﬁﬁbé1ﬂmn(i?§éddﬂﬁcrc%llﬁﬂﬁ:]%lge I n
practice of the nethod of the invention, the rein may contain any nono- or

pol yfuntti onal nononer suitable for use for casting a surface onto an

opti cal 20 pr efyqieth At FORYEHA Al SERUACH B GARNL N QpPuRS. The

reactive groups require nononers used in the
i nvention 1ﬂdled1pg,omhmhjammma,tg!as ogphsps Th&ﬂpﬂdnr;gefomklnmdmlthmm i on,

free-radical nmer i zabl phot Qagi oni c riza phot.ocati oni c
pol yner i zéﬁqe@q’glr% etq{é‘“l’ PRER ﬁa‘ﬁateE' P%ﬁ%‘gﬂﬁ‘\g‘%‘ﬁm"@r ef erably,
resins w ?lzu cax%%na@ﬂlsﬁal a.emkmféﬁavxemﬁa.%%&s aﬁ{(ledlgﬁ@&i ca%%nﬁeergakﬁs of such

groups include, without Iimtation, substituted vinyl and allyl groups
i ncl udimg,asdadll’b(btrtc glycmltbmallnlrcal’matpl(ﬁjﬂ?ew%taﬂahcr yﬂtat,espcbiaytr;alllyl allylic

esters, vinylic es car banat es IJyI al k et hers, allyl aryl
et hers andY#HEalf; gt 13?[&%@5&'5‘6%% ﬁgr%mftﬁ’eaf“% %?’H’é‘?s alternative, the

reactive gishHReylamY, siéh Mkmﬁﬁtetm aﬁﬂlwylrxﬁaﬁédr?aetcgwaéylaﬁédch as an
epoxi de, aliphatic cyclic et vi nyl 0 alk and vi nyl aryl et hers,

styreni c §VOURes, palrxastsrﬁepqu R@BWSE@%PHH’W @nd thﬂé@e@ﬂ combirations anot her

o1/ ac717 e SHEPBRh P HhodiPadBRARY cOénitfic B ihdfaE, Ditnout®

15 limitation, injection molding, injection-compression molding, thermoforming,

casting, or the like.

In practice of the method of the invention, the rein may contain any mono- or
polyfunctional monomer suitable for use for casting a surface onto an optical

20 preform and containing the requisite reactive groups. The reactive groups required
to be contained in the monomers used in the invention are photopolymerizable
groups including, without limitation, free-radical polymerizable, photoanionic
polymerizable, photocationic polymerizable groups, and the like, and combinations
thereof. Preferably, resins with free-radical polymernizable groups are used.

25 Examples of such groups include, without limitation, substituted vinyl and alltyl
groups including, without limitation, acrylate, methacrylate, styryl, allylic esters,
vinylic esters, allyl carbonates, allyl alkyl ethers, allyl aryl ethers and the like, and
combinations thereof. As another alternative, the reactive groups may be
photocationically reactive groups, such as an epoxide, aliphatic cyclic ether, viny}

30 alkyl and vinyl aryl ethers, styrenic groups, and the like and combinations thereof.

As still another alternative, photoanionic reactive groups may be used including,




and conbinations thereof. 5 Suitable nono- and pol yfunctional nono

i ncl ude, WANSE” initation, those disclosed in United StBFEQ

5,470,892, incorporated in its entirety herein by reference. Additional
sui tabl e nononers include, without Ilimtation, allyl and bis(allyl)
carbonat es, such as diethylene glycol bis(allyl) carbonate, bisphenol A

di allyl carbonate, and the |like, acryliceacid, multi-functional acrylates
and to nmet hacryl ates, such as ethylene glycol diacrylate, tetraethylene

gl ycol diacrylate, tripropylene glycol diacrylate, trimethyl ol propane
triacryl at e, MtBewtdHpyaton, agrylale mcaﬂﬁﬁé@%ﬁpalﬂé?, stavh and thedike; fnd y| acryl at e,
hexanediohne(nggﬁ%%éﬁéq, hyl nmethacryl ate, butyl nmethacryl ate, propyl
nmet hacryl ate, pentacrythritol tetraacrylate, urethane acrylates and

met hacryl ates, styrene and styrene derivatives such as divinyl 15 benzene,
4-vinyl anisole, various esters or, maleic and itaconic acids, nethacrylic

and acryl fc anhyd®iiahle mapoyand pofyfunctional mepamera ok, wibewtdrmitationn
nononers ar ' ; ' f: | Iy .OF Lon are
known. It i gmg%%%?%gﬁé %@g?i%%l}tﬁ%rﬁ?dggg}#? ?%22’tlﬁg%rb%§{r°tdéﬁ rlltgtr%lﬁﬁl%t rs are
parti cul ar | yher&@ bygefendnce.n Aldditionalguitalis amneiriers inclgle, vaftioac timiatibndiliges. By
"high refractiyve | X" is nmeant a refractive .in on curing. of abhout 1.54
or greater, Weqlgﬁgglﬁﬁa%?“ﬁﬁoﬂfgbfﬁﬁdﬁﬂF“egglé%ﬂ]é’l‘s?a %cmﬁﬁe%sspbwm in
form ng hi ghdiaRfircaiondR, AndeX lik& SchAficcR, bl plRHGhal AcdiAES ¥laat es and

di net hacryl ates, et hoxy1 at ed bi sphenol A diacrylates and dinethacryl ates,

acryl at e lanomethasrylates) such as sthylese glycal dingryiats; (tetrsedylran @lyca) d26rydaexy

b sphenot A By b8l e i KBS AR B e
met hacr yl at emetasdrelate, edtrallydrofiafistyll acidhte aliexansdisinfetzeAdite Anethi¢T y| at e and

nmet hacryl ate eEters 0 t et rabrono bi sphenol S, acryl ate and

I gl yci dyl
met hacr y| at enel8acylate, ufo @Fﬂlgﬁvgqt%fnﬁ?%m%rxlﬁe- Repfastythmie! Iatiaaerviate.may be

used al one QfrethinCRFNaRS bhPMetdcidils, 9fent and Ryferidetid iJeQ'sLMfcﬂﬁn%oxy

acrylates and nethacryl ates; ethdxylatéd phenoxy acrylates an

met hacr ylat denzéncobainy aniseleyNamous esterd onpraleae and wacosic adidsi methabryfic U L

2004 WO 01/46%17 RCT/ 40 ..henzene: .benz acrylat.es and

et hacr yl at &89 aﬁ?’ﬁg %}?ga’b‘?@goﬁkgbﬁngccroﬂbé?azlgng Y 58 hoRbiers are
commercially available or methods for their production are known.

wi thout Iimtation, acrylate, nmethacrylate, epoxide, styryl, and thﬁélrjytem"
% No

It is another discovery of the invention that certain monomers are particularly

20  useful in forming lenses with high refractive indices. By “high refractive index” is
meant a refractive index on curing of about 1.54 or greater, preferably of about 1.56
or greater. The monomers useful in forming high refractive index resins are
bisphenol A diacrylates and dimethacrylates, ethoxylated bisphenol A diacrylates
and dimethacrylates, acrylate and methacrylate esters of diglycidyl bisphenol A,

25 epoxy acrylates and methacrylates, acrylates and methacrylates of tetrabromo
bisphenol A, acrylates and methacrylates of bisphenol S, acrylate and methacrylate
esters of diglycidyl tetrabromo bisphenol A, acrylate and methacrylate esters of
diglycidyl tetrabromo bisphenol S, acrylate and methacrylate esters of
tetrahydrofuran, and the like. The monomers may be used alone or in combination

30 with one or more of the following: epoxy acrylates and methacrylates; ethoxylated

phenoxy acrylates and methacrylates; isobornyl acrylates and methacrylates; divinyl




di et hacryl ates; N-vinyl carbazole, and the like. 5 In fornulations using

et hoxyl at ed bi sphenol A, the weight percentages of the ethoxylated 9 JUL 2004
bi sphenol A conponent nmay be about 1 to about 99, preferab)&%?&g&rg 4 to
about B®OWASTE preferably about 20 to about 75 wei ght p&FE he t ot al
wei ght of the resin conposition. The ethoxyl ated bi sphenol A conponent may
be a mxture of at |east two ethoxyl ated bi sphenol A conponents, the first
conponent of about 2 to to about 4 and the second conponent of about 9 to
about I 1 nole, preferably about 3 amd about 10 nole, respectively. The
wei ght percentages for the first conponent nay be about 30 to about 60 and
the second about 0O to about 30 weight percent, preferably about 40 to

about 50 herzeatidwhzyl@crtatesndimabacreipghipoleatidene glvead eacryletes 9nd based on
the total weight of the.resin used. neferred conposition 15 for use as
the casti AERSRAFHALS Wﬁcgga%ogc%ﬂg@fag%v\el ght percent of ethoxyl ated

bi sphenol A diacrylate (preferably about 40 to about 50 wei ght percent of

about 3 nole and about 20 to about 30, weight percent of about%f'].tg nol e) and
about 24 to allmfﬂmglﬁt\%ﬁ‘%@gﬁé?ﬁéﬁﬁdbﬁpﬁqnﬁﬁéﬂ%?‘ﬂwpe&%ﬂwgﬁﬁ  the,

articul ar refer o] | i i

E hox! at EGPoBTatHh Ssafenet FCRRARER Hlat b ARG (AR B9 Rre BT HORS, - o
about 25 ygeikght 3G anereprefefabblabott ADtorabbuat) 7 Sawel ghtpancen? of thagdtghweight cent

2- phenoxyet hyl acrylate. In_a preferraed enbodinent, the invention provides
2 method pegraRERTARsten. | Dt Chghengbh SPapprg Ay e BARFeGs | and
consi st | gr el fyc kBRyIRkd bispherid? AQLRRINERLS ANETFA cOMBOMGH Bf Are 3 Tesin

conprising, consisting essentially of, and consisting of about 30 to about
80 wei ght tahoneiznd thessetandydompetentiof pbrii G to abouti ld dngleaprefesshly abiie 24 to

rabout 50 wej ght rcent _of 2- A | sity LTV
| i ght undé?‘ig?ﬂ’!lb?ﬁ% & ple‘fté c&ﬁﬁ%ﬁ@e&#&%ki&?#ﬁ%ﬁh?gﬁ J}Iﬁg?cent or
more of t Ry RIbEUSIY BALLINGD B ehpsicomhsbdut ) 1@atpas BOgveighiipseaotent | y, t he
resin to 30 high intensity LTV |I%ht é%der condi ti.ons sui Lable to conplete
t hrough c prafergblyfaberictO toakoyt SOARARbouUtFP1te aboy 3§ WRIBhURSEFNL bcTNS00134005 The

viscosity b Litgy 63l ofiftie f36al X2RH: oPthleGesi AsHd. 0 Prefétiedl WniPdsifioness than
15 for use as the casting resin is about 30 to about 80 weight percent of ethoxylated
bisphenol A diacrylate (preferably about 40 to about 50 weight percent of about 3
mole and about 20 to about 30 weight percent of about 10 mole) and about 24 to
about 50 weight percent of 2-phenoxyethyl acrylate. A particularly preferred
composition is about 75 weight percent of ethoxylated bisphenol A (about 50 weight
20 percent of about 3 mole and about 25 weight percent of about 20 mole) and about 24

weight percent 2-phenoxyethyl acrylate.

In a preferred embodiment, the invention provides a method for producing a
lens comprising, consisting essentially of, and consisting of the steps of: 2.)

25  exposing a mold assembly and a resin comprising, consisting essentially of, and
consisting of about 30 to about 80 weight percent of ethoxylated bisphenol A
diacrylate and about 24 to about 50 weight percent of 2-phenoxyethyl acrylate to
low intensity UV light under conditions suitable to convert at least about 50 percent
or more of the resin’s reactive groups; and b.) exposing, subsequently, the resin to

30 high intensity UV light under conditions suitable to complete through curing of the

resin.




about 300, nore preferably about 5 to about 300, nost preferably aboutOQS ‘50
about 5_100 centipoise neasured at 25 Cwith a Brookfield visconeter. tJ L2004
i s anot h&YO W46 very of the invention that it is possibl e RG0S,
suitable resin with both a high refractive index and a viscosity of |ess

t han about 300 cp. One ordinarily skilled in the art will recognize that

t he wei ght percentages of the nono- and pol yfunctional nononers nust be
controlled so as to achieve the desired &iscosity. 10 Additionally, the

glass transition tenperature, or Tg, of the cured resin used preferably is
greater than about 45 C One ordinarily skilled in the art will recognize
that the Tg of the cured resin should not differ significantly, preferably

not by nore tha . . t t,erial, used to
formthe 15 opti ?g'l% qg#te’?‘??r%ﬂh%?%r{%’ﬁ‘é%“ﬂ‘%‘ﬁ? lﬁ'ggé?tgtoﬂé}gﬂﬁq%dyﬁcgg than_ _ o
optical prefaboun3®b) moreprefesabdy shous Saoabait390 hestpaeferablusbones to St

ordinarily skilled in the art vm'oll recogni ze that the desired cured resin
g3t 53 Cﬁﬂﬂkﬁg

Tg is achi elifrentippissaneasyse Fookfigld visrometesodidis guether ons. 20 The

nonomer s sel . . . 1. referably,,about 0.15
To ohour 3 gRchtit, CRheGyBR R ifls Basdile RMAin b bR ELFL AR pEUPR O
the nononehighusfactoeihdéxrandoiscobityl of lessihanibbdlit 300 ep.c Onerdinaily

equi val entsélt()i(fr 108, resin. The anmpunt, of resin cast will be_an anount
effective t8<HIgE M e%&r‘?"i‘d@?"gwﬁeé‘ﬂmt \itf t%’?@%ﬁ?ﬁ@iﬁ“’dﬂmﬁéﬂ?esi n
sel ected, tbg1 A ABRLIGHShoRlerd BEstHe doRBlIEPsPRTH raeﬂ;ffmggeéi%frﬁ&oﬁgd t he

size and shapé of the surface on which the resin w cast. I cally,

the amouret of resin used will be about 2 to about 20 g. Photoinitiators

useful in the inventlion.are those capahle of initiati ol.ymerization of
the sast resin | AT 1Es SAR FeRReR et ok dBub e itairan v
initiators nyférusig,is Bhehi2PtHan lab&ittaatd QN Onk loRBnArAYiskilled GE BRI WilD o
photoinitiators, 0 9 J UL 2004 WO 01/46717 PCT/ US00134005 9 phot ocati onic
i ni tiators, reshpnizdthattheig ofghoeured sgsen shorid nos differsignificangyi preferably net-

formate, * arbmert tapabiideSiahett i Bom bid e maffiafhesht il ¢! Denzey!
2- hydr oxy- 2opidalptefdmi E8Hrably, Rh@Paa{ tHe cufsiresin and optical FE:rcfon‘n material

1- hydr oxycycl ohexyl phenyl ket one, 2, 2-di - sechut oxyacet ophenone,
are substantially the same. Further, one ordinarily skilled in the art

will recognize that the desired cured resin Tg is achievable by selection of

monomers and their concentrations.

20 The monomers selected may have about 0.04 to about 1.17, preferably about
0.15 to about 1.2 equivalents of reactive groups per 100 g resin. Preferably, the
monomers used contain about 0.4 to about 0.6 reactive group equivalents per 100 g
resin. The amount of resin cast will be an amount effective to form a surface, which
amount will depend on the resin selected, the parameters of the surface

25 desired to be formed, and the size and shape of the surface on which the resin will be

cast. Typically, the amount of resin used will be about 2 to about 20 g.

Photoinitiators useful in the invention are those capable of initiating

polymerization of the cast resin in the UV absorption spectrum selected. Suitable

30 initiators include, without limitation, free-radical generating photoinitiators,




2, 2-di et hoxyacet ophenone, 2, 2-di et hoxy- 2- phenyl - acet ophenone,

2, 2-di net hoxy-2- phenyl - acet ophenone, benzoi n net hyl et her, benzoi n0 9 JUL 2004
i sobutyl ether, benzoin, benzil, benzil dinmethyl ketal, benzyl di sul fide,
2, 2-di hy &¥QWWASEHz ophenone, benzyl i deneact eophenone, benozﬁﬁ@ﬂ%ﬂ@?ﬂﬁﬂd

acet ophenone, 2,4,6 10 trinethyl benzoyl di phenoyl phosphi ne oxi de, and the

i ke, and conbinations thereof. Suitable free-radical generating
initiators are commercially available or methods for their production
known. Exenpl ary photocationic initiatows include, without Iimtation, 15
triarylsul foniumsalts, such as triphenyl sul foni um hexafl uoroanti nonate and
tr|phenylsulfonlun1hexafluorophospate dlarglodonlunlsalts such as di-(4-
dodecy| phenphytosimeimtaraRbaibassBiigioas, an gyuresitheren. |Tnibletfce- and t he

like and c t ar
comer ci al | 3{@%\/2&,{1&@%&( Jlﬁfa%?{ wc@kf‘g@@hgpﬁ&%g’dh aﬁ* lgbnclngé)h %@é\g’ 20
Exenpl ary phﬂﬁmmsletums inchidargs withoutUdheitatisng hhyﬂrobcymmamwmwphcnyl-
AT LTI S %leaﬁenﬂkemﬂsahfﬁzcbzutg;;azassﬁé.&e

ni trobenzyl k@xdilﬂﬁﬁ‘j?&%p}m%né L0 ARAHBKY P -Pirdny hedpherond, 2? -BRiRM~ R, 2

di met hyl benzyl car bar na benzoi n car bar nat es such as 5 5 d| met hoxy
25 benzoin pmrtybrmtepheoompbmmsthyhmmmgalboisnﬂfctbmkbmow beoail, i ¢

aci ds, such nz Iate cobalt (I11)
al kyl ani ne B‘Eﬂ@l‘g&’g&' pgﬁ@hgﬁl‘?éﬂgﬁ B‘}(ﬁﬁ%ﬁ‘é‘%ﬁ B, and the |ike,
and conbi nab¢mﬁdédwteqfhena&t, Bé)ﬂﬁphén@hc tdﬂelamapmdﬁé,lmsare di scl osed in:
1.) Canmeron, J.F. and J Frechet, 113 J. Am _ Chem Soc., 4303-4313

(1991); '8 )m@lémxl@heaﬂﬂphowppémemd the like, a@flgon@e}laenmher@glg 5922

G53- 457 (105G rRalpenclaynB it Raprff lne R sy R BendRpt
i nitiator utedpredictudepaswn.on the type of initiator selected as wel I as

the resin formul ati on used. Typically, the amount of initiator will be an
anount effective to initiate polynerization, about 0.1 to about 5 wei ght

percent 5 based BRemhpleryhotdtatisific ilieatb@Shdlude) Witkboat firfiRtatidt, f er abl y about
0-1to %?Outg'lal'ylsulfo%mm salts, such as triphenylsulfonium hexafluoroantimonate and
triphenyisulfonium hexafluorophospate, diarylodonium salts such as di<{4-
dodecylphenyl)iodonium hexafluorophosphate, aryl diazonium salts, and the like
and combinations thereof. Suitable photocationic initiators are commercially
available or methods for their production are known.
20
Exemplary photobase initiators include, without limitation, ortho-nitrobenzyl
carbamates such as 4,5-dimethoxy-2-nitrobenzyl carbamate, N-{[4,5-dimethoxy-2-
nitrobenzyl)oxy]-carbonyl-2,6-dimethylpiperidine}, 3,5,-dimethox y-a,c-
dimethylbenzy! carbamates, benzoin carbamates such as 3,3°,5,5’-dimethoxy
25 benzoin carbamate, o-acyloximes, ammonium salts of a-ketocarboxylic acids, such
as dimethyl benzyl ammoenium phenyiglyoxylate, cobalt (1II} alkylamine complexes
such as trans-[Co{pyridine)sCl;]Cl, and the like, and combinations thereof. Methods

for their production are disclosed in: 1.) Cameron, J.F. and I.M. Frechet, 113 J. Am.
Chem. Soc., 4303-4313 (1991); 2.) Cameron, J.F. and J.M. Frechet, 55 J. Org.

30 Chem., 5919-5922 (1990); and 3.) Weit, S.K., C. Kutal, and R.D. Allen, 4 Chem.
Mater., 453-457 (1992).




percent. In addition to a suitable initiator, the resin of the inventi
may inclyggaédy; desired additive, including wthout Ii mlfFfﬂJ%@nmoos
crosslinkers, viscosity control agents, and the |ike, and conbinatio
thereof. 10 One ordinarily skilled in the art will recognize that the
curing of the resin may be carried out by curing nethods in addition to
the preferred W light cure of the invention. For exanple, thernal

m crowave, and infra-red radiation curilfig may be used alone or in
conbination with UV curing. 15 Casting of the resin onto the preformto

form & surface OfyHhdagSPiullodBes WA IRAAGH: Rbe APl ABY st 00
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ns

Sui t abl e nmet hod casting one of NDre surfac

di scl osed iwellhs the rédi fomnulNasn ubedl 4Typhdly, the AmduBOSY, initiato2 W14 an 5, 316, 702,
5,358,672, 5,480,600, 5,512,371, 5,531,940, 5,702,819 5,793, 465,
5. 859, 685, &@EL cedtive i Mittatopolymesizatitn, abont 8 1le aherte] weight persent 20

entireti &S difed Gl HeShieht of thedelf atmurkiish, Fe?érﬁ'tg%sabﬁ&ﬁfﬂbs&gmit Wei%pe mol d
assenbl y" usi'ng any conhveni ent neans, suc¢h as the use of a displacenent
punp- Pr ef qreadehi, Int ddditivnltd a seitabderiiyyatos teaesieaf tfe invention Imkyhiakfudaady an

optical prefor he preformacting. as 25 the.second nold half. The resin
oy be s plenestaddiub IS o S BaioR SrOSHARER. VisGRky eAEp) 28ex and

concave surfage likl, ah€EahbiatfonsPhetesf sur face, on the preform Preferably,
the mold half 1s positioned, the resin is dispensed onto a surface of the

nold half and the preformis then contacted with the resin by placing the

preformon the tesin, ce.the f d rmare siti.oned as
desi red!? addi ti o(?féﬁ °’?81§¥9P¥ %Ecﬁauﬁq%%ga%lbéeﬁg%&zé)ﬂﬁg%ﬁg“ﬂbpgaﬁggﬂﬂbl y to
ensur e t he pedyi 58 datieddut ®ly catifig hictids $n additor fi tH6 preferfed UV 1260 4uf8Q@£01/ 46717

‘PCT/ US0004005, I | Preferably, the mpld half or halves used are of a greater
di anet er t fbginvertionyfFor exampipitherpnal yigreyvaxe, and wigdedradiationrugingman of t he

resin wtheyt,Lp D{gﬁgﬁiﬂfcoﬂ,bﬁmggﬁlgﬁfhu%h?g ring, or simlar equipnent. In

t hose cases in | e curve ra he preform surface in contact
with the resin and nold half is less than that of the nold half, the use

cqui preRt Sui § aRPBUTEST HE SO IR B RS URe" ARUTRER BMIRAAREI0ER voen
accomplished by any known method. Suitable methods for casting one or more
surfaces of a preform are disclosed in U. S. Patent Nos. 5,147,585, 5,178,800,
5,219,497, 5,316,702, 5,358,672, 5,480,600, 5,512,371, 5,531,940, 5,702,819,
5,793,465, 5,859,685, 5,861,934, and 5,907,386 incorporated herein in their

20 entireties by reference.

In general, the resin is dispensed into the mold assembty using any
convenient means, such as by the use of a displacement pump. Preferably, the mold
assembly is formed of one mold half and an optical preform, the preform acting as

25 the second mold half. The resin may be dispensed so as to form, when cured, one or
both of a convex and concave surface, preferably a convex surface, on the preform.
Preferably, the mold half is positioned, the resin is dispensed onto a surface of the
mold half and the preform is then contacted with the resin by placing the preform on
the resin. Once the mold half and preform are positioned as desired, additional resin

30 may be dispensed into the mold assembly to ensure the elimination of air bubbles

and voids.




the nold half surface and the optical preformsurface in contact with_the
resin. 1o Exenplary equi pnment for use as spaci ng neans include, wi t hol8 JUL 2004
limtati s, gaskets, Orings, and the |like. Once i of the
resin is‘ptgglr{%ﬁa’g?ed, the nold assenbly is disassenbl ed tﬁ&%@gt he | ens
fromthe nold half or halves. Any conveni ent neans nmay be 15 used for
separating the lens fromthe nold assenbly including, without limtation,
mechani cal separation, thermal separation, and the |ike, and conbi nations
thereof. It 1is a further discovery of tthe invention that disassenbly nmay
be achieved by using a water bath and ultrasound. Mre specifically,
separation of the lens, including the cast surface, fromthe nold is

achi eved by using ultrasound in the range of about 25 20 to about 150,
preferably 40 t rafeamly B ' ' i el or,
partially filled with vat e@ﬂ% d&am?l:???sed#p%%%u%&tﬁ@g’ ik Etﬁae‘nf’cf on the
t enper at ur éheodpticabprefsirm. ddeepdrnits confainmieghef the msimwitblow slsemdalof at enper at ur e,

t he hi gher r.temperature.used. . Typically, the ter tenperature
wi ll beq’gbgﬁ%ﬂer%%}rﬁ “er%ng?aﬁ’ﬁa’ee‘{“ép’BB‘ﬂuP- s< gasedin which fiequrye radivg
pr ef er abl y of ftel prefoirh Gudhceds Sentabtywit the RSN BACMBRNAIIL Yess HIG thét%ﬁtré s heated

for a tine and at a tenperature suitable to relieve stresses resulting
from t he p&oldbalfAhe pesPis spacing meppsmpy e reses9ey. cBY '$padingueany” sny

conveni ent ' ' | J- I .on.. UsSi thermal , infrared,
or mecr om?e%%%h@g{égggﬁg%ﬁhg@ghé A["ri%}r"g}&tgﬁpee %F%tﬁﬂcetbgg"qe@ns i s
heat ed usi tig rhéldrtni suefacr g theopticabpreforth Sirfibh in@AkcyV\Oi MdRdh! 12
PCTI US00/ 34005 to about 30, preferably ahout 5 to about 15 mns at a
t enper aur EXGRPRpLTAUIRBER dor %ﬁ@ﬁfpaf%mé’@ﬁ%‘%ﬂ- yithew imggiongtagbsut 110 C.
'5 One ordi pakklsyOStdgds! £ th@likde art will recognize that any type of Iens
i ncl uding, wthout I'imtation, single vision, flat-top, nmultifocal
including, without I|imtation, bifocal, trifocal, progressive, or the
i ke, may be pr ' .met hod, of . the inventign. However. .the
i nvention may flaﬂgggl?(ggﬁhegg f{tI}F' ??slu?};s ﬁ%%ptkﬁ%d’tme mold &5sembly is disassembled

to separate the lens from the mold half or halves. Any convenient means may be

15 used for separating the lens from the mold assembly including, without limitation,
mechanical separation, thermal separation, and the like, and combinations thereof. It
is a further discovery of the invention that disassembly may be achieved by using a
water bath and ultrasound. More specifically, separation of the lens, including the
cast surface, from the mold is achieved by using ultrasound in the range of about 25
to about 150, preferably 40 to about 50 Khertz induced into a contatner filled or
partially filled with water. The water temperature used will depend on the
temperature of the mold assembly; the higher the mold assembly temperature, the
higher the water temperature used. Typically, the water temperature will be about
room temperature to about -5 ° C.

Optionally, and preferably, following disassembly of the mold assembly, the
lens is heated for a time and at a temperature suitable to relieve stresses resulting
from the polymerization process. Heating may be carried out by any convenient
method including, without limitation, using thermal, infrared, or microwave energy
or combinations thereof. Preferably, the lens is heated using thermal energy for

about
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embodi ments in to which the desired final lens is a bifocal, the prelBrbi 200

t he add¥&P 01M6&r7 or both nust provide near vision power PCA/USGGB4006N t O

n of progressive addition | enses using surface casting. In

di stance power. For enbodinments in which the final lens is a progressive
| ens, the preform cast |ayer, or both nust provide near vision
power, distance power and a zone of transition power between the distance
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and near vision power zones.
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For examplge, a surface of the preformor 15
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for 45 semsvidndearsuitiorpoeat digtanoé pawer antensine wf ahngifen posiériedlaerabout 1130
d,10.300 rimfor. 6 secs. For anpl es, 43 through 53, the resin was

oibe gigtance and near vision power zones. For example, a surface of the preform or
the cast layer may form a progressive addition surface thus providing a progressive
addition lens as the final lens. By “progressive addition surface” is meant a
continuous, aspheric surface having distance and near vision zones and a zone of
transition power, or zone of increasing dioptric power, connecting the distance and

near vision zones.

The invention will be clarified by considering the following, non-limiting

examples.

Exampiles
Examples 1 - 65

The following procedure was used to form lenses using the process of the
invention. A pre-weighed amount of a casting resin was dispensed onto the concave
side of a glass mold that was 81 mm diameter. A 70 mm polycarbonate optical
preform was placed on the resin and additional resin is dispensed, using a pipette, to

ensure that no air bubbles or voids are present between the glass mold and preform.



intensity W light of 2.7 mWcnR2 for 120 secs and then exposed to UV |ight
of an intensity of approximately 358 mWcnR2 for 15 secs. For exanpl eﬂs) Sﬁ
-62, the resin was exposed to lowintensity W light of 2.7 mNcnR f 9 JHE 2004
secWOM/4633 secs of f, and 45 secs on. Subsequently, PFRSOUM as exposed
to W light of 1130 mWcnR i5 for 6 secs. The lens forned fromthe resin
and preformwas renoved fromthe nold wusing ultrasound denol di ng and baked
for 10 mn at 100 in a convection oven. The specific casting resins and
data are provided on the follow ngisables. Abbreviations used in the
tables are as follows: 20 ACTI LANETM 320: epoxy acrylate CDT1' -9038:

et hoxyl at ed bi sphenol A diacrylate (30 nole) CNTM -104: epoxy diacryl ate
appr oxi mat eThe UVhight somRE@ReIPPRILIONE bcl@wrﬁlmgla%stm@ldpﬁen@;@mxdcmfjll acryl ate

=5720: WiPugih e RO as AL oo R aRG R Btetiily SERePlp et icny ket one
LUC Uz W7t andedboyt 300 dmbfot 2 intivitey hink; sutayguin€olf ap eyt e

PHOTOVERT"' -3016: epoxy ,di acryl at 1 nole) SRTM -339: 2-pehnoxyet hyl
acr il ampprogimeeix/R >SS mdV/ooy| apd 1) mah for §y spesp | For gwampigcrdy theresipwas ) U L 2004 WO

"s06;  Fiaal AR e LRNpR B IERIT P BERT SR 7)) oo (4
mol e) 358 SIW'M'nz&_ﬁ& abait30Ryinaford Siseep Hemokanipldidd cthy Iresire wad expustd)
0370 £ DYoIEN: pEa) il u 6B BmE 2 BRSSP0 SRR o aexanple
S5Exanplg.Gnfesb gy, 388 im@Bity b ap8aRkidly 365t 1130 mW/icm? and
10 300 nm for 6 secs. For examples 43 through 53, the resin was exposed to low

intensity UV light of 2.7 mW/cm2 for 120 secs and then exposed to UV light of an

intensity of approximately 358 mW/cm? for 15 secs. For examples 59 —62, the resin

was exposed to low intensity UV light of 2.7 mW/em? for 45 secs on, 30 secs off,

and 45 secs on. Subsequently, the resin was exposed to UV light of 1130 mW/cm?

15 for 6 secs. The lens formed from the resin and preform was removed from the mold

using ultrasound demolding and baked for 10 min at 100° in a convection oven.

The specific casting resins and data are provided on the following tables.
Abbreviations used in the tables are as follows:
20 ACTILANE™ 320: epoxy acrylate
CD™ -9038: ethoxylated bisphenol A diacrylate (30 mole)
CN™ _104: epoxy diacrylate approximately 1 mole
EBECRYL™ -110: ethoxylated phenoxy ethyl acrylate
EBECRYL™ -3700: epoxy diacrylate (approximately | mole)
25 EBECRYL™ -3720: bisphenol A diacrylate
IRG 184: 1-hydroxy cyclohexyil phenyl ketone
LUCIRIN™ TPO-L: ethyl 2,4,6-trimethylbenzoylphenyl phosphinate
PHOTOMER™ -3016: epoxy diacryiate (1 mole)
SR™ -339: 2-pehnoxyethy] acrylate
30 SR™ -344: Polyethylene glycol 400 diacrylate
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Table 1
Example ! | Example2 | Example3 | Example4 | Example 5 | Example 6
Resin SR™ 1319 -— SR™ .339 SR™ .339 — ——
(40 %) (10 %) {9 %)
SR™ .506 SR™ .506 SR™ .506 SR™ 506 SR™ _506 SR™ -506
(40 %) {70 %) (70 %) (40 %) (49 %) (59.5 %)
SR™ 601 SR™ .601 SR™ .601 SR™ 601 SR™ .a01 SR™ _g01
{19 %) (29 %} (19 %) {50 %) (50 %) (39.5 %)
IRG 184 IRG 184 IRG i84 IRG 184 IRG 184 IRG 184
(1 %) (1 %) (1 %) (1 %} {1 %) (1 %)
Tmax (min)= | Trax (min)= | Tmax(min)= | Tmax (min}= |{ Tmax(min)= | T iny=
DSC Data 045 042 0.4 0.42 03"9"" “‘3;-(4";'1“)
% Conversion % Conversion | % Conversion | % Conversion | % Conversion | % Conversion
@ Tmax = @ Tmax = @ Trmax = @ Temax = @ Tmax = @ Tmax =
34.29 40.98 39.78 38.04 38.26 38.86
Enthaipy Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy
(cal’g) = 8495 | (calig) =68.62 | (callg)=73.52 | (caWg)=66.19 | (cal/gy=61.36 (cal/g) = 65.65
Refractive
Index
(un-ured) 1.50 1.49 1.49 1.51 1.50 1.50
@ 20°C




| RG 1841 RG 1841 RG 1841 RG 1841 RG 184 (1 % (1 % (1 % (1 % (1 ON DSC Dat aTmax

(mn)

Trax =(r ¥

Ent hal pyEnt hal pyEnt hal pyEnt hal pyEnt hal py (caVg) -
- 80.85(cavVg) -

16Exanp

=Tmax (mn)
Conver si on% Conver si on% Conver si on, .,
7':7@ Tmax =(r) Tmax - 37.5439.9638. 3339. 6139
75. 26( caVg)

66. 95(caVg) -

-Tmax (mn) Tmax (m n)

Conver si on% Conver s

72.46 Refractive | ndex
(uncured)1.511.491.501.511.50 20 C 5 10 1s WD 01/46717 PCT/ USOQ 34005 0 9
JUL 2004 16 Tabl e 3 Exanpl e 12Exanpl e 13&Exanpl e 14Exanpl e 15Exanpl e

=Tmax (mn) 0.440.440. 460. 400.42 ¢
(bl 1L 0

-70. 66(cavVg)

| e 17 Resi nSRTM - 349SRTM - 349SRTM - 349SRTM - 349SRTM - 349SRTM - 349

(509 (40% (509 (50% (50 % (50 SRT" - 506SRTM - 506SR TM - 506SRTM - 506SRT"

- 506SRTM - 506 ( 35% ( 45% ( 450%) ( 40%) (20% (10% SRT*'

- 344SRT"' -344SRTM -344 (10% (10% ( S%TQBQ‘@ (10%9 ------
(159 (25% Divinyl Divinyl Divinyl DivinylDvinyl Divinyl
BenzeneBenf eneBenz ¢ néx@aple & nie Branperfe Bekrawpies 4569 104 BOrHl (1140
1841 RG 184 ZRG SR™ 339 | SR™-339 | SR™™-339 | SR™ -339
{24.5 %) (5 %) (25 %) (4.5 %) (11.8%)
SR™ 506 SE™ .506 SR™ _506 SR™ _506 SR™ .506
(40 %) (70 %) (55 %) (44.5 %) (53.8%)
SR™ 601 SR™ 601 SR™ .601 SR™ _601 SR™ 601
(34.5 %) (24 %) {19 %) (50 %) (33.4%)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1 %) (1 %) (1 %) {1 %) {1 %)
Tmax (min) = Tmax (min) = Tmax {min} = Tmax {min) = Tmax {min) =
DSC Data 0.44 0.44 0.46 0.40 242
% Conversion % Conversion % Conversion | 4. Conversion % Conversion
@ Tmax = @ Tmax = @ Trmax = @ Tmax = @ Tmax =
37.54 39.96 38.33 38.61 39.30
Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy
(calg)=75.26 | (cal/g)=70.66 | {calig)=80.85 | (calg) =66.95 | (cal'g)=72.48
Refractive
Index
1.51 1.49 1.50 1.51 1.50

(uncured)

- 344SRTM - 344SRTM
SR 339SR 339

| RG 1841 RG



184 (199 (19 (199 (199 (1% / (1% Viscosity (Cps (ci @2571. 0542 3555. 45 é]ﬁ

C DSC Daya tgm n) Tmax (mn) =Tnax (mn) -Trmax (mn) T ;rﬁ 2004
(mn) - 3.023.663. 21" 3. 092. 952. 79 % Conver si on% Conver si o nver5| on%
Conver si on% Conver si on% Conver si on TruaxTrmax[al Tmax - 8. 1Q Tmax - @ Tnmax - @
Tmax - 54.0652.5852. 3858. 0257. 1

Ent hapyEnt hal pyEnt hal pyEnt hal pyEnt hal pyEnt hal py (calla) = 45.85(calla) -
71.68(calla) - 65.58(cal/g) - 69.00(cailfg)-- 62.18(cal/g) - 69.36

Refractive Index (uncured)l1.511.511.521.511.521.53 20 C 5 10 15 WO 01/46717
0 9 JUL 2004 PCT/USQOQ 34005 17 Table 4 f Exanpl e 16Exanpl e 19Exanpl e

20Exanpl e 21Exanpl e 22 Resi nSRTM - 602SRTM - 602SRT" - 602SRT"' -602SRTM - 602
(2099 (10 % 20 fo(30% (20% SRT" -349SRTM - 349SRT"' -349SRTM - 349SRT" - 349
(20% (209 (109 (30% (50/u) CDT" - 9038CDT"' -9038CDT"" -9038CDT"' -9038CDT*'
Example 12 | Example 13 | Example 14 | Example 15 | Example 16 | Example 17
Resin SR™ -349 SR™ .349 SR™ .349 SR™ .349 SR™ .349 SR™ .349
(50 %) (40 %) (50 %) (50 %) {50 %) (50 %)
SR™ .506 SR™ .506 SR™ 506 SR™ .506 SR™ .506 SR™ _506
(35 %) (45 %) (45 %) (40 %) (20 %) {10 %)
SR™ .344 SR™ .344 L SR™ .344 SR™ .344 SR™ 144
(10 %) (10 %) {5 %) (10 %) (10 %)
— — - SR™339 [ SR™339
(15%) {25%)
Divinyl Divinyl Divinyl Divinyl Divinyl Diviny]
Benzene Benzene Benzene Benzene Benzene Benzene
(4 %) {4 %) {4 %) (4 %) {4 %) (4 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
{1 %} (1 %) (1 %) (1 %) (1 %) (1 %)
Viscosity
(cps @ 25° 71.05 4235 5545 6275 — -
(&)
DSC Data | To=yfom= | Toss oy~ [ st = | Ty o= | s = | T =
% Coniversion | % Conversion | % Conversion | % Conversion % Conversion % Conversion
@ Trmax = @ Trax ~ @ Trmax=§.2 @ Tmax = @ Tmax = @ Tmax =
54.06 52.58 52.38 58.02 57.1
Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy
(calig)=45.85 | (calig)=T71.68 | (calg)=65.58 | (cal/ig) = 69.00 (cal/gy 62.18 | (cal/g) =69.36
Refractive
Index
{uncured) 1.51 1.51 1.52 1.51 1.52 1.53
@ 20°C




ON(99% (99 (9% (9% ACr 1 LANEACTI LANEACTI LANEACTI LANEACTI LAt 1
320320320320320 50% 60% 60%80920% | RG 1841 RG 1841RG 1841RG 1841 RG 18@%% 2004
% (1 %(]%8%1%670 (1 %9 Viscosityl2417 (250 C)28014 (25 C)%%%‘g@@ag

(25 C) 295 (cps) 1378 (45 C)2426 (45 C) 1892 (45 C) 578 ? 452 (45
C) DSC DataTmax (mn) -Tmax (mn)xTn x (mn) =Tmax (mn) -Tmax (mn) -

0. 671. 050. 810. 530. 49 % Conver si on%Conver si on% Conver si on%Conver si on%
Conversion Q Tmax -Q Tnax -Tnax -Ca Tnax =Q Tnmax -

41.1649. 2645. 8739. 2738. 08 Ent hal pyEnt hallpyEnt hal pyEnt hal pyEnt hal py (cal/g)

- 39.41(calg) - 37.41(callg) - 37.91(cal/g) - 42.53(calg)- 45.12 Refractive
I ndex (uncured)l.541.551.541.541.54 20 C Mechani cal 2038 Mya Q2218 Mpa C1929
Mpa QL1596 Moa Q1172 Mpa Q Pro rties25 C25 C25 C25 25 C 71.74 Tg (75.25 Tg
(71.59 Tg (60.26 Tg (61.22 Tg ( C) C) CGGhidy 45 Tan SO.47 Tan 80.44 Tan 80. 43

Tan 60.48 Tan _6 @Tgﬁl’gﬁl’gﬁl’ g 5 10 WD 01/46717 PCT/USOOr 34005 0 9 J UL
, 2004 18 Tadi e 5 | | Example 18 | le 19 | Example 20 | Example 21 | Example 22
Resin SR™ .602 SR™ _602 SR™ 602 SR™ 602 SR™ .602
{20 %) (10 %) (20 %) (30 %) (20 %)
SR™ .349 SR™ .349 SR™ .349 SR™ _349 SR™ .349
(20 %) {20 %) {10 %) {30 %} (50 %)
CD™ -9038 | CD™ -9038 | CD™ -9038 | CD™ -9038 | CD™ 901§
(9 %) (9 %) (9 %) (9 %) (9 %)
ACTILANE™ | ACTILANE™ [ ACTILANE™ | ACTILANE™ | ACTILANE™
320 320 320 320 320
(50 %) (60 %) (60 %) {30 %) (20 %)
{ IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1%) (1 %) (1%) (1 %) (1 %)
Vjscosity i2417 (25°C) 28014 (25°C) 19366 (25° () 3979 (25°C) 2954 (25°C)
(cps ) 1378 (45° O) 2426 (45" OC) 1892 (45° O) 578.2(45°C) 452 (45° Q)
Tmax (min)} = Tmax (min) = Tmax (min) = Tmax {min) = T {min) =
DSC Data 0.67 1.05 0.81 0.53 m;-:;!n
% Conversion % Conversion % Conversion % Conversion | % Conversion
@ Tmax = @ Trmax = @ Tmax = @ Trmx = @ Tmax =
41.16 49.26 45.87 39.27 38.08
Enthalpy Enthalpy Enthalpy Enthalpy Enthaipy
(cal/g) = 39.41 (cal’g) = 37.41 (cal/p) = 37.91 {calig) = 42.53 (cal/g)=45.12
Refractive
Index
{uncured) 1.54 1.55 1.54 1.54 1.54
@ 20° C
Mechanical | 2038Mpagg | 22i18Mpa@ | 1929Mpa@ | 15% Mm@ | 1112 Mm@
Properties 25°C 25°C 25 C 25 C 25°C
TLI4Tg(® | 7525 Tg (" | 71.59Tg(° | 6026 Tg(* | 61.22Tg("°
C) ) Q) <) %)
045Tan d 0.47 Tan 0.44 Tan & 0.43 Tan & 0.48 Tan &
@Tg @Tg @Tg @Tg @Tg




Exanpl e 23Exanpl e 24Exanpl e 25Exanpl e 26Exanpl e 27Exanpl e 28 Resi nSRTM

- 349SRTMO B4@BRTM - 349SRTM - 349SRTM - 349SRTM - 349 (50% ( Fe%niseoadoz0 20(RAUL 2004
% (2099 SRTM -506SRTM -506SRTM - 506SRTM - 602SRTM - 602SRTM - 602 (20% (10

9% (20% (10 /0)(100/6)(10% SRTM -344SRTm - 344SRTM - 344CD TM 9038CDT"

- 9038CDTM - 9038 (10% (10% (10% (9% (9% (5% ESECRYLT" EBECRYLT"
37003700 (60% (60% Di vinyl Di vinyl D vi %/I -Di vi nyl

BenzeneBenzeneBenzeneBenzene (4% (4%( N 4 ACTJLANEACTI | ANEACTI LANEACTI LANE
320320320320 15 8/6)(25% %5% (60% |RG 1841 RG 1841 RG

184LUCI RI NTULUCI RI NTMLUCIRINT" (1 %9 (1 %9 (1 %9 TPO LTPO- LTPO-L (1% (1% (1%

DSC Dat aTmax (min)Tmax (mn) =Tmax (min) -Tmax (nin) =Tnmax (min) - Tnax .

(mn) 2.041312.230.580. 661. 09 % Conver si onConver si on% Conver si on%

Conver si on% Conver si on% Conversion T

g%f;ﬁ;sTrmX(r) Tmex -(c3 Tmax(rr@Tit x@

Tmax - 55.0853.1157.4532.5929. 2137. 9
Ent hal pyEht hal pyEn tHxatkqﬂyf:h Balply B0 Balopye33t ek ple {6 Ehgblca‘l bExEHﬂl&fs D) -
49. 12( caV—=—54-7 v Ot ta e o e 8 Refractive
Index (unfufsaf™L. g3 *;3@“’9 35 1‘9551 “gé;fzc ?gs% w:;)-j/\/ 6750 %35
o)~
C) 22639 (p5Cy9633 §%5 é 62§éﬂ“ 5080 | SR B [SSRM.E03 TP sk 609 | SR™ 602
(20 %) (10 %) (20 %) {10 %) (10 %) {10 %)
SR™ -3144 SR™ 344 SR™.344 | CD™0038 | CD™.9038 | CD™ -9038
{10 %) (10 %) (10%) {9 %) (9 %) (5 %)
— —— — . EBECRYL™ EBECRYL™
3700 3700
(60 %) {60 %)
Divinyl Divinyl Divinyl . _ Divinyl
Benzene Benzene Benzene Benzene
(4 %) (4 %) (4 %) (4 %)
ACTILANE™ | ACTILANE™ | ACTILANE™ | ACTILANE™
320 320 320 320 - -
(15 %) {25 %) {5 %) (60 %)
IRG 184 IRG 184 IRG 184 LUCIRIN™™ LUCIRIN™ | LUCIRIN™
(1 %) (1 %) (1%) TPO-L TPO-L TPO-L
(1%) {1%) (1%)
DSC Data Tmax (min) = Trmax (min) = Tmax (min) = Tmax (min) = Tmax (min) = Trmax (min) =
204 151 223 0.58 0.66 1.09
% Conversion % Conversion % Conwversion % Conversion % Conversion | % Conversion
@ Tmax = @ Trmax = @ Trmax = @ Tmax = @ Tmax = @ Tmax =
55.08 53.11 57.45 32.59 29.21 317.93
Enthalpy Enthatpy Enthalpy Enthalpy Enthalpy Enthatpy
{cal/g) =51.58 | (calfg)=49.12 | (cal/g)=54.77 | (cal/g)=33.95 (caligy= 35.73 | (cal/g)=37.68
Refractive
Index
(uncured) 1.53 1.54 1.53 1.54 1.55 1.55
26469 (25° O) 22639 (25°C) 9633 (25° C)
6454 (35° C) 6169 (35°C) 2916 {15°C)
2465 (45° C) 2028 {(45° C) 1076 (45° C)
953 (55°C) 824 (55 C) 463 (55° C)
448 (65° C) 401 (65° O) 215(65°C)




2465 (45 C) 2028 (45 C) 1076 (45 C) 953 (55 ©)824 (55 (C)463 (55 C) 448 (650

C)401 (65 ©)215 (65 C) 5 10 0 9 JUL 2004 WO 01/46717 Table 6 19 Exagp@sgm_ 2004

29Exanpl e 30Exanpl e 31 Resi nSRTm - 602SRTm - 602SRTm - 602 (209 (10% 3 RTm
ECTHRWIHLY

. - 349SRTWOGUGRIT “* 349 (209 (20% (30% CDT" 9038CDTm 90
(9% (9% (9% EBECRYL77EBECRYLTMEBECRYL' ' 370037003700 (500/0) (60% 30 % 1RG

1841RG 1841RG 184 (199 (1% (1% DSC DataTmax (mn) =Tn x (mn) =Tmax (mn) =
6. 16. 295. 84 % Conver si on%Conver si on% Conver si on TnexQImax=QInax-
45. 7446. 6145. 6 Ent hal pyEnt hal pyEndul pyjd cavg) - 40.94(cavVg) - 35.99(cal/Q)

+ 45.2 Refractive | ndegable $41. 551. 54 (uncur ed)

| Example 29 | Example 30 | Example 31
Resin | SR™-602 | SR™-602 | SR™ 602

(20 %) (10%) (30 %)
SR™ -349 | SR™-349 | SR™.349
(20 %) (20 %) (30 %)
CD™ 9038 | CD™ 9038 | CD™ 9038
(9 %) (9 %) (9 %)
EBECRYL™ EBECRYL™ EBECRYL™
3700 3700 3700
(50 %) (60 %) (30 %)

IRG184 | IRG184 | IRG184
(1 %} (1 %) (1 %)

DSC Data | Tmax(min)= | Tmax (min)= | Tmax (min) =

; 6.1 6.29 584
' % Conversion | % Conversion | % Conversion
@ Trax = @& Tmax = @ Tmax =
45.74 46.61 45.6
Enthalpy Enthalpy Enthalpy
(calig) = 40.84 | (calig)=35.99 | (cavg)=452
Refractive
Index
(uncured) 1.54 1.55 1.54

@20°C




20 C 5 10 PCTI USCO 34005 15 WD 01/46717 20 Table 7 09JUL2004

PCT/ US00134005 Exanpl e 32Exanpl e 33Exanpl e 34Exanpl e 35Exanpl e 36 Res$ dUL 2004
SRTh - 349SROMIAEUISRT"t - 349SRTm - 349SRT' w - 349 75% 66 % 50983AR6/54005

SRTm 339SRTm - 339SRTM - 339SRTM - 339SRTM - 339 (24 % (33 % (49 % (66 N (75 %
| RG 1841 RG 184| RG 184ERG 1841 RG 184 (191.)(1 % (1 % (1 %9 (1 % Viscosity
292.4 (25 ©)160.9 (25 C)67.85 (25 €)31.7 (25 ©)22.35 (25 C) (Cps ) DSC Data
Tmax (min) =Tmax (mn) =Trmax (mn) Tmax (ngn) =Trnax (mn) -

0. 440. 440. 380. 40. 38 % Conver si on% Conver st on% Conver si on% Conver si on%
Conversion (Ja Tmax -@Tmax =ila Tmax =@ Tmax =i Tmax =
36. 6! 34. 1135. 834. 7636. 77 Ent hal pyEnt hal pablntiul pyEnt hal pyEnt hal py (cal/g) -

61. 13(cal /g) 63—69feal+ep) f3—66{ecal/g)-.93 43(cal/g=- 88 58 Refractive
| ndex (uncurled) 1.54 | ERpk a2 | Exdrple’3 InAt hExarele 35 J Fammindf (@120 Mpg
- c@121 Mpa597. Redipa | GRP4349 | MRJ* PuopleskRimems2b sBP6. 3493 &% -3485] C
(75 %) {66 %) {50 %) (33 %) (24 %)
SR™ 339 SR™ .339 SR™ .339 SR™ _3139 SR™ 339
(24 %} (33 %) (49 %) {66 %) (75 %)
IRG 184 [RG 184 IRG 184 IRG 184 IRG 184
(1%} (1%) (1 %) (1 %) (1 %)
Viscosity 282.4 (25°C) 160.9 (25° C) 67.85(25°C) 1n7@2s5°0) 223525 C)
(cps)
DSC Data Tmax (min) = Tmax (min) = Tmax (min) = Tmax {min) = Tmax (min) =
044 0.44 0.38 04_ 0.38
% Convasion | % Conversion | % Conversion | % Conversion | % Conversion
@ Tmax = @ Trmax = @ Tmax = @ Trax = @ Tmax =
{ 36.61 .1 358 34.76 36.77
Enthalpy Enthalpy Enthalpy Enthalpy Enthaipy
(cal/gj=61.13 | (cal/g)=61.69 | {calig)=73.66 | (cal/g)=83.41 | (cal/g)=R3.58
Refractive
Index
(uncured) 1.54 1.54 1.53 1.53 1.53
@20°C
Mechanical | 2391Mp @ | 3120Mpa@ | 212iMps@ | S9T6Mpa@ | 2489Mpa @
Propetties 25*C 25°C 25°C 25°C 25°C
6237Tg (" | 5749Tg(° | 44.37Tg(° | 33.74 Te(® | 3048 Tg(°
<) <) Q) |9)) C)
0.79 Tan § 090Tand | 1.132Tan & | 1.385Tan & | 1.485 Tan &
@Tg @Tg @Tg | @Tg @Tg




62.37 Tg (57.49 Tg (44.37 Tg (33.74 Tg (30.48 Tg ( CO-QQ) QO |- 0.79 Tan
S0.90 Tan 81.132 Tan .S1.385 Tan S1.485 Tan S @g@g@g@g@g 5 10 15 Y,@J”L 2004
01/ 46717 21 Table 8 JUL2004 PCTf US00/ 34005 Exanpl e 37Exanpl e 38Exa e
39Exanpl WOMOR%HAD| e 41Exanpl e 42 Resi nSRTK - 349SRT" - 349 SFONVUSEY3IOHT V]

- 349SRT~ - 349SRTm - 349 (33% (33% 33 % 33 % 33% (33 SRTM - 339SRT""' - 339SRT"
-339SRT"" -339SRT' -339SRTM -339 (66% (61 9% (56% (51 % (46% (41 %

- EBECRYLT" EBECRYLT" EBECRYLT- EBECRYLTYEBECRYLTM 37003700370037003700

5% 109 (1520%25% | RG 1841 RG 1841 RG 1841KG 1841 RG 184I RG 184 .

(19 (199 (199 (1% (199 (1% Viscosity3l.7 (25 C46.15 (25 C)62.7 (25- C)81.25
(25 ©)151.35 (25 2373 (25- © (cps ) DSC DataTmax (mn) -Tnnx (mn) -Tmax
(mn)Tmax (mn) -Trnx (mn). =Tmax (mn) 0. 40. 360. 440. 50. 530. 54 %

Conver si on% Conver si on% Conver si on% OP&.‘fe si on% Conver si on% Conver si on Tnax
-@Truax =@ Truax- @ TnraxTmax - @ Tnax = 99, 7635. 6435. 3636. 6933. 4131. 57

Ent hal pyEnfhal py En{ rdngye3nt] b3 NExapiple34 N &kddiple 40 | Example 41 | Example 42
Resin SR™ 349 | SR™.349 | SR™.349 | SR™-349 | SR™.349 | SR™ -349
(33 %) (33 %) (33%) (33 %) (33 %) (33 %)
SR™ 339 | SR™.339 | SR™.339 | SR™.339 | SR™_339 | SR™ .339
(66 %) (61 %) (56 %) (51 %) (46 %) (41 %)
— EBECRYL™ EBECRYL™ EBECRYL™ EBECRYL™ EBECRYL™
3700 3700 3700 3700 3700
(5 %) (10 %) (15 %) {20 %) (25 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1 %) (1 %) (1%) (1%) (1%) (1 %)
Viscosity 311.7(25°C) 46.15(25° C) 62.7(25°C) 81.25(25°C) 15135 25°C) 2373(25°0)
(cps)
Tmax (min}= | Tmax (min)= | Tmax(min)= | Tmax (mn)= | Tmax (min)= | Tmax (min)=
DSC Data 04 0.36 0.44 05 “u:).s?m l'l'll;_sl;llﬂ)
¢ Conversion | % Conversion | % Conversion | % Conversion % Conversion % Conversion
@ Trmax = @ Trmax = @ Trnax = @ Tmax = @ Trax = @ Tmax =
34.76 35.64 35.36 36.69 33.41 31.57
Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy Enthaipy
(cal/g) = 53.4) | (calg) =82.53 | (calp)=76.77 | (cabg)=B0.78 | (caligy=73.12 | (calig)=60.81
Refractive
Index
(uncured) 1.53 1.53 1.53 1.53 1.54 1.54
@20°C
Mechanical | S976Mpa@ | 1121Mpa@ | 2105Mpa@ | 1850Mpa@ | 2517 Mpa@ | 2589 Mpa @
Propertics 25*C 25°C 25°C 25'C 25*C 25°C
33.74Tg(° | 36.79Tg(° | 45.11 Tg(® | 4157Tg(° | 5421 Te(®° | 5693 Tg(®
C) C) 9] C) 0) C)
1.385Tand | 1.271 Tan8 | 1.076 Tan § | 1.208 Tan & | 0.9987 Tan | 0.9446 Tan
@Tg @Te @Tg @Tg b@Tg d@Tg




(al/g) - 83.43(cavVg) - 82.53(calg) - 76.77(cal/g) - 80.78(cal/Q)-
73.12( caggé- 69. 81 Refractive Index (uncured)l1.531.531.531.531.541. 54(30JUE 2004
vt S®BMa @

Mechani ¢ fpa @121 Mpa a2105 Mpa @850 Mpa @517 MoBCTE
Properties25 C25 C25 C25 C25 C25 C 33.74 Tg (36.79 Tg (45.11 Tg (41.57
Tg54.21 Tg (56.93 Tg O CC)C)C) 1.385 Tan S1.271 Tan 61.076 Tan S1.208 Tan
50. 9987 Tan0. 9446 Tan @g@g@g@gS@g8@g 5 10 WD 01/46717 22

PCr/ USO0I 34005 09JUL2004 | Table 9 Exanpj e 43Exanpl e 44Exanpl e 45Exanpl e
46Exanpl e 47Exanpl e 48 Resi nSRTM - 349SRTM - 349SRTM - 349SRTM - 349SRTm

- 349SRTM - 349 (45% (50% (50% (33% (36% 42 % SRTM - 339SRTM - 339SRTM

- 339SRTM - 339SRTM - 339SRTM -339 (24 % (24 % (49% (66 9 (33 %9 (57 % SR
-602SR -602----- SR -602 (30% 25% (30% | RG 184l RG 184|1 RG 184I RG 184I RG
1841RG 184 (1 (1 %9(1 %9(1 (L 9(l %9 Viscosity257.6 (25 C)256.7 (25
) 67.85 (25 O 31.7 (25C)155.1 (250 O) %48hlen (25 C) (cps ) DSC DataTr nx

(mn)-Tmax {mn)—=Tux (mn) Toax (min) Trax (i n) Toax (i n)
11. 410. 520! 380. 40. §cEx#mple 43" | Example 44 | Example 45 | Example 46 | Example 47 Example 48
Resin SR™ .349 SR™ .349 SR™ .349 SR™ .349 SR™ .349 SR™ .349
(45 %) {50 %) {50 %) {33 %) (36 %) (42 %)
SR™.339 SR™ .339 SR™ 339 SR™ .339 SR™ .339 SR™ _339
(24 %) (24 %) (49 %) {66 %) (33 %) {57 %)
SR™.602 | SR™.602 — — SR™-602 —
(30 %) {25 %) (30 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1%) (1%) (1%) (1%) (1%) (1 %)
Viscosity | 2576 (25°C) | 256.7Q25°C) | 6785(25°C) | 31.7(25°C) | 155.1(25°C) | 48.25 @5°C)
(cps)
DSC Data Toax {min)= | Tmax (min)= Trozx {min) = Tmax {min) = Tmax (min) = Tmax {min) =
0.41 0.52 0.38 04 0.5 0.43
% Conversion | % Conversion % Conversion % Conversion % Conversion % Conversion
@ Trnax = @ Tmax = @ Tmax = @ Trax = @ Tmax = @ Tmax =
33.31 316.82 358 14.76 36.89 36.77
Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy Enthalpy
(cal/g) = 63.62 | (cal/g)=63.18 | (cal/g)=71.66 | (cal/g)=83.43 (cal/g 69.11 (cal/g)= B2.41
Refractive
Index A
(uncured) 1.53 1.53 1.53 1.53 153 1.53
@ 20°C
Mechanical | 1604Mp@ | 15635Mpa@ | 2121Mpa@ | 5976Mpma@ | 01 MpaG@ 1514 Mpa @
Properties 25*C 25°C 25°C 25°C 25°C 25°C
4338Tg(° | 4648 Tg(° | 4437 Tg(° | 33.74 Teg(® | 3532 Tg(® | 38.36 Tg (°
9] C) . C) C) 9] C)
0.7964 Tan | 0.7828Tan | 1.132Tan8 | 1.385Tan 6 | 0.9644 Tan | 12.213 Tan
S@Tg 5@Tg @Tg @Ts b@Tg b@Tsg

10



% Conver si on% Conver si on% Conver si on% Conver si on% Conventi on% Conver@'gglgl_ ]
Tmax -Tmax -i Tnax - @ Tmax -i Tnax - @ Truax - 33. 3336. 8235. 834. 7636. : 7290

Ent hal py I nt hal pyEnt hal pyEnt hal pyEnt hal py (cal/g) = cal/g) -
63. 18(ca@él)3?7ﬁ'°o’¥g. 66(tang) - 93.43(cal/g)- 69.11(cal/g)- 1'5%‘?’1{% acti ve
| ndex (uncured)1.531.531.531.531.531.53 20 C Mechani cal 1604 Mpa C1965 Ma
(12121 Mpa @597.6 Mpa @01 Ma @514 Mpa @Pr es25 C25 C25 C250 C250 C25 C
43. 38 Tg46.48 Tg (44.37 Tg (33.74 Tg (35.32 Tg (38.36 Tg ) CC)C)C 0.7964
Tan0. 7828 Tanl. 132 Tan S1. 385 Tan 50. 9644 Tanl2.213 Tan
b@g6b@g@gog@gs@g6@g 5 10 0 9 J U L 2404 WO 01/46717 23 5 Table 10
PCT/ USOQ' 34006 Exaul e 49Exanpl e 50Exanpl e 51 Exanpl e 52Exanpl e 53 Resi nSRTM
« - 349SRTM - 349SRTM - 349SRTM - 349SRTM - 349 40. 5%47. 5%60%35%13% SRTM - 339SRTM
- 339SRTM - 339SRTM - 339SRTM -339 (28.5 % (24 % (36.5 %9 (49 %9 (39 %
Wit 602Wn 602SR - 602SR - 602SR -602 (30 % 27.5% (12. 5% (15% 17 | RG 1841 RG
, 1841 RG 1841 RG 1841 RG 184 (1% (1% (19 (1% (1% Viscosity200.1 (25- C)253.4
(25 © 13158 (25- ©72.85 (25 O)118.9 (rzar?le%

Example 49 | Example 50 | Example 5! | Example 52 | Example 53
Resin SR™ 349 SR™ .349 SR™ _349 SR™ 349 SR™ _349
{40.5 %) (47.5 %) (50 %) {35 %) (43 %)
SR™ .339 SR™ .339 SR™ .319 SR™ .339 SR™ -319
{28.5%) (24 %) {(36.5 %) {49 %) {39 %)
SkR™.602 | SR™-602 | SR™-602 { SR™602 | SR™.602
{30 %) (27.5 %) (12.5 %) {15 %) {17 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1%) (1%) (1%) (1%) (1%)
Viscosity | 2001 (25°C) | 2534(25°C) | 131.825°C) | 728525°C) | 1189(25°C)
(cps)
Trmax (min) = Tmax {min} = Trmax {min) = Tmax (min) = Trax (min) =
DSC Data 0.52 0.52 0.48 0.45 0.47
% Conversion | % Conversion | % Conversion % Conversion | % Conversion
@ Trmax = @ Trmax = @ Tmax = @ Trmax = @ Troax =
35.63 33.52 35.89 35.27 37.52
Enthalpy Enthaipy Enthalpy Enthaipy Enthalpy
(calig) = 68.41 | (calfg)=62.75 | (calg)=71.04 | (callg)=7635 | (caVg)= 7361
Refracnve
Index
(uncured) 1.53 1.53 1.53 1.53 1.53
@ 20°C
Mechanical 1359 Mpa @ 1591 Mpa @ 2027 Mpa @ 721.3 Mpa @ 1606 Mpa @
Pmpcrtics 25°C 25°C 25°C 25°C 25 C
3796 Tg(® | 4491 Te(®° { 44.64Tg(® | 34.04Tg(" | 3959 Tg ("
C) <) C) C) <)
0.881 Tand | 0.7693 Tan | 0.9282Tan | 1.147 Tand | 1.001 Tan &
@Tg d@Tg 5@Ts @Tg @Tg




(cps ) DSC DataTrnxx (mn) -Tmax (mn) -Tmax (mn) =Tmax (mn)aTmax (mn) -
0. 520. 520. 480. 450. 47 % Conver si on% Conver si on% Conver si on% Conver si od%JUL 2004
ConversiWAMHEN7- Qa Trmax - @ Thax - @ TmaxTrmax - 35. 6333. SPGHUSOWB408537. 52

Ent hal pyEnt hal pyEnnhal pyEnt hal pyEnt hal py (cal/g) - 68.41(catfg) -
62.75(cal/g)- 71.04(cal/g) - 76.35(cal/g)- 73.61 Refractive Index

(uncured) 1. 531. 531. 531. 531. 53 200 C Mechani cal 1359 Mpa @59] Ma @027
Mpe721. 3 Mpal606 Mpa @ Properties25 C254C25 C25 C25" C 37.96 Tg (44.91 Tg
(44.64 Tg34.04 Tg39.59 Tg ( O GCC)C) 0.881 Tan 50. 7693 Tan0. 9282 Tanl. 147
Tan S1.001 Tan S @gS@g&@g@g@g 10 WO 01146717 PCT/ USO0/ 34005 0 9 JUL
2004 24 Table 11 Exanpl e 54Exanpl e 55Exanpl e 56Exanpl e 57Exanpl e 58

Resi nSRTm - 349SRT" " - 349SRTM - 349SRTm - 349SRTM - 349 33% 33% 33/ 633%33% SRT"
%

- 339SRTM - 339SRTr" - 339EBECRYL"EBECRYL' ' (61% (56% (41% 110110 41 %l
Benzyl Benxyl Benzy) EBECRYLTNEBECRYL) ' Tagid\h at cAcryl at eAc yl al e6003720 (5

% (109 (259 (25. 9925 | RG 1841 RG 1841 RG 1841 RG 1841 RG 184
Example 54 | Example 55 | Example 56 | Example 57 | Example 58
Resin SR™.349 | SR™.349 | SR™.349 | SR™.349 | SR™ _349
{33 %) (33 %) (33 %) (33 %) (33 %)
SR™ .339 | SR™.339 | SR™.339 | EBECRYL™ | EBECRYL™
(61 %) (56 %) (41 %) 110 110
{41 %) {41 %)
Benzyl Benzyl Benzyl EBECRYL™ EBECRYL™
Actylate Acrylate Acrylate 600 3720
(5%) {10 %) (25 %) (25 %) (25 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1 %) (1%) (1%) (1 %) (1 %)
Viscosity | 2845 (25°C) | 2495(25°C) | 17.60(25°C) | 3904(25°C) | 400:6(25°C)
(cps)
Trmax (min)= Tmax (min)= | Tmax{min)= | T {min} =~ T in) =
DSC Data 0.3% 0.41 o.;;m ma;_srgm) m;.(s';m)
% Conversion | % Conversion | % Coaversion | % Conversion | % Conversion
@ Trnax = @ Trax = @ Trmax = @ Tmax = @ Trax =
37.62 35.79 36.81 35.08 3374
Enthalpy Enthalpy Enthalpy Enthalpy Enthaipy
(cal/gy=82.00 | (calig)=82.94 | (cal/g)=8R.11 | (cal/g)=62.13 { (caligy= 58.56
Refractive
Index
{(uncured) 1.53 153 1.53 1.53 1.53
@20°C
Mechanical | 7585Mpa@ | 857.8Mpa@ | 107iMpa@ | 1669Mpa@ | 1479 Mpa @
Properties 25°C 25°C 25°C 25 C 25 C
33.98Tg (" | 3526Tg(® | 36.5Tg(® | 4499 Tg(° | 43.00Tg(°
Q) Q) ©) 8] C)
1466 Tan 6 | 1.382Tan 6 | 1427 Tan 6 | 0.7199 Tan | 0.7288 Tan
@Tg @Tg @Tg b@Te 3 @Tg




(L 99(1 %9(1 %9(1 %9(1 %9 Viscosity28.45 (25 (C)24.95 (25 C)17.60 (25

O 390.? (25" © 400.(6 ()25 C) (cps ) DSC DataTnux (mn)Trmu (mn)Tmax @d m)| 2004
=Tmax ' X (mn) 0.390.410.435.56559 5 Conver si on¢ L.oNn%
Conver sir%ﬁéldfagégﬁver si on% Conversion Q Trmax =r(s~ Tm xTr vfcq?ﬁr%‘ﬁ‘ﬁ’%gg =Ca
Tmax 37.6235. 7936. 8135. 0833. 74 Ent hal pyEnt hal pyEnt hal pyEnt hal pyEnt hal py
(cal/g) -112.00(caL/g) - 82.94(cal/g) - 88.11(cal/g) - 62.13(callg) 58.56
Refractive I ndex (uncured)1.531.531.531.531.53 P200 C Mechani cal 758. 9 Ma
c@57.8 Mpa Cal0d71 Mpa @669 Mald79 Mpa Q Properties25 C25'° C25 C25' C25'
C 33.98 Tg (35.26 Tg (36.5 Tg (44.99 Tg (43.00 Tg ( ©OCC 1.466 Tan Sl1.382
Tan 51.427 Tan S0. 7199 TanO. 7288 Tan QIgQrg@gSQrgS@g 10 WO 01/46717 25 5
Table 12 0 9 JUL 2004 PCT/US00/ 34005 Exanpl e 59Exanpl e 60Exanpl e 61Exanpl e

62Exangk 63Exanpl e 64Exanpl e 65 Resi nSRT" -349SRT" -349SRT" - 349SR
.349SR r -349SRT" -349SRT" -349 33 %33 % 33 %C33%0 % (50% (509 SR "

-339SR " -339SRN -339SR -339SRT" -339SRT" -339SRT" -339 (31 % (26% (21
%9 (16% (514% (9 (4% ESECRYLT" EBECIi—\‘(!lb'l":' fzSECRYLT" EBECRYLT" SR - 602SR . 602SR
602
Example 59 Exampie 60 Exampie 61 Eaample 62 Examplc 63 Example 64 Example 65
Resin SR™ 349 SR™ 349 SR™ 349 SR™ 349 SR™ .349 SR™ .349 SR™ .349
(33 %} {33 %) {33%) {33 %) (50 %) (50 %) (S0 %)
SR™ 339 SR™.339 SR™ .339 SR™ .339 SR™ .339 SR™ 319 SR™ -339
31 %) (26 %) a1 %) (16 %) (14 %) 9%} (4 %)
EBECRYL™ EBECRYL™ EBECRYL™ EBECRYL™ SR'™.601 SR™-601 SR™.602
i700 3700 1700 3700 {25 %) (25 %) (25 %)
25 %) (25 %)} 25%) (25 %)
SR™ .506 SR™ 506 SR™ 506 SR™ _506 SR™ _506 SR™ _506 SR™ .506
(10 %) (15%) {20%) (25 %) {10 %) (15 %) (30 %)
IRG 184 IRG 184 iRG 184 IRG 134 IRG 184 IRG 184 IRG 84
(1 %) (1%) {1 %) (%) (1% (1%) (1 %)
\r‘i:cns)iﬁy — 25*0) —(25°C) 226.1(25°C) 236.9{25* C) — (25 —(25°C) 246.6(25°C)
Y
DSCDeta | Trmx{min)= — | Tmax(mia)=—- Tnmx (rom) = Tonax {oun) = Trmax (min) = — | Tmaa (min}= — Tooax (nin) =
5.54 5.54 .33
% Conversion @ | % Conversion(@ | % Conversion@ | % Conversion @ | % Comversion @ | % Comversion @ | % Conversion @
Tmax = — Trmnax = — Trax =37.36 Tmax = 1597 Tmax = -— Twaa = — Tmax = 32.68
Ecthaipy (caVg) | Emthalpy (calg} | Enthaipy (caVg) | Emduipy tealg) Emthalpy Enthalpy “Evhalpy
-— -— = §2.5) = 62.06 (calkig)s — {cal/g)= -— {cabig)y= 56.31
Refractive
inde.
(e w:d) 1.53 1.53 1.53 1.52 1.53 1.52 1.52
@2 ¢ :
Mechanica | 2691 Mpa @ 25° 2021 Mpa @ 2345 Mpa @ 25" | 2459 Mpa @ 25° 3925 Mps @ 7301 Mpa G 1943 M; 25
} Properties C 5°C C c 135 C zs-g@ f:.@
41.11 Tg(* ) 66.88 Tg(* C) 70.14 T2 (" €) R T ) 31.33 Tg (* C} 38.07 Tg{" C} 766 Tg(*O)
0908 Tans@ | 09136 Tané@ | 0945 Tanbig | 03909 Tanb@ | 0.7500 Tanb@ | 09704 Tanb@ | 0.6319 Tans @
Te Te Tg Te Tg Tg Ty




3700310037003700425% (25 %9 (25 % (25% (25% (25% (25% SRT" -506SRT"

-506SR - 506SRTM - 506SRT" -506SR~ -506SR- -506 109%45%4 25% 109 (15% 0% | RG
1141 RG 1841 RG 1841 RG 1841 RG 1841 RG 1841 RG 184 (1% (1% (1% (1% (1 % ( 174 (ibg0lk
zfzzf:osél)ty(/;- (25- O- (25 ©326.1 (25 C)236.9 (25 Q- (25 - (25 Q) 246.6
DSCDouTnsx(m n) - - - Tnax(m n) #- . - Tnu( nur12)6' Tnnx(rain)-Tnux(m n)-_Tnau(awn)

- - Tm( nun&\n‘%. 54;5.,54 .38 % Conversion (rah% Conversion (1% Conversi on

[y! %Cenvn &hi oa (a) % Conveni aa% Conver si on Q Tnx

---.Tnax- - Tmax- 37. 36Tmax- 35. 97Tmax-- Ti - - anTr nx- 32. 68 Emhal py

(caVg) Ent hal py (aL#) Emhal py (cl g) EaOul py (calg) Ent hal pyEnar ai pyEsahal py - -
6? 53- 62106( cal m(athad/for-pr()qumg/vp@etaem 1Rests crenpriseng thdsieps 0630). &Pbsing

S31.521.531521. 52 rcra 0' C.. Mechani ea2691 21 345
Mhe (o) dangnibpsity QUSHBES Nethpmoid Aeomal BaponBe AT A ARAT o (; g

oCC2 25 7 T
C38. 07 T%tg??p%e[gor'ﬁ?s@%ga Jslacfmiidy Iffé%% ghbui Gfgrefgﬁ C%n&%ﬁ{gg%?cggvesgog Tan

26@ \7/\200gfbaps ,4hg lomkm@m)a“?f‘érhgbt @aosmgar‘md opt tr!giﬁgvgmgtr@lwablego JUL 2004
I at is cl

conpri si n§PHYEE Bg eé‘Btsabe"f 5 i?‘ircﬂgg’BgfoﬁBOPWS fﬁgsg’(%j#"%l?m‘f‘%r%fﬁﬁé:ﬁt’ 31% Eal/?glsgts light a
mol d assepfloking0 Mtk fendy ah&Rdsth ©daHigh MBhsRP UV light under conditions suitable

to substantially complete through curing of the resin and lens formation, wherein the

low intensity ultraviolet light is about 1 to about 5 mW/cm.sup.2 at about 300 to about
{ 450 nm and the high intensity ultraviolet light is about 500 to about 1500

mW/cm.sup.2 at about 300 to about 450 nm.

2. The method of claim 1, wherein steps a.) and b.) are carried out at about the

Tg of the cured resin.

3. The method of claim 1, further comprising, prior to step a.), heating the resin

to about the cured resin's Tg.

4. The method of claim 2, wherein the low intensity exposure is for about 5 to

about 300 seconds and the high intensity exposure is for about 3 to about 60 seconds.

5. The method of claim 4, wherein the total ultraviolet light exposure time is

about 130 seconds or less.
6. The method of claim 4, wherein the low intensity exposure is carried out by
alternating periods of exposure of about 30 to about 60 seconds with periods of non-

exposure of about 5 to about 60 seconds.

7. The method of claim 6, wherein the total ultraviolet light exposure time is

about 130 seconds or less.




optical preformand a surface-formng effective anount of a resin

conprising reactive groups, the lowintensity W |ight exposure car@gxlemL
out under conditions suitable to convert at |east about 50 percent or nore
of the resin reactive groups; and b.) exposing, subsequently, the resin to
high intensity W light under conditiops suitable to substantially

conplete through curing of the resin and lens formation, wherein the | ow
intensity ultraviolet light is about 1 to about 5 mMWcm sup.2 at about 300

to about _450 n_and hi i.ntensit |traviolet light is about 500 to
about 1608 maRRrEE A REE AR e eatlire S R 1 et hod o
claiml, whRkeRirRtici SRsurt of abdid 0tD4)toAbButCIAI T bfivaDitits 8f readrBiéterblyss pefg of the
cured resin. 3. The method of claiml1, further conprising, prior to step

a.), heatilf@gre¢senresin to about the cured resin's Tg_ 4. The nethod of
claim2, wherein the lowintensity exposure is for about 5 to about 300
seconds and the high intensity exposure is for about 3 to about 60 seconds.

5. The mephod ghe ¢hethdd & clafies aitieréinehd Rbaivelgrbupd\arofred-rddigiht exposure tine
is about 130 seconds or less. 6. The nethod of claim4, wherein the | ow

i nt ensi ty pelypsogalde reaciye gIo8BS.out by al ternating periods of exposure of
about 30 to about 60 seconds with periods of non- exposure of about 5 to
about 60 seconds. 7. The nethod of claim®6, wherein the total ultraviolet

| i ght expagur e Theiniehadsof dhiau®, widdeiaeltoresin forthdresmpri®&s about MUtd?abotit The

met hod of claim?2, wherein the reactive gé%ﬂgs are Erese

t in a

concent r aPSFigHBEFEnH ansthaxvintesibisphesg rylgte ag F@%tgﬂttg aBeut-30act i ve
gr oups pel,,.: i 1 gd of claim8, wherein the reactive
groups ar gvefg}lgg?rggﬁdl cglrbhep%)f%rtr@r ?%Lél e reactive groups. 10. The net hod of
claim9, wherein the resin further conprises about 30 to about 80 weight
percent of _an hox %a ed bis @e ol .Adiacrylate and a t 24 to about 50
he oht - pertdent 196 Ttk SEsisiat PO Eesig i B5i e band el D eRLperitc0,
wher ei n t ke ethBy10tc8 PIPhESANA 8hRpkisiDabt 0 tveR peidknt of about 3 mole and

about 25 weight percent of about 20 mole ethoxylated bisphenol A and about 24

weight percent 2-phenoxyethyl acrylate.

12.  The method of claim 1 or 2, further comprising the step c.) using, subsequent
to step b.), ultrasound in the range of about 25 to about 150 Khertz to separate the lens

from the mold assembly.

13.  The method of claim 1 or 2, further comprising the step of heating, subsequent
to step b.), the lens using thermal energy for about 1 to about 30 mins at a temperature

of about 50 to about 125.degree. C.

14.  The method of claim 12, further comprising the step of heating, subsequent to
step c.), the lens using thermal energy for about 1 to about 30 mins at a temperature of

about 50 to about 125.degree. C.

15. A method for producing spectacle lenses comprising the steps of: a.) exposing
to low intensity ultraviolet light of about 1 to about 5 mW/cm.sup.2 at about 300 to

about 450 nm a mold assembly comprising at least one mold half and an optical

preform and a surface-forming effective amount of a resin comprising free-radical




of ethoxyl ated bi sphenol A conprising about 50 wei ght percent of about 3
nol e and about 25 wei ght percent of about 20 nole ethoxyl ated bi sphenol A
and about 24 weight percent 2-phenoxyethyl acrylate. 12. The met hodl §fJUL 2004
claim1 or 2, further conprising the step c.) using, subsequent to step
b.), ultrasound in the range of about ;25 to about 150 Khertz to separate

the lens fromthe nold assenbly. 13. The nethod of claiml1 or 2, further
conprising the step of heating, subsequent to step b.), the |lens using

t hernmal energy.for about 1 to about 30 mins at a r bout 50
o about ‘ASBIEDIIEA Ve OB ARTROEeGPY ATk L FOoR T PhE b o ng ¢he
step of h@tﬁg‘%arl%ts StieaQareRbugsDer DGR résin, thd Y ﬂnﬁé’iﬁit}dWHgﬁtQ@f)Me energy for

about 1 to out 30 mns at a tenperature of about’ 50 to about 125. degree.
C. 15. A cmtittboutiumdepranditzing guisghde toamingert ahlsast aboutilipergegt ohamorg efps of . a.)

exposing ,to lLowintensity ultraviol.et |ight of about .l t .

MmN cm supths TN KReTYe @859%:3ndhg56?°ﬂ% Sﬂf?ﬁ%q‘ée i %‘ezﬂ%lg r%s]e;ﬁ/l bgggrr%&r fegfnng at

| east oneyRbiididlslty 2N 1ighk STRbbEIR300 BaBb@r 1508 RS biif. 2 acaticat BOOE ef fective
amount of a tesin conprising free-radical 09JUL2004 28 pol yneri zabl e

reactive grootif$0 hm undenemmslitionatshisable rombstantaliisomplese darough ggigofy . 17
equi val ents of reactiye gr.oups, per 10 i | i UV |ight
exposur e ﬁ’ﬁé?sﬂ?g%fﬁeﬂf}‘ gFm’c‘}‘(ﬂlrlletlg}altniS(i!)i3 gaglﬂh?g)glr%e%o gcii)ﬁ@fedrt{%g%ﬁbéeggt about
50 percengf@e chifeiesi,. the resin reactive groups; and b.) exposing,
subsequently, the nold assenbly and resin to high intensity UV |ight of
about 500 to about 1500 mMWcm sup. 2 at about 300 to about 450 nm under

condi ti ong, sui [ : j he resin
and | ens ?%‘r mﬁﬁglﬁét@eﬁ?ﬁn&g%@ﬂg fgrgﬁlgélgg@&g?g&ggﬁ? 'icj’g{ agg EHf:latm;e'al{l;out t he
Tg of the dbouethekcasidresia® TgThe net hod of claim 15, further conprising,
prior to step a.), heating the resin to about the cured resin's Tg. 17.
The nethod of claim15 or 16, wherein the low intensity exposure is for

about 5 10 abeyl ,RG0SHCYIAS] PR 6 MheRtiDihe IO SMShdidy XPBATE [Sfot abdu@r about
3 to about 60 seconds. 18. The nethod of claim 17, "'wherein the total
ul travi ol &to hbayih B0@ xEosds and thenhighsintensity exposure is for about 3 to about 60

seconds.

18.  The method of claim 17, wherein the total ultraviolet light exposure time is

about 130 seconds or less.

19.  The method of claim 15 or 16, wherein the resin further comprises about 30 to
about 80 weight percent of an ethoxylated bisphenol A diacrylate and about 24 to
about 50 weight percent of a phenoxyethyl acrylate.

20.  The method of claim 19, wherein the resin comprises about 75 weight percent
of ethoxylated bisphenol A comprising about 50 weight percent of about -3 mole and
about 25 weight percent of about 20 mole ethoxylated bisphenol A and about 24
weight percent 2-phenoxyethyl acrylate.

21.  The method of claim 15 or 16, further comprising the step c.) using,
subsequent to step b.), ultrasound in the range of about 25 to about 150 Khertz to

separate the lens from the mold assembly.




about 130 seconds or less. 19. The nethod of claim 15 or 16, wherein the
resin further conprises about 30 to about 80 wei ght percent of an

et hoxyl at ed bi sphenol A diacrylate and about 24 to about 50 wei ghtl E’péll}lcgﬂﬂ&
of a phenoxyethyl acrylate. 20. The nethod of claim 19, wherein the resin
conpri ses about 75 wei ght percent of -,gthoxylated bi sphenol A conprising
about 50 wei ght percent of about 3 nole and about 25 wei ght percent of
about 20 nol e et hoxyl ated bi sphenol A and about 24 weight percent

2- phenoxyet hyl _acrylate.. 21. The hod of cl.aim.15 or 46, .further
conpri si ngﬁt heTg’F E%tllf).d)"ftfifiuﬂlgl,g] Ors]ﬁi‘ﬂﬁﬁéﬁ?mi’%ﬁgghﬁ Sﬁqf’)cftjqffitt‘?%\sound in the
range of %%Uﬁue%@tc;&%?@.g,%e 1620 uihg ilefmh PenefBPRF Absut 1he abatSofhidlat He nol d
assenbly. 0 9 JUL 2004 29 22. The nethod of 'claim 15 or 16, further

conpri si neempeeatgtesyd abbutidatbiabgyt 129udsgrequent to step b.), the |l ens using
thermal energy for about | to about 30 mns at a tenperature of about 50
to about 125.degree. C. 23. The nethod of claim 21, further conprising the

step of heati ng"heminipl,f&*tlféﬁ’c@mbrisih?fhdﬁé}ﬁoﬁkﬁaﬂ@,@b&feﬂﬁéntwergy f or
about 1 to about 30 mns at a tenperature o about 50 to about 125, degree.

C. 24. A swplkodthedenspsogbemp! spassy fjaboytdnioaborioihmingiah g teprerauegRf of . a.)

exposi ng 0.l-aw int Lt Ltraviolet light of about 1 to about 5

mN cm sup.‘r’l ouatitsaeti%%laﬁu%ggg'dtg%l%e'a out 450 nma nold assenbly conprising at

| east one nold half and an optical preformand a surface-formng effective
anount of a resin conprising . free-radical polynerizable reactive gr oups in
a concent R4t i ol BEGGATORTOARINE SREctgie lenseneRmpUsing thestaps PL| %n?’g’oé‘P reactive

groups peg, %Q'Pin,?e}g'lrgﬁf Lﬂra@&qeth%ﬂ[ﬁ ggﬁuﬁ Sﬁ?@%u& ¥ o /dif Sip. 2 BeSbou B0t 300 cp at

25. degr ee. oW I nten t exposure carried out under
condi t i onabsutidsalea hld assembly @mprsagtat dastuinebolddratfent apoptioale of t he

and 1 esi norSoR B § REBEE PG 0oF PO Bbb e R s B g
mV cm sup glg‘yﬁ{eri%mwrea’éﬁ% ERUPP AL cotRntid#ion aHIAIAE oC4VRdt 0 DARS alsdlitialyl e to

substanti y conpl ete through curing of the resin and |ens formation,
wher ei n stequisalants ofneictivy gmups perrii0edresinandhavpgatviscpatyef leofs thife cur ed

resin. about 300 cp at 25.degree. C., the low intensity UV light exposure carried out under

conditions suitable to convert at least about 50 percent or more of the resin reactive
groups; and b.) exposing, subsequently, the mold assembly and resin to high intensity
U V light of about 500 to about 1500 mW/cm.sup.2 at about 300 to about 450 nm
under conditions suitable to substantially complete through curing of the resin and
lens formation, wherein steps a.) and b.) are carried out at about the Tg of the cured

resin.

25.  The method of claim 24, wherein the viscosity of the resin about 5 to about

100 cp at 25.degree. C.

26.  The method of claim 24, further comprising, prior to step a.), heating the resin

to about the cured resin's Tg.

27.  The method of claim 24, wherein the total ultraviolet light exposure time is

about 130 seconds or less.

28.  The method of claim 24, wherein the resin comprises about 75 weight percent




25. The nethod of claim 24, wherein the viscosity of the resin about 5 to
about 100 cp at 25.degree. C. 26. The nethod of claim24, further
conprising, prior to step a.), heating the resin to about the cupgdjuL 2004
resin's Tg. 27. The nethod of claim 24, wherein the total ultraviolet |ight
exposure tinme is about 130 seconds or, | ess. 28. The nethod of claim 24,
wherein the resin conprises about 75 m%ight percent 0 9 JUL 2004 30 of

et hoxyl at ed bi sphenol A conprising about 50 wei ght percent of about 3 nole
and about 25 wei ght percent of about 20 nole ethoxyl ated sggﬁhqul A and
about 24 ofgttiogtriatgsirisphenobA srewsisysiahgnt SHcvgighirercephof ahput BASf claim

24, further ¢ risin . i t b.),

ul t rasoun o%ﬂﬁgigﬁgﬁ%g&g% f%%%.ﬁ@%{éolg %{hgggl&%&iﬁ%ﬂl%ﬁ@r‘? Eziﬁ’(ti %‘%‘Z%r ate the
I ens fromigieenddnd2 aheesdielhyl aftylathe met hod of claim 24, further
conprising the step of heating, subsequent to step b.) the |ens using

thermal energy for about | to about 30 rains at a tenperature of about 50
to about 592.5' dﬁgerr?lgthog'of claim 24, further comprising the step c.) using, subsequent to

step b.), ultrasound in the range of about 25 to about 150 Khertz to separate the lens

from the mold assembly.

30.  The method of claim 24, further comprising the step of heating, subsequent to

step b.) the lens using thermal energy for about 1 to about 30 mins at a temperature of

about 50 to about 125.degree. C.




