; e3ex%$ d ! $DY6z% %O WO 01/8S812 PCT/ U S00/ 33980 COVPGCSI TI ONS AND METHODS
FOR THE MANUFACTURE OF OPHTHALM C LENSES Field of the Invention The present
i nventi orwOel/as8s to ophthalmc |lenses. In particular, thedmssnssasn

provi des conpositions for producing | enses by casting. to Background of the
| nvention The use of spﬁmwmwmmmmtes for the correction of anetropia is
wel | known. For exanple | enses! such as progressive addition

| enses, are used for the treatusent of presbyopia. A nunber of nethods are
known for producing ophthal mc | enses. These nethods include casting

sem -fini shed | ensCOMROSITAONSSANDEMEIHOPS IFORAHE MANUFACTUREADRg t he

bl anks to form |l enses, casting of OFITHALRMIECEBSENSRBY casting of a surface
+onto an optsical wafer, or preform to forma |lens. The casting of a surface

onto an optical preformis advant ageRiBofthe If@htibd can reduce the nunber of
mol ds required to produce a full prescriptive range of 20 | enses. However,
*known resins for uddeipiesentinyentionrglates tojophtbalnue lensenrdip pactiawtas fheabl e f or

casting of a surface onto a pref.arm .For example, resin used in casting
onto preform ADSTSHRE &tSOCOBW s‘ﬁ?@? &fﬁf°<ﬁﬁm%ﬁf“bsﬁaﬁwf‘§§ﬁri nkage of the
cast layer is an issue. Therefore, the invention provides conpositions
useful for casting surfaces onto preforns to form|enses. 25 Description of
the Inventl®n and its Preferred gionpd o§theHaventiesent i nventi on provi des

it f ' t hal mi ¢ .l incl wdi .t i.fpcal
cpebtacl e Ilenses oy 5k BFRERLA3eTiet rE Bomed B ol BdtioPht 1efl Bhupoas
using the conpesekdmple, whltifbel idhve) bidhas pfogreSMaAditidniefises e ASed fopthd N

produci ng ophthalmc |ens by casting of a surface onto a preform By
"optical pref dfeatment of presbyapia. Asmrrgunpf mathogs atsdnpynifor pendueiag ophthalmice
capabl e of refracti i whi,ch art.icle is .suit.abl r..use.in producing
a spectacle | i?&sgé f%@ﬁﬁ?@é‘éﬂ'ﬁ ‘b‘@#l 8 3987 é%‘ lﬁpseﬁlg{ﬂganr@’supﬁe@uggtﬁ%
formed using tpolistaagRebEiihding @fe Blhksit foin iehles Sasting REWhale lendes| 4ids, nore
preferably a multifocal, nost preferably a progressive addition lens. In
one enbodi mentastingeofiasysiace GWOGF‘&WE@SW#%@WYS&%&@ fegmpdensi ng, consisting
essentially of, and consisting of about 50 to about 80 wei ght percent of

et hoxyl at ed bi sphenol A diacryl ate, non-ethoxyl ated bi sphenol A diacrylate,
1o pr opoxylhat edf bi élgiewasﬂéngﬁoﬁﬁ swefage ggmalm;ﬁihhi@efonh iepd)vamf btagemlyd iﬁatthal,it or

m xtures thereof, abouyt to ahou wei ght percent of benzyl acrylate,
about 0 to ab&ﬂl‘fe&’(?c‘?\ﬂ}ed“’tmlﬁéPgm?ﬁdWQ‘t“&i t&l?}@ff‘t?P@rff’E PygsCEptVA range of

*i sobor nyl r , n I : x4 | ¢ about 0
o about 18 verGRe HEVELEBin AEE G foc R Tndatilll B hOB s nd B

tri met hyl ol pr emsuizble foacastingtof a spefhteaeitytaprefornh. For exansiie yd @sia,used ioxyl at ed
or propoxylated trinethyl ol propang triagryl ate, oxyl.ated. Qqr prqpoxyl ated
gl ycerol triaCpSHngnto éﬁ?‘é‘gf"s‘/‘ﬂﬂ‘ﬁﬁﬁ tot ?Pﬁ%l&%‘g'ﬁoé@’p ?Wﬁ%ﬁ?@ dBtne
tetraacryl at e ol ResH &feY UTHerdfBle, IHRXARGH N FrSvidéY confPBRItRAL ueTs] foheagp. The
correspondi ng net hacrylates or sfyryl derivatives nay be used in placé of
the listed acwﬁMthmwamta&Ménm. preferably are used. 20 It is a

di scovery the invention that the conposition of the invention is capable
of providi a cast layer having a nodulus sufficiently high to resist
deformation under the StDegfiffion bfthe Thvertdn 2l 4§ PrefbiyePERMBDEThdHYs Such as
edgi ng, grooving, of the lens periphery. Additionally, the cast |ayer has a
gl ass transition ZSFMW&IMI#&QH‘W@W&S kampositiens far prsiducinglepbthalniom

t enperature sych that t.he | r i ntains dinensional stability even in
oxt Perre. onvi ¢ dftehngouginf amonl Befs Bl ensie Mehs PR Ao EYER, a0
surface upon WRHICd rhéthods 68d thelbhipoki€ibhs bPtheiinJeationd The compositions are

30 useful in producing ophthalmic lens by casting of a surface onto a preform. By

“optical preform” or “preform” is meant an optically transparent article capable of

refracting light, which article is suitable for use in producing a spectacle lens.
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del am nati on when the lens is edged and fitted into a 30 WO O1/ 8812

PCT/ US00/ 33980 |l ens frame. Finally, the cast |ayer also exhibits a
refracti weoiond®t2 of about 1.55 to about 1.56 in the cured PXITAIS®0/33980
Preferably, an ethoxyl ated bi sphenol A component is used of the fornula: H
~~~0C30CHCHI O~-CCH C~CCOCHCH ~ 1 ~ HCH3 Y wherein x and
y are each independently 1, 2, or 3 and x 2y = 2 or 3. Suitable to

et hoxyl at ed bi sphenol A conponents are comrercially available. In the
conposition of the invention, the weight percentages of the ei hoxyl ated

bi sphenol A may be about 50 to about 80, preferably about 55 to about 65
wei ght percent of the total weight of the resin conposition. Preferably,

-the |l evel of ethoxylation on the bisphenol A 15 diacrylate is equal to or

| ess t han abouPreferabily ntihe fans éormiedatsivgxthle @bagokitiem bfthe linventran idespestat]e

provi ded that about 80 vxai g{n pe&pen or rmrtevg s at | east g.t.o ?

et hoxyl at e fini e8s, merejpgeteraplya-myititgcals mpstprefg 3 BRoStassive apgitigalens. 5
relatively short-chai ned 20 bi sphenol A conponent, a cured polynmer with a
high refractive index results. Additionally, use of about 50 or nore wei ght
percent of the shor in eleénitedihemptherinvention papddesrd camposh®naasiprisayer
ensures that the JTg of the lLayer will be at |east about 15 C greater than
room t enper at u?‘é‘sg%ﬂg gesatiallyRfaand consisting of abet 10 4p 8YRut BOSieisRbRercens ofe 2y |
acrylate prefe I j : Rt el -] i wei ght
per cent ages of &g %?{egbﬁﬁﬁé&&ﬁgy}\%r’ef er%%wlégido%?ﬁ] f'(f)leygmé%dgﬂ? {ego wei ght
percent of Iheptopbaylated bigphernl A digcrydate rbisphepalsA epany. achylafes, ax miixboesery of

et nyl | D Ol HSEE0s v 11oaas 30 stelt Pofestotheba SV oW O PEERD. of
et hoxyl ation i Qrelfqﬂga%r%rﬂl&f fidaf rorﬁh‘r?ur?‘ﬁ%rﬁa?é,/ %b&‘fnkl a&ﬂaﬁf%&&@ﬁé eto

:
oxi dati on and ye ng wth age. Preferably tetrahydrofurfuryl acrylate is
used i n anount scrglfate lboutixtOres thexbaf) anddhoup 0ed abaii| 1y vedighttpepcenbofibout 30

ferably. about ,5.t0 about 6 15 wei gh . D t t hr.j t ol
pent acryl ate. SRy BEmR Ry e e o n baeDIgs MEtshuRTient | on
I n wei ght perce-AARS é%floy?%gtk} mgpxt\agog:@%a ﬁﬁeth@[&ér%bﬁ{é' 1YiaBgRHs, e@hog?med 0

about 8, nore preferably out 8 weight percent. Each t hese

.conmponents is oopiopoxylated glysoral tridsirdateOpentaerythritolitétgaasiyldteed in the art

ar i oa out. by e RTREPRrre A, ABAERRMR ferebotFiekbF S RReP -

“ultra-violet | ihéof, fﬂhewﬁéspoﬂdiﬁ%?l\m}{%vla&d of Biyd defivhtives hifibatused it platé'd
Y,

alone or in conbination. Prefera cure using both high and | ow
intensity UV | ofthe listedasedatestibuttheiagridatgs preferakly aemssdi nent, the invention
provi des a thod for producing a |lens conprising, consisting essentially
of, and consisting of the steps of a.) exposing a nold assenbly and a

conposi tion conpri silfi§ a dsRBSr lof Hee DSt thhi the 0bmpaoyitioe ofthe $ivengonlis about
50 to about 80 weight 20 percent of ethoxyl ated bi s{g,h,enol A di acryl at e,
about 5 to abog@pabge Qleprgvidinge caghlayes having a modulus sufficiently high to resist

deformation under the stresses that may be imposed by processing, such as edging,
grooving, of the lens periphery. Additionally, the cast layer has a glass transition
25 temperature (“Tg”) that is at a point above room temperature such that the layer
maintains dimensional stability even in extreme environments. Further, the cast
layer exhibits adherence to the surface upon which it is cast sufficient to withstand

delamination when the lens is edged and fitted into a

30



benzyl acryiate, about O to about 30 tetrahydrofurfuryl acrylate, and about
0O to about 15 di pentaeeythritol pentaacrylate to lowintensity WIight

under condOwI/BFs2suitable to convert at | east about 50 perP€aniSoaB3asor e of
the conposition's reactive groups; and b.) exposing, subsequently, the
conposition to high intensity UV light 25 under conditions suitable to
conpl ete through curing of the conposition3 In the first step of the nethod
of the invention, a nold assenbly is exposed to low intensity ultraviol et

i ght. For purposes of the invention, |ow jntensi W light.is UV_Light
with an intensk??ﬁéfneaﬁ{;'ﬂfﬁly@% qast lays Soﬁl,h&b'tséfr@ BHXe ‘%‘%iﬁfa%"'t"ol-éé&gt 5
MmN ent. ,Suita&ﬂoﬁtwqm%mdw&carryi ng out this step of the process are
+ 30 WO 01/8S812 PCT/ U SQU 3398U about 3 00 to about 450, preferably about
3 60 to about 400 nm The low intensity exposure is carried out under
conditions of wavel gngth and tinme suitable to, convert at |ea out. 50

- percent or rfore of ?F&éré‘g@t ap gthoxylated bisp e?(&a%??&?@°@‘?'\5eﬁp‘§e§8§tfhe§gmé%b| Y,
while nmaintaining the rate of polynerization as | ow as possible, which rate
is arate at which undesirabl e shrinkage i nduced defects are avoi ded. One

ordinarily skiHl.ed irl;lutLEe art Wil reeognizg, thatthi§ rate Wil q«epend on
a nunber of fact gics=sc B, cHWM n : 4{) be. GOAReSiLé arpuged” and
t he thickness @i/ the cast| | ayer:. |The i/ht epange—0f the ['ow fol ymeri zatH on
rate is achieved through the 1o use of the Q%w intensilty Wl ijght and,

optionally, one or nore of using a photoinitiator concentration of about 1
wei ght percent or. | ess based on the total conposition weight, incorporation

of periods of = i : iyt engy ur nd
O it BRI ) L0 ol 205 XPP%rS)

e low' i htensity exposure W depend
on the conposi ¢thoryletedibisihenolt & compomenes are cpmnirciailpevailatlearfoting  of
initiator used, cast .conp%séi tion viscosity, the nature of the reactive
groups, the thFURRREUORPIGe | ayer to be cast, and the intensity of the WV
light. General |yentibif thOWlghEPBREMaSes! hbxylRed BRpHEno? ASHaP BE Sbdit SBBUL
300 seconds, pr efegr apl'y abogut 660 se%egn E&t%ﬂlabyout %%'g sneconﬁlgf Tﬁg "Fow

i ntensity exposhow 80y pfeferahily\abbst T5aorabeut Gfuweight pereenttof the tblahvareizht ofthesone
| ens assenblies may require that the | ow jntensity.exposure be rried out
.in two or nore§i - p%re?eﬁ%@y’cﬂ‘e %;Yﬁt%gﬁﬁg%’iﬁ%“‘{'bg‘lﬁé%wg?mg of about
5 to about G0 AReANALR IO ESorRES thaPHbdult 6 S IiMufe BIAREG fatéd KibHeABl X

peri ods of exposure of about 30 to about 60 seconds are alternated wth
non- exposur e peraydetsused, provided Shat aba 80twéght pecaent or mafe Iaslaslegsteito & o t he
term nation of tl_‘r%{e? * ?w i.ptensi ty exposure, the nold assenbly is exposed to
hi gh int ensi t y*PRY G Sunder conditions suitable to conplete through cure
of the cast conposition. The intensity of the LN light for this step may be
about 50 to about 2000, ‘gr eferably 500 to about 1500 mWcnR2. The wavel ength
V1' 0 01/ 8s812 PCT/ USOsH dskserysef tatinyentidrethak bydising a relagiaelyishortebaingdy be,
and preferaply,is, the sane as that used to carr ut. the lqw intensity
exposure.  Tie bishaetald SPEPiL 4 Ried Bimpon ek Fifmkitls v o Vi e
are det er m nat iAdditiiallly @sedf0ibduR 56 BF rloYe WEiRRE PérRerti oTthe shBRSIhainkd bisphenol
exposure tinme wll be about 3 seconds to about 60 seconds, pref erably about

5 seconds to aleeempenesntibihgsastiryer pnsyres thatthe Tigyofdhplayen willheat leastiabout

f bly is, ' t i ngl ti . th
R ah 1 ntensi ¢y 18xGoEfte e o sSnialie sy a MR TP AR ot RUGH 1200 o e
of LTV exposur ¢fpf£ and non-exposure periods. The |ow and high intensity

pol ynmeri zati on steps may be carried out at anbient tenperature and
at nospheri c2ressure. Preferably, the conposition is hot coated and the

pol ymeri zati on proc i i t t iti.on.15
Lemperature, or o, Bpepfahieeebitly Bush e Ao R ot iRIN R M. |
meant that the weighnqrirdentages of bisait §do bledur4o, prieferablg abbutt 10 talabotit 30tweight

Heating may be acconpli shed by any conveni ent neans including, wthout
linitation, usdertenhpl thigdpral waight of the resin epmpesitiens nib ismdiseyerither .
Pol yreri zation; d ' ' any
conveni ent rrearllxg‘;ﬁntr[\l? ﬁ&gét%ﬁi%edg #éaﬁi??ﬁr?hfek’%bﬁy( %e:\i?&%%&r’r%ﬂhglxﬁgngwlhe cure
chanber at the preferred tenperature by use of forced air. The | ow and high
intensity LTV exposures may be carried out in any fashion that permts the
even distribution of the Iight through the nold assenbly. A convenient and
preferred node is to expose the nold assenbly to the Wlight by 25 placing
the LTV |ight source beneath the nold assenbly. Sources of low intensity

-



-materials inclu

LN light include, without Iimtation, nercury and xenon arc | anps,

fluorescent-type bulbs, or the like, and conbi nations thereof. Hi gh

i nt ensi t YWQV1/B38ght sources include, without limtation, nPCIUWSpY/388mn0n, and

mer cury-xenon arc | anps, FUSI ONTM mi crowave-ignited | anps, or the |ike, and

conmbi nations thereof. 30 Suitable sources for the LTV light used in the

i nvention are commercially avail abl e. WO OL/ 8812 7 PCT/ US00/ 33980 The

nol d assenbly is conposed of one or nore nold halves, an optical preform

and the cast conposition. The nold half or halves used are made of any

suitable material including, without Iimtation, glass or plastic. The

opti cal pr ef oraeylite beemhse,nwvith highdével asfathdotylaonna thdformabitionf thacgstdayerabl e
ing, wthout limtation, palycarbonates, such as bi sphenol

A pol ycar bonat%‘ﬂ,beéPF‘iﬂPt‘gﬁgtPﬂ‘dgt‘%FBgM?ﬂ‘&é‘,ﬂ H1thP&s di et hyl ene gl ycol

bisallyl cagbonate (CR-39TM, allylic esters, such as triallyl cyanurate,

triallyl phosphate and triallyl citrate, acrylic esters, acryl ates,

met hacryl at es, suclPreferatdy bettahyddoffiydfisry haraty latet iy hseteinaamupnt sofeeboain@l tol about

acryl ates, styrenigs,. polyesters, y et her sphi ne oxides,_and the |ike
ot corbs nat | A0s Preig R aboTA wationh Sy FEYE BETGHN AEOH o AhAY KoMeE cnt
means i ncl udi | t h’ Ahdiedl | Al i i ; e

i nj ection- comr)tfQ g:se\st}‘lL OIE%PS iI'ng, 2 hée}{ra?rab o?ﬁlga%qug%%lﬁgg%sgg H% ﬁg °‘Eﬂ?8t°‘“‘?%

| ni tiators useaiffthe inventhmn inweight penceatazes bbabout Apabbautds, prefaratdy iabout 0.5 to

pol yneri zation,of fhe cast.resin by_th olLynerjzatio hod, sel ect ed

i ncl udi ng, i tqt?%tté’l‘?‘?ﬁetpé‘?ffa@ﬁfy {l’r?é‘}/?ré‘? g‘?(ﬁ'\tlsi‘% 1ghtpereay tgg‘fi‘l ?ﬁg‘fsﬁr s, and
conbi nati ons tga,g{g%ggms%‘%ﬁhg}&w} Aaphmtoinitiator is selected. Suitable
initiators include, wthout Iim tyati on, free-radical generating

photoinitiators, photocationic initiators, photobase 20 initiators, and
m xtures thereof. Sdne awlimarily eldllediti thelartguillarengnize thati the gemngsofithe| ude,

without limtation,..methyl benzoyl formate, ;aromatic ketones includjng,
W thout 11 m ¢ AeramsieaR ot ine BSEBRA may Y Hrfied AOPHP i ot BhRGGn Rothcds
lhydroxycycl 0hﬁm&ﬁg,ewhbatmﬂi@@ﬁo%hahﬁLvi&@t:bgﬂtpméﬁﬁﬂ; AH6WaNE and infra-red
2, 2di et hoxyacet gphenone, 2, 2-di et hoxy- 2- phenyl - acet ophenone,

2, 2- di net héky-radizgopeuning algee evinemiratione Rreferablye (U putgtusing botle highiand

57501 hyar oxy URNIBRRBLETYERE S el s HaTRHENSa SR Bma IR i, °

-

. of the 2s nat eshoyt S mWEme $u

2, 2-di hydr oxyb and
acet ophenone, ;&ovdidésamwidmmobpfmyingianbﬁwﬁmhbmStmgied&ntiamdof,hﬂdI i ke,
and conbi nations thereof. Suitable free-radical generating initiators are

commerci al | 'y =Pasisting af G staps Bb i) expesing amld asssmbly,and s pompesiion WO

Ol/ 85812 8 PCT, ] . LRILLI i RSt he
type of initi a{a@?@é@gﬁ%ﬁigg %q’ﬁgg%8@#388%bnsg%g{ﬁ#g‘§g¥t\é§rdrfﬁ|a§§| on ugggi
Toni cally, 20 hepmbtlbfembx}"lﬂie‘dib@dphb enoliA Hiabeylae, aboathto zﬁ:‘oileag weizht geﬁcehttdfﬁt e
pol ynmeri zation, about 0.1 to abouif 5 weight percent 5 based ,on the i ght
of the resin fksngyhastylats, abaut Pde aboyt 39deHn Yé?@“’ifBrY;BE}U ate, adp toﬁ@%@%‘t.
In addition to)fq:;skk i §1 f i ion may
i ncl ude any delsﬁlggﬁtgﬁg#ttﬁ}te@%%%ﬂiﬁf %gﬁ’v‘?np i’%@ﬁ@ H\ﬁlﬂ%lgﬁngﬁfcdg raggds?lh nkers,
vi scosi ty contsuithblage cosvertatdeashabauit 56 pertent erantriercdtheoergnpdsisionds reactiveThe
viscosity of the cast osi.tion, may b bout 5 to agbout .500,. er.ably
| ess than abou¥©9pH ?“ﬁlrﬁsg;%B?iﬁ%FHB?EQK%E'B&ESCWOQBE& 0 ,m'*?‘B@fJ grielf%t}tabl y
about 5 t 0 ,8b0Hderd BShdiGots RRAKE toeeRPleRthAfughulin@of theoRipRsitibhe! d
visconeter. One ordinarily skilled 1h the art wlT recognize that the

wei ght percentages of the nono- and pol yfunctional nononers nust be
control |l ed so as t olnithe firstistspeofithe methodrof dhe/inyensinn, g mobd assemblyais lexposede

preterably i SuabomeRiR, ol k. & sl YIRS PRI RY o

W 'l recogni zejigthad UVIE%ﬁEQNiﬂ{ ari h€erigiy O aiDSStotabott ﬁ]‘pb&f&aﬂl?tabdhf fey 20
significantly, preferably, not‘aﬁ/ nore than about 1 to about 10 C fromthat

erwevelgnethsdpr pareng avt thissteprafithe process argy of
the cured conposition and optical preformmaterial are substantially the
same. Furthgr, one ordinarily skilled in the art will recognize that the
desired cured conposition Tg is achievable by selection of nononers and
their concentrations. The nononer m xture selected may have about 0.4 to
about 0.6 equivalents of reactive groups per 100 g conposition. Preferably,
t he nononer m xture used contains about 0.4 to about 0.6 reactive group
equi val ents per 100 g conposition.
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The anmount of conposition cast will be an anmobunt effective to forma
surface, 30 which anount will depend on the conposition selected, the
par anmet erngOoi/838hz surface desired to be fornmed, and the sirra/usod3dsape of
the surface on which the WD O1/85512 9 PCT/ US00/3398f1 conposition w ||
be cast. Typically, the anount of conposition used will be about 2 to about
20 g. 5 Casting of the conposition onto t he preformto forma surface or
surfaces may be acconplished by any known method. Suitable nethods for
casting one or nore surfaces of a preformare 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, 5830801040002 5b1 Brefehhip aB IR 386 %0 abou D0 &2, T B inkeiliy 2N
ereinin their entireties by reference. In
general, the ecaposucoispasidd an undertiongditiosedf wavejerghleambtiviesssahibkycamiertg any
conveni ent neans, sych by the use @f a displacenment punp. Preferably,
the 15 mol d adblastAPORLSY Berkent dEmash et therCastsaMPOSHAN 4 TeURME GRS or m ¢ he
preform actd n wifle : I :,ﬁ% bt ACIRWERN | sigdhsed so
as to for mﬂ ée;lﬁrcakpgd Ogigﬂg@ﬁgg%ﬂﬂg?tegf?gl vex gﬁ%ﬂ%%%cavepdgﬁPgéce,
preferably a aateviex ratenf whieh vndeditableshehlageindiroefl defestsyare aveideb| Ondal f i s

positioned, the resjin. is dispensed onto.a surface of _the | d hal f ang the
preformis t hondiagalyskil xwﬂs)%arf 1 srgogmize ﬁ’aby"ﬁ%wgg?ﬂ?gaﬁpé‘fweéﬁ?t he

conposi tion. t: I : kg i
addi ti onal co%%gfstlﬁg% ng%g&%@%gﬁ@ggﬁm? gtﬂ?gﬁtﬁﬁtéwngf%f @@g‘gﬁbﬂ?‘iﬂﬁé %ﬁgﬁr e
the elim nati aastdiyeni Thb midiftesanzadf thei ldw. polimeéreratibh yate ihvachinvied thraligh the

hal ves used are of. .a.greater. di ter than that of 25 the.optical preform
Thi s per m 18 cBROLARIN SRS pH IR su-PBRTAI: At o PRts SRS s ghsker.
seal ing ring, ;i%to?hiﬂhﬂoi%oﬁ&ﬁtrﬁﬁ@%f abbilt 1 B t?é‘x%@ﬁt driesétbase S heGbtal €

radi us of the prformsurface in contact wt he conposition and nold half

is less than tdoapositionweeighs) scorpiorationtof pedeisaff nensxposurg inte dreslomeintensity
necessary. By "spaci ng,nmeans” is rneag\é@ar&é equi pnent suitable for use in
mai nt ai ni ng t FEPARES PYRle AndcombinabiopsiefFoso  wo 01/ 85812 PCT/ 11S(1 ( 1/ 33980
10 the nmold half surface and the optical preformsurface in contact with

the conposition. Expiimeé Yorafie I aiénsit)expssarewilbdeehd &nR&Bsmpothdti@st

.Wthout 5 limtation, tapes, gaskets, Orings, and the |ike. tionally,

vosur i ng 11 orid RuBREyihe rab AR Eicth i SUGER O dral Bl ol Sal HREHET

and pr ef er &bl yonte thelpseform, thie s¥pesandmmoust of indiatern uped.seashesmypositipn visaesity,s

yieri za rocess. be carried out by
any conveni entinfesityedfithd UWiightdi Generaliyt theubdtal expobadeitime wild be gbdutesr seadnds
infrared, or nicrowave energy or ccinb' nations thereof. Prefergbly, the |ens
i s heated usi ﬁgabﬁlér%%se%m%gveﬁ%@b %BboHt 69 seepnds 0, abait 120 sesa0dsih| y about 5
to about 15 rains at a tenperature of about 50 to about 125, preferably
about 80 to about I : J i h ; i | Lelering
the follow ng, non-Ti n%gt“i %g&ngﬁgﬁ%‘?%gfyﬂéx&g#g}%iss c?ﬁ}ééf T‘é?ﬁf’f‘% ?\%Q%?gtgedure
was used t aof somedeheassembliesgmay eequirentis ithel lowsintensity expusorcdwsmasrial out e

invention. A casting conposition was used of the follow rmyl.at i on:

SRTM 285 -t et PRBFHUP AP Ehe SerpsetonppRrorato koS 1ehe bt se AGihe o
di acryl ate (3 gPicadndsHRINecthcHIMR mtaesﬁtyteagb&@é. Pﬁ'f'ér_&ﬁlg,r Yéridds ofefposure of
| RGACURETM 184 1- hydr oxycycl ohexyl phenyl ketone. Wi ght percentages are

listed on the abept 3&to ahopt 6Q senends grelterngtediwithnon-expasurd pariods phebauit Sgensed
onto 25 the cori)caygosi dedof a glass nold that was 81 nmdianmeter. A 70 mm
pol ycar bonat e 200Ut 00 SeCONGS.

25

Subsequent to the termination of the low intensity exposure, the moid
assembly is exposed to high intensity UV light under conditions suitable to complete
through cure of the cast composition. 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



optical preformwas placed on the conposition and additional conposition
di spensed, using a pipette, to ensure that no air bubbles or voids are
present b@Ovwasasizhe gl ass nold and preform 30 WO 01/ 8a82r/1d00/33980

PCT/ USO0I 33980 The UV |ight source was positioned bel ow the glass nold. The
conposition was then exposed to UV light of an intensity of approxi mately
2.5 mWcn2 and about 300-380 nmfor 2 minufes and, subsequently of an
intensity of 5 approximately 700 nWcnR2 and 3-00-380 nmfor 18 secs. The
| ens formed fromthe conposition and preformwas renoved fromthe nold
manual |y and baked for 10 mn at 100 C in a convection oven. to Table 1
Exanpl e 1EXamDjoyiREK Bt BostR AR oot AT 19, B pERleb 6 e shoBiTRMyc BEOSRIN
<- 285SRTM - 285SRTM - 285SRTM - 285SR "" - 28 ( "% (0 %18 %18 %16.5) 18%SRTM
- 349SRTM - 3499Rmry3m9sre1tww-xmmmos¢g SRine/saBe Sroess dptesminnivs Hrdpwss

?/%gg?z%ég/;s ? /%/sfe(nﬁlt% %;(Ofugz tlme are deltenmn ?wel?q:or thg’ %19% M enst yge?xsp%-glll\{l'e t?n?eg SRTM

% (2. S% (2. 5% GeveallBene spdauts YinRenaybeavny b Becutidk A5 480ul 66 Aesonds Ghefeydbly €AC
ryl ateAcryl at eAcryl ate(31.5%26, 5 %23. 5%48. 5%45. 0 %45. 0l RG 1841 RG 184l

1841 RG 1841 RG awut Reeqazds torabmpy lismppds of ke highjjntensityjexposyreimayoand y 61 3 95

T (m ) <TrRRRERHTR > S Oples  She Goplibibepbaltto Hivithe, Biigho,

Conver si onJo %f&ﬂ@ﬁffb%@s&h Bél%rﬁéﬂbﬁﬁﬁs Qlltematmg eriods of UV exposure
Conver si onTmax Tnax=Tmax=@l nax max=Tmax=25. 0974. 472 725 5224.1724. 46Ent h

al pyF. nt hollpy Fand ia+-¢XposEe gEPEsy Ent hal pyF~t hal pY( caUg) = 82.11(calg) =
78.81(calg) = 87.23(calUg) = 85.85(calg}= 82.06(calg) =

80. 72Refracti vel ndex1. 541. 531. 521. 521. 531. S2(c~ 20

ClMbdul 5253721 07247385 RELEARBY itbhsity PoRin&izativhsi@ps BRG L2 chaishaditer 2
PCT/ USQ( 1/ 3398( 1, Exanpl e 7Exanap| e 8Exanpl e 9Exarrp| e 10Exanmpl e 11Exanpl e
12Resi NSRTM - 2yukirmiempgrtrepnd stomsphepic pressuper\Prefgatiprtbe compesitionis ha- o

"aosrT - g0 e ey plermalich prpbls AR s AR Ak SR,

- 399SRTM - 399 SEhideratit@S6tTTg, of it ur8dveo t?otﬁaﬁdb?)véf%BQZ‘hﬁ%da?ecﬁ“ is meant

%9 (7.5% (7.5% Benzyl Benzyl Benzyl Benzyl Benzyl Benz I Acr at eAcryl at eAcryl at eA
.cryl at eAcryl at ﬁ%ﬂry|cam9§\tle%swa@dom§°rews €€%5° y%éi@qmsmm@e 184

| RG 1841RG 184 ( (J2 68. 6
48.1 32 48.88 é@%&%&? ’ﬁ% é°§é@‘&“& ‘?‘F% ‘%{ﬁ"\gt ?l"b}%‘}sg%f%? (1 n)
“=Tmax (mn) =Towen, heatm)rcerﬁtlﬁ)@r(cnmb}natﬁn@ﬂ&eﬂlg@olﬁnéﬂhtnbﬁ at the@oaféaed 101 1%
COIIVCIStOw%COmVetStOtt%ﬁ 1011% COn\~SI Ol t %,

L' Ort Vel ' SI CadFFPeEAgTeds 2lse aehieved hy.angmonyeient fheans aclyding, withont Jimitatiogoo 1
24. 46Ent hal gyE mﬁﬁzh%ﬁ@“th@@ﬁr@léharﬁﬁértakﬂ%W@féﬁeﬂ%&ﬂ%?%ﬁﬂ@bfﬁé&@fyﬁ}ceﬂ air.
79.89(calg) = 82 cal/g) = 83.18(callg) = 89 cal/g 86.82(cxVg) =

87. 31Refracti ve~~x (uncured)1.531.521.531. 531. 531. 53a 20

Gvbdul 6824892315258%37 0‘3531’111(? SB%tensu?y I@SCX%O&UQ'CS may bgcgl%‘{ %S%%lzn 31113)’ f]a-gl?lln? 3

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
25 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
bulbs, or the like, and combinations thereof. High intensity UV light sources
include, without limitation, mercury, xenon, and mercury-xenon arc lamps,
FUSION™ microwave-ignited lamps, or the like, and combinations thereof.

30  Suitable sources for the UV light used in the invention are commercially available.



PCT/ U S011/ 339811 Exanpl e 13Exanpl e 14Exanpl e 15Exanpl e 16Exanpl e 17Exanpl e
18Resi nSRT"' -285SRTM - 285SRT""' -285SR ' M - 285SRT""' -285SRTM - 2859

. 099. 0990. V9 @/8388. 099. 0% SRTM - 349SR ' M - 349SRT"" -3498RT#CT/U3«¢%5§BM
_349SRT"" -349(60.0 % (60.0 %(60 0 %(65 0 %(70.0 % (75.0% SRT"'

-399SRT"" -399SRT"i -399SRT"' ~ -399SR ' "~ -399SRTM

-399(5.0% (5.0% (0.0% (0.0 7

99 (0.0% (0. 0% Benzyi Beuzyl Benzyl Benzyl Benzyl Benzyl Acryl at eAcryl at eAcryl at eA

| at eAcryl at eA 989, 0983 9920 | RR L84 RG 1841 RG
(izr334/| ?aeﬂ%ﬂé Fsi[%@&%’s ?9‘3%%1’15 9}3'{‘ Py ? %e %O'E‘é%ogf’%‘% PsHLY {"39?57 5L1
38.6 56.0 8L6 1p1-3f3m§( @Rﬁth@&ﬁ@aﬁ@oﬁﬁd@m’ﬂé miold Raif orf hal¥esuFed hreThadof(dfiyn)

=Tmax (i n) max (mn) =Tmax (mn) _0,10.10.120.110. 10. 1Conver si on%
Conver ei on% Cowiteble mﬁeam'eélgg,omb@@ hvetagmrmss or plastic. The optical preforms

Ca | 372 8.2726 92 8 h
VRt ol T F.v?%al}%'?éi@?ﬁg %@Déef i Do dedebapy SO mididngiape”t o™
84. 2S( calg) xﬁﬁh&ﬂ@lﬁﬂ%lbn—%cﬂ hﬁ?bl\ﬁ%ﬁ&ﬂﬂm pol Zzﬁb&f’a@f the| ndex

(uncured) 1.53 1 53 1 1.53 1.5320 C Nodul es | 2387 2864° 2698 2695
2589 2119(~' ||dlglyc@ar®natemt@h/a3dgﬂwlm giyeal bisallgl cairbmutq ER-397), dllylic

/ /
o hoxy | at oS P il pamate iraBL hoshate 0 RSN stiee BahaNErs A
di (et h) acryl ajcpylatel GRORNSrHaBY, RichRD ARy 1&%&%&%@%&%@1@ §er‘6”0| A

epoxy (neth)acrylates, or m xtures thereof about 5 to about” 40 wei ght
percent of ltber@yylai(emmm&s,momeeterﬂpolamhm phosphingdoxides3 @ndwthiedike apdr cent  of

t et rahydr of urf ur acr sobor )acryl ate cl ohexyl
(met h) acryl at & "ﬁ?‘ 5&1% eég(’fyﬁlg‘feé’s‘?tjo BlvﬁﬂrggE"te bé’t%‘&tc Tgé"d\fé?‘&ﬁa ber cent
of di pent aer ytjgeiutiRl, WaRbat {mRitibha ednah%omfngnﬂ;?émbﬁlc%@%%n molding,
tri(meth)acryl ate, entaerythrlt ri (meth)acrylate, ethoxylated or

pr opoxyl at ed tthemmey srhisgpeaspagorthe likeet h) acryl ate, et hoxyl ated or

propoxyl ated 15 glycerol tri(neth)acrylate, pentaerythritol
tetra(neth)acrylate, ditrinethylol propane tetra(neth)acrylate,

di pentaerygfiri tol hpgatomtuddfalmihairenfén GRThORAIApEBIS of heti/Rg. 2. The
conposition of claim11, wherein a bisphenol A is used of the fornula: H -~

.~ C /| C~C- C OCrpatymexzation abtiy cesHesin(yckepplymesizetion methodeleeter inoluding y ar e

claim 2. wher vt mifariol e Sfiatbed, ehpoidifsetrs, dnd SRUSRIGRIGLR T
"of about 55 t dPrefepabily Gbphwbigitiatgrds setedted. Siidbig ﬁﬂﬁﬂsﬁiﬁ’clﬂ&e without

limitation, free-radical generating photoinitiators, photocationic initiators, photobase

20 initiators, and mixtures thereof. Suitable free-radical generating initiators include,
without limitation, methyl benzoyl formate, aromatic ketones including, without
limitation, 2-hydroxy-2-methyl-1-phenyl-propan-1-one, 1-
hydroxycyclohexylphenylketone, 2,2-di-secbutoxyacetophenone, 2,2-
diethoxyacetophenone, 2,2-diethoxy-2-phenyl-acetophenone, 2,2-dimethoxy-2-

25 phenyl-acetophenone, benzoin methyl ether, benzoin isobuty! ether, benzoin, benzil,
benzil dimethyl ketal, benzyl disulfide, 2,2-dihydroxybenzophenone,
benzylideneacteophenone, benozphenone, and acetophenone, 2,4,6-
trimethylbenzoyldiphenoylphosphine oxide, and the like, and combinations thereof.
Suitable free-radical generating initiators are commercially available or methods for

30 their production known.



PCTI USO0/ 339811 4. The conposition of claim3, wherein the | evel of

et hoxyl ati on on the bisphenol A diacrylate is equal to or |ess than about
6. 5 5. ™WOMBMIesition of claim2, 3, or 4 wherein the bamayiseascsyghate is
in an anount of about 10 to about 30 wei ght percent, a tetrahydrofurfuryl
acrylate is used in an anmount of about 5 to about 15 wei ght percent, and a
di pentaerythritol pentaacrylate is used i an anount of about 2 to about 8
wei ght percent. 10 6. A spectacle lens conprising: a preform and a | ayer

i (et h) acry T at e, BFAERRBLYs il Res HFRFreRd of chEbAF Rl ifhsipesacea”
propoxyl at ed RjefiREeMPEorpsbitiditfobhalativn 8ded: TipRRANSAE athoRROIHinitiator will be

(nmeth)acrylates, or mixtures 15 thereof, about 5 to about 40 wei ght percent
of benzyl (reahpmonm effestive byinitiate pelymtzationpabait §it toppbputhweight percent

tetrahydrofurfuryl ( ryhate. i.sobornyl acryl C ohexyl
(meth)acry Pat &z}seﬁ ronn"Hg H}?@g °¥ h'grrg%? forgggatg)ﬁbﬂ{e?%glp& ag?)%tu(ﬁ f%atv%xf é) Pffm%ér cent
of di pentaer YF)&VcbﬁtmIn REBRdn (OB stitaAd Mbtat6r, tHel dofiploBition P iR iavéntion may
tri(meth)acrylate, pentaerythritol tri(meth)acrylate, ethoxylated or
propoxyl at ed sludei Wtd?ylrﬂr piditbeen includingrwithgutdimitatios, crosslinkptsavisebsiy
propoxyl ated glvceral tri t h)yacryl at entaervythritol

tetra(neth) acgg‘it&ﬁ&ge%ts’taﬁgﬁg? H%‘?’&“ FB‘BSW&B?'&&&(%E h) acryl at e,

di pentaerythritol hexa(neth)acrylate, or conbinations thereof. 7. The

spectacle | ens of claim6, wherein the bi sphenol A conponent of the 25
| ayer is o0 the forlglviscosity-ofthe cgtgompesitipn may be-abog %@H.bpm—@(b ~1 ~0

ey 25 or ety etBAEb R e BBl SREARIY ot Pone o
claim 6, wher grdferably olO%¥d kel 100 SEHHPORE nfeasiired ay 257 € with 4 BRodkdiw@r is in

an anmount of about 55 to about 65 weight percent. 5 9. The spectacle |ens
of claim8, wiiscemeter.nOneydinardy skillad sy thetartomillnecognizesthapthe weight. di acryl at e

is equal to-or_less th about 6.,10Q..The spectacle |lens of claim?7, 8, or
0" wher o n ¢ he PEERRRRbnF BRBb:; S pciydiiob FonBiets maftis SonBoldie et gn
percent, ajst elpiabvetheidesifedr vibcRRyyl ate is used to in an anount of about 5

to about 15 wei ght percent, and a dipentaerythritol pentaacrylate is used
in an anount of about 2 to about 8 weight percent. 11. A nmethod for

hensi ty ultravi oradininy. SERss FaRic rehied ot TR R 8RR 1 15 | "
"effective anDbmpeditibh asedqitRfepibly Raredtercthan About 451eC | Ove bidignay kMnklid i ght

exposure carried out under conditions suitable to convert at |east about 50
per cent or noitke ast wilheecogripe that therf sofithe cated somposition shewdd oy difkposi ng,

b , th i hi gh i ity LTV Li d it
Sui table 1 s BRI R ke e ot e df B 2 G BRERAR B an
| ens format i onyatefhl biged Mrﬂ?ﬂé‘é}ﬁic@f%&f&inﬁnﬁréferéﬁ?ﬁrtﬁé TefeiRSaded and b.)

are carried out at about the Tg 'of the cured conposition. 13. The nethod of
claim 11, fur tchmpositiopandppiagal preform metesinbaresubstantiadlyitheysame Bisthegamesi ti on
to about the cutred..co i.ti,on's Tg. 14.. The thad of claim1l erein
heow i nt endraigatly SRLGR o LEE a wilfiepdenigs e (eRite Lt Sampafianbe
about 300 to abgEvabddy Relbcith dfordbntis hrt QBRI coMcétitfatiand, ol et 1ight is about
50 to about 2000 mWc at about 300 to about 450 nm 30 WO 01/8S812 17
PCT/ US00/ 33980 15. The nethod of claim 12, wherejn the | ow i ntens; tlé
exposure is for abde mogasmer migBie sedested may hare abrut Orfbtorabgut 0.6 eguiyalepts
exposure is f%

é’lbfq&t d : km 15,
wherein the tota ﬁ?’ét%lg)\‘/]#) gPet i%ﬁcgnéo%gcg{shu?eretﬁslr%gy,itggﬁw%ﬁﬁpﬂuﬂixr&Js@&m

contains about 0.4 to about 0.6 reactive group equivalents per 100 g composition.

The amount of composition cast will be an amount effective to form a surface,
30  which amount will depend on the composition selected, the parameters of the

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



about 130 seconds or less. 17. The nmethod of claim 11, wherein the
conposition conprises about 50 to to about 80 wei ght percent of ethoxyl ated
bi sphenol WA Wi8a82y| at e, about 5 to about 40 wei ght per centpPof/ub®Baydo
acrylate, about 0 to about 30 wei ght percent of tetrahydrofurfuryl
acrylate, and about O to about 15 wei ght percent of dipentaerythritol
pentaacrylate. 15 18. The nethod of claim27, wherein the bisphenol A
conponent is of the fornmula: H\ ~ ~C3 ~ ~/HHCC-C OCHZCHZ OO 1 ~ O
CHZCHZO C-C=C~H CH3 Y 20 wherein x and y are each independently 1, 2, or 3
and x +y =2 or 3. 19. The nethod of claim 18, wherein the ethoxyl ated

bi sphenol A di : |6 hi n prevoral AR
“percent. 25 Zgaﬁ?ﬁéﬁhgm%gbg?ﬁblgﬁ%ﬂ%&ﬂ{meher e%ofﬁerﬁlfbes\%gﬁ“%sfegg?wgﬁapgﬁ on
on the bi spherdab aBouli20cg.yl ate is equal to or |less than about 6. 21. The
met hod of claim 18, 19, or 20 wherein the benzyl acrylate is an anmount of
‘about 10 td about 30 weight percent , the tetrahydrofurfuryl WO 01/ 8i 812
PCTI US00/ 33980 18 ryiate.is used.in a mount o bout 5.to aboyt 15

w1 ght per cent , -and A5HEE b e eimePyHRp oi B Biktiratjo PRRS nlfate afifrost
amount of abowyhay?hd stcaRPlished biing KnoRARGREd. BuitabldmetiRUS et cabtirgl Gedrll or
17 , further conprising the step of heating, subsequent to ste .), the

| ens usi ng t henoral susideessf & pefoamaue disclosedaindiit S. Ratent MNosal, 147,687p21 78,80@, of

"hik o ot SRR AU RGP ARBAE ot s Ssol) s Mo

O] wr mhe”Y] ] Gadgzadasal Ledocerse Redaid Rahids 98l 38k Ciatsrpbfatd Cldréinlis Blefr@] cal caj ¢
a] ca] ca] ca] ca] ¢a] ¢a] caJcajca] cRaU[cal!]

1' {1 W hwst hf etentireties by refefeoed. ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal hSL>PI, x{""#| w| fa\ W ca] ca]
cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca]calcalcalcalc
a] cal] ca] ca] ca] ca] qa'génstal theihsCociEoRiies is Yispensed into the mold assembly usin

(% . (>(((B)y*** +++-j--.Q | wnhc”Y] ] ca] ca] cafc_a] cal ca] ca] ca] cgca cegca] cal

ca] ca] caU] ca] @y capvenjent means spetnischy) thapsa pEaflislesement) i Preferably @80 Q00>

112- 3w3333444' PP £1a\ ] C call ca] c

a] ca] ca] ca}sc a]"gogl? g#@ﬁﬁ%%%ﬁ%t fé%nfeé’rﬁ?lg g]ag%?a#@ﬁ %lgﬁégﬁ’b g}e@g}f@a cal:;

- VX <<="===>17?7eting as the second mold half. The composition may be dispensed so as to form,

@)ADAFAAAlB~BBBZCCCE€E wr.mhc”Y] ] cal ca] ca] ca] cal cg] cag ca] ca] ca] ca] ca]
&f

ca] ca] ca] ca] c aeaurel, ong enbeth P a conyexAndfoasaveHare & SONYEEEEFFGGGH
THHH T &IwWJ N N
] ca] ca] ca] c"aﬁ%ﬁ%ﬁéﬁ caJ ca (’:?ﬁ%%a‘f’%{@ﬁ%ﬁ%ﬁ%ﬁ%ﬁ?’bﬁ%@ﬂ%ﬂg?]cg?]cg?
NODPPBRFRan dtienRad ORI &fﬂiﬁ@&ﬂﬁﬁf—mﬂﬁebﬂmﬂh@ﬂhﬂhmh&te@mlﬂh@a] ca
ca] cal] ca] caU.ca] c cal cal]ca] calf ca] ca cal]calca alU] cal.caU] ca]c
2] cal cal CaFb oG bhp P iNEdas RRaRLeR Ul PPDRRAR 196 the mold FAIFand preform | -
U U vakf al Wayagfga&aﬂea% aalifed] saddisal %@in'gjéliﬁ? It eataatleat orlll cal cay
] ca] caU] ca] ca] c”*a] calU] ca] caU] ca] caU] ca] caU] ca] calca) U &X( X3X
5X@XI XMXRXVX] Xaséamtd Xeokepshid the lefiminat gl oflajrtiupbleapod ablds. a] ¢
a] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU
] ca] cal] ca] cal] ca] ca] XXXXXXXXXXXXXX=YEYQYVY" YeYpYuYYYYYYYZ) Z| vgkf " [ V{vql g
b] XU] ca] cal ca] caUlmalesathy,¢aé it ket sahdice) walvheadfoathkent aakkeskral dindcall

caljcalc aUc aLc aUc ajc ) . . .
25 the optical preform. This permits containment of the composition without the use of

«

a gasket, sealing ring, or similar equipment. In those cases in which the curve radius
of the preform surface in contact with the composition and mold half is less than that
of the mold half; the use of a spacing means may be necessary. By “spacing means”
is meant any equipment suitable for use in maintaining the desired distance between

30



aUc aJc aUc a]c a)Z7Z=ZKZNZVZhZ\\\\ ]

11191 R T] _Ja]ll1n]y]{l1]111]111]~ysnhc]X{vql gb] XU ]cal] ca] cal] ca] cal]] ca] calj
ca] cal] cayvoaussgiecal ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] cacrism]3sgsoca] ca] ¢
alcall]111]1]1 " "MNMANMNVAKNSANANANN " " Daytoje [V vqgl gb] XU ca] ca]ca]ca] ca]c
a] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] c”a] ca

U c*al] ca] cal] ca] cal] ca] cal] ca] cal] cabDaa| bl cveccGddddddd' eueef _f f f0g} ggi 7
iifjjjkk]wmhc] XU]]cal] ca]ca] ca]ca]ca] ca]ca]ca]ca]l ca] ca] ca]ca]ca]l calcaJca]c
a] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! kk1l ~I I " mkmm”nooopppqvqqqqqér
=r?rrrKsssPttt.u ul wnhc”YU]]]ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]

calU] ca] ca] ca WOWWWX O v
qqg]qq4]r r17rr]r ss@??hg%rfﬁkﬁﬁéwyﬂ %Pi’%a %ug%}: ﬂi&gﬁt%cgﬁt \ﬂég] cal ca] ngga
Joa cal cal] cal eision) Exbplaeybeuibrehe A wsd asdpacihgaiean imhek, without

\V 0,
*518%3& ()g B Stlomiation) tapgsgaskers, O-rings,@ad the ikmge' ()-910%g& () - h_dE) L10%g& (
) 10%9&' ()-LYL10%& ()- Lz 10%& ()- L 10%& ()- of

10%9& ()-110%g& () - EdE) L10%& () Y+10%& ()- $ 10%& ()-| #10%& () -

1 10%9& () - 9310%9&' Optionall) Yend I(r):fe&blﬁ)fom% dides &f (ﬁemoﬂfassembly, the

10%g& ()-s110%g& () - s&010%g& ()-9. MLO%g&' () -, 10% 7
@@e 1@5@9\/%1%3@98(938@@%@& ()-

bCL10%g&' 10%g &e(la is heatgd (ﬁ@/@a@rpy a@ﬁ eb/@anmeratmw%

L SERCLC o e b R 8 i

10%g&' () - ! 10%g8ethdd ichuFhg, dﬁtHouﬂﬁmnhﬁgﬁ,th@théx)ma’i mﬁm&, o) mictdRYgRériergy
/10%& ()- 3.y 109%& () 10%g& )- \]hvv5an/ 10 10%;&() F10‘V&'()-F
- 10%& () - mow&om inatigng thegeak) rfly.(the leng gk tﬁg@w ermd) eperey)

S e e e

to about 125, preferably about 80 to about 110° C

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

examples.

Examples 1-18
The following procedure was used to form a lens using the compositions and

20 processes of the invention. A casting composition was used of the following
formulation: SR™ 285 — tetrahydrofurfuryl acrylate; SR™ 349 ethoxylated
bisphenol A diacrylate (3 mole); SR™ 399 dipentaerythritol pentaacrylate and
IRGACURE™ 184 1-hydroxycyclohexyl phenyl ketone. Weight percentages are
listed on the tables. Approximately 3.0 g of each composition was dispensed onto

25 the concave side of a glass mold that was 81 mm diameter. A 70 mm polycarbonate
optical preform was placed on the composition and additional composition
dispensed, using a pipette, to ensure that no air bubbles or voids are present between

the glass mold and preform.

30
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Index
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What is claimed is:

Q|—|

1. A composition comprising:

about 50 to about 80 weight percent of ethoxylated bisphenol A di(meth)acrylate,
non-ethoxylated bisphenol A di(meth)acrylate, propoxylated bisphenol A
di(meth)acrylate, bisphenol A epoxy (meth)acrylates, or mixtures thereof

about 5 to about 40 weight percent of benzyl (meth)acrylate:

about 0 to about 30 weight percent of tetrahydrofurfuryl (meth)acrylate, isobornyl
(meth)acrylate, cyclohexyl (meth)acrylate, or mixtures thereof: and

about 0 to about 15 weight percent of dipentaerythritol penta (meth)acrylate,
trimethylolpropane tri(imeth)acrylate, pentaerythritol trilmeth)acryiate, ethoxylated
or propoxylated trimethylolpropane tri(meth)acrylate, ethoxylated or propoxylated
glycerol tri{meth)acrylate, pentaerythritol tetra(meth)acrylate, ditrimethylolpropane
tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, or combinations thereof.

2. The composition of claim 1, wherein a bisphenol A is used of the formula:

H
\c=c c Cfl P ¥

wherein x and y are each independently 1,2, or 3 and x+y=2 or 3.

3. The composition of claim 2, wherein the ethoxylated bisphenol A diacrylate

is in an amount of about 55 to about 65 weight percent.
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5 5. The composition of claim 2, 3, or 4 wherein the benzyl acrylate is in an
amount of about 10 to about 30 weight percent, a tetrahydrofurfuryl acrylate is used
in an amount of about 5 to about 15 weight percent, and a dipentaerythritol

pentaacrylate is used in an amount of about 2 to about 8 weight percent,

10 6. A spectacle lens comprising:
a preform; and
a layer comprising about 50 to about 80 weight percent of ethoxylated bisphenol A
di(meth)acrylate, non-ethoxylated bisphenol A di(meth)acrylate, propoxylated
bisphenol A di(meth)acrylate, bisphenol A epoxy (meth)acrylates, or mixtures

15 thereof, about 5 to about 40 weight percent of benzyl (meth)acrylate, about 0 to
about 30 weight percent of tetrahydrofurfuryl (meth)acrylate, isobornyl
(meth)acrylate, cyclohexyl (meth)acrylate, or mixtures thereof, and about 0 to about
15 weight percent of dipentaerythritol penta (meth)acrylate, trimethylolpropane
trilmeth)acrylate, pentaerythritol tri(meth)acrylate, ethoxylated or propoxylated

20 trimethylolpropane tri(meth)acrylate, ethoxylated or propoxylated glycerol
trilmeth)acrylate, pentaerythritol tetra(meth)acrylate, ditrimethylolpropane
tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, or combinations thereof.

7. The spectacle lens of claim 6, wherein the bisphenol A component of the

25 layer is of the formula:

H
\C Cfl ﬁ) ‘{ B
u / --C—-C OCH,CH, O~ CH,CH,O C'—'C=C\I_I

y

wherein x and y are each independently 1,2, or3 andx+y=2 or 3.
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5 9. The spectacle lens of claim 8, wherein the level of ethoxylation on the

bisphenol A diacrylate is equal to or less than about 6.

10.  The spectacle lens of claim 7, 8, or 9 wherein the benzyl acrylate is an
amount of about 10 to about 30 weight percent, a tetrahydrofurfuryl acrylate is used
10 in an amount of about 5 to about 15 weight percent, and a dipentaerythritol

pentaacrylate is used in an amount of about 2 to about 8 weight percent.

11. A method for producing spectacle lenses comprising the steps of: a.)
exposing to low intensity ultraviolet light a mold assembly and a surface-forming

15 effective amount of the composition of claim 1, the low intensity UV light exposure
carried out under conditions suitable to convert at least about 50 percent or more of
the composition’s reactive groups; and b.) exposing, subsequently, the composition
to high intensity UV light under conditions suitable to substantially complete
through curing of the composition and lens formation.

20
12.  The method of claim 11, wherein steps a.) and b.) are carried out at about the

Tg of the cured composition.

13.  The method of claim 11, further comprising, prior to step a.), heating the

25 composition to about the cured composition’s Tg.

14.  The method of claim 12, wherein the low intensity ultraviolet light is about

0.5 to about 50 mW/cm? at about 300 to about 450 nm and the high intensity

ultraviolet light is about 50 to about 2000 mW/cm? at about 300 to about 450 nm.
30
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seconds.

16. The method of claim 15, wherein the total ultraviolet light exposure time is

about 130 seconds or less.

17.  The method of claim 11, wherein the composition comprises about 50 to

10 about 80 weight percent of ethoxylated bisphenol A diacrylate, about 5 to about 40
weight percent of benzyl acrylate, about 0 to about 30 weight percent of
tetrahydrofurfuryl acrylate, and about 0 to about 15 weight percent of
dipentaerythritol pentaacrylate.

15 18.  The method of claim 17, wherein the bisphenol A component is of the

formula:

H F W H
\C C C OCH. © —c7
/ ,CH, CH,CH,O C=C_

20 wherein x and y are each independently 1,2, or3 andx+y =2 or 3.

19.  The method of claim 18, wherein the ethoxylated bisphenol A diacrylate is in

an amount of about 55 to about 65 weight percent.

25 20.  The method of claim 18, wherein the level of ethoxylation on the bisphenol
A diacrylate is equal to or less than about 6.

21.  The method of claim 18, 19, or 20 wherein the benzyl acrylate is an amount
of about 10 to about 30 weight percent , the tetrahydrofurfuryl
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