;e3e6}L 6T6 *166166* PRODUCTI ON OF PHOTOPCLYMERI ZED POLYESTER HI GH

I1 TDER OPHTHALM Cﬂmm“m msent invention is directed to unsaturated

- pol yester resin ba ons and net hods of manufacturing ﬁnd usi nﬁo
polynmeric articles, andeggati ngs therefrom manufactund in a shott

of time wthout opti cal distortion, using at |east one photoinitiator and
actinic radiation for phot opoI ymeri zation. The conpositions and net hods are
especi al ly usef ul i cture of ophthalmc | enses. Mire

particul arly, the @ mFtlon 10 is dirt to photopol ynerized

unsat ur at ed pol yester- as olymeric arti gl es, particularly unsaturated
pol yest er - based opht halG9%% | enses t hat have inproved optical uniformty
(or lower optical distortion) and increased tint speed, while naintaining
"water-white" color over tine. The |l enses are characterized by a relatively
hi gh index of refraction (at |east about 1.5 and preferably at |east 15
about 1.56) and relatively |low density, particularly bel ow about 1.3
grans/cc, e.g., 1.25 grans/cc. The insulting | enses have inproved opti cal
uniforniity and pref PRODUCTIONQF FHOTOPOLYMERIZED POTLYESTERWI | €
exhibiting a "water-white" color. The advantage of pho uring the lens
lies in the short |ength of W%Mﬁm\ggﬁ%&gte cure and

associ at ed manufacturing cost benefits. 01 MAR 2002 -2 Plastic materials
have been used for the manufacture of ophthalmc | enses for many years.
Plastics offer advantages to the patient over glass, nost noticeably in
their lower densities, allowing for a |lighter Iens and 5 greater inpact
strength. Conversely, plastic | dHdEILD OXIBEINYENZIONIvant ages: they tend
to scratch nore easily, veI [ 4(_I ower
ABBE val ues), and may di stéﬁ?pggﬂﬁi"a'ﬁg %@&‘%&6@@%&“&‘8@?@5&8‘9 drtions,
due to | ower 59l asﬁseaeaﬂﬁéstﬁdaaaﬂﬂmwwmuﬂicaﬁm g afid Utihg pal ¥

| enses, or lenses with high | evels of optical distortion. dd| tional [ y, 10

pl astic |enses uauchmmngsamgefrm/emanufd@umdfmra@oamengda of timgewithaue apdeatpar ed
to gl ass, which tend to re uire | enses ﬂﬁlﬁ ased.thiclrne s and. reduced

cosnetic appeal . R HIG 3 depstagne éor I AR castinis Tadiation | fon e

gl ycol bis(all yI ﬁ&b?&?ﬁ%ﬁhudﬂasﬂ%drﬁb&moﬁﬁ aﬁ@Heﬁfonﬁfbé%f)cclal{’yg&eﬁﬁ(iHanceS
in technol ogy have all dwed i nprovenent's in plastic 15 | ens perfornmance.

Coat i ngs have beéw mauméicowedf ephthalmicrignses. Morer partichlaly, the presergiigteation.  Sore
| asti cs hayv relalve Iuesvx/n are ade tefor n|m2|n
!tohe effects Wﬁ&@wﬁwwﬁ &ggst;r-baﬁggn Pﬂ“ﬁ&céﬁﬂ’ Spt i cal °
| ens processing BatdbiERy nﬁﬂ?&t&fﬂﬁf&&%ﬁbﬂ%ﬁm clibRs (R 19 5 gm@aae“ al s

having | ower gl aSs transition tenperatures. "Plastics wt I ndi ces

of refraction, anﬂnqahgmfurﬂtyl(enbwtespgml|dmmmnn)mm!tmcreMdequeddwhﬁprove
the cosnetic appeal Q

astic lepse i nprovenent § ve hel ped
the plastic |ens “'&éﬂt?%rmag 8ﬁf°éﬁ6%tepﬁ°\%ﬁé“’?l"aﬁ“%t Sﬁai sy %"&ﬁi‘:‘aﬁﬁf‘%
plastic lenses c [gi
i ncreasi ng expec?ﬂtﬁ'itl%%gth?%mmgg# ? g?ér%aﬁgén @Q%s\?/éﬁ ?t atag%tp?ﬁ {Jbgsatdleast
opht hal m ¢ [¥nseabdun\lS56) asd febitivelyilog deﬁsltyplpﬁmwlarlgﬂaelow fbcut VWiRgrdiZcc; 3
e.g., 1.25 grams/cc. The resulting lenses have improved optical uniformity and

preferably include ultraviolet light absorbency while exhibiting a "water-white"

)

color. The advantage of photocuring the lens lies in the short length of time

needed to achieve complete cure and associated manufacturing cost benefits.



Lenses which are "hazy" are obviously unacceptable to the patient. Color is
al so of concern both fromthe standpoint of having a "water V\/ni te" quality
- for best cosnetic appeal when the lens is first purchased,
mai nt enance of that color over tine, e.g., being resistant to mﬁeﬁéﬁaﬂgz
of sunlight, which over tinme can cause the lens to turn yellow Lack of
optical distortion requires a material having a rel atively high ABBE nunber
such that chromatic aberration is mninmzed; and, nore 10 inportantly, a
mat eri al having excellent uniformty in conposition such that the
occurrence of visible "waves" is mni m'_zgd. Many ophthal mc | enses are
manuf actured in sem -fini shed form and shipped to optical |aboratories
where the prescription is ground in" . Wth 15 ever increasing enphasis on
short optical lab turn: around t| he ability of
the lens material t¥ 25 : K. I n the case
of sem -finished Iens pf?ﬁmgé%ﬁa%%sfﬁmtbééﬁfﬁ&? fg; th@emhﬁrﬂﬁ tﬁ@yorave a
scratch resistant coating IC oes not accept tint. Thus, %e only route
for tinting tOOpmhahmcdmsebﬂ)rHﬂMygmnPlabmffmtadvamigesm meq:ahamko@ﬁ
surface. This material nust_be tintable 0 1 MAR 2 15’1‘ Tge hi gher the
i ndex of ref r a8@iSoMPStoEcEal Icheir lower densities; allopin qr|a tQrdensy afe ven
design. Thks hj Wb‘fz{} ely | ow
density, WI5|| "#I%?F%iﬁee rranu nggtk%ré uﬁ%f?%%%% ancy?ﬁ o?giﬂaé Iens

products. Over tHebetema&i scrEtek nddre \easilys hape a@hex:le@plstdfwhmmaﬁmmuhmve been
fabricated froma variety of materials | ncl udi %epol ycar bonat e and

poldyrret hKI net hﬁ@W?lf HRBE 3aluge), Iaﬂils“}?dl ;‘_r:techl F}F‘F‘Be@mmsmépoxhes
10
From di ety eneoniiglBy queCiuRry BRis, SaBfdom 3rel SemBnurdds Wiftne 8256 ([

speci fic produtapadrubmes, Wr fshsddwiti hrl@l@sstdﬂ@ﬁ);al cﬁaoﬂroﬂvwatﬁhanﬂ@ntl oned

this materi al has a refractive index of 1.498 is easily processed in
optical | dBor aplastrcelsqses usually daveolower mroéaefmwonwatms wien cpmpared to

di stortion and ily tinted vari ou cia | abl e tinting
yes 15 The g PHGI oS bl Hiset 3E Eﬂf?ﬁcﬂm@&swd%gr?ﬁ%cq@ﬁ%s has
been previ ousl W]sohmdm tq{rgg)ltg%éqe& Eﬁ@gm %ﬂ@m

di scl osures are U.S. Patent Nos. 3, 224?%% ttSEjglLl?%dlZZ cf?%cubl i shéd PCT
appl i cati on Wrabomte)]bas amindex of\efragti@pof 2398di scl oses a conposition in
whi ch a polyester is comhined with mb5 to 20 i, ght ercent t.hyl 20
met hacryl ate and | ess tﬂgﬂvg"‘"\%%ﬁ? o%yep&vegikow\éﬁél%p EmSRiSdR P g‘gu

t her moset 45Ny RLEdforiiiceh ERRMR hivethdeR ddverd H%%ﬁbmg@i}?hﬂb fovk&NS-

Patent No. 3,513,224 discloses a conposition In 0 /5 wel ght
percent of a smﬂresxslaxmtSmmephsmlhwsmm\fabyMgﬂABBEwa]ues whiohtaren of

fumaric acid w trleth,]ene and 2, 2-d I-13propaned|ol
(otherwise Irn 5“%‘%‘6’@ %}ﬁy I‘)‘"‘P@a‘&bﬁﬂﬁ WIMRTOYSWERIS B o 18

\d\?irrg%ags;fgtr]enﬁ%ﬁgtyrg&e ral Sﬂr@cég‘ ?ﬁlggﬁeﬁﬁaﬂhﬁg%ﬁ%gﬁv?wapproxr mat el y

1.52, and the ﬂieh;sbeﬂmagémt@havﬁhgrbﬂmgtayi ahssiticoiemperakures. t Phasticssswitti t he
pol yner. 0 1, MAR 2002 -5 A nunber of commercially avail abl e unsaturated
pol yest er 2Pesi high ﬁ’éwl%éérf wEaetion, and\physisak leas design ippeovements, :ave have a

refractive ind ndex being primarily
attributabl e tgé m?FR'B ﬁe@%rrﬁét%cegpgggla&g]% 1? lgﬂﬁii ng diluent nononer at a

|'evel of approximately 3WHiR thesirifrodétherts haes) hilped he Eiaarm tidhs gdive terns
"polyester resin” and "unsaturated polyester resin" , al | rrean t he

pol yest er resi #ccgntapce iy theomarketniaded 4o |an@01ahwhar¢onlnsucOIenahSIqmsummoner
such as styren a i cal l uded with t est reS|n when
pur chased. " Li k °§‘g‘/ 3%8%%3 yc?d’ﬁgl’&etﬁ? Irpggt’ﬁﬁ rﬁ%‘%ﬁ?%“@&b‘.féﬁ? ‘g? FYest er
resin in e CRARtthica FatFosd bPFBaIntio ré?rd&hw& thdfolloRAiLrdy: rlaseﬁléﬁ
percentages are cal cul ated "as ponester only, wthout conslderlng any

di l uent nononer. The densities of the various polyester systens are al so
quite low (on the order of 1.25 grrrns/cc). These properties are superior
to CR-39 (index of 1.498 and density of 1.32 granms/cc) with regard to the
potential to nake "thinner and |lighter" |enses. 15 Polyester resins can be
manuf act ured using different conpositions to achieve a wide variety of
physi cal properties (hard, soft, rigid, flexible, and the |like). Typi cal
comerci al pol yesters include those nmade froma variety of glycols and
acids. Common gl ycols used in al kyd pol yester synthesis include: ethylene
gl ycol, diethylene glycol, propylene glycol,




20 di propyl ene glycol, neopentyl glycol, and the Iike. Common acids used
i nclude: phthalic anhydride, isophthalic acid, adipic acid, and the |iKke,
. used in conjuncxion with mal efic anhydride and/or fumaric acid t@ pM%hiﬂmz
unsaturation for cnss-linking, usually with styrene or other dil én
nononers. Resins made using phthalic anhydride are commonly called 25
"ortho resins"; those nade with isophthalic acid are commonly refereed to
as "iso resins. Wth respect to properties desirable for making ophthalmc
| enses, typical iso resins which have good scratch resistance are generally
quite slow 0 1 MAR 2002 -6 to tint. ical ortho resins, on the other
hand, are generally nore scratchprone, bﬁt tint nore readily. Unsaturated
pol yester rosins can denonstrate a propensity to polynerize sonewhat
non-unnform y causing_internal optical distortion or visible "waves" . 5
PolynerizationCBﬂﬂlﬂ@lﬁbk¥ester resin can be carried out in a nunber of

ways. Quite common is thﬁer'l’s% ichf afyy n usreg(%%fsw Bﬁacﬁeﬂmﬁg baﬁ,l?(such as

cobalt octoate or cobalt nap enate. et one

peroxi de, the patiehenCeloNishBoGficofcent dothr foormthe sqaedpoint lof haﬁxger"vﬁatcre radi cal
pol ymeri zation techni gues al so can be used, |nclud|ng thermal 10 curing,
for exanpl e, uwhig] galeydpebest %W@M@Gﬁ@?nsﬁs fitge purchasegdnes Wekhi t i at ed

curing usipg cQ t

phot ot ni ¢1 8 or & RRUReBRE of lsf Solof 8T ife, S SRS ART R E erross ot
benzyl di al kyl sisight, Svhich bygirmm/cdgeéaeﬁemg lénshs tthrnUeigwiror phol i no ket ones
acet ophenones, phosphi ne oxi des, xanthones, and visible |ight

photoi rutiators, 15 including: (a) f1 uor one dye/onium salt am ne systens,
(b) dye/borate ! d (c) borate photoinitiators. Previously,

photoi nitiated | yesters has been perforned primarily for uses
other than ophthalmc | enﬁ@csofiguwdistdmiﬂ feqhirél § hfatdriaPRaviAs a Rethtivelgoncer n.
OCsborn U. S. Patent No. 3,650 9 di scl oses phot opol ynmeri zation of

pol yesters, f ohxgpLAIéBEemmbphemcm uhahclupmauea&r@m is aniingized) Andg mereyh

. . n h
curi ng opAPnal IRROTRENS anis A BaNeE BroeRrEanFaRBR COBPYHERY S B BF vari ous
conmpounds i s the,rRhiE SOANER @a%pﬁsgﬁgﬁtzﬁgscrl bed key properties of the

| ens. These key properties, particu wat er -whi te" color for
cosnetic 25 appeal and stability of that color over tinme (e. g. , being

resistant to the,e[fepts_pf sun exposure), | ack of optical distortion
(i.e., the occ sible "waves" is mnimzed), and tintability,

are essential for conmer \Gehidd Yy,
consuner advant ages can Eﬁagbiarne% &gfﬁmrﬁens can B‘ 3gh%%§gr ent to
ul traviol et | i gidshipged ey optical lmbdditoﬁesl’wlgdne thedxrﬁscnbtlmeisr Egtrmimlnnanw\litl@w

density mnll all ow for the manufacture of "thinner and |ighter" |ens
product s. 1Bor nEYeEinGrRsing eraphasis Waﬂmmoiab&rry@g@@d timey, $s8.c AhoNE 5

utilized to pr &rl_ita}/ | evel s
of optical dis fcgbzh&aﬁghgg%g tPrérri%\ﬁ ﬁ‘g co %H@ag‘%&?r gi{}?@s %llggvy

attai ned when idrpmesr In ths casecbffsemil-finishid fenk bmd&cﬁpthmﬁﬁ'ac&f‘(ﬁf the

exot herm depressant to inprove tint speed and reduce optical distortion, as

di scl osed in niﬁnpmaxmvwic&r@h rappmc@@%whm dpR%: nQASERRs (tingf Thustther m by
means of gradu he

regarded as be|84r11l dlle?géegcﬁ m‘?o ali ni ﬁ}egg%ﬁg%éﬁ%’gﬁ&tﬁ%lﬁ ?#'F %%&?'h
addition @b anstﬁ—mbharmg ﬂiﬁﬁﬁasmagttba@ﬁm@, pol yester formulation, as

di sclosed in ny parent application, helps to slow the rate of reaction,
all owi ng for gradual dissipation of heat and the avoi dance of "hot 15
spots" and convection curnents which result in optical distortion as the
formul ation gels and solidifies during cure. In other |ess reactive |ens
casting fornul ati ons, such as those incorporating diethylene glycol bis
(allyl carbonate), or "CR-39" , the slowing of the reaction is commonly
achi eved by adjustment of the cure cycle for a given initiator |evel. The
begi rm ng part of

Un



20 the cure cycle tends to be at a relatively low tenperature and is nearly
constant or slightly incmasing in tenperature during the initial stages of
. polynerization and gel ation. Gelation usually occurs in about 0.[E1tnAR. 2002
hour, with the initial stage of polynerization being quite |engthy,
typically, 1 to 6 hours. The conplete cure cycle is usually 7 to 20 hours.
25 In experinmentation |leading to the present invention, initial attenpts to
replace a thermal polynerization initiator with a photoinitiator resulted
in alens that was yellow in color and/or had a high degree of optica
distortion. Efforts to rotate the cast _ngpl d assenblies to provide the
pol yest er 0 1 MAR 2002 8 wth honogeneous |ight exposure over its
entire surface did not solve the color or distortion problens. Attenpts at
usi ng | ow intepsj ) ) ' g wavel engths also did not solve
the optical ditseE T Tol ‘
depressant, found to be ﬁﬁqeg“&ameJ\@éxémmoxpuﬁwmeh&mgx@qmw tion
to reduce optical distortion; e. g. , a-nmethyl styrene, surprisingly
wor sened t he onmlibeefbraigwemdemgm 'Whlslhlgher mflsbxaespeslally when combined withr i si ng

results, eventua nd contra teac s of..the Lar. art,
attenpts vverearfﬁiﬂgx?lb QP AenStY dIBT ‘?‘@ g thHE’ebg'é‘iﬁglI“ by
elimnati I styrene exot her m depressant and using a rel ativel y
10 high |%ens?’gipm‘ﬁ%’ source, e. g. , 300 mcrowatts/cn2, 500

m crowatts/cn2 and hi gh@verthugastsswmirjeaisnglayuc bphthnimdlmm Habherbeashen t he
unsat ur at ed poll\’/ester resins of the present. inventi ogp(\ge hot ocur ed very

qui ckly, e. ‘inn Bpvasiety; of fnatedals, in g afe j IbFUt 5
o o by usi naﬁyayrgtlh LRSI, s B8l o4 00yugREd BARR disihet egksictol | O

actual |y had |adaurethinea: l'nre most@pmmlpmhtretophthamc larsdhbhevdretssmms har der
and nore scratch resistant, wt ess stress in the lens. The co os|t| ons

descri bedlber efr%med@w&@rceglwph %@Yh&ﬁbﬁ%@t offem defiexred foeaer §Br39"l ess t han
h h
about 2 hours, (Ian?rféclﬁé ﬁrg{i:tfcg d%?}nﬁﬁétmteﬁaﬂ appyt gﬂr{/eﬂ-té ; 2Q ¢ n%ﬁdu? the

present i nvent O unsatur ted P I’eSI ase

opht hal ni ¢ | enfieftioni®f) thit imafdpial kata RfractivRdnddesf 1.298.U N paGlygstotadiddov enent
in speed of manuf act ure whil e mai ntaining uni form |ow optical distortion

and/ or i npr oved aptical lsberateriny is mbleda dietmanyfaceired &ithdpyeaptieal distodtinmposi ti on
of at |east one ,photai.nitiator referabl |.east sone activity at
a wavel engt h 6?6‘8\}% %ﬁﬂ&é‘“@ 8%??3{113‘9{%[}'%‘@@%?155‘??5“% Yr?%und can be

i ncluded 15 the pol yestemeleeaf g@emwms @ oRie skl 16d8s RA yest er
0 1 MAR Z002 -9 resin quickly, ‘achieving gelation in about 7 mnutes or

| ess, preferallegn meioelxlarrpliselosuh iim gvagiohs gUisS. | patentsi t Examples dfesuth about
300 mcrowatts over "|g t t iti and
gener at es freeA‘? ‘Eﬁ“ﬁ"’élage sk E‘E’F ia:{?laﬁi gaﬂ:’ daB'gélsﬁ?‘i?g&gtts/crm,
most pref er ab'aé)PﬁEaﬂcﬁlaWO 9@&%165 PafdRONG] §r39wtzr4§ﬁ§cm§es ﬁg&ﬂggﬁﬂ&{ h one

aspect of the pfesent Invention is to provide unsaturate yest er
resi n-based cowliobia ipolyestern il combined switt fromp|5dtw20rmlgmuperngnttrhethyl

I - d i h | ati f the b d
Composi ¢ 1 80 T reiRAEHAD ad 6t b 3 MABE PerURLLIH (4 PR NETHO BN nut s or
| ess, Wil e, PradualraniAl oY B ds6'sh 6leoln Opthatic db Orﬁﬁ&a@ N&not her

aspect of the ‘present invention Is nsat urated polyester
resin-based cd@yptixR24 disclosesnd dmt;imﬁanﬁ whioh GOutol 7§ welight pergens ofra based
conposi tions, wherein the conposition includes a BhOt i_nitiatqQr having

activity abov &SPaEifiGunsaterated, polyaster £omad fi rﬁlﬁcﬁ‘%éﬁc o ﬁ&“%‘%ﬁt%@“ﬂ‘bon to 15
sch eve 5 0y LGP el e B ke b | 1 200

7 mnutes or less; pr I evi

| ess, norgspr aieepaioyl)glmm is ¢ombingé with a:bamt nrz PRI weikhperdetstyaend &rls, nost
preferably in about 1 mnute or |ess. Conplete curing of the

pol yest er - bas eﬁjtoc]c?rrw%l“t PQ?FP’F sthylene glycel dimeshasrylatp. digrstyrene raises the

ref er abl n t r.e g£e] ef er bout
Iron nut es, 3“ It holglpg’gi %f:l-l Ica ({% ét ?@PAP’“HF’S?‘ tl{%r tllhgef&g ngglyggl t he
present i nventdifthabryldle Réda¥eststitilenRs 8Pthe polymer.




of manufacturing ophthal mc | enses by photopol yneri zing and photocuring a
pol yester resin-based conposition within a nold cavity) said conposition
- containing at | east one photoinitiator, and using a mninmmli grﬁ 1i gbgnfduﬁy
of 25 about 300-500 m cmmatts/cne, preferably greater than about?
mcrowatts/cnR at effective wavel engths for the photoinitiator (at
wavel engt hs where the photoinitiator generates free radicals). 0 1 MAR
2002 - io Another aspect of the present invention is to provide a nethod
of manufacturing ophthalinic | enses by photopol yneri zi ng and photocuring a
pol yester resin-based conposition withi.iga curved nold cavity, wherein the
conposition includes a photoinitiator having activity (generating free
radi cal s) 5 at wavel engt hs above about 380 nmfor initiating polynerization

of the polyester; and a ga.qi MMWM sted s
wavel engt hs of about 38 Am of ow, so‘-that the finishe ‘Jlens W absorb

ul traviol et | ikt beendickeloped which\aeelclead when daseandnisavp acrefrdctivesiniex otbt ai ned
in the photoinitiated polyester 10 fornulation descrjbed herein, is that

t he successf uIaPpFQ?GI!’éE bk m(m%mgbsndmctmmmmwuatm@m@hmdhr u$g & or ti on
I's achieved in t?ﬁra% ss ng r§p| gé#gneoio?ﬁg 3t 4 BRbbeR gé%'{ﬁhété@tﬂ@g ﬁnd hi gh

| evel s of exot enpera ure’rncre

mnute. At§enmy&igho at:aw)t %rWMdM@”ﬁé@Eﬁer fedinl1 A hmsithmedse of
exotherntdepressants can actually worsen t optical uniformty. The 15
time to gel i rpolyestes y@ma"msudbmxbﬁx@ HOéqut@s sessmamiyawhoutmnﬁdmany

preferably less th t 6 mnut a r |less,
and produces | TP &/ﬁﬁf ’L'jtdggt?"tfﬁ’r 67 A} %oslhﬁtl%ﬁlgﬁ& rﬁlgﬂ%g &FH&% in
approxi mat el y ddlyeder v wheh phﬁ:masedpreﬂcewael Wher BoiRiérin@thé Pérzent Byt
typically about 15 to 30 m nutes. Sem fini shed | ens thi cknesses up to

appr oxi mat el y weightof palyestercresindn ¢he aanpnsitions disalossd throughout thisspatent, e
apove and ot her cts .an advant 8es of, the

franes. e re

i nventi onir(grn N %m?‘@%@ﬁ%ﬁ”‘w YhEPRY e ecgﬁ'&@scrr ption
of the preferrgthdeodnhiT bf {H3SaR&R rds%‘eaﬂr qtitéNdw (da
DL-~(~1~PI " IL)N ()F THE PREFERI ~D EMBL) b 25 The corrposr ti1ons of
the present i rheotdenof 1.25 grads/capn [l‘hmtpropﬁmds q;relsypmioerto CRs3% (indexaof anount

of about 25 ~ t t 70, ~ (exgl udin r diluents styrene)
o about 40 )98 20, ensiey of TF57, efacnieed onith cree re, e BoteSi FoymRe 005 < 11
di [ uent nmoNoNMBiyinGer dreigredf the conposition, preferably about 35 b
to about 60 & by wei g t unsat urat ed pol yester cal cul ated without diluent
nononer . Ifmsaturated polBalgésesrs resins wea beowmnafudtured hsingardifferentir ed by
the reaction of one .or nom polyols with gne or_ nonr pol car boxylic acids,
with 5 ol ef ni &%PQ&FWF&PF%‘HCW Widle YRGREY BEHhWaBBE’PSF“ ardosoft, ifigideact ant s,

usual |y the aGhghud e ] R S8R B Lo 1R MES! Shagfighl o these

resins to form ernose t| n ction corrpounds

that contain ol eatiefyCofiglyoble dndnatids. S\ Commén gl;rcbnn@sedrmthd fyBaer vl at e,
and the |like. Commercially avail able unsaturated pol yesters vr/m ch can be

used in accor dynthesis oinglude: teﬂé’lﬂkneegwﬁ@l,r digthyleng nglyeel, lﬂépﬂh%e redyeoli on
oGt g o0 0 i AR e el i

vi nyl - gr oup- coin¢lade? iphthali®anhiyiiflde, Gsophealie acid Exdipie! R, @hd $he fild) Bed'ims at ur at ed
di carboxylic acids |ncIude mal efic acid, fumaric acid, citraconic acid,

itaconic acid corw@@mncwmmalelcmhyd_@mwmmctanldrte@rrovxd@umanmthn esters
or acid halid es.of suita ated di carboxylic acids
i nclude ali ph:t?)f%mgf@ﬁi“ﬂg ygr&hosgyregejgﬁol&gr ‘feBFtF'(‘?"g'@Fﬁ succi ni c aci d,
glutaric acid, adipic acRékinsSHa8s 'u§mFCplﬁha.lﬁZﬂh@Uﬁdé‘%éicoﬂrﬂHM9 Galiéd d, or

sebaci c aci d; and aromati c di carboxyl'ic acids, "such as orthophthalic acid,

t er epht haly ¢ dwirdo reging"s diise mdeyndtlsdphmmqahempmmmﬂﬁmm tcasaci d, and
di pheni c acrd,,and .anh des t hese a uch.as anhydrrde
and mal efic antidrrife Hhé?ﬂ’%(‘) "UBE‘SE'?%'SB?%I%\& r anaking; &éhagq‘mtclﬁ'&eé’ aci ds)
and nixtures t@Frcepi%e SR Phieh hH\f'e £o0d bltén %aismbéarer}g“eh &bﬂé’kl’éﬂﬁ‘ gl ycol
propyl ene glyco butyl ene gl ycol s; neopentyl glycol n% ene gl ycol

and the 25 pol yethylene glycol)s of t he foregoing, such as di et hyl ene
glycol, triethylene glycol, tetraethylene glycol, and m xtures thereof.
Tfi e base polyester resin used in the conpositions and net hods of the
present invention should have a nunber average nol ecul ar wei ght in the 0
1 MAR 2002 range of about 1, 000 to about 5 , 000, preferably about 1, 500
to about 4,000, and should be w thout haze. Suitable unsaturated polyesters
havi ng such properties are well known in the art. As exanples of suitable
unsaturated polyester resrns the base 5 pol yester can be a pol yester

. I I I T - T T D ) o Y




The preferred polyester resins useful in accordance with the 15 present
i nvention include the reaction products of one or nore acids or anhydrides
- selected fromphthalic acid, isophthalic acid, malefic acid, phtq?hgﬁ R 2002
anhydride, malefic anhydride, and particularly m xtures of two or é dm
such acids or anhydrides, wth a polyol selected from ethylene glycol,
propyl ene glycol, diethylene glycol, dipropylene glycol, and neopentyl
glycol, preferably 20 two or nole of those glycols, having a nunber average
nol ecul ar weight in the range of about 1,500 to about 4,000. One of the
nost difficult problens encountered in q&tenptlng to fornulate a pol yester
resi n-based conposition into a suitable ophthalmc lens fornmulation is that
of providing the cast and cured conposition with sufficient 25 opti cal
clarity, or freedom roqm optical, di sttglrtlon conve lg_honal proFC dures for

the casting of OptiBfst TYPICA) rthQ  Thsins, oft) 8§th°fﬁlén$’e‘g8tg§ﬂ? Y IE8° £ m t he

resin are i ntrgduceshiek WRRE rédRg e U RRRIted pafyEster redhik 3hn BBhensitd Aces. The
mol d sections are seal ed togethef about thelr i nner periphery by nmeans of a

non 0 1 MAR p@P2nsityatot palymerizs somewhat gronkuntiformly causing: internalgoptiiahce

exot herm c mat rlats ar e §£$jgxeq the nold outer surfaces are imersed in
a cooling flui fstogion,or vis dr otherMAse cooled to d|SS|pate t he heat
of polynerkzation and crp@n{m 0 Fesfg?lr@sﬁ%\éhtb% m ntain an
optimum pol'ynerization and~curing rature. During t nerization
reaction, partmember bfy ways.orQuite g&hmbnam%dsecobasykﬁemkpmmotabmthcai on

currents are created in the resin, the resin in the |liguyid state,
as a result of MateEAlFuch;a% gobalt P@H’ﬁé P&tcﬂli”zt Eﬂp(f‘ﬂgf‘gﬁt |“£ﬁ°’b‘é§°ﬂé€m F‘E&' f

pol ynerizing r I rr s the
mol d. These coﬁ@%g?kgnhgﬁ??%hgw%ﬁ @ ?f%ggeﬁgﬁto th rrTyﬁ%r@g@plo

pol ymeri zati onfrpe Qﬁcﬁ&lqmimamhogeéc&iﬁqms ald canrbergsed; dndluding hermabt ri ation

or VISIb|e ‘waves" in the cured ponester resin. Lenses that contain such
vi si bl e "WAvesecurige {o6aexasple:bpaing perex wtoen@m cempioeeds dass stk pdn or

| f Th o] d h
ohi 1o 15 oi mu e Ao e ronf St oG RN AHE BRI bF o e ©
absor bency ne bihRTatdts:SBenrBin etites | behPsphendhés Cﬁﬁd%faﬁthf)ﬁ‘esg ketals€Béndyhan 5 %

transnission at 380 nm wavel ength for a senifinished | ens processéd to 1.5
nmm t hi ckness) diatkyl mketalsed anhydroxy i ketonesar substitiuted i emorphbolingl vketones,

accordance with g referr d nbod nt the reﬁgp&flnv ntlon by the use

of phot oi niti a? ﬂﬁWFh ehcrd Y R RILOUNANS: above
380 nm Phet oi ficfubim Eoﬁﬁ ﬂh&%he ﬂyéloﬁﬁﬁﬂ ¥t #hind sYARS, %Qﬁ?elﬁbﬁteesﬁt%ﬁls” m

i ncl ude benzoyl osphi ne oxi des; xanthones and t hi oxant hones: vi si bl e

| i ght phot oi ni mtdg(pbberata phﬂtcuuitna@rs ( R)’e\tﬁauslympbomﬁatm quning:0f palydstess syst ens,

b) dyelb t t d tiat kyl
ket al o and sl FERRIORDI REMARD R bits oty it PEARE FEPet sl Lo per
capabl e of abse;sttaapalstdrabﬁ wals H&Vaeh&ﬂﬂhhs @sfboﬁiBQJ smpaeﬂt &), B¥650,669 provi de

the desired W/ cutoff, while the photoinitiator(s) having activity at
wavel engt hs ab@doses;phowpol\ymetnzhmetpolgwsted foypuepoatscothercthan eplithaindg f or
rapi d and m phqt ocur e of th ester resin. Preferred initiators

ni f
i ncl ude é f?ﬁ?@sQBﬂQg 1pieasiphi %osphl ne oxides, particularly
substituted phosphlne (0)¢ sphinat es
; ; g ﬂﬁ:d 5’?36 e s6glat9cpewﬁ|ﬁ| %Hé{nﬁg R{HaS BRAG

and/ or phosphi ne oxi des wt ones

2,4,6-trimet hyb;bmmlmyd -léngebeby | mbampbf nﬁee?mdtbal (fhaherizacioni of Madbus et hyl
2,4,6-trinmethyl benzoyl phenyl phosphi nate (BASF Lucirin 5 LR 8896%

bi s(2, 6-di net h@ﬁé%@ﬁ%l’éyt} heymaintenance ofcthg\abeeerdescribed key praperies 06 they s(2, 4,

6 U1 rethyl bengay! NARedy ABRSRA B Rl -5lcfolif cold sFbcilbad? X{ U €

of 2,4,6-trine Ibenzoy ne- oxrd

2- hydnxy- %mt@ﬂeaﬂarﬂtmwﬁtyrvfmmorbr@mmm si$@A6M; théeffbets / 75 ~ by
wei ght m xture of bis(2, 6-di met hyoxybenzoyl) 4- -trimethy Qf)entyl 10
phosphi ne oxi def s e@wm}xwz M@mw(hqanﬂmwumec wisible gacur e

1700); a 25 b 4 of di_net bhenzoyl ) - 2-4-,
311 het hy pent yVRSHoS TSR0, dhr e arke S6ral B SHERAMBTRRTRERE: bre

(G ba C@ 1800); and a 50|/50& by melght m xt ure of

bi s( 2, 6di net hyoxybenzoyl ) -2-4-,4-trinet hyl pentyl phosphi ne oxi de and 15

1- hydroxycycl ohexyl phenyl ketone (CE 1850). O her suitable

photoi nitiators include 1-hydroxycycl ohexyl phenyl ketone (Ci ba Irgacure
184); 2-benzyl-2-N, N-di nethyl am no-1-(4norphol i nophenyl)-1-butanone (G ba
I rgacure 369); a mixture of 50 6 by wei ght 1-hydnxy cycl ohexyl phenyl

ket one and 50 % by wei ght benzophenone 20 (G ba Irgacure 500);

2, 2-di met hyoxy- 2- phenyl acetophenone (G ba |Irgacure 651);

o 7 o~ 1 .




15 those available from Spectra Group Ltd., and borate and dye/borate
systens, such as those available fromGba. If it is unnecessary to include
.a UV absorber in the polyester lenses, or if a UV absorber is i c{1ﬁﬁg m&at
absorbs |ight having a wavel ength cut off bel ow 380 nm pol yneri @
be initiated with any of the above-nentioned photoinitiators, particularly
the benzoin 20 ethers; hydroxyl alkyl phenyl ketones; substituted
acet ophenones; and the sulfonic esters of al pha-hydroxy benzoin
derivatives. The use of such photoinitiators in a formul ation nade to be
very reactive) such that the anmount of _photoinitiator can be m nim zed,
hel ps to reduce coloration of the |lens during cone. Together with Mace
anounts of a blue and red dye, the lens can be nade 25 to be "water-white"

unsat ur at ed. pobUPTIC SniuBhe Bl ca b BRuRRLR hE B, i He hafe,
includes an adgsérbift t&ﬁiuaofoxw %ﬁtomm&%lﬂwﬁﬂﬁ hegh it pnfattienarl low i C

ester, an acrylate 02 -16 nmononer, and m xtures thereof, to
provi de i npr owdegsity wuuam(ﬂomqmmufmmoéathap@re@d lighter"dens prpductay | ow
color allylic ester and/ r a color acr r oligonmer is
sui tabl e as an opti onal t{Pé‘s &8 H‘éﬁﬁ‘ﬁ\fﬁté}& &Epﬁ“’g‘%r%d

enbodi ment50f iliged i@ﬁﬁiahcé g HhdeR) 1ov$d§x\ﬁt§®9hﬁxaahlbnédses epbwlevdl$ef ude

nonoal | ylic esters, drallylic estefs and triallylic esters, preferably an
allylic ester qmicdcdlsldniomdtmdgmapd colos characterisics dambe wmmwmrat e;

di et hyl ene gl ycol bl sj alll% l%@; bonat e &@@Hﬁdﬁanﬂ?@%{%gﬂké
di phenat e; an ude
allyl acryl at qmp%bwhnpeﬁ&s%d redic@! dpfical &@ﬁmwaatcﬁsa&balmyﬁ gate; 10

diallyl diglycol'late; di'methallyl mal'eate; aIIyI benzoat e; d|a | yl adi pate;
and m xtures tpatentapplicatienal | ylic ester, when incorporated as a conposition

e UL D e o) AR by et s B0E BB e *°
S??gfaﬁi gnabout I ﬁfgagée%b P%%‘nggﬂ% aggﬁu{%wseﬁﬁélgg??%??s achi eved

at about 4 ~ teptiRbuhiférmityoy The addition bﬂmi exettiermi depressant tocthe polysster ti on
and/ or speed of tinting can be achieved by optionally |nclud|ng in the

pol yester conpiesmulaioneps Hiselosed i my preent aprlicaden, dielpscto\slo ghavdippkr . Best

ety at e mononePetdi AP FHROATblsSpaty 6URRE o dis @B HECARL AL o

increase the igdheas™t and rcdRGddtion | curfemtsC vhidir ndstiteih apﬁcam&ﬁstaﬁidﬁoaéqh@nd the
acrylate additionally functions to increase the abrasion resistance.

Sui t abl e acr y| formwatiemeaels andms,ohmﬁesm@nyq ahe@herdiesscrrewmeégns qasingry| at es,
tetraacryl ates tes and the hi fun a

acryl ates. Thef 6‘?’8%‘??%# flsa @S%WSWP% gfglft[ ﬂﬂ}f‘} éﬁ?ﬁhp

consi sting of xpidnte), Grt"CFCBY, 3he slo®inpydfothe réic6® ks dinﬁﬁém atievat iyl ene

gl ycol dinethacryl at e pol yet hyI ene glycol diacrylate; polyethyl ene gl ycol
di et hacryl at eadmetleéklmmw eycleiforcn given initiasomlsxsl: aFhecbeginningspart ofA

di acryl at

trimet hyl &P pp ﬁé“‘ﬁ%ﬁ)g ﬁ{ﬁ‘eﬁé@ﬁﬁ‘?ﬁ%b%ﬁ@%& ‘5 And s h?zﬁ[ St

pent aacryl at e; of\ligh ﬁBﬁeﬁﬁ%M't@M:&tﬁhﬁ@ﬁ@ﬂ&Y g theShitih] §80ed D¢ 51 efizifor her eof .
Q her suitable no%o%ncti onal acrylates 1 nclude al gf% an(IjJ Substituted al kyl

acryl ates and amsk gﬂniopt aﬁdaﬁomumallascexmgn abmnt}blfatoel hoyr; Ivottebhyluutxal
met hacryl at e; et h, hacryl| at e; dr oxyp acryl and
m xtures ther eﬁ?geyﬂfjaﬁé' t‘%“ui’?‘ﬁ%l ‘tﬁﬂﬂlﬂ‘ %’P’Sﬂ@/ iiégﬁ howrs.” 4

nmet hacryl at es 5\}1«; and net hacryl ate, such as

al phabr onoet h cr yI at e; ﬂTaipha Jg%ll or oeq/h acryl ate; chl oronet hyl

met hacryl @e; 2 10 bronvkt hxﬂaemmedmmnyleadmg wnthenpresemt einvértiong dhitial\r v

acryl ates and net hac(rs‘gl ates also are sw table as optiognal additives for the

pol yest er - bas e}tRRHH &2 ireRlagesa thgrmal R YPWR%W“W Withy 3, pheteinitiztery- ¢ o| y|
| at d | at
ond” et hacr v aieeted i Ibathetuas (MRY, BiLoldh i diigd o et BBl it ol 21

br onopheny!| acdiytoaticn. Effértﬁtd fotdwe elivngabesvid afssém&lmseo povillenth pulyestert her eof .
1fi e benzyl acryl ates and nethacryl ates which can be used as conposition
additives, in accordance with the present invention, include benzyl

acryl ate; benzyl nethacrylate and their derivatives, such as

par a- chl or obenzyl nethacryl ate; neta-nethoxybenzyl nethacryl ate;

par a- et hyl benzyl acrylate; and 20 m xtures thereof. Qher suitable

pol yfunctional acrylates and net hacryl ates include the polyol diacrylates
and di net hacryl ates, such as neopentyl glycol diacrylate;




pol yet hyl ene gl ycol acrylates, nethacryl ates, and di nethacryl ates, such as
the diethylene glycols, trinethylene glycols, tetraethylene glycols, and
-the like; 25 thiodiethylene glycol dinethacrylate; and m xtures tﬁerﬁﬁk.
Addi ti onal useful polyfunctional acrylates and nethacryl ates incl de 2002
pol yol polyacryl ates and pol ynet hacryl ates, such as pentaerythritol
triacrylate; glycerol triacrylate; trinethyl ol propane triacryl ate;
tris(2-hydroxyethyl) isocyanurate 0 1 MAR 2002 -18 trimethacrylate; and
the aliphatic and aromati c nonofunctional and pol yfunctional urethane
acrylates and nethacryl ates; and m xtureg _thereof. The acrylate nmononer,
when incorporated into the polyester conposition, should be included in an
anount in the range of about 1 ~ to 5 about 50&, based on the total weight
of the polyester;based | ens. osi tion,. preferabl t ~ out 40 ~
by wei ght and“’h‘Brb"8m8$“é’f°8‘Fs;'EHi@° i °§“f8}‘$%¥‘?‘5%6‘lf?a%éﬁ‘8§&b§9?‘ﬁ%ﬁh%ﬁ?{%pwi th
best resul ts aghgiseRibnFrotiéas!t Aksin dhpu W iARnsitY bulbs b fHort Aiiaelohgsul ting

lens will have a relatively high index of refraction 10 (approxi mately

1.56), a rel at magtlgngthsvalse did mot solpe thexopticak distortion) prpblens/ cattemptado an
accept abl e ABBE val u appr oxi,mat el 4 to 3' '~ The leng w Il have

suf ficient har JiEEE &8%5@88’5‘? geqrgssgxgt, f?H"F&Bi& WSWJ%@HW’I&E&S%H cal

| abor at or y sequiT&y Pty t fti Of- i10

ul tra-viol gt aEsor blinr?é)ﬁﬁg{leﬁglegﬁdga)ggﬁ%é E?t‘gﬁg%’r bel(’)é:'{:] %Vﬂ?gjgi gt%ir%nr?’ havi ng a
wavel engt h 15 kedpoisingty storsedéd the ¢pticah distortiym peoblein Oy As ar tesiligb4licke C ba

Geigy Tinuvin 234;, and the |ike) angb(gol or-correcting gc%&'(% 1 he | ens can

be made "water ’ I ¢ are to
SYPRTisiog TEMUtSyFYIniuRLY, AR FeRtratp g etep IO 38y
sunlight. Acti ' N , thi d i & ppeferred
enbodi nent, | sxg%rggﬁmﬁ'?%hg’%ghgongﬁétg%tﬁhgm%ﬁérv\gg é\rllngst E‘§§S§abgeo@’vie)F 380 nm
20 but bel ow t Bhminsing|thegtethy] sthfent ekothemin depressaht aidousingia aelativdlpnger
active. For the systemdescribed, an em ssion |ing 8{) a,pproxi;mtzelél 405 nm
(such as tlfat Bighantersify Bightsopres; €8-S Miegowats/qimy), ;g0 mucisvalts/caY 8@ act or y .

Intensity of t lA Gt L Se S ' a w de
range to produgghﬁ{e %%ﬁg@’g%,ﬁﬁ&%%&@@&b@% sugﬁlﬁﬁﬁ‘g@%&oﬂ%&r%
uniformty is asliiseifabe pfséntdfiventioh wereiphototured akieqiickly) €/as egelledrin be

obt ai ned using the_photocuring and photoinitiator(s) of the Pr esent

i nvention so [ @yt Aminutes poless freferablis Bphoyhd srnutebar lgss, 4sidatingdbby a 7

Cbout 1 i nut oEgh Bt et hlad o8 fow, 8 £ ksl A SREvaBHen b L, " can
be vari ed 1$hi | BulBCthe @8mpRted W tac@flly'hid 1eR sBiigieh of oE[ié&lfd?s%oﬁiBﬁJ Ml the the

peak exothermtenperature; tinme to reach peak exotherin tenperature; tine
t hat the conpolenswas hardepand oieoe seratch resistantdwish dess stressdn e lens.he Wi ght ;

hal uded i n the' composi ¢ TORCPBAGITE deRieA el 18 et Brdbhn sbout ' °

3 hours, preferably less than about 2 hours, most preferably less than about 1

-

hour.

20 SUMMARY OF THE INVENTION
In brief, the present invention is directed to unsaturated polyester
resin-based ophthalmic lens compositions that are modified for unexpected
improvement in speed of manufacture while maintaining uniform, low optical
distortion and/or improved tint speed by the addition to the polyester
25  composition of at least one photoinitiator, preferably having at least some
activity at a wavelength above about 380 nm so that a UV-absorbing compound
can be included in the polyester lens composition, and photocuring the polyester



wavel ength cutoff of the UV absorber (at a | ower wavel ength cutoff, |ess W
light intensity is required since the absorber blocks less UV |light).
. Preferably, a light intensity of at |east about 300 nicromatts/cnﬁatfyﬂ@eﬂ)
to achieve rapid gelation, nore preferably about 500 mcrowatts/c 02
about 7,000 10 microwatts/cnR2. Also, it is preferred that the time to reach
peak exotherm tenperature (which preferably is higher than about 150F, nore
preferably at |east about 250F as neasured by the exothermtenperature
measur enent described, infra) be | ess than about 1 hour, nore preferably
l'ess than about 45 minutes, nost preferaply |ess than about 30 m nutes. 0
1 MAR 2002 -20 A suitable formulation for a sem-finished lens is conprised
of < Conponent Wi ght kUnsat urated ponester77 54(w/ diluent)resin (Sil mar

A ST o Ay Bl B iy, o
pht hal ate7. 71 ;

met hacryl at e3. dhglpfé iéfls 3 t DIRAGEP oﬂ%ﬁﬁ&l&oﬂxpio@%m%%@)@np%ﬁwr
42650. 12Bl ue dyet aceReo ace15 a- met hyl styrene0 20 25 The resin,

fS| I nra(r]I ]I? 910, hwaveiengthath,at tlws;ﬂbté%rmttir pbsqhsatnfgmfdmg%? fn’mmﬁwaht aaredi at e
ornmed fromt ereactlo ic an mal ef.i c .an ﬂ

propyl ene gl ycPJ‘fe erglglpmt Fast %‘F’{?ﬂ e MOsyPreiegbly;af ?(eaé er

aver age m) ecu ttg,fcmabout 2,200. It contains approximately 30 ~ by

wei ght styrene as a I'T'uent” nononer. The polyester resin serves as the

basis for the formulati OAccoThﬁegt, lome asprgt ofltherpresene irdventior 3ao fppbvidevi ng
functions: D allyl phthal ate is added to increase tintability of the final

| ens product. wasaurated polyestar msicbased rqpmpositioss,yaad) methedsebt @pidhy d

har cness of t nEaRrngly, BRyeer SRt 3t RliBy, 36 Achic R i dh b Ing T 2
i ndex of refraggly sﬁexaﬁuae@&oﬁp&xﬁmm atiowd qrinutearorf less, ?ﬂfemgcgﬁaﬁdnt
reducti on. QIasorb LTV-5411 and Ti huvin 234 are used for conveying strong

ul travi ol 0 ab$ oripeteegr less, twhilefpravidingeynifopie dnwe levalspfropticahdisorioneat her i ng

characteristics of the |len ro 65 I.s the Qi n| |ato has

sone 5 reactivity at Wavgflgtﬁﬁrtﬁgecgf}éwgpggfﬂtmmq‘ﬂgmg{’ ed '?S@é'r%?gs are

used to adj ust pdli&telr résiH- bds&l‘éotﬁ@sﬁmn‘é‘%m&ﬂhb&@ofﬂﬂt&*unng 1[961 gaedent s of
ento

the fornulation are thoroughly mxed, with precaution ta shield the
m xi ng vessel basedrcompagitions; yﬂwreumwnntppsmoamcmdes hphatphnitiator havingn
filter, the fornulation i dinto the.lens nol.d Oas enh). Si nce
many of the coffitHEADOV %@0&5@%%&4 dly, Eﬁ‘}ﬂl%é %ﬁ%l’ﬁ%ﬂf}llh&%n to
avoi d nmuchsev S y

r1 ai’&ﬁfkfe' gélaﬁ’% gf‘ghé gegtee §'defihdd E’Z ; gel 6st! S Subat

consi sts o two gla separ y a gas conposed Of a nateri al
chemi cal | y resV sniantestoy lessepfefcmhlyaadhmvingczeimm atopt 5 mimutgls ostiessh t he
curing radiation WI| shoul d be.transparent an freefro*néﬁrklngs or

15 ot her condi MPBRIE 1 B AckisyIng g6 Pf"éP° utes AT 1gss o MOsH REBTERDLY 1y ough

theforrrulatloigl hﬁﬂ% tﬁ%ﬁg . di ation.
The conposition agmg ose Fﬁmgﬁfnedl%%g g%mgi)?gﬁ%tgebgﬁdl I g‘hgg%&?h
sufficient i ntsrm:hieyed in atoat Adioatscordeds, pedferablyoih aB80t hhourcordeds, mivre A Fusi on
Systens, 20 Inc. "V' bul b has intense output at approxi rrately 405 nm

and 420 n@PandPieierP'elxanPbolgdﬁr%mmﬁ%emgwr%gnﬂmmw distrtion.anp t ypes

Candbi asted sheei gl ass anomst ettt Bt RoRte BRRTE fead °C

| ens assenbl y. oflanefapasing Qphﬂhhl@rﬁ& uédsesawipmtapolyrmsﬁzlhg aﬁ&lbﬁbt@blﬁiﬁg 4o
initiate a 25 rapid rate ofe‘g ynmerization and exothermin order to achieve
£p

optical unif or PREygsterTrRsin-bas mpogjtion withina mald @Y@ht%&@@(’@ﬂﬂmt h a

e ot | east abhnina dhioebdiha iR BPGRTS i 1he Blesty of ™ <"V ©

m cr owat t @5c¢nPabddt 91360-500 nucrowatts/cm’, preferably greater than about 1,000

microwatts/cm’ at effective wavelengths for the photoinitiator (at wavelengths

where the photoinitiator generates free radicals).



0 1 MAR 2002 -22 intensity is even nore desirable to obtain better optical
and tint uniformty. Lower intensities will require sonmewhat | onger
- exposure than higher intensities. A good practical value is approgiﬁtﬁ&
4,000 mcrowatts/cn2 for 15 to 20 mnutes. 5 It is inportant to td&k AR 2002
precautions that the light is uniformover the |l ens surface. Intensity has
an effect on base curvature of the conpleted lens, and variations in
intensity will cause a non-uniformty of the curvature. Likew se, intensity
can effect tint rate and non-uniformty of exposure could cause tint
bl ot chi ness. 10 After curing, the asseolgy is allowed to cool to an
appropriate tenperature for ease of disassenbly. Lenses produced fromthe
di scl osed conposition and cured as descri bed have the followi ng properties:

| ndex of refraction . . thod
1. 560 Col or Another aspect of the present invention is to’ provxde ame

whi te éﬁhkhdfactﬁﬁhg)bﬁhthﬁmc lern&rsstry plmtopblmeﬂznﬁg and plmto@xmtgeu)
. . . >380 nmOptjcal uniformty
. polyesjesy spsigchagedreompasisiangwithin’a curved mold cav1ty, ‘wherein the

' COmposmon includes a photfoﬁﬁﬁafggﬁ@fﬁ)é/ ? st ren tfﬁee( 2o | ni shed

| ens. pr OCGSSGdatt Waﬁelsngtm above ubbti 3801a8s for uutlatmg polymerizatéonc e dke FDA
requi renents Atterrpts wer e made to phot ogolyrrer ze_an unsaturat ed pol yester

conposi tion copalyssier;aadaiU¥ absaskarsapahle eEabsarbing, UNclight at sayelengths @k cor di ng
25 1oL e procges, by (heopRUBRL ;@?&kt&%&%ﬁ%ﬁd st Mhor OBkt | ¢

Sept enber 30

2- hydr oxy- 2- mejrfylavé ilRpfsveld cBlogpan- 1- one (G baGei gy Dancur 1173), a conmon,
general purpose photoinitiator, illumnated b?/ a Fusion Systens F-200

curi ng system equi pped vt usexposted mesulisbiaited in G phkdidgd payssier
el ecltroae u (0).4 a e Ll a S.,| NTO e
spect rum A nglﬁ’é"w%ﬁﬁé lbggiﬁﬁa’hrﬁ ﬂtar'igher%ﬁﬁ?sﬁ pPr E“P‘Fg {){?P Mt with || ng

into the rang%gg%%w& r{ﬁpaemwﬁt@g docés3 thitincladd vépPrdpfa 850 nm

(approxi mately e phot olnitiator has activity from approxi mately
200 5 to 370 npolymeérization and kigh tevelsaf exotiveom| saﬂmgﬁa;ndm;tmnﬂ'eaﬁcrmssaturat ed

pol yester resin, S,Lmar D910 78 wei ght di al | yl hal ate (8
we![ght per;:ent?-,g-’ _ H%!"H"é‘t‘?"?ylg'&"ﬁ’iﬂn?;n ‘%E t&é‘?‘ﬁ&lﬂ Bé:@lsdﬂtf 3\/ &‘V‘l‘e(?,

nmet hacryl ate a

wei ght percent‘?ﬁevbgeﬂ‘%a?’ﬂﬁgﬁg Sﬂtgan %%Fﬁ%??@r ﬁtﬁés)a?uragﬁ %ﬂjeﬁ%r resin
combi ned Wbt h dppogel imthelsystér deribed igHessphancabout 3 myinetes,. préfeeablylessi| at i on

described was mxed with varying anounts of Darocur 1173, and the resul ting
composi ti ons wiaRabous pdpinpies and Blogt %%Ill‘g@“wégéﬁscﬁfkp@pp?ﬁj B‘fseiwo gl ass

by & gasker ©or i g% ArnEy" KBk Ay BRONABAT ol AP aRE e D T

fromthis arramgtessnprefersblp one hoax o wss'a:huxtetypxtalgpabonx i16ad S0ymucksopt er s
and a concave curvature also_ of approximtely 6 di ogters with a uniform
t hi ckness of appynifinished dens thickngsses\upcto appeoXimatedy, 16 camy bave bean east wi t h t he

liquid fo gﬁiﬁtrlzontally under the lanp to a

di st ance gﬂ“léch&ﬁmh@%)éﬂiﬁ etsghtﬁ‘% % inch 20 tenpered gl ass, which was
previously sand-bl ast ed The @Bevé dhd astier @spédt@dndsadaaﬂtaga@tofdlhéfpt@sdﬂg el ement
and was placed into position approximtely 4 inches above the nold

assenbl i es. Oninvgntinmwil bwmm‘ee@pamt frepotbe doHawing detailed desgription ot al  of
15 m nutes, ang Qu n.each case, the assenblies were
25 |nverted aff”{e&l 5‘1%“8‘?%‘&8‘1 gﬂ&gﬁ Bgeaergqveﬁgoqo al  ow for exposure
fromthe opposite side of the assenbly Thus in the case of the 30 mnute
exposure, the for rrul ation was exposed through the rear rml d for 15 m nutes,

t he assenbly MMIENTS f or an

addi ti onal,_15 o ~ I\/aR oz 5 10 15t2 m nut es. Eac;hlg&ou of assenblies
cont ai ned 2Phe pol yest er FN%EAMPOSKORS LN BressR fyepp UnSARHCE0 parts

per hundred f Opélydsterirdh inPdH dmdri OF Whout 25% w“&bohh‘ﬁo%é{%mtﬁhg thonbmehe

exposure period, “the nolds and gaskets were separated fromthe polymerized
| ens. The | ensdiduents,e.g. hetyrmcatbuabmn 406 td ﬂmud&@%eé calculateditoanclude 4 or i t y
by vi sual exam nation, degree of hardness on the front and rear surfaces by
a Baker Col man type 935 machi ne, and yel |l owness i ndex (ASTM D-1925) using a
Hunter Associ ates Laboratory U traScan Model 30 col or nmeasunment system
The insults are shown in Table 1 (Exanples 1-6).

Exanpl eTot al Dar ocur Opt i cal Yel | ownessBar col Exposur ell 73Uni f or m t yl ndexHar dne
ss(m n) (phf) (Average) 1150. 10Very Poor 4. 202150. 20Very Poor 2. 4623150. 30Very
Poor2 5884300 10Poor7 0895300 20Poor 17 1896300 30Poor 27.189 Pxposure t| me

T . -, B Y Y o —— ~ -




0 1 MAR 2002 -25 One possibility for the sonewhat greater distortion
observed for the groups exposed for 15 m nutes was the disturbance of the
- gelling material during inversion of the assenblies. To test thiﬁ
possibility, I enses were exposed for a full 30 m nutes w thout I vEMAR: 2002
Har dness was neasured on both 5 surfaces to check for the degree of
t hrough-cure. The results are shown in Table 2 (Exanples 7-9). | nprovenent
in optical uniformty was noted, particularly in | enses made from hi gher
| evel s of photoinitiator. However, at these higher |evels, the degree of
yel | omness continued to present a substigt_i al problem 10 T~LE~ Exanple
Darocur Optical Yellowness Rear liarcol "Frmat 1173 Uniformity | ndex Hardness
Barcol (phf) Hardness 7 0.10 Poor 6.5 89 89 8 0.20 Fair 11.4 90 89 9 0.30
Fair 21.6 90 89 15 Experinments were then conducted to inprove t | evel of
Opt 1 cal” un F orGHHEDt BYRGRES ey SHEEHBLAE ORPIAGNR PRI SO 19t he
m xture. Experj y th, t I 1 t t ns
conposi tions h%bgﬂgﬁﬁ% F%a?sgﬁﬁ ug%t{a?%n‘ﬁé}jégﬁﬂe%c? er mgg%ﬁpbr% gstgi(ur?gp
conmpound, suchmeomdrp nsamtaed polyestersrace well kndwn andicarybe manufaeturaziby cal
uniformty. During the early stages .of ,the 20 thermallg ,itigted,

. i .
pol ymer i zat i onth® Fe3stdensof qge o5 more,pelyols with Qne pr more FRHC 3ds i ai n a

| ow t enper at ur jf f %ﬁma.' 4! GRaRs ti nd t he
sur roundi ng cu‘??ﬁglfcrr@ [ umhgﬁebg@%engggaiB%?ﬁﬁg&%gf]gﬁer| zat %’odr?g%u n give

ri se to convecthe@gidc UThe Pésultamoumsatnidtionringhé polyesterénables theve refing &d i ons in
the lens if the tenperature differential is substantial. |t has been found

that 0 1 Mmaroppdhermogettings pass-limked reastipmprogduats with sempaungds thatcontaint oduct i on
of an exot her re t u ] f{i.Gi c r . Of
reaction, all E)Bvxlngﬁtgcf%?ﬁ% P%@Se’r ké%n%g;?tgfealrgbhiﬂﬁgﬁéetﬁﬁrglﬁ*éc%ﬂgit %’glr}fg’t 0 exi st,
and a noti ceabfemmertixlyiaiilable uniftiated polyesiérs mhidhodad berustd én dceBfdante
Unexpectedl y, however, w th the phot oipﬁiyti ated conposition, the absence of
?:lo pha- _nrte_t KO swblethe ?pwnhonvm@ggllpclug (ﬂhﬂgr'%ﬂﬁﬁgﬂ gmoductsOpf itoaalorpm@pfertg esl.
mposi tions sj ar to that ed. in Exanpl es 1 e styrene.was sinply
Subet: tut eq. 1 PRl of Fhspiied S5 onRie BB, BE i B ToRRRE BV T ot | s
Zhovvn in Tabl eyith o Ei@eREELST 4 Vi i’—krouﬁ%‘ﬁtauhﬂ%p@@ﬂ?&ﬁ d1b6np110 consisted of 78
unsaturated polyester resin (Sl mar D 910), Yodi allyl phthalate, 6 b
styrene, 5 ~ nethyl nethBxamples of saitabl8 unsasutatddediearboyylad acidsreindlade vyl at e,

and was initiated.with .10, 0.20, and.,0.3 arts per hundred .fornul ati on
of G ba- Gei gy ‘B@ﬁ"lfc%ﬁ‘d’l ric ’I"éﬂ'é@é“%\%‘?‘& &ﬁo ‘P‘%‘is BECORGAFids 2] ¢ hout

i nversi onysnd ' g @Pﬁ X iqusly 15 descri bed.
As shown }% c%g%g%#ﬁ%%géﬂﬁﬁlné a lgicg‘?h%gdtelgga%dghi formty actually
improved at the 0.10 phfExamples dfusuitablenisatechtet siioarbadyliy adids itidlade " rating

at higher concentratjons of Darocur, 1173, Col or, however, renai ned a
substant i al pragw Al@%é?q&yh@ agids.swchas malangnacid.yReiRicacid, igbarie acid,

phot oi ni ti at or,4::A~ I 0 i .Ye S ar.. Bar col
ot 1175 Ui GBE; #? | %@8@ aamradﬁaégg{"sg#%’o&‘?%%?%c‘%alr’%gge@gﬁﬁ&g gPanrT
11.4 89 89 11 fromatiCalicarbékylicoridd] shch @s Ifthophthal?O acidP Yer8phthalic acilpR zoos
-27 O her Bhot,oi nitiators were tried at varjous levels in an attenpt to

i nprove céVor pRhitkalicanditdaimpripheayk dicaboxyiic geiderand; dipherie casidibard opt i cal

uniformty. T f n ed i - : | Sa1. /8 6
unsaturat od_ paryeaass S He el siee bt iy Sod ad falclc Bimiive. " >
styrene, 5 5 6lowet hiklyl estérd a¢ ayitl Maldesaofdheke acidh Natldemixngrey thekeodi et hacryl at e
was initiated with various levels of G ba-Geig%gl | rgacure 184

(1- hydr oxycycl ohexyl pheBxamplestaf seijableqalyplsisnclude ethylang gdycel, propylene

(2, 2-di nmet hoxyz2-1h en i ba- (Gei C 6 m xture
o 50102, 4. o EFeae 58 ORI SRSl s ubhoaRGRC iyl "and e

2- hydr oxy28- ethyienb ey l)@bﬂﬁﬁrfoiegaﬂf?% suckCas(diéthyleie glﬁ'céltﬂ?& 1enel 700 (a
m xture of 25 & bis(2, 6-di nmethoxybenzoyl)-2,4 ,4-trinmethyl pentyl phosphi ne
oxi de and 75 eglchiymwylznwetth{andpﬁmwsghmpaﬂ:- 1-one), and G ba- Gei gy

| rgacure 1850 (a m xtur f, 50i . . .

bi s( 2, 6di met hoxybenzoy| ) T2 Bise Rolyestartesip ysed in, the coppgpifinrs ad methadyy 50 -
1hydr oxycycl ohgpel ar ki 15
(Exanpl es 13- 26) éwgmgg@hgg&nggggﬁ%%?ﬁgé% Sf:hrgg enses %g@tﬁhgﬁl bited
acceptabl e optical uniformty, the conbination of full hardness, good
color, and optical uniformty was not achieved. Exanple 19 produced | enses
with good col or, but |ow hardness. The renaining | enses were undesirably
yel l ow (yel |l owness i ndex of approximtely 10 or greater), although they
were hard, 20 and many di spl ayed acceptable optical uniformty. 01 MAR
2002 5 10 15 -28




Exanpl e Photoi nitiatorT~B Opti cal LI ~4
Yel | owness( Cone) Uni form tyl ndex13lrgacure 184Fair 10.0(0. 05 phf) 14l rgacure
- 184Fair17.4(0.10 phf)15lrgacure 184Excel | ent 25. 6(0. 20 phfleIrgagu{
651Excel | ent 18. 8( 0. 05 phf) 171 rgacure 651Excel | ent 30. 8(0. 10 phf) 18I Sﬁﬁh?@n
651Excel | ent 33. 6( 0. 20 phi 19Dar ocur 4265Fair 2. 4(0.05 phf)20Dancur
4265G00d15. 5(0. 10 phf) 21Dar ocur 4265Excel | ent 25. 0(0. 20 phf) 22l rgacure
1700Excel | ent 12. 2( 0. 05 phfj23Irgacure 1700Good19. 7(0. 10 phf) 24l rgacure
1700Excel | eat 28. 9( 0. 20 phf) 25Irgacure 1850Fair9. 7(0. 0S phfj 26l rgacure
1850Fair14. 7(0. 10 phf]
RearFroatIiarcoIBarcoIFbrdnesskbrdness8&%8898989898888898989898769898989898
9888989898989888988 0 1 MAR 2002 -29 UV absorbers are sonetines added to

pol yners to inprove_ weathering characierisfics, ecifically to reduce

col or and ot harnghokakout 1{09482bgutdy ﬁ?fe&i’ibﬁg‘gﬁﬂl’g% .a‘%ﬁtr 2{98&{ hal i ni c

| enses, LTV a r ]ﬁ%ret' agdsls I : 1 SSi on

t hrough the | 2%@ %&'ﬁ} %%@e&g eye p$ro glgtl on rtgdmpg%ﬁl?ﬁg%%@ég]mver,
experiments W propéaties &g welbknowrinthe aftes of LTV absorber to the fornul ation

had the unexpected result of also greatly inproving the cured product
color. In general, the LAVvesduplesef syitablg yn £d polygsier resinsgthe basy

yel | ownesscto the r S e f\é/njg-'s t t he
anount of %bsd?og&sg%d%g'dl.’gﬁnp %lg%gesf mg‘g bSlhteh anpét}'nn stﬁ’ggeg@oglgéebrl’ added is
quite high, thshRalicoaniRlYideesd inaleRks anijivided suck hé thd 9SBIOr suRatueiees. | f the
anmount of dye added is of sufficient quantity to mask a lens with a high

degree of yel |polyestes disclesed de Bright .5 cRatens Np. Az318,07: dTh« compesitiomance

whi ch is undesi.rable.. Thergf.ore, LTV. orber, concentrati.on i s.normally
i i 264 becelISUOBR P He BHENGPHEH TRBIN AdPheBoryE ey iSh, sdE S
(Exanpl es 27- Aghfesdilynof ihGluded 8€hn Qéryfhitd ARGOR inl RYSHdEnRf with theRirédht LTV
absor ber, 2-[2-hydroxy-3,5-di-(1,1-dimethyl benzyl) phenyl]-2H benzotriazol e
(Ciba Gei §§ Tiinvantion.2 2dipther suitabléarhsaturatédpglyestardsi formed dydhe eagtiomet
formul ati on on _cast |ens. vell ess,. ile the additjon of smal | anmount
(0. 005 phf) ofm“}"%lﬁ &Wlﬁsﬂé‘én Ofﬁﬁ%f)élf mydgggta:gompy{;pe f%i‘“ﬁ’i’l 3‘?‘?’0%. usi ng

| rgacure 651 as 1 2250891591 g A shitn@" CheiniBalaC6!| lalsBHifiostd GheHe sbowB i ties of
Tinuvin 234 interfered with the curing process by substantially bl ocking

| i ght energy dilentifedRrightdh§t RateneNdedl,318,00Vr gacure 651 to react. Table 9
shows spectral absorbancg nunhers, neasured for vari ous otoinjtiators at
wavel engt hs from 200 to ﬁ%P?FR?"%BPUFﬂ?"[ Feé’t“ér‘bqegﬁitlﬂa& rdanceywith the gher
wavel engt ( ts PLS bout athat is, in
t hese exa?r%l es, ?rc%?énﬁgggmgﬁgéﬁpgacurggi%ﬁggdgrogdﬁ%eggﬁﬁgcé%t g‘?y curing
at even hi gheranhgdrides selectéd firom phtRaidc acid,GisdphiRc 2014 maléic atid, phehalig t ut i on

of a Fusion Type "V' bulb with approximately 60 b of its output falling
onto the spectdydride, guleis anbydride; and partigylagly mxapres.afdwp qripemafisychyt

approxi mately I roduce I I is shown
in Table 6 (Ex%g% es - é)’fvgir% ?r@%ggsglgc %@F@ﬁ%’%ﬁéﬁ%ﬁlﬁ? ed with

| rgacure 1850. glfroldibthgledelglydul 0difopglent Blytal)lafid Bespentyd @lyeol] radbly ect |y

W t h ExanBI es 31 through 35 in Table 5 to denonsrtate the effectiveness of

curing wi 2l t Havorqrgeore of thesg glycals; haying 8 mmberavetagn madeandaroveightindhe hat a

good cure dept L i rdness on both surfaces can be
obt ai ned at ey%ﬂﬁ?ﬁ#@ﬁ?gb%@géﬁt}ép%t%%@of the LTV 10 absorber. ~.sion Type
"D'Lanp |1 uninati onExanphebihdé giost diff RuR problemé Bncduheyddcinitemptingts (0. 10

phfj 2341 ndexBar col Bar col Conc. (phf)HardnessHardness27lrgacure
651027. 789881 5opmplatet pelyeseriesindnssl oauyssitnrigteca suitableigphtiabmic, lener v

Sof t Vi Sof t 301 10. 0208. 2 Sof & Vi Sof t 311 .
1850014 7898830 TPRBLI § MR SD BRYRHAE Sshaband st crfpasttion WK Hiefcient
18500. 0403548 | dltitg, rSFrebdGiR Pron® Bptical Afkto?fadd. O BE Edriventional procedures

18500. 1603. 888 736Darpc’ur 4265015. 889883 7Dar ocur 42650. 0203. 3898725
38Dar ocur 42650r thexasting-of piastioophtiatmic lamkesahe aastadB3sed G formcthe resin

42650. 1603. 78887 . . 0.1 2002 -31 ~sioa Type "V

1 umi nat i onExafF Finieen seAcn ARt Bipss Smrel mRlRrages. (Bhe gold

pht) 2341 ndexB gqhﬁé ﬁﬁﬁﬁ 9. 189895
421 rgacure 18?%%?85%%@%%%%93%?#@%%E@EQQ§ 00.6%%%&@%%%@% rﬁigﬁ??@ﬂ

18500. 0802. 8898745l rgacure 18500. 1603. 68988461 rgacure 18500. 2404. 3898810
471 rgacure 18500. 3205. 18988481 r gacur e 18500. 4005. 48887 As nenti oned
previously, incorporation of UV absorbers is desirable in ophthal mc |enses
to provide a degree of protection for the eye 15 from sunlight ultraviolet
radi ati on. Additionally, UV absorbers provide plastic materials additional
protection agai nst weathering discoloration and ot her physical degadation

AN ™A\ I o " Y "




-32 outdoor sunlight for a period of one week (facing South at
approximately a 45 degree angle), and then reneasured for the yell ow i ndex
- value. The difference fromthe pre-exposed val ue was then cal cuI@t egmgs We
"Yel | owmness I ndex Increase” shown in the table. 5 As shown by th 1d 2
Tabl e 6, the optinum concentration of UV absorber to achieve the best
(least) initial yellowness is about 0.04 ~ by weight of the formulation.
However, as shown in Table 7, a useful concentration of UV absorber in
order to mnimze further yellow ng due to exposure to sunlight is about
0.4 b by weight of the fornulation. The13Q concentration of LTV absorber,
therefore, preferably is in the range of about 0.04-0.40 ~ by wei ght of the
formulation, with least yellowing (initially and as a result of sunlight
di scol orati on) ri t T &Q@ﬁ C i .15 to
about 0. 30 perrce n yﬂe\g/}egfxgh%&g%‘ %he oéllr)ruﬂ{]%{t f%}gsé‘%%%rﬁpc g{latgl?zgnytr?lr%hi ng
ef fect occurs ghpleysd; theimaid olter SurfadesHit indmerséd i acooling Fdi, eti.gkater,
concentrations of absorber only increase initial yellowness w thout

a]gdi tional sigon ethemyise opalechtsr disgipase theckaat shpolymeSiaafinarand crassclittdRi rat i on
Cor m at 1 one. v dnéeRl vayiB s to Batniatfin biimbii potiR SRR Sho Suniney (-
COLOR CHANGE (idmpifafafd. Durifig the pdfymepizitichiehetibn) paiticuldal4 priok ito'gélagomess

| ndex
| ncr ease4909. 3o80mossdinkings congattomaurentpare casabinthe resun sdhilesbe 265850, 320. 27

560. 400. 26 As di.sgl in th licati ial No.
081 315, 598) , t’ﬁlél? ﬁ*&ﬁ?ﬁ%iﬂi#ﬁ@?%ﬁ%ﬁﬁ@ﬁﬁ#ﬁg eﬁ%ﬁ%ﬁ%@%nd
conbi nati ons ofheqldlytheAAiflg 35uY irPitR MBIAQEPHP afictthel CHRIAY Ehat! BEROMHAR RS

pol yester |ens performance with regard to 1ncreased tint speed and i nproved
abrasi on resi smalde. Thedsl covettiomouirentsS®ndsSio freews intar itheu polyomaross t i ons

and cor nespondi | ens, properties. Al _of the fornul atji.ons consi sted of
ot o oo 3B paldmerzabioB napeads (haoush ssAtoncand cuin] Teoulpins m SBAGRM OB dd ¢ i ve.
t he conpositi akw § Il J e SR - t he
D-910 resin moiisi%fex“é%ﬁ?t W?%%q@fdﬁiﬁ%s%rg% ~ Ié%"le% Fh\?gé as a%ag?gﬁ@%enxnt age
of the total cbwgpes! treounacddpeabberdbe tonettensive optical distbetion or eptidal aont he

conpositions alqng with the UV absorber, Tinuvin 234, which was at a
concentration @M. narts per hundred of the resin-additive formulation.

The resulting fornul ati i {aﬁﬁg : 1 ohie!
filter, and then used to ?pﬁ{b?reb"lflgktggse #?@gaqﬂﬁfl@géﬁﬂ}pyﬁ@gg&mre cast
usi ng eachsf or simuhdrieowsly pronidagselativaly high develsiof alteaidletabsorbancy meelets,

separated by a gasket made froma material chemcally conpatible with the
fornul ation, SHOFRustomers desdring-a TV Guteff (@ B dessahamd Roignsmissian at 3RAmNp 002 - 34

approxi mat e di f hif j S i apple, five
had a front cu?%‘lflgé%‘?oﬁozgdppr oxﬁf"é‘["@?‘“ﬁ’%‘f“@%ﬁ%?‘g §§dh§l ?@gg‘eg%/}r% ure of
appr oxi nmat el y imptoed westhevirighclaractstistics 1t sokvedsifi adfordaee Wit & paifyrrdd MM

five had a front curvature of approxinately 6 diopters and a rear curvature

of 5 appr oxi ne¢rabadirgentiob geamesentiinventian by the useptpheteinitistorsdhgyingatdeast| y 13
th i nj fi. had f t i | di opt

ot o enPou: itk AckVily AL Peblent anby® 850 pi, BhouBfiatdth L Sislacinf af oot o

appr oxi mat el y 4 @ai@Rngi'sbove I%omm&hidw‘énzdyﬁﬁié&?ihgﬁ?&icfekﬂ Athones Bnd he

formul ation, 10 were then illumnated with"t produced from a Fusion
Type "V' bul b. thioxpntberesp visiblerhightphotdiritiatory, asclydingrr @ flsorone dye/osivaf an i nch
t hi ck and sandblasted on one surface to act as light diffuser, was placed
appr oxi mat el y T%@?m’é'ﬁosyéﬁgl-sh@ dY‘%ﬁ%@ FYSISMS, ﬁ‘@ga@s gﬂﬁf“e?i‘“ﬁﬁ‘&%@iﬁ’ t he
assenbl i es andpd djﬂﬁ?.keﬂeaﬁﬂaﬁﬁkﬁtﬁedlrﬂ indt et Y Iifthid SeRPl Yy was
approxi mat el y 4“?2 mlliwatts per squar e%orﬁn?rr%t%;ﬂre as neasured’ gy)an

| nt ernati @hal ahsgibersreapable of dbsorbing higlitatwiarelengths pfH380 nwi tand beldst wilt or and

narrow bandwi dth fjlter, f.or 5 nm_neasurenent .. The enpl i es were exposed
for half of thB‘?oP'“ieo‘%‘%Ide@{FFe i GHLORf; W ?ﬁ'@P‘i’%ﬂW@ﬂ@ﬁﬁ&%i%&vﬁ%ugh t he

rear mold, the ' . b [1: 4 i ght
first passing f&ﬁ{rég%nﬁﬁkteaﬁfg‘%g?gggﬁ{ rr‘ﬁ%‘.’é i@v%ﬁg%gkﬁﬁgﬁm%%? 0it: ldexposum
t he | enses werand epHomm @liofocure ofhthe npuilybstes vesih) | Prefarred inititers.intledesses from
each fornmul ation were rated as to the degree of optical distortion by a

| ens inspector, and the ratings were averaged. "Excellent” and " Good"
ratings indicate the | enses had no or extrenely |light 25 optical
distortions, visible only to a trained | ens inspector under speci al
lighting conditions. The "Fair" rating indicates a borderline acceptance

| evel, while "Poor" or "Very Poor" ratings indicate a |level of distortion
whi ch woul d normal ly not be market acceptable.




0 1 MAR 2002 -35 Barcol hardness was neasured, as previously nentioned by a
Bar ber Col man type 935 machine. A rating of 80 or nore is deened to be
acceptabl e. Yellowness Index) as previously nentioned, was neasufjed MAR 2002
Hunter U traScan Model 30 using ASTM D- 1925 criteria. As in the other
exanples, wth the exception of Exanples 49-56, the sem finished 6 diopter
front and 6 diopter rear curve, 13 nmthick | ens was the configuration
measured. The neasurenent was done in refl ectance node agai nst a standard
white tile. 10 A 6 diopter front and rear curve | ens fromeach group was
processed to approximately 2 nmthicknggg.and tinted sinultaneously in gray
tinting solution (BPI Gay) for 5 mnutes at approximately 200F. Those
| enses exhibiting a percent transm ssion of visible Iight after tinting of

t th t 50.& Y/ _ Lo - - o "Slow';
905366 © Ve nqebitates hogphigs S8, bR ElanY Shileed phospfife blidds; and 01
rated as " Ver ymixfirés of one bt afokd pidsphihiees afﬁﬁorg{hokﬁlﬁld OvEddst with) cHgidyemr  as

i

measured on an Abbe refractoneter. Three 6 opter |enses were processed

from each gr olstanes,psusio agod 4, Grimimethylbepzaybdinbenylpbosphiedpxide (BASFar

curvature and thic , of .20 [ tel @EI-%R asured for
haze using a m#iégoe&yléﬁ’gl}%mﬁgy gé%ﬁylf)i%\vs_ L i em9§% eigfrl‘glﬁi}msurface
of one lens frm 8893X)Yr B4R, BABmEMERYRAYSIPY-AWidl HintbtRfipitylV Hhbgieneand

introduced into a hexagonal tunbling barrel with internal side dinensions
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0 1 MAR 2002 -37 Exanpl es 65-68 denonstrate the addition of various |evels
of the additives of Exanple 60 expressed as a percentage of the m xture
with D910 resin. At low levels ( 10 .b , as shown in Exanple G?ﬁ‘, X gbﬁfl
distortion is a problem while higher |evels can produce |enses iltM @
to excellent optical S distortion characteristics. However, for these
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refraction is decreased, and the | ens becones softer. -38TA~3. ~. ~
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Tabl e Not es: ' .S . t d
pol yost er - esP B¢ haRe Bl fonan Sy akia? bitklintlaith yORG HEERET
i nternedilft e fhoseavhilablefrom SpectfcGroup 1. ,pinditdrite and dys/bofie) sysRha( i C

anhydride, propylene glycol, ethylene glycol and diet éln.ene gl ycol and has
a nunber aver aprhase [aypilable from Gibapdiitt is puwpcessaryctninglude BpPhzi matel y

3096 by wei ghﬁbsﬁl‘ﬁéﬁxpﬁleaﬁolﬁesfgr lléh%@&, of3F TR absorber is included that absorbs

light having a wavelength cutoff below 380 nm, polymerization can be initiated

with any of the above-mentioned photoinitiators, particularly the benzoin
20  ethers; hydroxyl alkyl phenyl ketones; substituted acetophenones; and the
sulfonic esters of alpha-hydroxy benzoin derivatives. The use of such
photoinitiators in a formulation made to be very reactive, such that the amount
of photoinitiator can be minimized, helps to reduce coloration of the lens during
cure. Together with trace amounts of a blue and red dye, the lens can be made

25  to be "water-white".
In addition to the photoinitiator(s), it has been found that the
unsaturated polyester composition, in the preferred embodiment, also includes
an additive selected from the group consisting of an allylic ester, an acrylate



The ' % Additive' is the weight perceat additive in the conposition
consisting of the D-910 resin and the additive. DAP is diallyl phthal ate
TAC is triallyl cyanurate MMA is nethyl nethacrylate EGDVA i s ethyl ene
gl ycol dinmethacrylate (SARTOVER SR206) DPPA is di pentaerythritol( 1 MAR 2002
pent aacryl ate (SARTOVER SR399) HDA is 1,6 hezanedi ol diacrylate (SARTOMVER
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grams of the fhyrweight.i on. The vial was sealed with a 0 1 MAR 2002 -43

st opper, a thernocoupl e bein osi.tigned..t hpugh the st r..such .t hat the
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exposur e £ wiB Iy HoSahand AR Ay lisoPeRaes. Bt stk e AHc S AR as t he
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and t c

the gel tines, peak tenperatures, nme to rea
and the acrylate additionally functions to increase the abrasion resistance.

.
=

Suitable acrylic monomers include monoacrylates, diacrylates,

triacrylates, tetraacrylates, pentaacrylates, and the higher poly-functional

25  acrylates. The preferred acrylate monomer is selected from the group
consisting of methyl methacrylate; ethylene glycol diacrylate; ethylene glycol
dimethacrylate; polyethylene glycol diacrylate; polyethylene glycol
dimethacrylate; 1,6 hexanediol diacrylate; ethoxylated bisphenyl A diacrylate;



peak tenperature for the various formul ati ons as neasured by the
abovedescri bed test procedures. In practice, |lens geonetries can change
- over quite a wide range with regard to thickness and di aneter of gtﬁywqum
formul ati on. Consequently, different quantities and distributions of the
formul ation will be encountered for various |lens configurations. Therefore,
gel tinmes and internal is tenperatures will vary during actual |ens curing
conditions. By standardi zing the tests as described, however, neani ngful
data mative to the curing condition of a given fornul ati on can be
establ i shed. To determ ne how changes iLj7peak tenperature, tinme to reach
peak tenperature, and gel tine can effect |ens properties of hardness and
20 optical distortion, tests were conducted on a fornul ation consisting of
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polymethacrylates, such as pentaerythritol triacrylate; glycerol triacrylate;

trimethylolpropane triacrylate; tris(2-hydroxyethyl) isocyanurate



-47 Suitable formul ati on and conpositional ranges for sem finished | enses
are: Conponent Wi ght ~RangePr ef erred&Unsat ur at ed pol yester77. 7540 - 9550 -
- 855 resin(w diluent)(w diluent)(w diluent)(Si Lhar D 910) 54. 42250- 17&&5 7002

60cont ai ning 30 ~O styrene(w o diluent)(w o diluent)(wo
di l uent) di | uent Fxhyl ene gl ycol 11. 000 - 254 - 2010 di net hacryl ateDi al | yl
pht hal at e4. 840 - 152 - 10D pentaerythritol 3.670 - 152 -
12pent aacryl at eMet hyl net hacryl ate2.370 - 101 - 615 Ti nuvin 2340. 270 -
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dyetracetracetraceA pha-methyl styreneQQg_ 10020 ' Pxother<n depressant.
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di lauryl thiopropionate; 4-tert-butyl pyrocatechol; 3-nmethyl catechol; and
m xtures thereof. 0, 1 MAR,2002 -48 Suitable for.tulation and
conposi ti onal FARghReYIge; ¢ iaﬂfjs%éed ‘E}ﬁ’g’ft“f ef s“QF}?_""c&’h%S’ﬁﬁ}?ﬁ%ﬂlgﬁPd
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ot one. 230 or Bt bBOT Sk, PvEIigthg:  Hich e, PROIE RESALOR oe, i JoRESE AR cof . 5.
An ophthal m c J gﬂ]?lae ] P 6F Wﬁ-ﬁ' hi.tiator
is amxture o?gggbéoﬁn §‘C&)wéé°‘| ght”’ alteflissfd éa a1y 405 i Ui s

bi s( 2, 6- di net hthay obtained |by-2FusiontSystemet Viy bpibh isyverp satigfdctorg. oxi de; and
10-90% by wei ght of a ketone, selected fromthe group consisting of

1- hydr oxycycl ohexy! phenypterp@gygﬁgl,eUVhghtlsoneparameterthatcanbevaned over

2- hydr oxy- 2- _ - : L ! , d
the toral wel oft e TSREE Y prhidp 3 Hefl eaoOl a8 Kl 'S 0 oplP370, "
6. An opht3sal muniféredity is Achisedr Optiesl viifomity 3h Poliestvrienses @ai be obmitieasi tion

further includes an ultraviolet |ight-absorbing conpound capabl e of
absorbing i ghpsm&meﬂylomgoamQhwowuﬁMs)tomg@pwmm Anvgatiomso long a8
ophthalmc | eng.J I e wth clajm®6 rein the ultravigl et

Paht - absor bt nEe AR ARR Sontfobtiof eBls ™ abalief il it PERABYED about

0. 4% by wei ght abéut 51BinG@§BOTekS, 48 tyPlcal Y inUbBat P iiinite bENRs.| A MaABYrdENCe Wi th
claim7) wherein the ultraviolet |1ght-"absorbing conpound is included in an
anount of about 0.1 s%to about 0.3% by weight of the conposition. 9. An
ophthal mc lens in accordance with claim11, wherein the cross-I|inking agent
conprises an allylic ester selected fromthe group consisting of diallyl

pht hal at e, di ethyl ene glycol bis(allyl carbonate), triallyl cyanurate,
di al l yl di phenate and m xtures thereof.




10. An ophthalmc lens in accordance with claim9) wherein the
phot oi niti ator conprises about 0.01%to about 2% by wei ght of the
. conposition. 11. An ophthalmc lens in accordance with claiml1, er
cross-1linking agent conprises an acrylate selected fromthe grou 1 AR 2
consi sting of an acrylate nononer, an acrylate oligonmer having a weight
aver age nol ecul ar wei ght bel ow about 1,000, and m xtures thereof. 12. An
ophthalmc lens in accordance with claim 11, wherein the photoinitiator
conpri ses about 0.01%to about 2% by weight of the total conposition. 13.
An ophthalmc lens in accordance with clggm1, wherein the photoinitiator
conpri ses about 0.01%to about 2% by weight of the total conposition. 14.
An ophthalmc lens in accordance with claim1, wherein the conposition

i ncludes 0.01% to 10@6of an exot her essant 02 -s 11s.
The opht hal mi c© 'ﬁ’ eaﬁ\g)!ﬂ@ Yfgggﬁgf‘ﬂ‘é?’"ﬁﬁiiﬂbihoé‘gg

sel ected from mﬁgﬂ?%uryl '&Bﬂﬁﬁnofer@e lto SteXdHE & tﬂFﬁﬁ)l ene;

gamma-t er pi nene; i opropl onate; 4-tertbutyl pyrocatecho
3- net hyl cat echtdmpemtdmmtmtwﬁnstltct‘mnqmsmoixﬁs phbtepolyhiehiaédrand photecurtd cl ai m 1)
wherein the cross-1inking agent ,is selected ffromthe grlﬁg con5|st|ng of

styrene; an al W)'/‘lhl the ALY dightyphotrinitiator cgpgepirati @"r?éhféliﬁ!ror ap exotherm
[ d t | th
gl ;Ig(r)nrrgg %er ern esgr@ggaﬁ }llkljt%eg °§‘§8&ﬁﬁco rl fs\tsescsgot an a%glatpgee\g[ er

nononer and anwavelstighti eutoff of tho UM atisorbien (ataf lowet Waveleh eitoff)dess V| at e of
about 1% to abgut s0% by weight. 18. An ophtha mc lens in accordance with

claim 17, wher Bght intepsity s m@mmmmr 10§k§)késsHM light). aRreferablys of
bout 1 %t h
go(r)nlzj)om ti OI’]OI ﬁ?ggﬁ talg’rtgﬁﬁ}p %bo&@ﬁ% bggeﬁp%na%ﬁ#tve Fg)tl& eWei ght

of the conposi gélation, 19noré\nFmé1ahlgl Abeut! S0 uncmaaﬁldmﬁcm vdbolit c7,800n 18,
wherein the acrylate is gselected fromthe group consisting of a nmono-, di-

tri-, tetdf-, mneropams/smicrAlse i ippreferrochthay thetime fo deach neak exothemi cof . 20.

Sel ebteq 1 rom IR TFRERIREERRY Inbighd R shoph KO, Bott BBy AL T | e
cycl ohexyl et haar oat 250% Ay dcaxured tﬂaEéMfdfmI fairiperature Ve AU |

acryl ate; al pha-bronoethyl acryl ate; ha- chl or oet hyl acryl at e;

chlgrone}hyl nd@ﬁubxwr beksbﬂ@n@bmyu hammyﬁuﬁufﬂyimﬁphnh?mut45
nmet hacryl ate; pare-to enyl nethacryl ate;
met e- br onophen lﬁgﬁ,ﬁ%{gm?@x{alyges[s,t‘? %?th@ﬂvﬁ Utet:r y| ate; par e- chl or obenzyl

nmet hacryl ate; nete-mnmet hoxybenzyl nethacryl ate; pare-ethyl benzyl acryl ate;
1,6 hexanedi ol dinmethacryl ate; neopentyl glycol diacrylate; a

t hi odi et hyl ene gl ycol dinethacryl ate; ethoxyl ated bi sphenol A diacryl ate;
et hoxyl at ed bi sphenol A dinethacryl ate; pentaerythritol triacrylate;
glyceryl triacrylate; dipentaerythritol pentaacrylate; trinethylol propane
triacrylate; tris (2-hydroxy ethyl) isocyanurate trinethacryl ate;

tri met hyl ol propane pol yoxyethylene triacrylate; a urethane acrylate; a

ur et hane net hacryl ate; bis(4 0 1 MAR 2002 -52 net hacryl oyl t hi ophenyl)

sul fide; an ethylene glycol or a polyethylene glycol selected fromthe
group consisting of acrylate, nethacrylate, diacrylate) dinethacrylate, and
m xtures thereof. 21. An ophthalmc lens in accordance with claim 20,
wherein the acrylate is a nononer selected fromthe group consisting of

met hyl nethacryl ate; an ethyl ene glycol or a polyethylene glycol selected
fromthe group consisting of acrylate, nethacrylate) diacrylate,

di met hacryl ate) and m xtures thereof; 1,6 hexanedi ol diacrylate;

et hoxyl at ed bi sphenol A diacryl ate; ethoxyl ated bi sphenol A di met hacryl at e;
trimet hyl ol propane pol yoxyethyl ene triacryl ate; di pentaerythritol

pent aacryl ate; bi s(4-nethacryoylthi ophenyl) sulfide; and m xtures thereof.
22. An ophthalmc lens in accordance with claim 16, wherein the
cross-1linking agent conprises about 1 %to about 45% by wei ght styrene;
about 1 %to about 15% by weight of an allylic ester nononer; and about 1 %
to about 35% by wei ght of an acrylate selected fromthe group consisting of
an acryl ate nononer, an acrylate oligoner, and m xtures thereof. 23. An
ophthalmc lens in accordance with claim11, wherein the unsaturated

pol yester resin is fornmed by the reaction of an acid or anhydride sel ected
fromthe group consisting of phthalic acid, isophthalic acid, malefic acid)
pht hal i ¢ anhydri de, mal efic anhydride, and m xtures thereof, with a pol yol
selected fromthe group consisting of ethylene glycol, propylene glycol,

di et hyl ene glycol, dipropylene glycol, neopentyl glycol, and m xtures
thereof 24. An ophthalnlc Iens |n accordance mnth cIa|n123 mhereln the
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-53 an effective anount of a photoinitiator, capable of gelling the
unsat urated polyester in about 7 mnutes or |ess and capable of curing the
. unsaturated polyester in about 3 hours or |ess when the conbi nat} QIPM%2 ?[ﬂf d
unsat urated pol yester and the photoinitiator are exposed to a Iigh 2
intensity sufficient to gel the unsaturated polyester resin in about 7
m nutes or less. 26. The ophthalmc lens in accordance with claim 25,
wherein the diluent nononer cross-linking agent conprises about 10%to
about 45% by wei ght of the m xture of unsaturated pol yester resin and
di l uent nononer cross-linking agent. 27.,4Jhe ophthalmc lens in accordance
with claim26) wherein the allylic ester nononer conprises about 2%to
about 10% di al | yl phthal ate, based on the total weight of the comnposition;
wherein the acrylate is e l.ene .al yvcol —or a.po hyl ene al yeol.
sel ected fromthe group %%&B&ifﬂ@%&%ﬂ%ﬁélﬁ%ﬁg{&g#ﬁWa%om%gﬁ,Olr‘a
diacrylate, a dinethacrylate, and m xtures thereof, including about 1%to
about 6% net hyl nethacryl ate, based on the total weight of the conposition;
and wherein the polynerization initiator ig included in the conmposition in
an anount of about 0.010%9PBPAR&M: 205 based &thttt% total weight of the

conposition. 28. LGl ens in ac LW th claim 26, further
i ncluding 0.01 %@mﬁﬁﬁ@@ﬁ% wei ght O?P{'ﬁ%@}r‘%&gbi tion of al pha-nethyl
styrene, and wheESpASTmar B l&s)e RBer crosslinking agent conprises

styrene. 29 A mt’hstyrene dileB)ng a cross- | BRSPSt i ng conposition into

an ophthal mc | egQs.cC i,sing di sposing t asting conposition in a nold
: RS PRRIEE O s Eon o AL TS ght Csour o

cavity and cont onposition with | i ght source having an
intensity suffi Cﬁtﬁ?fenégl dihfdfhaER/HRESI i 0glppn about 7 m nutes or less, to
phot ocure, polynerfze and cross-li'nk the conposition, wherein the

conposi tion conviethgbmethaorflate5% t o about ¥.0% by wei ght of an unsatur at ed
pol yester resin; a cross-linking agent for the unsaturated polyester resin
in an armount of $YWHE 5%t o about 75% by vP8ht; and an effective ampunt of
a photoinijjator) ca aﬁ.k,e f. gelling the p ester in about 7 m nutes or

| ess and ciidpabl eéwo’g’u iﬁ%‘ﬂtlhe unsat urate lpl) | yester in about 3 hours or

| ess when the cophifgtdgn of 0 1 MAR 20030g54 said unsaturated pol yester
and the photoinitiator are exposed to a Iigﬁt intensity sufficient to gel

t he pol yester reDamcurv2@5out 7 m nutes or 0.63s. 30. The nethod of claim 29,
wherein the photoinitiator is selected fromthe group consisting of

. al pha. - hydr oxy Reedies, phosphinates, phd#8i ne oxi des, and mi xtures

t hereof . 31. Th%%ﬁéhod of claim 30, wherein the photoinitiator has
activity above ¥e380 nm 32. A net hod ¥3f®accordance with clai m 29)
wher ei n t hgs phot pihl 'g%,% is selected fr the group consisting of
2,4,6-tri rrgt hyl b‘ghﬂzyit)tg},ll- i pl}‘?lenyl phosphi ne %2 de; ethyl

2,4, 6trinmet hyl benzoyl phenyl phosphi nat e;

bi s(2, 6-di met hoxybenzoyl ) -2-4-,4-trinmethyl pentyl phosphi ne oxide; bis(2,4,6
tri met hyl benzoyl) phenyl phosphi ne oxide; 1-hydroxycycl ohexyl phenyl

ket one; 2- hydr oxy- 2- net hylhe Fesit) Siltlar D-910 s 3 cRAE,; uditdrditdpoly&teridigoeof . 33.
A nethod in accordance with claim 32, wherein the photoinitiator is a

m xture of 10- gesiaiptefaedjate formed from the reaction of phthalic anhydride, maleic

bi s(2, 6-di net hoxybenzoyl )-2-4- A-t.ri hyl pent.yl p i ne .oxi.de., and
10-90% by wei gﬁ?‘i{%‘?ﬂ%’ I?é%’@ﬁ%“esg‘s'g%lt é%{ayﬁ?%nglyﬁ%l ﬂ}dog%ﬁ‘sgeﬁ' i%i"foﬁgfv %t} a

1- hydroxycycl ohitiber BVeigd mbREGRE weidhy 6f 860at 2;200t W'coﬂtaﬁ_?%ﬁ%ﬁ!oxﬁﬁa@@n- 1-one)
and m xtures thereof, based on the total wei ght of photoinitiators™in the
conposi ti o) 330%byrweightistymneaasaodithentononameln. Jhe polyeger mbiarseives ahthel i ght
source has an int.ergsit%“y‘ of filt.least about 300 microwatts/cmsup.2. 35. A
method i n accoPd NEY WP fArmulatian 30 wherein the Iight source has an
intensity in the range ofriainr infiddmhG/dRihShE Rifiing fliRtighe Wialfl, 000
mcrowatts/cmsup. 2. 36. A nethod in accordance wth claim35, wherein the
| i ght source haphthalatens addedtty increasedintability affthelfinat less poiuct. OBthylene

m crowatts/cm sup. 2.. 37. nmet hod in accordapce, with, claim?29. wherein the
Conpos.t1 on 1 ueliver cimehiacilal i Hech o DagRGP P S, S8rk BT it At

capabl e ofpsabs j ! J el ow.
01 AR 2002 - Shees e Lol R0 ik SYRHAL ehcts OF (e SHbOT Bacal 2
ultraviolet |ight-absorbing conpound is included in an amount of about
0.04% to about 0.4% by wei ght of the conposition. 39. A nethod in
accordance with claim 38, wherein the ultraviolet |ight-absorbing conpound

is included in an anmount of about 0.15%to about 0.3% by wei ght of the
conposi tion.




40. A nethod in accordance with claim?29, wherein the photoinitiator is
active at a wavelength in the range of about 380 nmto about 550 nm 41. A
_ method in accordance with claim40, wherein the photoinitiator Iﬁr@M?ﬂ@t

a wavel ength in the range of about 380 nmto about 450 nm 42. A
accordance with claim?29, wherein the cross-Iinking agent conprises an
allylic ester nononer selected fromthe group consisting of diallyl
pht hal at e, di ethyl ene glycol bis(allyl carbonate), triallyl cyanurate,

di al l yl di phenate and m xtures thereof. 43. A nethod in accordance wth
claim 42, wherein the photoinitiator coggrises about 0.01 %to about 2% by
wei ght of the conposition. 44. The nmethod of claim29) wherein the
cross-linking agent is selected fromthe group consisting of styrene; an

1yl i t v | at . | Lj - and
i xi ur o5 ¢ her doradnee jidis B rtraion, Sl s ppRoReEdr el MEosh "t e
cross-1inking RgeonC AP IsbFEVaItand Tifuvik Q34 Mgeafomxﬁaymgtsm@gle; about

1 %to about 15% by weight of an allylic ester monomer; and about 1%to
about 35% by wetmghiolesfabsorbengyytoathe final denscprofiuesrandnte igmmsoye weatberng ng of an

I , . | i . m 1.h 46, A hod
i Tccor dance st e ot DRl 4285 sk tREimbAEE 3R et see. an
acryl ate sgl eclegetififyo a0 m@elafgms%b@,oash@hmgi}aé bhie aﬂﬁﬁﬂi@?&s HRNRBBE an

acrylate oligoner having a wei ght average nol ecul ar wei ght bel ow about
1, 000) and mi xddjust shet final dexfs.to a "vaterhwliite? Godor. 56 47. A nmet hod in accordance

with claim46, wherein the photoinitjat C ri ses, about. 0..01 %t o about
2% by wei ght of the tota ec&ﬂﬂ%‘?‘lt’f Bﬁﬁ'e}émﬁﬂ%ﬁsah?m“é@xm%c@% th
claim 29, whergbl .t iHad1h | @ixiﬁ b1SESm dreHt 1ifhtOlaftert t 2% by
wei ght of the ofa &ggﬂrr%gg}oét@%%h% . Ag{r@{s%od In cco&c‘énce v&ﬂ%[ﬁa@rai m 29,
wherei n the cothipmgght a oh midronufilter, Othe Ifotmulatidd %s qioussd itottherlensdapidssant .
50. A nethod in accordance with claim49, wherejn the exotherm depressant

is sel ect 8@ frassmile gingg manyofithe Forgpesients 456 quite VeIptiles Pracaions muishi nol ene;
ety oot ncnts miEh B Vi 0P ARl BPh s, B i ARESEC i

3- et hyl cat echol ures thel i’n accordance with
claim 29, whergisemblyecomRiznost twooplas floldéesepirated B 4 \atket @6inposednst acryl at e
cross-linking agents in a total anmount of allylic ester and acryl ate of

about 1 %to awalgrialbdhpsmicallyaesistant tgzhe formulation. iGlassgneldsitheanghiwhicke| ai m 51,
wherein the al | ic ester. nmonpner cr -1.inking.a £ resent in an
anount of aboutblewg)m%é?ﬂwﬁg%sﬁfgﬁ@la tt}'an tféggﬁefﬁ%{gé“agﬁgﬁp{inki ng
agent is psesegther BoriditforZOWRICE W intBrfeR RitR t@anﬁﬁﬁﬁbnlh?&lkﬁ tadout 35%

based on the total weight of the conposition. 53. A nethod in accordance
with clai m52)fommulaéipn. t he acrylate is selected fromthe group consisting

f -, di-, tri-, t : ; | ®t h | at d
i xturee thereof . 54 a 18 RiteRRu 0l Seoe 1 o cuPliE AREAGRE, T, e
acrylate i s setdifpsistidd Qi¥tIoS&] FilP ¢RreCHIRE i B%oBfce BT Higtt wieh baicienat €;

ethyl acrylate; cyclohexyl nethacrylate; 2-hydroxyethyl nethacrylate;
3- hydr oxypr opyintensity imthe: wavielengthimegionef 1380 nae to/#30 vm. ah Fusionfysteoss hy|

eyt e B CfRE b4 BEbIAS It Sismit TR Aot B0 R XPingt an P ™!

met a- br onophenyl jqagiy bhiited: ;49 ubd | Y'lar@? ; grn or obenzyl
nmet hacryl at e; melt a- n%t hoxyft())eﬁz ?u%tﬂggﬁgﬁg; p rg’}ﬂee?hy ggﬁz‘% l%aaéryl ate;
1, 6 hexanedi ol Lightfromabe lainpt is diffieseq by tnydans) bf/ a plecelofisandbhsted shéet gthiset hyl ene
gl ycol 0 1 MAR, 2002 -s 7 dinethacryl ate; ethoxyl ated bisphenol A

di acryl ate; etfo t&iasslaced betsyeen the lamprand,the lans assg@bler yt hri t ol

triacrylate; glyceryl tra el gn#iﬁf}m{ i re e

trimethyl ol propane tri ac?@fé%ﬂeo?&?rlpgh? -ny roégﬁdg{ ﬁ%/lc'; I sggg/ba%iﬁrﬁgetae

tri met hace§l at mpid rmateeofiypolymeriaation ad ¥RotieinhViheomdet Itb agdhidvat eptical ur et hane

acryl ate; a urethane nethacryl ate; bis(4nethacryl oylthi ophenyl) sulfide; an
p

et hyl ene gl yco!‘mgfmﬁt}'po@%li‘ﬁ%/ﬁséfﬁé)fgfh?é " tydh dighemeasusmd Wb agéadibmtednsi sting

of acryl ate, h.ac i Vit ] X

t hereof . ss. Zﬁtr?egﬁ%% ﬁﬁgdaéwgﬂg?adgar%g& \?@H@agf g'ﬁ%cét4‘§0%mﬁgrs§&ﬂd{ﬂﬁe&g%a§§l ate is
a nononer sel estiond 300aftickdveat@/omfp pesfembBi Atgase 500 BhidyOwatBIdadc r Highke; an

et hyl ene glycol or a polyethylene glycol selected fromthe group consisting
of acrylate, nethacrylate, diacrylate, dinethacrylate, and m xtures
thereof; 1,6 hexanedi ol diacrylate; ethoxylated bi sphenol A diacrylate;

et hoxyl at ed bi sphenol A dinethacrylate; trinethyl ol propane pol yoxyet hyl ene
triacrylate; dipentaerythritol pentaacrylate; bis(4-nethacryoylthiophenyl)
sul fide; and m xtures thereof. s6. A nmethod in accordance with claim 29,
wherein the unsaturated polyester resin is forned by the reaction of an

o o .



about 40% to about 9s% by wei ght of said conposition being a m xture of an
unsat urated polyester resin and a diluent nononer cross-1linking agent for
said polyester resin; an allylic ester nmononer in an anount of agq)jt kﬁoi%
about |1s% by weight; about 1%to about 3s% by wei ght of an acryl M 002
selected fromthe group consisting of an acryl ate nononer, an acrylate
ol igoner, and m xtures thereof; and 0 1 MAR 2002 -s s an effective anount
of a photoinitiator, capable of gelling the polyester in about 7 m nutes or
| ess and capabl e of curing the unsaturated polyester in about 3 hours or
| ess when the conbinati on of said unsat.ypated pol yester and the
photoinitiator are exposed to a light intensity sufficient to gel the
pol yester resin in about 7 minutes or |ess; contacting the conposition with
a light source,havi ' L& f el . if:ion in
about 7 m nut e's&%‘rﬁt?gssg?er{ g‘%ﬁ%ﬁ%ﬂ%’ %%%F%‘go and%ggggﬁ?ﬁbh he
conposi tion. sPowér inkhitel will reQiRY sdmewhat\biger eXpdisure $ihn Mplssrantendities. di | uent
nmononer cross-|inking agent conprises about 10%to about 4s% by weight of
the mixture of Augenst pragticali valueyis gpproxinaiely 40Q0 aiicrowatts/emndorcld 1620 The
met hod in accord e wth claims9) wherein the allylic ester nononer
conprises dial Fﬁlﬂgﬁ‘it hal ate in an anmount of about 2% to about 10% based on
the total weight of the nG§ERsOrianOR takd'precautiont thad ee)light & wriifoi Glekly| ene
glycol or a polyethylene glycol selected fromthe group consisting of an
acryl ate, a nethedens burfase. al)llltﬂﬂélé)r hasaareeffent rant base cyrvatuee ofithe ¢ampleteds

th f, i | i t .. 1%t baut 6% net hyl t | b d th
L orar i g ofenR SariGittanons froinaSky, vl b P dondRiRRGIn of e iR ¢ or
s included i npiaiss TRRRkE O dffecPinPHRIHd Rin ARG T EXpbRraboll 2%

based on the total weight of the conmposition. 61. A néthod in accordance
wi th cl ai m s9, cquse tintblotohiniessli ng 0. 01% t o about 10% by wei ght of the

conpositi of al pha- et styre and erein the diluent nononer
cross-lin |Bng agent corrp%égué'ﬂ%;p%‘uﬁs.“@gy *’rﬁﬁ%@i F%?POEFOHQPRFPB’B*}‘e\Aher ein
the phot oi ni i Riferdifife ffr'dalé Y ARAREALANOHendB0pidihoed froft HE!d1050skd

accordance wt alm 62, wherein the otolnitiator is active at a

wavel engt h i n témpositigeand cuxéxbay d38fibadnhave tirbfolibwigdpropertiést. The net hod of
claim 63, wherein the photoinitiator is selected fromthe grqup consisting
of al pha. - hydr oxynfe% actifhsphine oxi des) -and -mixt ur es- t hdr . 01

-------------------------------

2,4, 6-tri st hyl begAnydutefphenyl phosphi ne oxi de; et hyl

2,4, 6tiinethyl ber?(g%'{r&ks%ﬁi&hmpblnnﬂttﬁ'cmss) e, . >380nm

bi s(2, 6-di net hoxybenzoyl)-2-4-,4-trimethyl pentyl phosphi ne oxi de;

bi s(2, 4, 6-tri met Hypticahuniformityheny.l. phosphi ne .oxi.de;. .1- hydveryggad ohexyl
phenyl ket one; Z-fllﬁdr oxy- 2- et hyl - 1- phenyl - propan- 1- one; and nj xtures
thereof. 66. A metBb®PFh accordarce with* ctai'm'58): wher ei n- t hefast

phot oi ni tiator i spénsifytkih/c@f .10-90% by weight ~ =~ = ... 1.24

bi s(2, 6-di met hoxybenzoyT) - 2-4-,4-tri net hyl pentyl ‘phosphi ne” oxi dze; and

10- 90% by 2fei ght lofpact steengthe(semifinishedi leéns proagssedp consi sting of

1- hydr oxycycl ohexyll.phmngéntkethivkeess) ........ exceeds FDA requirements

2- hydr oxy- 2net hyl - 1- phenyl - propane- 1- one, and m xtures thereof) based on
the total weight of photoinitiators in the conposition. 67. A method in
accordance with claimb58, wherein thgw(i‘ﬁgwr ce has an intensity of at

| east about 300 m crowatts/cm sup. 2. . hod in accordance with claim
67, wherein the |ight sowuttemplaserémaddioqihot fnierizd h vkt fated polester 500
mcrowatts/cmsup.2 to abogt.plo, 000 m cromg}ﬂgm sup. 2. 69. Anethod in
accor dance wi t ROTEPQSitiangRNtaping an gxetherm depressansy ponethylsstynane,nacnosding in t he

W U ol ai 555, “REPEEASOR e ePPaHSR SRrbo, it R e oo

i ght - absor bi ngo CIHYAQCAHHN j phycﬁbfﬁmeﬂguhhﬂggyfggmbmmnwwﬁiaengt h of

about 380 nm or_bel ow, and the I'ens” has inprove 71. A nmethod in
accordance wi t @eigydPanogs, 1 iR} racommbe, generab purposaplotoinitiatort ileniaated

wavel ength in the range.of ab 380, nm t 0o _about 55Q nm_ 72. nod of
i nprovi ng Vi si bx ao#“‘"‘é&f’ SHSteIRY %&poef:“ﬁ’&ﬁéﬁs%?é‘q& iwéﬁhr?gnl:l!ﬁ‘%‘bggi"hw lt;et ween
t he



eye and the obj ect the ophthal mc |ens manufactured by the nmethod of claim
58 .AY_.A ( .A3 e. A(9. A A .AaE. AFh. A . A AY. A AL AY. A& A(2. A A92. A3;
"L A3.AY. A Y. A3{. A3l . A. . AYE. Al y. A& . As. A. . AUsl . AFL2. As. A. A3s2. A
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the front and rear surfaces by a Barber Colman type 935 machine, and
yellowness index (ASTM D-1925) using a Hunter Associates Laboratory

UltraScan Model 30 color measurement system. The results are shown in Table

1 (Examples 1-6).
10 TABLE1
Example Total Darocur Optical Yellowness Barcol
Exposure 1173 Uniformity Index Hardness
(min) (phf) (Average)
1 15 0.10 Very Poor 4.2 0
2 15 0.20 Very Poor 2.4 62
3 15 0.30 Very Poor 2.5 88
15 4 30 0.10 Poor 7.0 89
5 30 0.20 Poor 17.1 89
6 30 0.30 Poor 27.1 89

Exposure time and photoinitiator concentration clearly affect
hardness. The 15 minute exposure was insufficient to obtain good hardness at
20  lower photoinitiator concentrations, while the 30 minute exposure time resulted
in sufficiently hard lenses over the entire range. However, at longer exposure
times, the lenses became significantly more yellow, especially at higher
photoinitiator levels. Optical uniformity was unacceptable in all cases with

heavy distortion being observed.
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problem.
10 TABLE 2
Example Darocur Optical Yellowness  Rear Barcol Front
1173 Uniformity Index Hardness Barcol
(phf) Hardness
7 0.10 Poor 6.5 89 89
8 0.20 Fair 11.4 90 89
9 0.30 Fair 21.6 90 89

15  Experiments were then conducted to improve the level of optical uniformity by
varying the amount of alpha-methyl styrene in the mixture. Experience with
thermal curing of unsaturated polyester lens compositions has shown that the
addition of an exotherm depressing compound, such as alpha-methyl styrene,
substantially improves optical uniformity. During the early stages of the

20  thermally initiated polymerization process, prior to gelation, it is important to
maintain a low temperature differential between the polymerizing composition
and the surrounding curing medium. Heat generated during polymerization can
give rise to convection currents, non-uniform polymerization, and striations in

the lens if the temperature differential is substantial. It has been found that



10<< 10<< 10<<!"/T 10%<& ()-\]1]y__ 4b5b}[9+1 10<<le -@10%<& ()-! -@
109%<<& ()-#T 109%& ()- 't#T 10%<& ()-'L "10%& ()-!s @
. 10%<<& ()-5b6b7bDbl buccddBl 10<<!e! @ 10%b& () -
Y10%38 ()-! 1YL0%bKDE ()- S - 10%& ()- %&10%& ()- 10<< 10<<d: f kf 0}y dR~ 2002
10<<!1-f 10%b& ()-9'S 10%& ()-'9"S 10%b& ()-9%0%& ()-@10W& ()- !'n@
10%b& ()- hjjjj"j'j?kkuS40< 10%& ()-!, 109%&' ()-L, 10%& ()-9%40%& () -
10bb 10bb 10bb!e-f 10%b& ()-kl | n"noo} [ <uS40<Y%S 10%& ()-! %5 10%H#& ()- @
109%& ()-! @10% ()- @10%& ()-! @10%& ()-0.qoq
rerrr”r~ @)<@ 10%& () -%40%& () 10z z 10z&710% & () - &610°/<z& ()-!-S
10%z& ()-"r<sstu@v}[ 9~ @<! o, @10%)b82’%€ , @10%b& ()-" @10%& ()-!' @
10%b& () - Fs10%& ()-! 6Fs10%PbPb& () - v| WoxxBy(sz&z szJ<@D<I 10bb 10bb! 2S
10%bbé& ()-! 28 10%bé& ( -9F110%& () -! e 109 g’}: t&

10%bé& () - z(AvEDgthe Qurng lPG%k Q‘?‘ﬁfﬂ% an exothemn depressafiog g () -

Tovsa () 1o?ﬁ219{§‘ffs(9fos>¢éﬁ?§%‘ ot AL . Bl T 2 b0 ()

[ 10%<& () - - 1eémperature difféxemdal ( gorfdititit<& EXist, #andle%@i‘ac(aableslsmtoﬁaﬂ'm
1% 10%&' ()- 10< 10< 10<710%& ) &610%<& ()- 4T 10%<& ()-210%& () -
-\ dEmbCO<! ; 131@%&5(’)0@@%09;1% edoms: ()- , 109 ()- 109%&' ()-

- 10%& () - \d dEnbCO<! ; nf%@&gbﬂ’%%%@ fe PHbtotrtiated composition, the

109& () - 109%& () - 109%& ()

0%& *109& % et #d A& ot -1 %egialiatidd OF
1L610‘(3/a)& ()- F4%bié5'0%/£ ff) £"I)pizﬂi‘fom ()@?1%0%& UEO)) /?ﬁ/gg()-- 10‘%‘8() boo<| :

1109&' () - - 10%propergaso o@ompositions similar to that used in Examples 1-9 where styrene
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conditions is shown in Table 3 (Examples 10-12). Thus, the composition
10  consisted of 78% unsaturated polyester resin (Silmar D-910), 8% diallyl
phthalate, 6% styrene, 5% methyl methacrylate, and 3% ethylene glycol
dimethacrylate, and was initiated with 0.10, 0.20, and 0.30 parts per hundred
formulation of Ciba-Geigy Darocur 1173. The lenses were cured for 30
minutes without inversion under the Fusion Type "D" apparatus as previously
15  described. As shown in comparison to results in Table 2, optical uniformity
actually improved at the 0.10 phf level, but remained essentially at a "Fair"
rating at higher concentrations of Darocur 1173. Color, however, remained a

substantial problem, getting worse with higher concentrations of photoinitiator.

TABLE 3
20 Example Darocur Optical Yellowness  Rear Barcol Front
1173 Uniformity Index Hardness Barcol
(phf) Hardness
10 0.10 Fair 11.4 89 89
11 0.20 Fair 18.0 90 88

12 0.30 Fair 29.3 89 89



10 10 10910%& ()-7109%& ()- aCaVK@<!; 10 10 10, 10%& ()-!3@
109%& () - 109%& () - 10%& () - 310%& () - MMbxdL2@! " 10%& ()-Z_| 109 ()-Zl * 109%& ()
- Z10%& () -s- 10%& () - Y4.0%& () -
x} A 2@ " 10% * 109 ()-ZI " 10%& ()-Z_| " 10%& ()-Z " 10%& ()-Z_| * 10%& P k}MAl@DBZ
10% |~ 109%& ()-ZI 10%& ()-Z_| 109 ()-ZI  10%& ()-Z_&*, 49: Mu] C@! " 10% * 10%& (
)-Z_&l 109 ()-2)| 109%& ()-Z & 10% ()-2)| 10%: () - ZVRS_deqvx"?@! " 10% " 10
% ()-2ZI 109 ()-Z | 109%& ()-2z 10%& ()-Z_| " 10% ()- Zvw} "F@! *10% | " 109%& ()
71 109 ()-Z | S 10%& ()-2ZI S 10%& ()-Z_>t S2@ Y*1094& ()- YY910%t& ()- YY1
10%#&' ()-1° 10%& ()-Z_& " 10%& ()-2)1 10848 () - Z>I mo| vU40  Y10%VPSME! () -
Y 109/P$ME () - YfL- 109PSME ()- Y% L09OP$ME ()- 10#10#10#
Y*10%¢& ()-OmU [:vU40 Y YIOWWRSME ()-Y Y s@ 10%VPSME ()-Y YLOYWVPSME ()- Y

T R e R

1090PSME () - edinbp rviéblor Xy hife i hﬂn&shﬁé@&@ﬁﬂgﬂ%tﬁﬁb optical
YL2109RSNE () - N Y 19100PSNE Yy/ 10%\/P$
Y- y10%P$VE nifprmity] FTke same-fammudation mﬁmﬂ&g&%ﬂ? tlms%a,o?&%&& ()-
10MPSMLOMPS O%W Y

Y394 0VREES! (}’"%% (35 Ffm\(g%ﬁiﬁ/g‘@?%&&@ﬂm(%%m%gl% s
1098& &yﬁ% W W e
10968 8 3139'%& () - %10%7$g& 0)- egf’} vUA0 Y B3Y@ 10%5& ()- Y Y3S

109%8$&& () - s&hlmms vels\@gllb@-‘w GureKQ&‘DE/l&BWO@ey;loh;xyl phenyl 6 ()-
910% $\ & Q. .Yl 10%¢& Ot 10$ ¢d30S 10%&
30S 10%&( %) eton ég‘il (J“igac r°|(‘%51 @%duqégé@gg%@x agetophenome),) - T v

10068 ()-T Yeqag 09 vila/ )
qSs ook () - L y( aé%‘ﬁ“é’w#%‘%(@‘sﬁ%% ())nglo%ﬁ&d imethylbenzoyl, kv

qSs10%t& () - diphefyglgh hlﬁisd)ﬁﬂ&ﬂd@(}‘,’ﬁﬂ ydsoky2ym&hylobging ) propdit Veolie), ) -
<BHI Jt X<vU4/ Ky Ss10%&' ()1333%8%#& ()-Ss10 %&H@ Ss109%4&' () - Ss10%+& () | Kv

qd Tuvz_i s3v Glbaseeigydagagy tref1d Ssimgthoxybenzoyl) 2,4

i O A SR S 1 R A i

0Ss10%#&' () - pedparéisone); and CibsGelgyORghéir&I8806(& thixturK\of 50% bis(2,6-
4SS 10%4&" () Spionee, ()’ Sslgue () Sslove () vual
15910048 () - SumchorteRox Snd meS gt pfoBBinoeaide) a0y 0R%cA-

Srovea () 0 TRE ey, DS a1 el 28 %ﬁl*ﬁ% 0TS

qsf YL4/ 9510% 13%26). SWHIREbfe(compodi wsﬁpnbhuédemm.«&;svlﬁw&hi&tewl [: L4/
s| Y@ 109008 () - IY@lO%&& ()- 1Y®10% & ()- 10%''& ()-q -10%'"& ()-q
&10% ' ' & () - t@blmu%wmw thegombingtion aftfull haninesg, goad ¢glor, \ayuis

ingds & ((&) O- ZM@E@O %al hof Stnicved CEkds i?é {9 prod%ésed| anstej:Wlth gooldI T

color, but Jow hardness. The remaining lenses were undesirably yellow
(yellowness index of approximately 10 or greater), although they were hard,

20  and many displayed acceptable optical uniformity.
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Example  Photoinitiator Optical Yellowness Rear Front
(Conc.) Uniformity Index Barcol Barcol
Hardness Hardness
13 Irgacure 184 Fair 10.0 88 88
(0.05 phf)
14 Irgacure 184 Fair 17.4 89 89
(0.10 phf)
5 15 Irgacure 184 Excellent 25.6 89 89
(0.20 phf)
16 Irgacure 651 Excellent 18.8 88 88
(0.05 phf)
17 Irgacure 651 Excellent 30.8 89 89
(0.10 phf)
18 Irgacure 651 Excellent 33.6 89 89
(0.20 phf)
19 Darocur 4265 Fair 2.4 87 69
(0.05 phf)
10 20 Darocur 4265 Good 15.5 89 89
(0.10 phf)
21 Darocur 4265 Excellent 25.0 89 89
(0.20 phf)
22 Irgacure 1700 Excellent 12.2 89 88
(0.05 phf)
23 Irgacure 1700 Good 19.7 89 89
(0.10 phf)
24 Irgacure 1700 Excellent 28.9 89 89
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15 25 Irgacure 1850 Fair 9.7 89 88
(0.05 phf)
26 Irgacure 1850 Fair 14.7 89 88

(0.10 phf)
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UV absorbers are sometimes added to polymers to improve
weathering characteristics, specifically to reduce color and other physical
property degradation by sunlight. For ophthalmic lenses, UV absorbers are
also sometimes added to reduce UV transmission through the lens and improve
eye protection from sunlight UV. However, experiments with adding small
quantities of UV absorber to the formulation had the unexpected result of also
greatly improving the cured product color. In general, the UV absorber itself
usually adds a degree of yellowness to the cured lens, the extent of which is
dependent on the amount of absorber added. In cases where the amount of
absorber added is quite high, the color may need to be "masked" with pigments
or dyes. If the amount of dye added is of sufficient quantity to mask a lens
with a high degree of yellowness, the resulting lens will have a “dark"
appearance which is undesirable. Therefore, UV absorber concentration is
normally minimized because of the coloration imparted to the lens. Table 5
(Examples 27-40) shows the effect of different levels of a typical UV absorber,
2-[2-hydroxy-3,5-di-(1,1-dimethylbenzyl) phenyl]-2H-benzotriazole (Ciba
Geigy Tinuvin 234), included in the previously described base formulation on
cast lens yellowness. While the addition of a small amount (0.005 phf) of
Tinuvin 234 improved the cast color of formulations using Irgacure 651 as the
photoinitiator, the addition of higher quantities of Tinuvin 234 interfered with
the curing process by substantially blocking light energy of the wavelengths
needed for Irgacure 651 to react. Table 9 shows spectral absorbance numbers
measured for various photoinitiators at wavelengths from 200 to 450 nm.
Photoinitiators with activity at higher wavelengths (demonstrated by absorbance
above about 390 nm), that is, in these examples, Darocur 4265 and Irgacure

1850, produced satisfactory curing at even higher levels of Tinuvin 234.



s10%e3$& ()
s10%$& ()
- 510%$& ()
s10%3$& ()
s10%e3$& ()
s10%$& ()
s10%$& ()
s10%3$& ()
s10%3$& ()
s10%$& ()
s10%$& ()

10

15

20

( s10%$& ()-1 (#3i/q~hHvU4 #3i/q s10%$& ()-1 (#3i/q
( s10%$& ()-1( s10%$& ()-1( s10%$& ()-1({ _2vU4/ #

( s10%3%& ()-1(#3i/q s10%3$& ()-1( s10%$& ()-1(

(dDvU4/ # s10%$& ()-1( s10%$& ()-1( s10%$& ()-| (#3p/1qMAR 2002
s10%$& ()-1(
( s10%$& ()-1(#3i/q( s10%$& ()-1(|\8vU4/ #3i/q s10%$& ()-1(

( s10%3$& ()-1(covUd/ # s10%$& () -1 (I

( s10%$& ()-1( s10%$& ()-1 (#3i/ghHvU4/ #3i/q
(#3i /q s10%$& ()-1( s10%$& ()-1( s10%$& ()-1 (

((2789D{ _?vU4/ # s10%$& () -
( s10%$& ()-| ( DEFGIX] dDvU4T

(#3i /q s10%$& () -1 (

5§ s10%$& () -1 (#3i/q s10%$& ()-1(
"s10%3$& ()-1( s10%$& ()-1(

The substitution of a Fusion Type "V" bulb with approximately
60% of its output falling onto the spectral range of 350 to 450 nm, with greatest
intensity at approximately 405 nm and 420 nm also produced color

improvement as is shown in Table 6 (Examples 41-48) for the case of a
formulation initiated with Irgacure 1850. Examples 41 through 45 in Table 6
can be compared directly with Examples 31 through 35 in Table 5 to
demonstrate the effectiveness of curing with the type "V" bulb. Examples 46

through 48 demonstrate that a good cure depth as evidenced by high hardness

on both surfaces can be obtained at even higher concentrations of the UV

absorber.

Example

27

29
30
31
32
33
34
35
36
37
38
39

Fusion Type "D" Lamp Illumination

Photoinitiator
(0.10 phf)

Irgacure 651
Irgacure 651
Irgacure 651
Irgacure 651
Irgacure 1850
Irgacure 1850
Irgacure 1850
Irgacure 1850
Irgacure 1850
Darocur 4265
Darocur 4265
Darocur 4265
Darocur 4265
Darocur 4265

TABLE S
Tinuvin Yellowness
234 Index
Conc. (phf)

0 27.7
0.005 16.0
0.010 11.6
0.020 8.2

0 14.7
0.020 4.2
0.040 34
0.080 3.3
0.160 3.8

0 15.8
0.020 33
0.040 3.1
0.080 3.0
0.160 3.7

Rear
Barcol
Hardness

89

89
Very Soft
Very Soft

89

89

89

89

88

89

89

89

88

88

Front
Barcol
Hardness

88

88
Very Soft
Very Soft

88

88

87

87

87

88

87

86

86

87
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outdoor sunlight for a period of one week (facing South at approximately a 45
degree angle), and then remeasured for the yellow index value. The difference
from the pre-exposed value was then calculated as the "Yellowness Index
Increase” shown in the table.

5 As shown by the data in Table 6, the optimum concentration of
UV absorber to achieve the best (least) initial yellowness is about 0.04% by
weight of the formulation. However, as shown in Table 7, a useful
concentration of UV absorber in order to minimize further yellowing due to
exposure to sunlight is about 0.4% by weight of the formulation. The

10  concentration of UV absorber, therefore, preferably is in the range of about
0.04-0.40% by weight of the formulation, with least yellowing (initially and as
a result of sunlight discoloration) occurring at a UV absorber concentration of
about 0.15 to about 0.30 percent by weight of the formulation.
A point of diminishing effect occurs at approximately 0.24 phf
15 of Tinuvin 234. Higher concentrations of absorber only increase initial
yellowness without additional significant weathering protection. Consequently
a concentration of approximately 0.25 phf was established for the development

of future formulations using Tinuvin 234,
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49 0 9.30
50 0.02 4.26
51 0.04 3.41
52 0.08 1.69
53 0.16 0.49
54 0.24 0.30
55 0.32 0.27
56 0.40 0.26

As disclosed in the parent patent application (Serial No.
08/315,598), the addition of allylic monomers, acrylate monomers, and
combinations of allyl and acrylate monomers can improve unsaturated polyester
lens performance with regard to increased tint speed and improved abrasion
resistance. Table 8 (Examples 57-68) shows various compositions and
corresponding lens properties. All of the formulations consisted of mixtures of
Silmar D-910 unsaturated polyester resin with a given additive, the composition
of which is detailed in Table 8. In Examples 57-68 the D-910 resin was mixed
with from 10% to 50% additive as a weight percentage of the total composition.
The photoinitiator was added to each of the compositions along with the UV
absorber, Tinuvin 234, which was at a concentration of 0.25 parts per hundred
of the resin-additive formulation. The resulting formulations were filtered
through a 0.2 micron nominal filter, and then used to fill mold assemblies.
Fifteen lenses were cast using each formulation from assemblies constructed
from glass molds, separated by a gasket made from a material chemically

compatible with the formulation, such that the resulting lenses each had an
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()-



Z110%&
Z1109%$&

. Z1109%8&

Z110%&
Z110%&
Z1109%$&
Z1109%$&
Z110%&

NN NN AN NN
N N N N N N N N

Z11098& ()- Z11098& () -

-V #, %m)-V1 Z11098& ()-

Z110%$8& ()- Z110%$& ()- Z110%$& () - qUI?E410 Z110%$&
“ME #, %m)-V1 Z1109%8& ()- Z110%& ()-1P041 Z11098& ()-
-( Z1109%8& ()- Z110%$& ()- Z110%$& ()- Z110%$& ()-
-2Z: 1 PO41 Z1109%& ()- Z1109%8& ()-Ms #, %) -Vl Z110%&
- 2041 Z1109%& ()- Z110%8& ()- Z110%$& ()- Z110%$& ()-

\ ef gs| uUS?E410 Z110%& ()- Z1109%8$& () -
| ?E410 Z110%& ()- Z11098& ()-

©1 MAR 2002
()-

10

15

20

-7 Z1109%& () - 6?2041 Z11098& ()-Ms #, %) -V1 Z110%& () -

-34-

approximate diameter of 75 mm. Of the fifteen lenses in each example, five
had a front curvature of approximately 4 diopters and a rear curvature of
approximately 6 diopters with an edge thickness of approximately 15 mm; five
had a front curvature of approximately 6 diopters and a rear curvature of
approximately 6 diopters with an edge thickness of approximately 13 mm; the
remaining five had a front curvature of approximately 8 diopters and a rear
curvature of approximately 6 diopters with an edge thickness of approximately
10 mm.

The mold assemblies, having been filled with the formulation,
were then illuminated with the light produced from a Fusion Type "V" bulb.
A piece of tempered sheet glass, three-sixteenths of an inch thick and
sandblasted on one surface to act as a light diffuser, was placed approximately
four and one-half inches from the assembles, between the assemblies and the
lamp. The measured light intensity at the assembly was approximately 4
milliwatts per square centimeter as measured by an International Light model
IL1400A radiometer equipped with a detector and narrow bandwidth filter for
405 nm measurement. The assemblies were exposed for half of their total cure
time with the light first passing through the rear mold, then for the remainder
of the total cure time with the light first passing through the front mold. At the
conclusion of the exposure, the lenses were separated from the mold assemblies
and tested.

Lenses from each formulation were rated as to the degree of
optical distortion by a lens inspector, and the ratings were averaged.
"Excellent" and "Good" ratings indicate the lenses had no or extremely light
optical distortions, visible only to a trained lens inspector under special lighting
conditions. The "Fair" rating indicates a borderline acceptance level, while
"Poor" or "Very Poor" ratings indicate a level of distortion which would

normally not be market acceptable.
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Barcol hardness was measured, as previously mentioned by a
Barber Colman type 935 machine. A rating of 80 or more is deemed to be
acceptable.
Yellowness Index, as previously mentioned, was measured on
5 a Hunter UltraScan Model 30 using ASTM D-1925 criteria. As in the other
examples, with the exception of Examples 49-56, the semifinished 6 diopter
front and 6 diopter rear curve, 13 mm thick lens was the configuration
measured. The measurement was done in reflectance mode against a standard
white tile.

10 A 6 diopter front and rear curve lens from each group was
processed to approximately 2 mm thickness and tinted simultaneously in gray
tinting solution (BPI Gray) for 5 minutes at approximately 200°F. Those lenses
exhibiting a percent transmission of visible light after tinting of greater than or
equal to 50% were rated "Very Slow"; 40-49%: "Slow"; 30-39%: "Medium";

15  20-29%: "Fast"; less than 20% transmission were rated as "Very Fast".

Refractive Index was of the resulting polymer as measured on an
Abbe refractometer.

Three 6 diopter lenses were processed from each group to plano
configuration (approximately 6 diopter rear curvature and thickness of

20  approximately 2.5 mm), and were measured for haze using a Gardner Model
X1.211 Hazegard (TM) System. The front surface of one lens from each group
was then covered with protective tape and introduced into a hexagonal tumbling
barrel with internal side dimensions of approximately 8 inches (wide) x 6
inches. An abrasive mixture was also introduced into the barrel, and the barrel

25  was rotated at approximately 30 rpm for a period of 2 hours. The abrasive
mixture consisted of a mixture of scouring pad pieces, polyurethane foam,
wheat bran, sawdust, grit-o-cob, and emery powder. At the conclusion of the

2 hour rotation, the tape was removed and the lenses were cleaned, again
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measured for haze, and the haze gain due to abrasion was calculated. The ratio
between the haze gain of the unsaturated polyester resin/styrene composition of
Example 57 and the haze gain of the other compositions of Examples 58-68 is
listed as the "Abrasion Value" in Table 8.

5 Example 57 demonstrates a composition consisting of an
unsaturated polyester resin and additional styrene, and forms a basis for
comparison to other additive compositions. It has the least abrasion resistance,
since the other examples measured (58-68) all have lower values. It is also
relatively slow to tint.

10 Example 58 demonstrates how the addition of allylic esters can
improve tint speed. High allyl levels, however, require relatively high levels
of photoinitiator (0.80 phf) and a long exposure time (30 minutes), which
results in a lens which is quite yellow.

In Example 59, the addition of more reactive acrylates results in

15  a hard lens which requires relatively low levels of photoinitiator (0.08 phf) for
cure. Abrasion resistance is also improved.

Example 60 illustrates the combination of allyl monomers (diallyl
phthalate) and acrylate monomers (ethylene glycol dimethacrylate, methyl
methacrylate, and dipentaerythritol pentaacrylate) to produce a lens which has

20  excellent optical distortion characteristics and fast tint rate, Other allyl and
acrylate materials can be substituted into this composition as is demonstrated in
Examples 61-63 to still achieve the excellent optical distortion and fast tint rate
characteristics.

Example 64 is a low viscosity formulation which could be useful

25  for casting finished lenses where an index of refraction of approximately 1.56
is required. The slower tint speed, likely caused by the higher styrene content,
would not present a practical problem, unlike the semifinished lens, since most

finished lenses are coated with a scratch resistant tintable coating.
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Examples 65-68 demonstrate the addition of various levels of the

additives of Example 60 expressed as a percentage of the mixture with D-910
resin. At low levels (10%, as shown in Example 65), optical distortion is a
problem, while higher levels can produce lenses with good to excellent optical

5 distortion characteristics. However, for these compositions, as the percentage
of additives increases, the index of refraction is decreased, and the lens

becomes softer.
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10

15

20

7109%6& () -0
7109%6& ()-0
7109%6& ()-0
7109%6& () -0
7109%6& ()-0
7109%6& ()-0

(0.10 WT% IN ACETONITRILE —~ 1 CM PATH LENGTH)

Wavelength

(nm)
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390

710%¢& ()-0 7109%6& ()-0

Darocur

1173

>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
2.82
0.69
0.40
0.41
0.38
0.30
0.19
0.08
0.03
0.00
0.00
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TABLE 9
ABSORBANCE VALUES FOR PHOTOINITIATORS

184

>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
3.26
3.18
2.11
0.51
0.31
0.36
0.37
0.32
0.22
0.12
0.05
0.01
0.00

651

>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
2.60
1.12
0.42
0.57
0.74
0.81
0.70
0.53
0.28
0.12
0.02

% 0- 37 710%6& ()-0
71096& () -0l PO51 7109%6& ()-0 71096& ()-0 7109%6& ()-0 71096& ()-0
7109%6& () - 0X8l PO51 7109%6& () - 0Ss$
7109%6& ()-0_?051 7109%6& ()-0 710%6& ()-0
7109%6& ()-0 710%6& ()-0c?051 710%6& ()-0
71096& ()-0 7109%6& ()-0 71096& ()- OpT4?051
71096& ()-0 7109%6& ()-0Ss$

Irgacure Irgacure Darocur

4265

>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
2.55
1.80
0.89
0.45
0.39
0.44
0.50
0.62
0.46

%6 0- 3 1 MAR 2002

04 0- 37t X<51 710%6& ()-0

Irgacure

1700

>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
2.70
2.38
1.91
1.42
0.90
0.58
0.37
0.28
0.27

Irgacure
1850

>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
>3.50
2.95
3.13
2.90
2.44
1.58
1.05
0.69
0.53
0.52



71098 ()-0 710%& () - 0%t T8t X<51 710%6& ()-0 710%6& ()-0 710%& ()- 0Ss$
9% 0- 37 7109%6& ()-0& ()*+, -t X<51 710%6& ()-0 710%& ()-0 710%& ()- 0
. 710%& ()-0 710%& ()-0 710%& ()-0 710%& ()-O0-./ 01t X8t X<51 71p%0 )
710%& ()-0Ss$ 9% 0-37 710%& ()-0 710%& ()-0: <=>?@Bt X<51 7109 'ﬁﬁ 02002
710%& ()-0 710%& ()-0 710%& ()-0 710%& ()-0 710%& ()-0
710968 () - OBCDEFI X8t X<51 710%6& ()-0Ss$ % 0- 37 710%& ()-0 710%& () -0
710%& ()- 01 V[i qty_?<51 710%& ()-0 710%& ()-0 710%& ()-0 710%& ()-0
710968 ()-0 710%8& ()-0y}c?<51 710%& ()-0 710%& ()-0 710%& () -0

-42 -
TABLE 9 - (CONTINUED)
Wavelength Darocur Irgacure Irgacure Darocur Irgacure Irgacure
(am) 1173 184 651 4265 1700 1850
400 0.00 0.00 0.00 0.39 0.26 0.50
5 410 0.00 0.00 0.00 0.09 0.23 0.44
420 0.00 0.00 0.00 0.01 0.12 0.23
430 0.00 0.00 0.00 0.00 0.04 0.07
440 0.00 0.00 0.00 0.00 0.01 0.02
450 0.00 0.00 0.00 0.00 0.01 0.01
10 For each of the formulations used in Examples 57-68 and for the

curing condition described (that is, light intensity from the Type "V" bulb of
approximately 4 milliwatts per square centimeter measured at 405 nm), time for
the formulation to gel, peak temperature obtained during cure and the time to
reach peak temperature were recorded.
15 To determine the time required to gel, glass tubes measuring
approximately 10.5 mm inside diameter and 114 mm in length were filled to
a depth of approximately 110 mm with the formulation and stoppered, the gap
between the fluid and stopper being filled by nitrogen. The tubes were exposed
in an almost horizontal, but slightly inclined position to keep the nitrogen
20  bubble at one end of the tube. The exposure time required to keep the nitrogen
bubble from ascending when the tube was inverted to a vertical position, with
the bubble initially at the bottom, was the recorded gel time.
To determine the peak temperature value for the formulation, a
glass vial measuring approximately 24 mm inside diameter and 58 mm in length
25  was filled with 23 grams of the formulation. The vial was sealed with a
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stopper, a thermocouple being positioned through the stopper such that the
thermocouple junction was placed at the center of the mass of formulation, and
the space between the fluid and stopper was filled with nitrogen. The
thermocouple was connected to a temperature recorder, and the vial was placed
5  in an almost horizontal position, but slightly inclined to keep the nitrogen
bubble near the top of the vial. The time from the start of exposure to when
the maximum temperature was achieved, was recorded as the time required for

the formulation to reach peak temperature.
Table 10 lists the gel times, peak temperatures, and time to reach
10  peak temperature for the various formulations as measured by the above-
described test procedures. In practice, lens geometries can change over quite
a wide range with regard to thickness and diameter of the curing formulation.
Consequently, different quantities and distributions of the formulation will be
encountered for various lens configurations. Therefore, gel times and internal
15  temperatures will vary during actual lens curing conditions. By standardizing
the tests as described, however, meaningful data relative to the curing condition

of a given formulation can be established.
To determine how changes in peak temperature, time to reach
peak temperature, and gel time can effect lens properties of hardness and
20 optical distortion, tests were conducted on a formulation consisting of
approximately 78 weight percent D-910 resin (including 30% by weight styrene
diluent) and 22 weight percent of an additive. The composition of the additive
consisted of approximately 50 weight percent ethylene glycol dimethacrylate,
22 weight percent diallyl phthalate, 17 weight percent dipentaerythritol
25  pentaacrylate, and 11 weight percent methyl methacrylate. To the mixture of
the D-910 resin and additive was added 0.25 parts per hundred UV absorber
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(Ciba-Geigy Tinuvin 234), and varying amounts of alpha-methyl styrene and
photoinitiator (Ciba-Geigy Irgacure 1850). The formulations were cast into
lens assemblies and cured under varying intensities of light from the Fusion
Type "V" bulb system previously described for Examples 57-68. The exposure
5  time was 90 minutes, and the exposure was made with the light passing through
the rear mold first (no inversion). The gel time, peak temperature, and time
to reach peak temperature for each formulation were measured as previously
described.
Nine lenses were cast for each example, three having a front
10  curvature of approximately 4 diopters, three with a front curvature of
approximately 6 diopters, and three with a front curvature of approximately 8
diopters. All lenses had a rear curvature of approximately 6 diopters. Edge
thicknesses were approximately 15 mm for the 4 diopter lens, 13 mm for the
6 diopter lens, and 10 mm for the 8 diopter lens. The lenses were evaluated for
15  optical uniformity, and the 6 base lenses were evaluated for front and rear
hardness. The results are shown in Table 11 (Examples 69-83).
Examples 69-73 illustrate that formulations subjected to
conditions which result in relatively long gel times (greater than about
5 minutes) and low peak temperatures (less than about 230°F) tend to be
20  somewhat softer with worse optical uniformity than those which are subjected
to conditions which produce rapid gelation (less than about 5 minutes,
particularly less than about 1 minute) and high peak temperature (greater than
about 300°F) as illustrated by Examples 81-83. Intermediate conditions,
illustrated by Examples 74-80, can produce a range of hardness and optical
25  uniformity.
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TABLE 10
Example Gel Time Peak Time to Peak
(seconds) Temperature Temperature
CP) (minutes)

57 13 343 6.9
58 10 301 5.5
5 59 25 376 4.0
60 18 370 3.6
61 14 360 4.6
62 17 367 3.6
63 15 357 3.7
10 64 37 398 4.6
65 13 345 4.0
66 22 367 3.7
67 30 373 4.8

68 45 376 5.3
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Suitable formulation and compositional ranges for semifinished

lenses are:
Component Weight % Range Preferred
%
Unsaturated polyester 77.75 40 - 95 50 -85
5 resin (w/diluent) (w/diluent) (w/diluent)
(Silmar D-910) 54.42 25-70 35 -60
containing 30% styrene (w/o diluent) (w/o diluent) (w/o diluent)
diluent
Ethylene glycol 11.00 0-25 4-20
10 dimethacrylate
Diallyl phthalate 4.84 0-15 2-10
Dipentaerythritol 3.67 0-15 2-12
pentaacrylate
Methyl methacrylate 2.37 0-10 1-6
15 Tinuvin 234 0.27 0-1 0.01 -0.8
Irgacure 1850 0.10 0-1 0.01-1
Blue dye trace trace trace
Red dye trace trace trace
Alpha-methyl styrene’ 0 0-10 0
20 *  Exotherm depressant. Other suitable exotherm depressants include

terpinolene; gamma-terpinene; dilauryl thiopropionate; 4-tert-
butylpyrocatechol; 3-methyl catechol; and mixtures thereof.
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Suitable formulation and compositional ranges for finished cast

lenses are:
Component Weight % Range Preferred
%
Unsaturated polyester 65.00 45 -75 50-70
5 resin (Silmar D-910) (w/diluent) (w/diluent) (w/diluent)
containing 30% styrene 45.50 31-53 35-50
diluent (w/o diluent) (w/o diluent) (w/o diluent)
Ethylene glycol 17.36 0-30 10-25
dimethacrylate”
10 Dially! phthalate 7.64 0-15 2-10
Styrene 5.79 0-20 2-15
Methy] methacrylate 3.74 0-10 1-6
Tinuvin 234 0.27 0-1 0.01-0.8
Irgacure 1850 0.20 0-1 0.01-1
15 Blue dye trace trace trace
Red dye trace trace trace
Alpha-methyl styrene™ 0 0-10 0

For improved flexibility and impact resistance, polyethylene (di, tri,
tetra, etc.) glycol diacrylates and dimethacrylates can be directly
20 substituted for ethylene glycol dimethacrylate.

*  Exotherm depressant. Other suitable exotherm depressants include
terpinolene; gamma-terpinene; dilauryl thiopropionate; 4-tert-
butylpyrocatechol; 3-methyl catechol; and mixtures thereof.



7109%6& ()-0 710%6& ()-0 710%6& ()-0 710%6& ()-0 710%6& () - Ot X<t X<51S
71096& ()-0 71096& ()-0 71096& ()-0Ss$ 9 0- 37 7109%6& () - Ot X<51S
. 7109%6& ()-0 7109%6& ()-0 710%6& ()-0 7109%6& ()-0 7109%6& ()-0 710(V§&B(Mm)2002
7109%6& ()- OPAt X<51 7109%6& ()-0&Ss$ 9 0- 37& 710%6& ()-0 710%6& (}-
710968& ()- Ot X<51 7109%6& ()-0 710%6& ()-0 710%6& ()-0 710%6& ()-0
71096& ()-0 71096& ()-0 71096& ()-Ol t X<ji. 7109%6& ()-0 71096& 7109%6& ()-0

71096& ()-0 7109%6& ()-0 7109%6& ()-0 7109%6& ()-Owj <51 710%
& @0%E8& () - 106106106

WHAT IS CLAIMED IS:

1. A cross-linkable casting composition comprising:

about 25% to about 70% by weight of an unsaturated polyester resin;

a cross-linking agent for the unsaturated polyester resin in an amount of about 5% to about 75%

by weight; and

an effective amount of a photoinitiator, capable of gelling the polyester in about 7 minutes or less
and capable of curing the unsaturated polyester in about 3 hours or less when the combination of
said unsaturated polyester and the photoinitiator are exposed to a light intensity sufficient to gel
the polyester resin in about 7 minutes or less, wherein the composition is cast and cured into an

ophthalmic lens having an index of refraction of at least 1.50.

2. The ophthalmic lens of claim 1, wherein the photoinitiator is selected from the group

consisting of alpha.-hydroxy ketones, phosphinates, phosphine oxides, and mixtures thereof.

3. The ophthalmic lens of claim 1, wherein the photoinitiator has activity above about 380 nm.

4. An ophthalmic lens in accordance with claim 1, wherein the photoinitiator is selected from
the group consisting of 2,4,6-trimethylbenzoyl-diphenylphosphine oxide; ethyl 2,4,6-
trimethylbenzoylphenylphosphinate; bis(2,6-dimethoxybenzoyl)-2-4,4-trimethylpentyl phosphine
oxide; bis(2,4,6 trimethylbenzoyl) phenyl phosphine oxide; 1-hydroxycyclohexyl phenyl ketone;
2-hydroxy-2-methyl-1-phenyl-propan-1-one; and mixtures thereof.

5. An ophthalmic lens in accordance with claim 4, wherein the photoinitiator is a mixture of 10-
90% by weight bis(2,6-dimethoxybenzoyl)-2-4-,4-trimethylpentyl phosphine oxide; and 10-90%
by weight of a ketone selected from the group consisting of 1-hydroxycyclohexyl phenyl ketone,
2-hydroxy-2-methyl-1-phenyl-propan-1-one, and mixtures thereof, based on the total weight of

photoinitiators in the composition.
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0.01% to about 2% by weight of the total composition.

14. An ophthalmic lens in accordance with claim 1, wherein the composition includes 0.01% to

10% of an exotherm depressant.
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15. The ophthalmic lens of claim 14, wherein the exotherm depressant is selected from the group

consisting of alpha-methyl styrene; terpinolene; gamma-terpinene; dilauryl thiopropionate; 4-tert-
butylpyrocatechol; 3-methylcatechol; and mixtures thereof.

16. The ophthalmic lens of claim 1, wherein the cross-linking agent is selected from the group
consisting of styrene; an allylic ester monomer; an acrylate monomer; an acrylate oligomer; and

mixtures thereof.

17. An ophthalmic lens in accordance with claim 16, wherein the cross-linking agent comprises
both an allylic ester monomer and an acrylate in a total amount of allylic ester and acrylate of
about 1% to about 50% by weight.

18. An ophthalmic lens in accordance with claim 17, wherein the allylic ester monomer is present
in an amount of about 1% to about 15% by weight, and the acrylate is present in the composition

in an amount of about 1% to about 35% based on the total weight of the composition.

19. An ophthalmic lens in accordance with claim 18, wherein the acrylate is selected from the
group consisting of a mono-, di-, tri-, tetra-, and penta-acrylate or methacrylate, and mixtures
thereof.

20. An ophthalmic lens in accordance with claim 19, wherein the acrylate is selected from the
group consisting of methyl methacrylate; ethyl acrylate; cyclohexyl methacrylate; 2-hydroxyethyl
methacrylate; 3-hydroxypropyl acrylate; alpha-bromoethyl acrylate; alpha-chloroethyl acrylate;
chloromethyl methacrylate; 2-bromethyl methacrylate; 2-naphthyl methacrylate; para-tolyl
acrylate; para-chlorophenyl methacrylate; meta-bromophenyl acrylate; 2,4,6-tribromophenyl
acrylate; para-chlorobenzyl methacrylate; meta-methoxybenzyl methacrylate; para-ethylbenzyl
acrylate; 1,6 hexanediol dimethacrylate; neopentyl glycol diacrylate; a thiodiethylene glycol
dimethacrylate; ethoxylated bisphenol A diacrylate; ethoxylated bisphenol A dimethacrylate;
pentaerythritol triacrylate; glyceryl triacrylate; dipentaerythritol pentaacrylate; trimethylolpropane
triacrylate; tris (2-hydroxy ethyl) isocyanurate trimethacrylate; trimethylolpropane
polyoxyethylene triacrylate; a urethane acrylate; a wurethane methacrylate; bis(4-
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monomer; and about 1% to about 35% by weight of an acrylate selccted from the group
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25. An ophthalmic lens having an index of refraction of at least 1.50 cast from a composition

comprising:

About 40% to about 95% by weight of the composition being a mixture of an unsaturated

polyester resin and a diluent monomer cross-linking agent for said polyester resin;
an allylic ester monomer in an amount of about 1% to about 15% by weight;

about 1% to about 35% by weight of an acrylate selected from the group consisting of an acrylate

monomer, an acrylate oligomer, and mixtures thereof; and
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an effective amount of a photoinitiator, capable of gelling the unsaturated polyester in about 7

minutes or less and capable of curing the unsaturated polyester in about 3 hours or less when the
combination of said unsaturated polyester and the photoinitiator are exposed to a light intensity

sufficient to gel the unsaturated polyester resin in about 7 minutes or less.

26. The ophthalmic lens in accordance with claim 25, wherein the diluent monomer cross-linking
agent comprises about 10% to about 45% by weight of the mixture of unsaturated polyester resin

and diluent monomer cross-linking agent.

27. The ophthalmic lens in accordance with claim 26, wherein the allylic ester monomer
comprises about 2% to about 10% diallyl phthalate, based on the total weight of the composition;
wherein the acrylate is an ethylene glycol or a polyethylene glycol selected from the group
consisting of an acrylate, a methacrylate, a diacrylate, a dimethacrylate, and mixtures thereof,
including about 1% to about 6% methyl methacrylate, based on the total weight of the
composition; and wherein the polymerization initiator is included in the composition in an amount
of about 0.01% to about 2% based on the total weight of the composition.

28. An ophthalmic lens in accordance with claim 26, further including 0.01% to about 10% by
weight of the composition of alpha-methyl styrene, and wherein the diluent monomer cross-

linking agent comprises styrene.

29. A method of casting a cross-linkable casting composition into an ophthalmic lens comprising
disposing the casting composition in a mold cavity and contacting the composition with a light
source having an intensity sufficient to gel the composition in about 7 minutes or less, to

photocure, polymerize and cross-link the composition, wherein the composition comprises:

about 25% to about 70% by weight of an unsaturated polyester resin;
a cross-linking agent for the unsaturated polyester resin in an amount of about 5% to about 75%

by weight; and

an effective amount of a photoinitiator, capable of gelling the polyester in about 7 minutes or less

and capable of curing the unsaturated polyester in about 3 hours or less when the combination of
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the polyester resin in about 7 minutes or less.

30. The method of claim 29, wherein the photoinitiator is selected from the group consisting of

.alpha.-hydroxy ketones, phosphinates, phosphine oxides, and mixtures thereof.

31. The method of claim 30, wherein the photoinitiator has activity above about 380 nm.

32. A method in accordance with claim 29, wherein the photoinitiator is selected from the group
consisting of 2,4,6-trimethylbenzoyl-diphenylphosphine oxide; ethyl 2,4,6-
trimethylbenzoylphenylphosphinate; bis(2,6-dimethoxybenzoyl)-2-4-,4-trimethylpentyl
phosphine oxide; bis(2,4,6 trimethylbenzoyl) phenyl phosphine oxide; 1-hydroxycyclohexyl
phenyl ketone; 2-hydroxy-2-methyl-1-phenyl-propan-1-one; and mixtures thereof.

33. A method in accordance with claim 32, wherein the photoinitiator is a mixture of 10-90% by
weight bis(2,6-dimethoxybenzoyl)-2-4-,4-trimethylpentyl phosphine oxide; and 10-90% by
weight of a ketone selected from the group consisting of 1-hydroxycyclohexyl phenyl ketone, 2-
hydroxy-2-methyl-1-phenyl-propan-1-one, and mixtures thereof, based on the total weight of

photoinitiators in the composition.

34. A method in accordance with claim 29, wherein the light source has an intensity of at least

about 300 microwatts/cm.sup.2.

35. A method in accordance with claim 30, wherein the light source has an intensity in the range

of about 500 microwatts/cm.sup.2 to about 10,000 microwatts/cm.sup.2.

36. A method in accordance with claim 35, wherein the light source has an intensity in the range
of about 1,500-7,000 microwatts/cm.sup.2.

37. A method in accordance with claim 29, wherein the composition further includes an
ultraviolet light-absorbing compound capable of absorbing light having a wavelength of about

380 nm or below.
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38. A method in accordance with claim 37, wherein the ultraviolet light-absorbing compound is

included in an amount of about 0.04% to about 0.4% by weight of the composition.

39. A method in accordance with claim 38, wherein the ultraviolet light-absorbing compound is

included in an amount of about 0.15% to about 0.3% by weight of the composition.

40. A method in accordance with claim 29, wherein the photoinitiator is active at a wavelength in
the range of about 380 nm to about 550 nm,

41. A method in accordance with claim 40, wherein the photoinitiator is active at a wavelength in

the range of about 380 nm to about 450 nm.

42. A method in accordance with claim 29, wherein the cross-linking agent comprises an allylic
ester monomer selected from the group consisting of diallyl phthalate, diethylene glycol bis(allyl
carbonate), triallyl cyanurate, diallyl diphenate and mixtures thereof.

43. A method in accordance with claim 42, wherein the photoinitiator comprises about 0.01% to

about 2% by weight of the composition.

44. The method of claim 29, wherein the cross-linking agent is selected from the group consisting
of styrene; an allylic ester monomer; an acrylate monomer; an acrylate oligomer; and mixtures

thereof.

45. A method in accordance with claim 44, wherein the cross-linking agent comprises about 1%
to about 45% by weight styrene; about 1% to about 15% by weight of an allylic ester monomer;
and about 1% to about 35% by weight of an acrylate selected from the group consisting of an

acrylate monomer, an acrylate oligomer, and mixtures thereof.

46. A method in accordance with claim 29, wherein the cross-linking agent comprises an acrylate
selected from the group consisting of an acrylate monomer, an acrylate oligomer having a weight

average molecular weight below about 1,000, and mixtures thereof.
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about 2% by weight of the total composition.

48. A method in accordance with claim 29, wherein the photoinitiator comprises about 0.01% to

about 2% by weight of the total composition.

49. A method in accordance with claim 29, wherein the composition includes 0.01% to 10% of an

exotherm depressant.

50. A method in accordance with claim 49, wherein the exotherm depressant is selected from the
group consisting of alpha-methyl styrene; terpinolene; gamma-terpinene; dilauryl thiopropionate;
4-tert-butylpyrocatechol; 3-methylcatechol; and mixtures thereof.

51. A method in accordance with claim 29, wherein the composition includes both allylic ester
and acrylate cross-linking agents in a total amount of allylic ester and acrylate of about 1% to
about 50% by weight.

52. A method in accordance with claim 51, wherein the allylic ester monomer cross-linking agent
is present in an amount of about 1% to about 15% by weight, and the acrylate cross-linking agent
is present in the composition in an amount of about 1% to about 35% based on the total weight of

the composition.

53. A method in accordance with claim 52, wherein the acrylate is selected from the group

consisting of a mono-, di-, tri-, tetra-, and penta-acrylate or methacrylate, and mixtures thereof.

54. A method in accordance with claim 53, wherein the acrylate is selected from the group
consisting of methyl methacrylate; ethyl acrylate; cyclohexyl methacrylate; 2-hydroxyethyl
methacrylate; 3-hydroxypropyl acrylate; alpha-bromoethyl acrylate; alpha-chloroethyl acrylate;
chloromethyl methacrylate; 2-bromethyl methacrylate; 2-naphthyl methacrylate; para-tolyl
acrylate; para-chlorophenyl methacrylate; meta-bromophenyl acrylate; 2,4,6-tribromophenyl
acrylate; para-chlorobenzyl methacrylate; meta-methoxybenzyl methacrylate; para-ethylbenzyl
acrylate; 1,6 hexanediol dimethacrylate; neopentyl glycol diacrylate; thiodiethylene glycol
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pentaerythritol triacrylate; glyceryl triacrylate; dipentaerythritol pentaacrylate; trimethylolpropane
triacrylate; tris (2-hydroxy ethyl) isocyanurate trimethacrylate; trimethylolpropane
polyoxyethylene triacrylate; a urethane acrylate; a wurethane methacrylate; bis(4-
methacryloylthiophenyl) sulfide; an ethylene glycol or a polyethylene glycol selected from the
group consisting of acrylate, methacrylate, diacrylate, dimethacrylate, and mixtures thereof.
55. A method in accordance with claim 54, wherein the acrylate is a monomer selected from the
group consisting of methyl methacrylate; an ethylene glycol or a polyethylene glycol selected
from the group consisting of acrylate, methacrylate, diacrylate, dimethacrylate, and mixtures
thereof; 1,6 hexanediol diacrylate; ethoxylated bisphenol A diacrylate; ethoxylated bisphenol A
dimethacrylate; trimethylolpropane polyoxyethylene triacrylate; dipentaerythritol pentaacrylate;

bis(4-methacryoylthiophenyl) sulfide; and mixtures thereof.

56. A method in accordance with claim 29, wherein the unsaturated polyester resin is formed by
the reaction of an acid or anhydride selected from the group consisting of phthalic acid,
isophthalic acid, maleic acid, phthalic anhydride, maleic anhydride, and mixtures thereof, with a
polyol selected from the group consisting of ethylene glycol, propylene glycol, diethylene glycol,
dipropylene glycol, neopentyl glycol, and mixtures thereof.

57. A method in accordance with claim 56, wherein the unsaturated polyester has a number

average molecular weight in the range of about 1,500 to about 4,000.

58. A method of manufacturing an ophthalmic lens having an index of refraction of at least 1.50

comprising casting, within a mold cavity, a composition comprising:

about 40% to about 95% by weight of said composition being a mixture of an unsaturated

polyester resin and a diluent monomer cross-linking agent for said polyester resin;
an allylic ester monomer in an amount of about 1% to about 15% by weight;

about 1% to about 35% by weight of an acrylate selected from the group consisting of an acrylate

monomer, an acrylate oligomer, and mixtures thereof;, and
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66. A method in accordance with claim 58, wherein the photoinitiator is a mixture of 10-90% by
weight bis(2,6-dimethoxybenzoyl)-2-4-,4-trinethylpentyl phosphine oxide; and 10-90% by weight
of a ketone selected from group consisting of 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-
methyl-1-phenyl-propane-1-one, and mixtures thereof, based on the total weight of photoinitiators

in the composition.

67. A method in accordance with claim 58, wherein the light source has an intensity of at least

about 300 microwatts/cm.sup.2.

68. A method in accordance with claim 67, wherein the light source has an intensity in the range

of about 500 microwatts/cm.sup.2 to about 10,000 microwatts/cm.sup.2.

69. A method in accordance with claim 68, wherein the light source has an intensity in the range
of about 1,500-7,000 microwatts/cm.sup.2.

70. A method in accordance with claim 58, wherein the composition further includes an
ultraviolet light-absorbing compound capable of absorbing light having a wavelength of about

380 nm or below, and the lens has improved color.

71. A method in accordance with claim 58, wherein the photoinitiator is active at a wavelength in

the range of about 380 nm to about 550 nm.

72. A method of improving vision of an object by a human eye comprising disposing between the

eye and the object the ophthalmic lens manufactured by the method of claim 58.



