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POLYSTER RESI N- BASED HI GH | NDEX CPHTHALNIC LENSES HAVI NG

4 MPROVEDWOPI 10260 UNFORM TY AND/ OR PCI/OSOSBN628 TY
FILED OF THE INVENTION 5 _ The present invention is directed to
pol yester resin-based conpositions and nethods of manuf act uri ng and
using cured, polyneric articles, and coatings therefrom The '
conposi tions and nmet hods are especially useful in the manufacture of 10
ophthalmc |l enses. More particularly, the present invention is
directed to unsaturated polyester-based - polyneric articles,

particul arly unsaturated polyestér-based ophthal m c | enses, that have

i nproved opti &ﬁhﬁégﬁﬁiﬁ} nd i ncreased
R s e g e

| enses are char acEAVINGJIMPROVED| QPTICAY UNZRORMIPY AND/OR refraction (at

| east about 1.5 and preferably aj ? g g about 1.56) and'relatively |ow
density, 20 particularly belowa%m"?B grans/cc; e.g., 1.24
granms/cc. - BACKGROUND OF THE | NVENTI ON AND PRI OR ART

Plastic materials have beenpgss g erNvENTYOMUT act ure of ophthal mc

| enses for many years. 25 - er advantages to the patient. over

gl ass, nost noticeably in their |ower densities, allow ng for a

| i ghtersl ens, and gr egher presant inventtion is dmdsaﬂql, plastic |enses

o S5 5 oL R MG el R T, 5,
distort at nngn@nc@gwpagaaaﬂeusing cured, polymeric artlcles,
' and coatings therefrom. The compositions and
methods are especlally useful in the manufacture of
10 ophthalmic lenses. More particularly, the present
invention is directed to unsaturated polyester-based
polymeric articles, particularly unsaturated
polyester-based ophthalmic lenses, that have
improved optical uniformity (or lower optical
15 aistortion) and increased tint speed, while
maintaining “water-white® color over time. The
lenses are'charaeterized by a relatively high index
of refraction (at least about 1.5 and preferably at
least about 1.56) and relatively low density,
20 particularly below about 1.3 grams/cc, e.g.,
1.24 grams/cc.

Plastic materials have been used for the
manufacture of ophthalmic lenses for many years.

25 Plastics offer advantages to the patient over glass,
most noticeably in their lower densities, allowxng
for a lighter lens, and greater impact strength
Conversely, plastic lenses can exhibit

. disadvantages. they tend to scratch more easily,

30 have higher levels of chromatic aberration (lower

ABBE values), and may distort at higher temperature
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- 2- WU ¢ Ng conditions, due to |ower glass transi tgcqiiyses/iideid)
tenperatures, resulting in’ marped | enses, or =~ lenses with high |levels

of optical distortion. Addi tional ly, pI astic lenses usually have | ower
5 index of refraction val ues when conpared.to gl ass, which tends to
require | enses of increased thickness and reduced cosnetic appeal. The
standard "CR-39" - type Il ens, made from di et hyl ene gl ycol b| s(allyl
carbonate), has an index of refraction of 1.498. 10 Advances

I n technol ogy have al | owed inpr@vesents in plasticl ens per f or mance.
Coat i ngs have been devel oped which inpart inproved scratch

resi st ance pregeess ingseonditions / ESI\@&I'U@l Jp‘mgmm transitioms which are

adequat e fO( ﬂ g ‘ﬁé&% ef{.ggﬁ y% gééat oen-

Irrproverrents I'n machi ni cessing equr pnent and

I ens
processes lensgs Wi rﬁfqrédl?‘%l%s& o?P"ﬁHt’%}l ‘P@ | ower gl ass
transition AGNitional By, pfagsid,- CEengés ﬁcﬁualy have nﬂam of refraction,

and physic en e e h ed rove the
cosrrgt |%I a{ i?bi‘%f Sl%ﬂ%?t‘m YH%L %%r%éé co p/areg €5 %n? ';/hese

i npr ovenentwhigly ctérdperd traguire plcmcs: ¢éntngceasedc'e!pichnessn t he

mar ket pl acend (i'educ%d p%%ﬁe ré\pﬁ)&@ft [ %@r@ﬁn&%taéﬁj_%a majority 25

of lens eyewear Int i'ncreasi ng expectatlons or performance

have di ct attaEPe h’eﬁ"%pd%?%f#m Riethylene glycol aisf@livl| owi ng
charact eri sddfSonate), hdd adn tmmd &Pl Péfraction of 1. 493.Lenses which are

"hazy" are obviously ‘

10 Advances in technology have allowed
improvements ‘in plastic lens performance. Coatings
have been developed which impart improved scratch
resistance. Some plastics have relatively high ABBE

- values which are adeguate for minimizing the effects

15 of chromatic aberration. Improvements in machining
and optical lens processing equipment and processes
have permitted the use of materials having lower
glass transition temperatures. Plastics with higher
indices of refraction, and physical lens ‘design

20 1mprovements, have helped improve the cosmetic
appeal of plastic lenses.

While these improvements have helped the
plastic lens gain acceptance in the marketplace, to
a point where plastic lenses ‘constitute a majority
25 of lens eyewear in the U.s., increasing expectations
for performance have dictated that good ophthalmic
lenses have the following characteristics:

Lenses which are "hazy" are obviously

30 unacceptable to the patient. Color is also of
concern both from the standpoint of having a “water-

LY



30 unacceptable to the patientu “Color is also of concern both from

the sta f having a "water- -~ WD 96/10760

BCT/ usggﬂ%cygggﬁ | Col3. - POHYSOIMIER ) ity
for best cosnetic appeal when the lens is first purchased, as well as .
mai nt enance of that color over tine, e.g., being resistant to the .
effects of sun light, which over tine can cause the 5 lens to turn yellow
Optical Distortion Lack of optical distortion requires a
material having a relatively high ABBE nunber such that chromatic
aberration is mnimzed; and, nore 403 ~inportantly, a material having
excellent uniformty I n conposition such that the occurrence of

visible whiteYequalitiynorzbdst cosmetRaphﬁbbaTiﬂhéhihhhy

Many opht ha n r tured -finished form and
shi pped to %£§§C%§ §§§s@ Bgaﬂgggﬁés£§hg tﬁg BP&? FPﬂPF@h s "ground in".
Wth ever aﬁagohgrenpnastsmen ehgrt bpingaresdstant touthear ound tines,
e.g, 1 hOUéf?&é‘EeCSf kA 28ght!Ywhich 8Vekeihe"alAkabEY ch rapi dly

accept fashjon tints i nport ant case o sem -ft1ni shed | ens
product 3, En?rﬁﬂttEEPfXEé SV the | ens may have a scratch resistant
coati ng mhlch does not accept tint. Thus, the only route for tinting to
occur may e th re | ens material on the back surface. 25 This

mat eri al ' ' : '

Lack of optical distortion requires a _
material having a relatively high ABBE number such
that chromatic aberration is minimized; and, more

10 importantly, a material having excellent uniformity
in composition such that the occurrence of visible.
"waves" is minimized.

nta

Many ophthalmic lenses are manufaetured in
15 semi-finished form and shipped to optical
laboratories where the prescription is “ground inv.
With ever increasing emphasis on short optical lab
~ turn-around times, e.g., 1_nou: service, the ability
of the lens material to rapidly accept fashion tints
20 is important. 1In the case of semi-finished lens
praducts, the front surface of the lens may have a
scratch resistant coating which does not accept
tint. Thus, the only route for tinting to occur may'
‘be the parent lens naterial on the back surface.
25 This material must be tintable.

. .. _ |
The higher the index of refraction, the

thinner the finished lens will be for a given
design. This higher index, especially when combined



Hi gh I ndex of Refraction and Low Density The hi gher the

i ndex of refraction, the thinner the finished lens will be for a given
desi gn. wéohsaefspoher index, especially when conbi ned pPCTUdbkPigs3L 0760
PCT/ US95/ 11623 E ' -4- with a relatlvely
| ow density, wll allow for the “manufacture of "thinner and |ighter”

| ens products. O her the past several years, plastic

opht hal m c | enses have been fabricated froma 5 variety of materials
.includi ng pol ycarbonate and pol ynmet hyl met hacryl ate, as well as

pol yneri zed allylic conpounds, epoxies, and urethanes. The nost

comon pl astic ophthal mic | ens, however= is nade from di et hyl ene gl ycol

~ bis(allyl carbonate) often 10 referred to as "CR-39" (a specific product

“manuf act ur &ithy Ppelatdeely é@w densityi oty allowgfer ckhel, this materi al

has a refr afariweadtide ¥ wthinnét®%na 'Iidt&é?‘s'iehé)rﬁf&ﬁ?@é’s' n opti cal
| aboratories, is able to be manufactured with low 15"~ optical distortion
and is readlly tinted by various comercially available tinting dyes.

The use of pol yester otfiear ithes gastprsaiveral yeaxys) lplastid enses has been

_ previously es of such
di scl osures%}%ﬁ'l %%nﬁfﬁ ﬁ&{bﬁeﬁw af%(i&gp% 224. Pat ent
No. 3, 301, MAristy|af eateriadmsineluding polygaxhonatmiandter is conbi ned

with from 3dRmdthylnetHdtty RX ¢ s WY ladidBmed figa and | ess than 5
wei ght percent” styrene to roduce a ther settlng 25 product whi ch can be

used to prdthidetih GARRIVNGR  ePOXigsy, ANC The Bost g scl oses a

conposi ti orcommon plastic ophthalmic lens, however, is ‘made

from diethylene glycol bis(allyl carbonate) often B |

10 referred to as ‘WCR-39" (a specific product
manufactured by PPG Industries). As previously
mentioned, this_material has a refractive index of
1.498. It is easily processed in optical
laboratories, is able to be manufactured with low

15 optical distortion and is readily tinted by various
commercially available tinting dyes. '

The use of polyester materials to produce
ophthalm;c lenses has been previously disclosed in -
various U.S. patents. Examples of such disclosures

20 are U.S. Patent Nos. 3,391,224 and 3,513,224.
Patent No. 3,391,224 discloses a composition in
which a polyester is combined with from S to 20
weight percent methyl methacrylate and less than 5
weight percent styrene to produce a thermosetting

25 product which can be used to produce an ophthalmic
lens. Patent No. 3,513, 224 discloses a ccmposition
in which 70 to 75 weight percent of a specific
unsaturated polyester formed from the reaction of
fumaric acid with triethylene glycol and 2,2-

30 dimethyl-l,3-propanediol (otherwise known as
neopentyl glycol) is combined with about 12 to 18
weight percent styrene and_s to 12 weight percent
ethylene glycol dimethacrylate. The styrene raises

-
[l



n which 70 to 75 wei ght percent of a specific unsat ur at ed pol yester
formed fRayvdifvesg €acti on of fumaric acid with triethypepgsstiyenl and
2,2- 30 dinethyl-1, 3-propanedi ol (otherw se known as neopenty

glycol) is conbined with about 12 to 18 wei ght percent styrene and 8
to 12 wei ght percent et hyl ene glycol dinmethacrylate. The styrene

rai ses WD 96/ 10760 PCT/ US95/ 11623
- 5- the index of refraction to approxinmately 1.52, and t he

et hyl ene gl ycol dinethacrylate reduces brittleness of the polyner.

A nunber of commercially available 5= Sumsaturated pol yester resins has
been developed whi ch are cl ear, when cast and have a refractive

i ndex of appr &Rendndex PfSGQGH%9q¥Q¥1q°h@&9ﬂ&§¥ﬂ?tely[iﬂﬁﬁMWQQﬁ
attributabl e gget bthlyi%n@‘ ﬁwnalmmacrylmidduﬂﬁmg di l uent nononer

at a level of 1Q Xi to 45 wei ght percent). The
densities of PR& t&&Fﬁ%ﬁ ga&gfggp €nms are al so quite low (on the
order of 1.25 grams/cc). These properties are superi-or to CR-39 (index

of 1.498 and denS|t q%a& ter %Eﬁhéﬂﬂ§‘d4§¥¥é%fé)the 15

potential to nmake "thinner

Pol yrer i z8&t i oknGatURated M{y(gst,egs,r,es:.ns hag; haan devrlaRedied out in a
nunber of wayghich ar@lidlRadORieh icasthand haiie a Pefrdetiveoted with a

mat eri al such a ob t _octoate ., or..c ht hena When used with
met hyl et hyl iJ appﬁ-@ma&glyt ﬁ'e'%s%/ @ﬁ% Q‘{h’%}% room

t enper at ur e. ﬁr‘rimarh.rlqea%:dﬂtqhﬂq@ﬁrﬁ use of styxsne @s:aal so can be
used, i ncl udi Iée-rlrﬁﬁun dicll.ll{ér{g Mdﬁrpqﬁ)g gﬁ;végl{ djfazo conmpounds, as

wel | 25 as p ot0|n|t|at curing using npoun ected fromthe
fol | owi ndOcl a%%%léﬁ R it H5s: Welght lﬂ,ﬂf-’ﬁﬁﬂﬂe{ héfhe benzophenones,

t hi oxant honesgensities of the various polyester systems are also
quite low (on the order of 1.25 grams/cc). These
properties are superior to CR-39 (index of 1.498 and
density of 1.32 grams/cc) with regard to the

15 potential to make "thinner and lighter" lenses.

Polymerization of the polyester resin
system can be carried out in a number of ways.
Quite common is the use of a system promoted with a
material such as cobalt octoate or cobalt

20 naphthenate. When used with methyl ethyl ketone
peroxide, the system can be cured near room
temperature. Other free radical polymerization
techniques also can be used, including thermal
curing using peroxides or diazo compounds, as well

25 as photcinitiated curing using compounds selected
from the following classes of photoinitiators:

" benzoin ethers, benzophenones, thioxanthones,
ketals, acetophenones, and phosphine oxides.

Polyester resins can be manufactured using
30 different compositions to achieve a wide variety of
physical properties (hard, soft, rigid, flexible,
and the like). Typical commercial polyesters



ket al s, acetophenones, and phosphi ne oxi des. Pol yest er
resins GgpopRosgRNUf actured using 30 different conpositiopéTﬁgﬁgﬁ?%fve a
1 e!

wi de variety of physi cal properties (hard, soft, rigi

and the like). Typical conmercial polyesters W 96/ 10760 :
PCT/ US95/ 11623 i ncl ude those nade froma variety of glycols an
aci ds. Common glycols used in al kyd pol yester synt hesi s i ncl ude:

et hyl ene gl ycol, diethyl ene gl ycol , propyl ene glycol, dipropylene

gl ycol, 5 neopentyl glycol, and the |Iike. Commobn acids used I ncl ude:
pht hal i ¢ anhydride, isophthalic acid= 6 = adipic acid, and the |ike, used
I n conjunction with ~mal ei ¢ anhydride and/or_fumaric acid to provide

unsat ur at i on ifGlude, dhase, made LEQM 3 Vaierk Qh Hyaqls @ndt her di | uent
nmononers. acids. Common RjdvlsmatsedsimaIydPoryestasri de are

commonly call ed “ort.ho resins”; t made Wi th .. isophthalic acid are
comonly ref ayf‘éd‘%so‘sas”“? e etqﬁéﬁqq%.gayqﬁfh q’e%fﬁ!?é ® properties
desi rabl e fomglycolyalpropydwErid aglyarl erdipropylenmslgiyap)X si ns whi ch

have goog scrat i ) ar. 1¥¥g 4 qui ' int. Typical
- ortho regi ns,l:‘%c??ét‘#?o%lr " aq'ﬁgm : gjliléy?g'eneéa S rraoéril'ec.i)gsvcéé;ﬁ%h-prone, but
tint  nodaclades phthalis anhyamideuriaophthalisagid0  resins have a
pr?penlsl fd_y E%&l@iw%rdi@ %a{a_em%t YiKe, used UM fsimjuhditn %A%wternal |
opti-cal distortiqn or Vi Si "waves", previ ously
nent i oned, sﬂﬂaﬁ‘hf ia‘anhydridceorﬁﬂéf‘i? \L,E‘E'h“dis“ 2A¢d ko REYAR di | uent monormer
25 W th unsansathat thicdn dore crospdsinking, usimllye with gtontdma of
styrenelios [ Y %q':%eeq. éirl%é.r&d%rmmers. _ ref raction al so increases. However (

t he preSence of

Resins made using phthalic anhydride are
commonly qalled;"orﬁhq resins"; those made with
isophthalic acid are commonly referred to as "iso
resins®. With respect to p:operties desirable for

15 making ophthalmic lenses, typical iso resins which
have good scratch resistance are generally quite
slow to tint. Typical ortho resins, on the other
hand, are generally more scratcthrone, but tint
more readily. All of the ﬁnsaturated-polyester

20 resins have a propensity to polymerize somewhat non-
uniformly causing internal optical distortion or
visible "waves"®. ' '

As previously mentioned,_styrene is

cqmmonly used as a cross—-linking diluent monomer

25 with unsaturated polyester compositioné. . As the
portion of styrene is increased, the index of |
refraction also increases. However, the presence of
higher concentrations of styrené also tends to cause
a higher degree of exotherm within the polymerizing

30 composition leading to the formation of optical
distortion within the lens. Improving optical
uniformity (lowering optical distortion) and _
increasing tint speed in an unsaturated polyester



ﬁigher concentrations of styrene also tends to cause - a hi gher degree

of exot h@brpfﬁ Mofepi N the polymerizing 30 conpositi-on | eadll,p_q.n} {)&?
optT cal

formation opti cal distortion within the |ens. InprOV|ng

uniformty (lowering optical distortion) and - increasing tint speed in
an unsaturated pol yester WO 96/ 10760 ' _
PCT/ US95/ 11623 -7-- resi n- based
ophthal mc | ens conposition, while mai nt ai ni ng a high i ndex of
refraction and col or, ' therefore, is a form dabl e task.

SUMVARY OF THE | NVENTI ON 5 =7 = In brief, the present invention

S directed to unsatur at ed polxester resin- base conposi tions
that are nodi¥¢eipTRRSERA SPRERAYMIC leng Gemperikion, WRiter m | ow optical:
distortion maineaitingiaphiykdihdek opeedfbycthonaddat eelogf, one or 10

e L oRAPAFOREY AP PRI b S osl o e B

about 1, 000), together with an exotherm depressant, neking the

nodi fi ed polyester resin-bagppe ; swENTTONMErci ally viable for
casting ophthal mc | enses. g ) 'S) and exot herm depr essant
are useful to nodify the polyester for sufficient inprovenent

i n reducisg optlcal d|sigrﬁtggfanﬂﬁerpragéﬁulmﬁvéhﬁign is speed such that
any unsat ur at éggs{er [ es éﬁ 9 rod cing a relatively
clear or col &45@5 %ﬁﬁ?#ﬂﬁa ?|PBS Fﬁ%?ﬁvﬁﬁ éﬂr RPBBBntIy to provide a
conposition haampgsihﬁonsqthaedapeomediféedfﬁoraunexpecteﬂhthaIn1c | ens.
Soret | mes the ﬁﬂ%{réﬁ(&n P ik Hﬁf?om, 10l0cbBELHTCaistbeiof"Nanci ng dye to-

arrive at num | eéns
and/or improved tint speed by the addition of one or

10 more additives selected from a monomeric allylic
ester and/or an acrylate monomer or oligomer (weight
average molecular weight below about 1,000),
together with an exotherm depressant, making the
modified polyester resin-based composition

15 commercially viable for casting ophthalmic lenses.
The additive(s) and exotherm depressant are useful
to modify the polyester for sufficient improvement
in reducing optical distortion and/or improving tint
speed such that any unsaturated polyester resin

20 capable of producing a relatively clear or colorless
casting will be improved sufficiently to provide a
composition having the required properties for an
ophthalmic lens. Sometimes the additive will need
to include a color enhancing dye to arrive at

25 optimnm lens color. -

Accordingly, one aspect of the present
invention is to provide unsaturated polyester resin-
based compositions, including an exotherm
depressant, such as alpha-methyl styrene, and an

30 ~ additive selected from an allylic ester, an acrylate
' monomer, and mixtures thereof, having improved
optical uniformity and/or increased tinting speed.



Accordingly, one aspect of the present i nvention is to provide

unsat ur at ed ester resi n- based conpositions, including an
exot her mWO 96/ pressant, such as al pha-nethyl styrene, RfI/B§51033

addi tive selected froman allylic ester, an acrylate nmononer, and .
m xtures thereof, having inproved - optical uniformty and/or increased
tinting speed. WO 96/ 10760 :

PCT/ US95/ 11623 Anot her aspect of the present

i nvention is to provide a nethod of manufacturing ophthalmc-

| enses by polynerizing and curi.ng a pel gester resin- based conposition
within a nold cavity, said 5 conposi tion containing an exot herm
depressant and an Andithiere aspect! of thenpresenity investiion ian acrylate

d h e t t
are 1 not eased P PAEEAART § Agtnol S RkrB SRS (S, phen®ABE: 50 or ) F ana
about 200] er r LAnses byppoflymentiz ingt wodn cHEANG 95 polyestar rasdm- 190[err]F
over a psa?eé emebE&t%naWtﬁ%t a?hedl éaw&&s Bajapout 20

hours, nore er ah Pi ours to.about hours. After
conpl eti oft of °PFPPS’séi§|1PHg°€§'@ ningean eXW%de?ﬁeseen&em &% opti cal
uniformty. aaaltive selectedndirom andspddylit ebtep,cannacripdatid on is

t i d I I

od cor i g o BEgRgre, aRRCHiATUIEL"Rr3ah ?Z‘Wp%%.rfbxn% BRSO o
cavity, nusisunempersenpeguarenlnscneaeg in eseentimlly depressant
to slow the rahifei-mpelt&iserl wmeen aseut 80°@t ahaaabow 20dewTal

polymerlzatlonlnltla ors. I ni_tiator
di - (4-tefP- buP?F@?EPBﬂXX?FFween aﬁ@PGx?élgéPBGn&P@“tl§99f§eGFFFeato _
initiate paetlbaewzehmenowat deastcabont! ynhbuzat ten adout 2OMperature

range, e.dqg. rom abgut 95 secgond t her mal
initiator, .b urferFoﬁﬁty fLEa%§y0§§%§te}ﬁyp%§%% nggouﬁ i ffective to
initiate hpurgeer Af&erocospdetionupfethisr clringf cyicde, the

pol ynmeri zati OlefABdsCdikhiBitCERReINehe bpRiRalCuliiformity.

15 Another aspect of the present invention is
to provide a method of manufacturing ophthalmic -
lenses by polymerizing and curing a polyester resin-
based composition within a curved mold cavity,

~ wherein the composition includes an exotherm

20 depressant to slow the rate of polymerization, and
at least two'thermal'pplymerizatibn initiators. One
initiator, e.g., di-(4~-tert-butylcyclohexyl)
peroxydicarbonate, is effective to initiate
polymerization over a-lower,'polymetization

25 temperature range, e.g., from about 95°F to about
150°F; a'second thermal initiator, e.g., tert-butyl
peroxy-2-ethyl hexanoate, is effective to initiate
polymerization over an upper portion of the
polymerization and curing temperafure range, e.g.,

30 from about 150°F to about 190°F. ' :

The above and other aspects and advantages
of the present invention will become more apparent



%O from about 150[err]F to about 190[err]F. The above

and ot heywas@h and advant ages of the present invengd ' becone
nor e appg ent b WO 96/ 10760 Bhbsshien

PCT/ US95/ 11623 T _ -9- - fromthe
foll ow ng detail ed description of the preferred enbodi nents of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
The conpositions of the present invention 5 include an unsaturated

pol yester resin as a predom nant portion of the conposition (nore than
50% by wei ght, preferably nore than abo& =70% by wei ght, e.g., about
70% t o about 85% by wei ght  of t he conpositi,on),. Unsaturated pol yesters

are well 10 FERG%nthey foddowdngy fetadleds desrrintiom @f dhert one or
nore pol yol s pirelfegiredoenbodd mepits. dtoend ipresent dtivéntiwnd,h ol efinic

unsat uration being provided by- one or nore of the reactants, usually
the acid. The resul tant unsaturation in the polyester enables 15

t hese resins t oDEPAELED-DESCRIPTIION OFOTHNE PREFERRED EMBODIMENTS oduct s
wi th conpounds that contain - ol efinic doubl e bonds, such as styrene
and/ or net hyl - met hacryl ate. Conmercial |l y avail abl e unsaturated

pol yesters whi ch can be Th&egomposdddonsn af pnesent inventidon nventi on
i nclude the reaetivae AhOGneatuated polyRsteresitildd & €d or unsaturated

dhcarboT 1 prgnpingis, Back 18 47 i, Sl g ipa 11,2
Exanpl es of sGi0%ablyeweighttyr preferablydmarebdchan aboutdsondywde mal ei c
acid, fumaricyejgneaCiedy Gl biRuY 70U aldit® Y vy WkidiREYE ¢ aci d.
' the composition). Unsaturated polyesters are well
10 known and can be manufactured by the reaction of one
or more polyols with one or more polycarboxylic
acids, with olefinic unsaturation being provided by
one or more of the reactants, usually the acid. The
resultant unsaturation in the polyester enables
15 these resins to form thermosetting, cross-linked
reaction products with compounds that contain
olefinic double bonds, such as styrene and/or methyl
methacrylate. Commercially available unsaturated
polyesters which can be used in accordance with the
20 present invention include the reaction products of
one or more saturated or unsaturated dicarboxylic
acids, or their ester-forming derivatives, with a
sgtnrated or a vinyl-group-containing polyhydric
alcohol. o

25 Examéles of suitable unsaturated
dicarboxylic acids include maleic acid, fumaric
acid, citraconic acid, itaconic acid, meconic acid,
and anhydfides thereof, lower alkyl esters or acid
halides thereof. ' ' '

30 ' Examples of suitable saturated dicarboxylic
acids include aliphatic dicarboxylic acids, such as



and anhydrides thereof, |ower alkyl esters or acid hal i des t her eof .

30 wddsAddees of suitable saturated dicarboxylic ' i 3¢l ude

al i phatic dicarboxylic acids, such as WO 96/ 10760 PCIftSsSnids

PCT/ US95/ 1623 . - 10 - mal oni ¢ aci d,
succinic acid, glutaric acid, adipic acid, suberic acid, azelaic acid,
pinelic acid, or sebaci c acid; and aromatic dicarboxylic acids, such
as orthophthalic acid, terephthalic acid, 5 i sopht hal i c acid,

m p- di phenyl di carboxylic acid, and di phenic acid; and anhydrides of

t hese aci ds, such as phthalic anh}8rrde and mal ei ¢ anhydri de,

| ower al kyl esters, or acid halides of ese, acid . and, m xtures

t her eof . Y 1¢ralonic ac;fé"l?(‘é‘ﬁfbf‘éic o‘fcé%# t%l)‘?‘éaﬁi‘i’ yAFLd; n%gﬁaéc

et hyl ene gl yaidprapyerie atidolazélaiteaeid) ypihelic aciheppentyl gl ycol,
di et hyl ene gl [ I C Lethyl e C

pl)l y( gt hyl egeg%%jb‘f“)isgwy %dﬂ zﬁ?ﬁat%if%s&%%%ir‘%%ﬁfﬂg 1%31‘%}/ Qﬁch The base

pol yester redtsh QuthPphthakic acidorkexephihalimmetdhnods of the present
Tange of bo i o s U0 SRR SO LS $64dLD0 to abou
range of abou , o, about _ 5, ,_prefe y about, 1, o abou
4,000, and siif Cé)j(é’%jtqﬁtﬁﬁi‘ko ‘?ngi’gl‘y%f#@%l%f-.um%?%r%?bﬂspol yesters
havi ng such suclpraypehtiesl i canleydr idevand maleiaranhydride, As
exanpl es of .t abl el |y, resi s, h e pol yester
can be a S%%"fé}gsﬂejémgérérf{e%%smf haecftga% |%‘§é%f-§%r%l§)?ﬁéen c,ﬁ@é, gl ycol,
pht hal i ¢ anhyand geixkures|ttherephydri de, such as. the "S-40"
unsaturated pol yester disclosed : . N
10 - Examples of suitable polyols. include

ethylene glycol,. propylene glycol, butylene glycol,

neopentyl glycol, diethylene glycol, dipropylene

glycol, triethylene_glycol, poly(ethylene glycol)s

and mixtures thereof.

'15 . The base polyester resin used in the
- compositions and methods of the présent invention
should have a number average molecular weight in the
range of about 1,000 to about 5,000, preferably
about 1,500 to about 4,000, and should be without
20 haze. Suitable unsaturated polyesters having such
properties are well known in the art.

- As examples of suitable unsaturated
polyester resins, the base polyester can be a
polyester formed by the reaction of propylene
25 glycol, phthalic anhydride and maleic anhydride,
such as the "S-40" unsaturated polyester disclosed
in Bright U.sS. Patent No. 5,319,007. The =
composition disclosed in the Bright patent includes
a phenoxyethyl acrylate, which is not included as an
30 acrylate additive in accordance with the present
' invention. Another suitable unsaturated polyester
is formed by the reaction of maleic anhydride,



in Bright U S. Patent No. 5,319,007. The conposition disclosed in the

Bright paigusfiohdec! udes a phenoxyethyl acrylate, whichd - Japcl uded
as an 30 a](;:qu‘{/dlaat e additive in accordance with the- preset}éﬁuﬁg}lf%ent i on.
Anot her suitabl e unsaturated pol yester is formed by the reaction of
mal ei ¢ anhydri de, WO 96/ 10760 '

PCT/ US95/ 11623 - 11 - ort hopht halic
anhydri de and propyl ene glycol, such as "Aropol L-2506-15" of Ashland
Chem cal Co., also di scl osed in the above-identified Bright U S.

Pat ent No. 5, 319, 007. 5 = 11 = The preferred polyester resins
useful in accordance wth the present invention are shown in - the

fol | owi ng exapFraephkhaiie PHBYQE&éﬁléﬁdpP§BBUi§ne glysplensuch nore acids

or anhydri desagehrebpdlf 1L.og506-15PhbeahbR1afidchengBRhebLC adisd ™l eic
acid, 10 ph hal particul arly

m xtures of t #gﬁ% QXBfkgﬁcﬁgaXFH§dengxgéFgaﬁﬁﬁgnggés -wFateRtyo| yol

sel ect ed fronNet h§|212,007. glycol, propylene glycol, diethylene glycol,
di-propyl ene glycol, and neopentyl egcoI preferably 15 two or nore of
t hose gl ycol s, haV|ng a nunber average nol ecul ar weight in the range
of about ¥,500 ~ to EBeuPrefeyyed polyester resinscyseful: ia nost

difficult prOQbéB?dance ameﬁuahergéeganat&avahtaantarEOEKBbat an? pol yest er
20 - resin-base osition |nt9 a sui_t g

Formul ot on TERE ETRGRLhg  PunRp s 280, APe §AE Feachisn PERGUSHS on with
suf ficient opefcahecomrmbye acidsoorf anhgdrmifiesnsefectell drsmortion. In
convent i onal pnena@§A°gdYaes s LoEntAE138S kM, Ohallds! hbqgoht hal mic 25

| enses, the r S use Yoduced bet ween
spaced ap@rt BhtBalée aphydrided malel§u#ﬂ§¥é§idﬁd and nDId sections are

seal ed toget hgs -ticulaBeyt miReutesNBE tit8' bE AbYePBeBABA abids"ON-
.or anhydrides, with a polyol selected from ethylené
glycol, propylene glycol, diethylene glycol, ,
dipropylene glycol, and neopentyl glycol, preferably
15 two or more of those glycols, having a number
average molecular weight in the range of about 1,500
to about 4,000.

One of the most difficult problems
encountered in attempting to formulate a polyester
20 resin-based composition into a suitable ophthalmic
lens formulation is that of providing the cast and
cured composition with sufficient optical clarity,
or freedom from optical distortion. In conventional
procedures for the casting of plastic ophthalmic |
25 lenses, the reactants used to form the resin are
introduced between spaced aparf glass or metal mold.
surfaces and the mold sections are sealed fogether
about their inner'periphery by means of a non-
reactive, resilient gasket or retainer ring. Since
30 exothermic materials are employed, the mold outer
surfaces are immersed in a cooling fluid, e.gq.,
water, or otherwise cooled to_dissipate the heat of
polymerization and cross-linking from the mold
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reactive, resilient gasket or retainer ring. Since 30 exothern1c

mat er i alywodggo7ReP! oyed, the nold outer “surfaces are | g;{;ﬂ H:

cooling fluid, e.qg., wat er, or otherwi se cooled to dISSIpa e e heat

of pol ynmeri zation and cross-1linking fromthe nold WO 96/ 10760

PCT/ US95/ 11623 - 12 - cavity, and to

mai ntai n an opti mum pol yneri zati on and curing tenperature. During the

pol ymeri zati on reaction, particularly prior to gelation and cross-

| i nki ng, convection currents are created in the 5 resin, while the resin

isinthe liquid state, as a resdd f a substantial tenperature
~differential bet ween the | ymerizing,resin |n the nol d cavity

and the cooI%ﬂYlfnata§9rFBuﬂBéggﬁénnBPdPP%ﬁggg pol iﬁ currents

tend to freeandi supih§etpnppratuie. asupdhgnthhzpbagnenﬁeﬁtﬁdm through
gel ati on and ri g a bIe maves I n
eac iSH §gﬁtigﬁigki9 Rigoconp %ﬁigﬁ ﬁn ah

the cured pofyes fe enses &867e "waves"
are unaccepthbnbinge onvgcbnghvGurrentSpBreabreﬂsedrunothar opti cal
non-uni form fygin 15hi1f the r 51h” 8c% r@ﬁaciiﬁhih QQatgp higagt feature of

the present Tnvenfio Been foun f1on of an
exothern1dep?ﬁ§§&ﬁt°foatﬁBbStant&ﬁ§aFEPaF€étB§Pyééfgﬁrﬁé§iﬁlbased

?0”P05|t|OntbetweéﬂSﬁhéspbmyﬂeﬁﬂﬁihgl?&kiﬁ ﬁﬁdﬁﬁ&dmbiaecQViFQ?Ctl?ntzo
oryneri za ocee oyer-- over a 0 I e (o}
rgduge t he c6ﬂ5e€§?0ﬁ°8§PP§ pgat surgappg ghfp9°h§ “pr 3PERE visible "waves"

or str|abnvesti&hecursehtsngendred fuaeaeuiatedthe pojgmeest er - based
lens negri halh@w opti cal :
di Stor tron a*%“?&%i‘&ﬂ*ﬁ“°ﬁp?%§?%ne§§ eHfong ‘*”‘!%*“W%‘e‘ a3 U at o (

pol yest er - C“rlﬁiseﬁeﬁﬁﬁﬁé§9tiBn?tSFa ken, PEs¥Asiblec iwayesndnude,
for exanpl e, tRépbaréeat pylyebyeeneesial pi nehses; that coAkEEn! 8uRhneENE;

L T e v

optical distortion or optical non-uniformity.

15 'In-accordance with aﬁ important feature of
the present'invention, it has been found that the -
addition of an exotherm depressant to the’
unsaturated polyester'resin-based_composition
results in a sufficiently reduced rate of reaction

20 (polymerization proceeds slower over a longer period
of time) to reduce the cqnvection,cu:rentsa
sufficiently to prevent visible "waves" or
striations. The resulting cured, unsaturated
pquester—baséd lens material has excellent optical

25 uniformity, with low optical distortion. Suitable
exotherm depressants for the unsaturated polyester-
based compositions of the present invention include,

- for example, alpha-methyl styrene; terpinolene;
gamma~-terpinene; dilauryl thiodipropionate; 4-tert-

30 butylpyrocatechol; and mixtures thereof. The
exotherm depressant should be included in the
composition in an amount of at least about 0.01% by
weight of the composition, up to about 20% by
weight, depending on the depressant used. Alpha-



f":orfposi tion in an anount of at |east about 0.01% by wei ght of the

conposi t ivwe se/vd¥ed 0 about 20% by - weight, depending on peendepigssant
used. Al pha- WO 96/ 10760 S

PCT/ US95/ 11623 : - 13 - met hyl styrene-
~preferably is used in an amount i n the range of about 2% to about 10%
by wei ght, nore preferably about 5. 5%to about 7% by wei ght of the
conposi tion. 5 In addition to the exotherm depressant, it

has been found that the unsaturated poI ester should i ncl ude an
additive selected fromthe group iSting of an allylic ester, an

acryl ate nonone and m xtu of , to OVI de i nproved ti nt speed
10 and/ or M&d %e&ﬂ Rﬁﬂ%ﬁ#ﬁqt % r{B‘ lylic ester
and any | ow. cd:lner range xfe abmuinR% azceabout slln%ehyeweitgmh.e make tive in
accordance w tg%g_, t thdtable
allylic est erzﬁl nc aé:él. nonoal%g;ﬁ:] dé“sytherg% ch jﬁ est ers and

triallylic °“preferab|y an allylic ester sel ected from t he
group consistlng of diallyl phthal ate; : dlethylene gl ycol bis(allyl

carbonate); triallyl C .ate m xt yres thereof. Qther,suitable
20 al | y?si C esters i ncl%gﬁ}i é’r%/q‘g{ L#rﬁﬁ £ "é' jt‘?l al |yl

[ s?)cy?nur a’ltle lhﬂu'salﬂeﬁn prinlbiyisg d:hqa}t lzheﬂtzzq&urhtgé@cpn].ﬂsxemstiﬁomm:c yl

mal eate; ally ; %Pc es er eof . :
The allylic eltngrludﬁgr%’z?a?cortpor%t ee(\i‘ie & n %ﬁ% n additive, should
be included | cansistingmfimn ialkyieic aeﬂjtemf mcmrulaate) noRORerHY, based

on the total weighidurdi tHlpest ert&’%biﬁ‘%mprov&?mtéﬁéb
preferably about. 2% t,o about 10%%{? and nore preferably about
6% to abd® 1®RUPTETREAYAA ORE Joéé'!j'#%g{ft% acRe\ARW F£o4BBut 7.5% t o

about 9% by wail}itlic ester and any low color acrylate monomer are
suitable as the additive in accordance with the
present invention.

Suitable-allylic esters include
15 monoallylic esters, diallylic esters and triallylic
esters, preferably an allylic ester selected from
the group consisting of diallyl phthalate;
diethylene glycol bis(allyl carbonate); triallyl
cyanurate; and mixtures thereof. Other suitable
20 allylic esters include allyl acrylate; allyl
benzene; triallyl isocyanurate; diallyl maleate;
diallyl diglycollate; dimethallyl maleate; allyl
benzoate; diallyl adipate; and mixtures thereof.
fhehallylic ester, when incorporated as a
25 composition additive, should be included in an
amount in the range of about 1% to about 20%, based
. on the total weight of the polyester-based lens
composition, preferably about 2% to about 10% by
weight; and more preferably about 6% to about 10% by
30 weight, with best results achieved at about 7.5% to
- about 9% by weight. -
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- 14 - wo9610760 - As shown in the follow ng exanpl espcrpysesiies

i nprovenents in optical distortion and/or speed of tinting can be
achieved with either an allylic ester or an acryl ate nmononer, when
used together with an 5 exotherm depressant. Best results are achieved

W th a conbination of an allylic ester and an acryl ate nonomner ,
particularly since the allylic ester also functions to increase the

I npact strength of the cross-1linked polynmer network, and the acrylate
10 additionally functions to increas&4tfie abrasion resi stance.

‘Suitable acrylic nononers include _ acryl ates, djacryl ates,

triacryl ates, t et r & SAOHL SN Jhe %%sﬁ r&,-.e_’%ﬁ'ﬂpd]t% hi gher 15

Poly-IEnctiomdpnnvgdentsai? Bptiuaﬁeﬂistbztiqﬂeﬁnﬂ/or sp&u&mﬁfif se:ected
romthe gro : ) . eiTe ate; e yco

di net hacryl a,‘[{;g.;n%’}ﬁl %éépﬁ’eegaar?eholle(ﬁ%%r yl a{%g%rﬁng*]hﬁig%r%%%%

pol yoxyet hyl &% an jagryiahe nonqren adhammused tagether sitlylane; and

m Xlt u:‘jes slt Eelre's@téxermb dte_ptretssanfi.k lﬂél?&;ée%ﬁi@'%;m:w\féhd Qi‘ﬁf.h ?cr yl at e?]

i ncl ude al kyl_ and .substituted a cryl ates an . nmet hacryl ates, suc

as ethyl acry mbﬂ%j(ﬁfleﬁﬁd an gnr@[‘rf?};&iﬁeoﬁ &nd ap Ackxiate, |

met hacryl at e moiomer3- lpadrtbouianiy simcd dihe akiy i testasr talkseof .

Addi ti onal suitahs | Vv lates include
any hal oal ky%ﬁ%Q%%&%% H'g% yi[n%agt?t ?ﬁm%t%ﬂﬂ%omet hyl _

acryl at e; cragsrdigkes ralypernetuark, andidieetagnylste et hacryl at e;
2- bronoqighy! Riitaemd1ae sulittions t8 ntrsadd &P fabrasion

~resistance.

Suitable acrylic monomers include
monoacrylates, diacrylates, triacfylites,
tetraacrylates, pentaacrylates, and the higher

15 poly-functional acrylates. The preferred acrylate
monomer is selected from the group consisting of
methyl methacrylate; ethylene glycol dimethacrylate;
1,6 hexanediol diacrylate; trimethylolpropane
polyoxyethylene triacrylate; dipentaerythritol

20 pentaacrylate; and mixtures thereof.

~ Other suitable monofunctional acrylates
include alkyl and substituted alkyl acrylates and
netha‘crYlates, such as ethyl acrylate; cyclohexyl
. mefhaérylate ; 2=-hydroxy ethyl methacrylate;

25 3-hydroxypropyl acrylate; and mixtures thereof.
Additional suitable monofunctional acrylates and
methacrylates include any haloalkyl acrylate and
methacrylate, such as alpha-bromoethyl acrylate;

. alpha-chloroethyl acrylate; chloromethyl

30 methacrylate; 2-bromoethyl methacrylate; and

mixtures thereof. R

v
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- 15 -  WO096/10760 Aryl acrylates and nethacryl ates alperessnie2s
guitable as the conposition additive, such as 2- =~ . naphthyl

met hacryl ate; para-tolyl acrylate; and m xtures thereof. Al so suitable
are the haloaryl 5 acrylates and nethacryl ates, such as para- :
chl or ophenyl net hacryl ate; neta-bronophenyl acryl ate; T
2,4,6-tri bronmophenyl acrylate; and m xtures thereof. The benzyl
acrylates and met hacryl at es whi ch %an be used as conmposition 10
additives, in accordance with the pres& I nvention, i ncl ude benzyl

acryl ate; benzyl netha eir.deriv ve such as

paré chloroben¥ | qﬁékﬂ.ékéﬁiéﬁssn%?g Fﬁ gﬂt # ﬁ%ﬁﬂaﬁ?ﬁlate par a-
et hyl benzyl eﬁnytabkg aswthmx¢ompssihéonoadditiﬁe, such as 2-Qt her suitable
ol yfunction ﬁﬁ{ tﬁgk L pol yol
glagrylates g% Hin h% é¥y atg§§§€§Cﬁ$fgfne%Pgi#gF $§gol

di acryl ate; pPot¥eErss d Eﬁ?@ol~§h®@)sn1tabﬁ¢n§¥ﬁa§h?lb§ oarylodi et hyl ene

gl ?/c?l 2% dgliﬁejj:@glgégtﬂﬁ@ %@ﬂ(ﬂ?ﬁty{i&feé tggéﬁoas ?fgdat |honalI I usef ul
pol yfuncti ona at es, and_ne i ncl ude the polyo

pol yacryl at es® réﬁ -dplie VRRERacTY) af%%/%s m%’ﬁ%'ﬁbﬁgmﬁgh?ﬁg ythritol
trlaggyLaée qﬂg&intﬂ,tz;4uﬁyt£ihroﬁéphenylnachylate:oande ér{ﬁcrylate;
tris ydr o t oCVi r [ ale. an e

al i phatic an %ﬁ%ﬁﬁf?ég%%%% ﬁnct?%% ?éﬁz%i Q@%Pfﬁf&%uég I onal urethane
acryl at es andielhagrylatesswhich candbei usedessm@mmsitioao

The acryl@t e dadittves \nEw aé@@fmaéedieﬁ the pfesenei thoaneddhti ve,
shoul d be in gﬁ of bout 1% t o about 20%

based oingHiae e acAPTath: Bend¥y! 80PRalEviRtHLand

their derivatives, such as para-chlorobenzyl
methacrylate; meta-methoxybenzyl methacrylate; para-
ethylbenzyl acrylate; and mixtures thereof.

15 Other suitable polyfunctional acrylates
and methacrylates include the polyol diacrylates and
dimethacrylates, such as neopentyl glycol’
diacrylate; polyethylene glycol (400)
dimethacrylate; thiodiethylene glycol

20 dimethacrylate; and mixtures thereof. Additional
useful polyfunctional acrylates and methacrylates '
include the polyol polyacrylates and
polymethacrylatés, such as pentaerythritol
triacrylate; glycerol triacrylate;

25 trinethylolpropane triacrylate; tr;s(z-hydroxy
ethyl) 1socyanurate trlmethacrylate, and the
aliphatic and aromatic monofunctional and
polyfunctional urethane acrylates and methacrylates,
and mixtures thereof.

30 ' The acrylate ﬁonomer, when incorporated as
composition additive, should be included in an
amount in the range of about 1% to about 20%, based
on the total weight of the polyester-based lens
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- 16 - conposition, preferably about 2%t o about 10% by wei ght ;
and nor WQ&26mbl'y about 6% to about 10% by wei ght , Re¢T/HS9583623resul ts
achi eved at about 7.5%to - about 9% by wei ght . 5 The
resulting lens will have a relatively hi gh i ndex of refraction
(approximately 1.56), a relatively low density (approximately 1.24
grans/cc), and an acceptabl e ABBE val ue (approximately 34 to 37). The
lens will have 10 sufficient hardness to be able to be surfaced with
commonly used optical |aboratory equ ggpui " Additionally, by the
addition of various ultra- viol et. absorbing materials (such as

g?g?mcgrrqe'?% Positiohl éfeQabay@bsutheUtpnaﬁaﬂt 208 bpe |i keéI anﬂ 15
| 0 e, and w
not appreC|éB?§g§E¥ éﬂ%dﬂ?Fﬁgpre?e §6¥quaP§ gga&PgﬁP°“twq°&

The fol | owi ngeights withxbeptesesultsdachievedtat ahuutaVLscstoddltlve
conposi tions e roperties.- of | enses nade wi-th various

pol yester r §$ﬂ“§y§¥aﬁg w%ﬂgh?ést met hodol ogy was to cast semifinished
| enses in different configurations. One group of semfinished | enses

were casg with an apprﬁiﬁﬂ?&@huﬁn&' Qahgrwinnha% a feun&ei&adya 6 diopter
back curve, an edge th

ness g dianeter of 75 mm
Anot her set Bigh lndP§n9§srﬁEF§°E&QP ﬁPPHrﬂgg%BgF Y &r0R% rafld back
curves, an egggativekpesowoliefsitymiupprdxindtalyt ar24 of 75 mm For

EE;}U§g5}2§6§§£HE&%E ?ngnaegkegbceptabY£>Rﬁﬁﬁozggue |
(approximately 34 to 37) The lens will have (
10 sufficient hardness to be able to be surfaced with
commonly used optical laboratory equipment. '
Additionally, by the addltion of varlous ultra-
violet absorbing materials (such as Cyanam1d Cyasorb
UVS411; Ciba Geigy Tinuvin 234; and the llke) and
15 color-correctinq'dye(s); the lens_can be made “water
white” and will not appreciably yellow during
exposure to sunlight. o

The following Table of Examples

demonstrates how various additive compositions

20 change the propertxes of 1enses made with various
polyester resin systems The test methodology was
to cast semifinished lenses in different
configurations. One group of semifinished lenses
were cast with an approximately 8 diopter front

25 curve and a 6 diopter back ourve,_aﬁ edge thickness
of 9-12 mm, and a diameter of 75 mm. Another set of
lenses were cast with 6 diopter front and back '
curves, an edge thickness of 9-12 mm, and a diameter
of 75 mm. For most of the formulations tested,



- 17 - | enses were also cast with a 4 diopter front curve and 6

di opt er e wth an edge thickness of 9-12 mm _and a di aneter
of 75 mnwﬁﬁggﬁg are percent by wei ght 5 PCT/USH)/11623
formul ations were initiated with 0.5 @6di-(4-tert-buty|cyclohexyl)
per oxydi car bonat e (AKZO Per kadox 16S) and 0.71 wt % of a 50% by wei ght
solution of tert-butyl peroxy-2-ethyl-hexanoate - (AKZO Trigonox 21C50).
The conpositions were non- 10 pronoted and thermally cured by i mersing
t he nol ds in a water bath and enpl oying the follow ng cycl e:
TEMPERATURE TIME = 17 =-95F 5
hour s . 95F-180[err]F approximately linear to

" increase overlengesrwer® alsoscpet: with a 4 diopter fronk lourve For
resin-only sy | 0 r I imately ‘1
wt % st yrene. §%ag§ d&Bﬁth Ehék E?%?% F%gﬁ n|t|a gsﬁere gﬁp§ﬁ$ved in the

addi ti ve conp®sitei B anéoa diameter ofTd§ F@buliﬂﬁﬁ“ﬂ@hgcs'fronleach t est

wer e - evapdgtefitl by waéghtesence of visible optical di stortion
("waves"). If each of -the configurations of lenses for a given test
group had a majority of | enses without visible optical distortion, the

25 ratifg was deened Adlbfotrmudeltions’ werkf initiated wdth gumsati on had
half or a majQeatdiofal s I t the other
conngurationg ydi R4 E%?E bW%ch¥CI°h£#§h? glst |on9%bwg ati ng was

deened to be EQ"PeFFaFRH ééﬁﬁlQﬁﬂapraﬁswﬁ&d°ﬁaﬂf5°* by weight

solution of tert-butyl peroxy-2-ethyl-hexanoate.

(AKZO Trigonox 21C50). The compositions were non-
10 promoted and thermally cured by immersing the molds
' in a water bath and employing the following cycle:.

5 hours

approximately linear to
increase over 5 hours

15 | h - 7 W,-,fi 6 hours

For resin-only systems, the initiators were
dissolved in approximately 1 wt% styrene. In all
other cases, the_initiators were dissolved in the’
additive composition. |

20 _ The resulting lenses from each test were
evaluated for the presence of visible optical
distortion ("waves"). If each of the configurations
of lenses for a given test group had a majority of
lenses without visible optical distortion, the

25 rating was deemed to be "Excellent". If one
configuration had half or a majority of lenses with
visible distortion, but the other configuration(s)
had a majority without distortion, the rating was
deemed to be "Good". If two configurations had half
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- 18 - 8r a mjority of lenses with visible optical di stortion
and t he V%4%8nfi gurati on had a maj ority without dFSTEISPILS ¢ he
rating was "Fair". If all configurations had a majority of |lenses with
5 visible optical distortion, the rating was deened to be "Poor".

A lens was selected fromeach test group, processed to uniform

t hi ckness of approxi mately 1.5-2.0 mm Al lenses were tinted

si mul t aneously 10 in gray tinting solution (BPI Gray) for 5 mnutes at
approximately 200[err] F. Those | ensesigexhibiting a “per cent

~transm ssion of visible light after tinting . of greater than or equal
to 65% tranexw asmajordty of lenseedwith Sﬁs@ble55p£1c6496 "Slow'; 45% -
54% 15 " 5 } t q 34%
transn155|oﬁg%e§gk%°§ §%a %ﬁé tpE?& conk?&ﬁrk@iﬂ haﬁ uHardness was
measured onBR3AEAYF Wakheushdistortden, gtbeprating wasaFedr®s| nan type 935

machine.  1f élla&bﬁﬁlgﬁr8919hs”hhﬁ aSmdgerFity! 0fbdengeaPidtne. 20
Exanple% 1th i es of, pol yester |enses

o kieshie CpRERRISHIert18n,  ne KR oL amC AgRaRY ERue

L4

made fr

resins, whibe rPeopr¥.C and D are iso resins. ' , Exanple 5
denponstrates the use of an 25 additive conposition to inprove the optical
clarity of resin C froma "Poor" rating to "Good". The additive

conpri sed approxi mat eBylepswwesoselgeted: from eachotgstagkomp, In this
CO”DQS'tlOn?rbaésééd'EbVﬁniformCQﬁibﬁhéﬂsOBftEPEEbkhmﬁfiﬂ yrate (46%
combined WiiN;39 o hh. ALY SLRE2BNErROLYRELS' BYuglEanaoagty Ate (18%
10 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 65% transmission were

rated "V. Slow"; 55% - 64%: "810w“r 45% - 54%:
15 "Medium"; 35% - 44%: "Fast"; less than or equal to

34% transmission were rated as "V. Fast",

(

~ Hardness was measured on lenses from each
test group using a Barber Colman type 935 machine.
A rating of 80 or more is deemed to be acceptable.

20 Examples 1 through 4 demonstrate the
properties of polyester lenses made from the
initiated resin. Resins A and B are ortho type
resins, while resins C and D are iso resins.

Example S'demonStrateS'the use of an
25 additive composition to improve the optical clarity
of resin C from a "Poor" rating to "Good". The
additive CQmprised_approximately 22 wt% of the total
 formulation. In this composition, the additive
consisted of triallyl cyanurate (46%) comhined with
30 trxmethylolpropane polyoxyethylene triacrylate (18%)
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- 19 - and al pha-nethyl styrene (36% as the exotherm _ depressant.
Exanpl e WOPS/10T6®t r at es t he use of a di fferent additiv®PCFaigessiason to

| nprove the 5 optical clarity of resin B froma "Poor" rating to
"Excellent". In this exanple, the allyl conmpound is dial lyl phthal ate
(319, the acrylate is 1,6 hexanedi ol diacrylate (31% and the '
exot herm depressant is al pha-nmethyl styrene (38%. 10

Exanples 7 and 8 show the same additive package used in Exanple 6 with
the two iso resi ns, Cand D. Slig j,rrproverrents were noted for both
optical clarity ("Poor" inproved to "Fair") and tint speed. Resin C

CoNposi ti on axaA G A-rfdien: s‘ﬂ el36P ‘a8 ¥K aé%w D conposition
changed fI‘OI% %I\a/e ﬂ ﬁgsn 3é9) © . Exanple 9 shows the .

effect of a _ t' _ corrp05|t|on of addltlve Wwhere the all yl compound
IS di et hyl ene glycol bis(allyl carbonate) (50% btended 20 wth the

al pha- net hyl styrene 0 ‘gﬁpr wi t hout an
acryl.ate nononer . The ﬁ[&l'évn[egnm%tsral vvtﬁ ﬁ%e’f{ mul ation. A
dramatic diffrqmntemqu mmmaaiéz;iqm§motmrovemaxe ating -

| Mproveg 1 peildad ‘Hﬂaxtﬂ:f\@f*é:éﬁi B frc?n'i_’ a "Poor" ratinggpe 10 shows

the effect on iInprovin he tint speed of resin A of a mxture of
net hacr yl at EE*Ged 1@ntdor ﬂ’htféuﬁ/\ﬁ’@%%vl rﬁ'ﬂsﬁ ek kg °°mp°‘§'!@r45$1e exot herm

depr essant, damil@q, @Hﬁﬂanwt@n), the e g iis on, 6as et hyI ene gl ycol
di met hacryl exaned101 diacrylate (31%). and the exotherm
depressant is alpha-methyl styrene (38%).

10 _ ' Examples 7 and 8 show the same additive
package used in Exémple 6 with the two iso resins,
C and D. Slight improvements were noted for both
optical clarity ("Poor" improved to "Fair") and tint
speed. Resin C composition changed from "V. SIOw“
15 to “slow" and resin D compositlon changed from
"Medium" to "Fast". S

- Example 9 shows the effect of a different
composition of additive where the allyl compound is
diethylene glycol bis(allyl carbonate) (50%) blended

20 with the alpha-methyl styrene (50%) exotherm _ '
depressant, ‘and without an acrylate monomer. The
additive was 19 wt% of the formulation. A dramatic
improvement in tint speed was noted. The rating
improved from "Medium" to'"Very Fast".

25 Example 10 shows the effect on improving
the tint speed of resin A of a mixture of
methacrylates and an acrylate, with an alpha-methyl
styrene exotherm depressant, and no allylic ester.
The composition was ethylene glycol dimethacrylate
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- 20 - %ég di pentaerythritol pentaacrylate (23%

net hacrwglgﬁ(l % and al pha-methyl styrene (10%. Fgmﬁ?#“ﬂ?proved
froma "Mediunt rating to "Fast" Exanpl e 11 denonstrates

a dramatic 5 | mpr ovenent H1Hntrmeforremn/\Wtharﬁmuma of
diallyl phthalate (75% and al pha-nethyl styrene (259, without an
acryl ate nononer, conprising 10% of the forrmulation total. The tint
speed increased from"Mdium to "Very Fast™ 10 . Exanpl e
12 shows a good inprovenent in the- 20 =0ptical clarlty and tint rate of
resin A by varying t he conposition additive of Exanple 11 to diallyl
pht hal at e (p408) andipephaenpthyitelypentasciylatend23t), miethyde still

Foom 1o, AR IEE O Py ) Dona SiBHChEHy) ZRERGHE! (ibag ol LY, LIl OVEC
"Fast". The tint improysd,frem13 HEﬁéﬁB@PaFggiﬂﬁetaséFéﬁt" et hyl ene

glycol dinethacrylate (25% and al pha- 20 met hyl styrene (75% to
generate the sane i cal clarlt of resin A as shown
by the nixture used |ﬁxﬁ£§ il gemﬂﬁﬁggékefhﬁ frppa speed i s somewhat
reduceds  improvement in Eintpratelﬂorhresgh AGwithmathixtﬁrect of 25
varying the_adgdit| p e o] - E? Here the
additive is of gié%%fl g#eﬁgiggg g%ﬁgreﬁégg#fgo? BF ggug? carEonate) (36%,
dlpentaeryth2$%bb wikhoutrynaaerylate manener, COEPﬁéFﬁaqr}D&te (23% and

al pha- nethyéfS£uéeﬁ6rﬁai&iio§0toeazthemﬁQ@tihevsbeea 2ferbhgeq N the entire
COprOSItIOI’] no LHB&OVG Q 1.§enot§a§tpowever‘ as | | (

10 | Example 12 shows a good improvement in the
optical clarity and tint rate of resin A by varying
the composition additive of Example 11 to diallyl .
phthalate (25%) and alpha-methyl styrene (75%), the
mixture still comprising 10% of the total

1s formulation. The optical clarity improved from
"Good" to "Excellent" and the tint improved from
"Mediﬁm" to "Fast®.

Example 13 demonstrates the use of
ethylene glycol dimethacrylate (25%) and alpha-

20 methyl styrene (75%) to generate the sane _
improvement in optical clarity of resin A as shown
by the. mixture used in Example 12; however the tint
speed is somewhat reduced.

Examples 14 through 16 show the effect of
25 varying the additive percentage of.the whole
formulation. Here the additive is a mixture of
diethylene glycol bis(allyl carbonate) .(36%),
dipentaerythritol pentaacrylate (14%), methyl
methacrylate (23%).and aipha-methyl styrene (27%) .
30 At the 10% level of additive in the entire
composition, no improvement is noted; however as the



WD 96/ 10760 PCT/ US95/ 11623

- 21 - |l evel is raised to 20% of the total, the tint speed

i ncr easewd 96a0v60Medi uni’ to "Fast". As the conposi ti on RCI/USISN ER23 €d
further to 50% the tint 'speed increases further to "V. Fast", but
reduction 5 in optical clarity and hardness is noted.

Exanpl es 17 through 20 show the effect of varyi ng the percentage of a
different additive conposition to the whole fornulation. Here the
additive is a mxture of diallyl phthalate (36%, 10 ethylene glycol

di et hacryl ate (14%, nethyl met hgg gl ate (23% and al pha- net hyl
styrene (27% At the 20% 23% 0% additive levels, the tint

sheed e | WAt (eiRod S il 6 B coB00, | {F angPbbigh, oo 1Y P

cont i nues tcinmreases "fhomre| TNediunh | te 'fl‘l%st'fnt Apcthiei ncreases further
to "V. Fast’ S
appr oachi ng o unaccept:ﬁ ﬂ{c*&?ee?/el hés o 50* 6?9&%?)‘&

PCT/ US95/ 11 @Epeed 1ncreases further to "V. Fast", but reduction o .

TABLE Ofs EXAYPldptical clarity and Ag&rdness Wlﬁd:ted. Addi tive
Opt i cal - Tint Ex.# Type Conposi tion (%
Uniformty- Speed BARCOL

Examples 17 through 20 show the effect of
varying the percentage of a different additive
composition to the whole formulation. Here the
additive is a mixture of diallyl phthalate (36%),

10 ethylene glycol dimethacrylate (14%), methyl
methacrylate (23%) and alpha-methyl styrene (27%).
At the 20%, 23%, and 30% additive levels, the tint
speed has increased from "Medium" to "Fast" and the
optical clarity has improved to "Excellent". At 50%

15 additive, the optical clarity continues to be
"Excellent” while the tint speed increases further
to "V. Fast". The hardness of this composition,
however, is approaching an unacceptably soft level.



SUBSTITUTE SHEET (RULE 26)

1 A None 0 Good Medi um 88
2 B None -0 Poor Fast 88 5
3 WO 96/10760ne ° 0 Poor V.pc3lusys/i1623 88
4 D None 0 Poor Medi um 87
5 C - TAC (46% 22 Good V. Sl ow 87
TMPTA (18% - : ANB (36% 6 B DAP
(31% 24 Excel l ent  Medi um ' 88
HDA (31% ANVG (38% 7 C DAP -
(31% 24 Fair 3%%\/ 86 _
HDA (31% AVB (38%" 10 8 D DAP
(31% 24 Fair %é—??;@?ﬁgm 85
"HDA (31% - | 9 A ADC
(50% 19 Good . V. Fast- . @84 :
AVB (50% Refin  Additive = EGDMVMAddAHA) Optical 22 Tint Good
Fast SBx. # Type Composition @HPA (ZBﬂﬁ'ormlty Speed BARCOL
MVA (27% 7 AMB (10% A DAP
(75% 10 Good V. Fast 88
ANB (25% 12 A DAP (25% 10 Excel | ent
Fast 89 1 A None AVB (75% Good M&dium A8
EGDVA (25% 0 Excel | ent dium 90
PCT/ US9g/ 116233 None 0 - Poor .~ Bdigw 88
TABLE OF EXAMPLES - ( CONTI NUED) Resin Addi t Ive
Addi tive Opti éal ‘D TiNone =  Ex. # OType  @®ooposit iMedium 87%
niformty  Sgeed o BARLR wew) 2 Good  V.Slow 87
TMPTA (18%) ' '
AMS (36%)
6 B DAP (31%) 24 Excellent Medium 88
' HDA (31%) :
AMS (38%) |
7 C DAPB1%) 24 Fair Slow 86
HDA (31%) o
AMS (38%)
10 8 D DAP (31%) 24 Fair Fast 85
HDA (31%) ' '
AMS (38%)
9 A ADC (50%) 19 Good V. Fast - 84
AMS (50%)
10 A EGDMA (40%) 22 Good Fast 89
: DPPA (23%)
MMA (27%)
AMS (10%)
1. A DAP (75%) 10 Good V. Fast 88
AMS (25%)
12 A DAP (25%) 10 Excellent - Fast 89
AMS (75%) '
- 18 13 A EGDMA (25%) 10 Excellent Medium 90
AMS (75%) _



14 A ADC (36% 10 Poor Medi um 88

DPPA (1450 96/10760 MVA (23% o PCT/US95/1‘N§§ (279
15 A ADC (369 20 Good - Fast - 87
bPPA (14% ' MVA (23% SR AVS (27%
5 16 A ADC (36% 50 ' Fair V. Fast

80 DPPA (14% MVA (23%

AVB (27% 17 A DAP (36% 20 Excel | ent

Fast 88 EGDVA (14% MVA
(23% AVS (27%) 23 - 18 A DAP (36%)

23 Excel | ent Fast 88 EGDVA (14%

MVA (23% : TABLE OF EXAMPLES)- (CONTINUED) A DAP (36%
30 Excel | ent Fast _ 88 ECDVA (14%

MVA (23% AIVB (27% ' A DAP (36%
f/l(\)/A (23% Excel | ent Res \1{1 Fﬂﬁémve I\/B (299 itive %@l /10§&EEE|“]‘ (14%

PCT/ US9s/ 1162%% # Type  Composition Unitbegy peedrap BARCRK:
Resin Ais a clear unsaturated pol yester ortho resin internedi ate
(Silmar D-910) formed from- the reaction of phthalic anhydride,

maleic 5 anhy rid (I ene gl ygol , et ne glmﬁ and
di et hyl ene gl yéol hasggpoﬁ aver agg hly&)? mol ecul ar wei gﬁ% of
about 2,200. Resin A tai ns approxi mately 30% by wei ght styr ene

as a di |l uent ”DRW(Z‘I%)

15 A ADC (36%) 20 . Good Fast 87
. DPPA (14%) '
MMA (23%)
AMS (27%)

5 16 A ADC (36%) 50 “Fair V. Fast 80
DPPA (14%)
MMA (23%)
AMS (27%)

17 A DAP (36%) - 20 Excellent Fast 88
EGDMA (14%)
MMA (23%)
AMS (27%)

18 A DAP (36%) 23 Excellent Fast 88
EGDMA (14%)
MMA 23%)
AMS (27%)

19 A DAP (36%) 30 Excellent ~ Fast 88
 EGDMA (14%)
MMA (23%)
AMS (27%)

20 A  DAP(36%) 50 - Excellent V. Fast 80
EGDMA (14%)
MMA (23%)
AMS (27%)

- SUBSTITUTE SHEET (RULE 26)



10 Resin B is a clear unsaturated pol yester ortho resin

i nternmedi ate (Silmar SD1050A) forned by the reaction of phthalic
anhydri o¥Q 9680760 c - ' anhydride, and propyl ene gl ycBCT/URSS/1623 a
nunber average nol ecul ar wei ght of about 1,900. 15 Resin B contains +
approxi mately 30% by wei ght styrene as a diluent nononer.

Resin Cis an unsaturated pol yester i'so resin I nternedi ate

(Sil mar SD1050D) fornmed by the reaction of isophthalic acid,
mal ei ¢ anhydri de 20 - and neopentyl gl ycol having a nunber average
nmol ecul ar wei ght of about 3, 100. Reslg cont ai ns appr oxi mately
30% by wei ght styrene as I | uent nononer. Resin D
i s an unsat gster iso resin 25 - intermediate (Sil mar
SD1050E) formed by e reaction of isophthalic acid, maleic
anhydri de, R951np¢o§§l%n€1§F§CBF33PBIGF5¢oﬁgiﬁﬂﬁtQFyBBFhﬁav|ng

a nunmber averagere®ircihBérmedfateo{stinar D-910) formedOfrofesin D

cont ai ns appr oxi pat e y " ' sLyre as_a diluent
nononer . the £¥$E£ égt??app§pa%§gﬁ§#g§é;§a_. Hs&9§8/10760
PCT/ US%/ 11623 anhydride, propylene glycol, ethylené glycol TMPTA i s
trimethyl ol prop P £bhY! §9¥col and has! il AGhibR! Sve OMVER CD499) .
AMS i s al pha- ne?ﬂﬁ? 3i§€ﬁ¥ eh §igcol a s v §£EZ

molecu ar weight of about 2,200. Resin A

contains approximately 30% by weight styrene as

a diluent monomer.

10 Resin B is a clear unsaturated polyester ortho
resin intermediate (Silmar SD1050A) formed by
the reaction of phthalic anhydride, maleic
anhydride, and propylene glycol, having a
number average molecular weight of about 1,900.

15 Resin B contains approximately 30% by weight
styrene as a diluent monomer.

Resin C is an unsaturated polyester iso resin
intermediate (Silmar SD1050D) formed by the
reaction of isophthalic acid,'maleic.anhydride

20 and neopentyl glycol having a number average
molecular weight of about 3,100. Resin C
contains approxlmately 30% by weight styrene as
a diluent monomer.

Resin D is an unsaturated polyester iso resin
25 intermediate (Silmar SD1050E) formed by the

reaction of isophthalic acid, maleic anhydride,

propylene glycol and dipropylene glycol having

a number average molecular weight of about

2,400. Resin D contains approximately 30% by
30 weight styrene as a diluent monomer.

TAC is triallyl cyanurate..




DAP is diallyl pﬁt hal at e 5 HDA is 1,6 hexanediol diacrylate

( SARTOVERNVO 96/10760 | SR238) . ADC i s diethyl ene glcyasbs/bigas al | vl
carbonate) - - - (PPG CR-39). EGDMA is ethyl ene egcoI
di mret hacryl ate 10 ( SARTOMVER SR206) . DPPA is '
di pentaerythritol pentaacrylate (SARTOMER SR399). - MVA
I's nmethyl nethacryl ate. Anot her conposition is shown in
Exampl e 15 21. WD 96/ 10760 :

PCT/ US95/ 11623 s 25 - - ZaEIGHT PERCENT

EXAMPLE 21 | NGREDI ENT

Unsaturated poly e et hyl ene gl ycol

8% bi s(all yﬁf%g'? onat %flmethylgg{%ﬁ?ggflgt ﬁ??yﬁt?eth?lene 3%
pent aacryl at e trl@ghﬁlﬂt@h9$AB$9MEReCD499) 5%

AMS is alpha-methyl styrene.
DAP is diallyl phthalate

5 HDA is 1,6 hexanediol diacrylate (SARTOMER
SR238).

ADC is diethylene glycol bis(allyl carbonate) -
- (PPG CR-39).

EGDMA is ethylene glycol dimethacrylate '
10 (SARTOMER SR206) .

DPPA is dipentaerythritol pentaacrylate
(SARTOMER SR399).

MMA is methyl methacrylate.

Another composition is shown in Example
15 21. '



10 Met hyl net hacryl ate 5% Bl ue dye

trace UV stabilizer trace : The
conposi Wa#s/19760Exanpl e 21 not only of fers great econdRIEEY9SAWANt age
for manufacturing 15 |enses of 1.56 refractive index at |ow materi al
costs, but the resultant | ens product al so possesses good nechani cal
performance, good optical quality, and water-white color, all of which
" are describe characteristics for the ophthalmc |ens nmarket. 20

The viscosity of the conposition is 250 centi poi ses at 25C which can be
easi |y handl ed by t he convention?g gixing, filtering and pouring
devices. Enploying the heat cure cycle given below,  the follow ng
physi cal properties of the uncoated 25 |enses were obtained: WO

96/ 10760 . : - PCT/ US95/ 11623

- 27 - | ndex of refraBEPYRLE 22 1. 556 Density

g/ cc 1.25 . ~ FDA Drop
@1.55 M (e R ey
Lhi ckness ~

: R

The formul 410N o1 agp & 5dgP8s I it ated with ge 0.5 wt % Per}i

and 1.0 w9 g??gﬁﬂ§§ 99 BO-YST e pleferred curé é@cle-for thel
conposi t i ofgSin

s

Diethylene glycol . 8%
|| bis(allyl carbonate) '

Dipentaerythritol 3%
pentaacrylate

[
|
|

‘Alpha-methyl-styrene ' 5% n
10 Methyl methacrylate __5%

Blue dye ' 5 t:ace

The composition of Example 21 not only
offers great edonomical_advantage for manufacturing
15 lenses of 1.56 refractive index at low material
costs, but the resultant lens product also possesses
good mechanical performance, good optical quality,
and water-white color, all of which are describe
characteristics for the ophthalmic lens market.

20 The viscosity of the composition is 250
centipoises at 25°C which can be easily handled by
the conventional mixing, filtering and pouring
devices. Employing the heat cure cycle given below,
the following phyéidal properties of the uncoated

25 lenses were obtained: :



10 TEMPERATURE TIME 95 [err]F
Hol d constant for 5 hours Rai se to 105[err]F 1 hour
Rai se t o MOB/UIS F - 1 hour Rai se to 135[ err ] BCT/USIS1623 1 hour
15 Rai se to 150[err]F 1 hour Rai se to 165[err]F
1 hour Raise to 180[err]F 1 hour 180F
Hol d constant for 4 hours Cool to 165[err]F : Approxi mately 3
hour s WD 96/ 10760
PCT/ US95/ 11623 - 28 -
. Anot her excellent conposition i s shawy 7 . Exanpl e 22.
EXAMPLE 22 | NGREDI ENTS ' VEI GHT PERCENT 5
Unsat urat ed pol yegh@éx of refraction 78%.: - Resin,8s6 Di al Iyl
pht hal at e 8% Met hyl net hacryl ate
5% Al pha- nebénsityygoee 6% 1@.25 Et hyl ene gl ycol
3% di net hacryl ate Cyasorb UV-5411 trace
Ti nuvin 234 FDA Drop Ball inches trace Bl ue dye
trace @ 1.55 mm center thickness 120
5 Yellow index € 14 mm thickness 1.30
UV cut-off (5%); nm _ 370
The formulation of Example 21 was initiated with
0.5 wt% Perkadox 16S and 1.0 wt% Trigonox 21C50.
The preferred cure cycle for the composition is:
10
| Raise to 105°F 1 hour
Raise to 120°F S 1 hour |
Raise to 135°F - 1 hour ‘
15 "Raie to 150°F" 1 hour |
Raise to 165°F 1 hour :
| Raise to 180°F 1 hour
i 180°F - ' - - | Hold constant for 4 hours l
?VcOolrto 165°F ;¥7 | Approximately 3 hours



15 The fornulation of Exanple 22 was initiated wth 0.5 w % Per kadox

16S and 0.71 wt % Tri gonox 21C50. The preferred cure cycle for the

~ conposi W@/50%60 - TEMPERATURE PCT/US9S/T16YE -
95[err] F Hol d constant for 5 hours 20 Rai se to
110[err]F 1 hour Rai se to 125F 1 hour : '
Rai se to 140[err]F 1 hour Rai se to 160[err]F 1 hour
Rai se to 195[err]F 2 hours 25 195[err] F Hol d
constant for 6 hours Cool to 180F 1 hour WO
96/ 10760 28 PCT/ US95/ 11623
- 29 - The physi cal propertles ‘0f the | enses made fromthis
conposition and cure r ngex ekraction:
s %%ﬁgﬁeﬁ &; cellent compositioh"$§ sﬂ§y§4§§
FDA Drop BaF¥appi@ed2. @1.55 nm center thickness 130
Yell ow i ndex @14 mm thi ckness 2.4 . W cut-off (5%, nm
1.6 nm-thi ckness 10 The lenses fromthis
conposition exhibit inproved sﬁgﬁzgghzénifornity:over t hose from Exanpl e

21 while naintaining good nechanical perfornance and col or.

-
F INGREDIENTS WEIGHT PERCENT W

5 Unsaturated polyester
| Resin a
}.niallglphﬁeelate _ . 8% q
Methyl methacrylate o 5%
Alpha-metggl_sﬁzgehe 1 ) 6%
10 Ethylene glycol 3%

dimethacrglate )
Cyasorb UV-5411 o trace
Tinuvin 234

7 Blue dye

15 The formulation of Example 22 was initiated with
0.5 wt% Perkadox 165 and 0.71 wti Trigonox 21CS0.
The preferred cure cycle for the composition is:

, Hold constant for 5 hours |
20 | Raise to 110°F |2 nour

" Raise to 125°F 1 hour

Raise to 140°F | 1 hour
Raise to 166°F 1 hour n

Raise to 195°F 2 hours

25 195°F Hold constant forls hours

COol toilsofFJ»i



It should be understood that the present - di scl osure has been nmade only
by way o red 15 enbodi nents and that nunerous ch tails
g'df?{sﬁ({a'r”ﬁg& i on, conbination and arrangenent of partmsgsaa%g

resorted to w thout departing fromthe spirit and scope of the

i nvention as hereunder cl ai ned. - 30
- WHAT IS CLAIMED I S: 1. A cross-linkable castlng
conposition capabl e of being cast and cured into a: polyneric . =
ophthal mic | ens having an index of refraction of at” 5 | east -1.50

conpri si ng: a p+egone nant anount of an

unsat ur ated pol yester resin; an additive selected from
the group consisting of an allylic ester nononer, an 10

acryl at e nonGher physisaly propesitiigsn@f the lenses madenviram thvis ght
aver age nnleeuhgbgy@ﬁyﬁ and cure cyclelyyémw about 71,000, and mi xtures

t her eof ; a conpound for depressing |
the rate of 15 polynerlzatlon of said conp05|t|on in an
anount sufficient to prreE¥ dﬂuréfraﬁﬁﬂdnr _ .yczlble waves
in the cured conposrtl A conpositio accordance
wth Caim 1, ?%nﬁitt% go((ﬁﬁ tive corrprl ses an all ylraf cé]%st er
nmononer . 5 FDA3 Drop Balddsiinialesd n accordance with d ai m
_ @ 1.55 mm center thickness 130
Yellow index @ 14 mm thickness 2.4
UV cut-off (5%), nm

1.6 mm thickness | 380

10 The lenses from this composition exhibit improved
optical uniformity over those from Example 21 while
maintaining good mechanical performance and color.

It should be understood that the present
disclosure has been made only by way of preferred
15 embodiments and that numerous changes in details of
construction, combination and arrangement of parts
can be resorted to without departing from the spirit
and seope of the invention as hereunder claimed.



2, wherein the allylic ester nononmer is selected fromthe group

conS|st| nmonoal |yl ester, a diallyl ester, a triall er

and ni xﬁf?%@“ﬁ%’ t her eof . . PCT!US95yllﬁz331 -

4. A conposition in accordance with Cdaim- 3 wherein the allylic ester
nononer i s selected - fromthe group con5|s%+ﬂg—et~aLLyL~acLyLate

al | enzene, drai Lyl jht hal ate; triallyl cyanurat tria

i sojt yiAHe SHEET:HA Saﬁ‘é% nal eat e; di et hyl ene " gl HE iHmicar bonat e) ;
di alllyl % D e di met hal |yl nal eat e; i al 1yl

adi pat e; and‘hixtures t her eof . - 30 - : A conp05|t|on in

accordance with Claim10 4, wherein the aIIyllc ester is selected fromthe

group consiBHAMJISICEAINEDN | I®ht hal ate, di et hyl ene glycol bis(ally

carbonate), triallyl cyanurate, and m xt ur es 't her eof .
6. A conposition in accordance with daim15 1, wherein the additive
conprises an acryl atel- A cxossrlinkable £asking sempesivionand an

acryl ate capakw%nerbm@ r‘tﬁhé’t Vﬁ&muﬁa&rm @l $61§mér Y& ght _bel ow
n_accoydance with C aim 20

about 1, 000

> Cwher oi n GBRERAIRAG Lens Hating 48 ckida A BETEACELOn 4ot AL 20% by wei oht
of t he & ot dleastD80 icomprising: 8. A conposition in accordance
with Caim 6, wherein the acrylate additive conprises about 1% to

about 20% by wei ght of the conposition.
a predomlnant amount of an

unsaturated polyester resin,

an additive selected from the group
consisting of an allylic ester monomer, an
10 _ acrylate monomer, an acrylate oligomer
having a weight average molecular weight
below about 1,000, and mixtures thereof;
and

, o an exotherm depressant for dépressing
15 the rate of polymerization of said
composition, in an amount sufficient to
. prevent the formation of visible waves in
- the cured composition.

2. A composition in accordance with Claim
20 1, wherein the additive comprises an allylic ester
monomer.

3. A composition in accordance with Claim
2, wherein the allylic ester monomer is selected
from the group consisting of a monoallyl ester, a
" 25 diallyl ester, a triallyl ester, and mixtures |
thereof. '

—_—
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25 9. A conposition in accordance with Caim 1, wherein the
addi t i veWooaip168es about 1%t o about 20% by wei ght of Pmnmsmm ester

and about 1%to about - 20% by wei ght of an acryl@te monomner .

- 32 - 10. ' A.c ( vvv;-ance—Mk%h~—————€}a+ﬂ+9——

wherein the conpound for depredspi B ETHASE&H%& nerization of said
conposition is . selected fr £ (I Dc t| ng TIIHIIHH‘H HH“" IIH
styrene; terpinolene; dilauryl thiodiproplonate, L
4-tert-butyl pyrocatechol ; 3-nethyl gaggchol; and ﬁlxtures thereof. in
an anmount of about 0.01%to about 2096by wei ght of the conposi tion.

11{ A conposi ti gnt Ihn accy ch%aﬁ;ﬁastaﬁibxioin Q@éd%]dé}\cé\*\?{ﬁi trbii‘ﬂ:tlﬁ' l'ylic
ester nono r an e e noner eac ] S resen I N e
CombsiTrond, Whtndlh, the ANIYIAL Al Fnsut A5 SRISRERR on (re

t ot al melghwnﬁhtﬂhe(grqupndonsnstﬂnbtdﬁeaiigtnsmkylateior depre55|ng t he

Comosi t1 on T agpen b SR pEHRENAL WL SoAmiRtEl ot of (he

conposi B on triallyl isocyanurate; Mmkhklmlﬁatm. athethipheme wi t h .
d 1, n an anount of
am el odiRol g P &g&mﬁéﬁi | 1 Pl mrg;& 6 ed u

about O. 01@6 sed on the tota the conpositi on.
13. A conpostimefhallvi Mpkpakes Al benzgake; sli :'EI n the acrylate
additive | s adlpatiesd and nixtipdd eegredE consi sting of nethyl nethacryl ate;

25 ethyl acrylate; cyclohexyl nethacrylate; 2- hydr oxyet hyl
nmet hacryl ate; 3-hydroxypropyl acryl ate; - al pha-bronoet hyl acryl ate;
al pha- chl or oet hyl Sacr \A eampaﬁibimmﬁcmqulwiﬁ) Qiraimnet hyl

10 4, whereln the allylic ester is selected from the
group consisting of diallyl phthalate, diethylene
glycol b1s(a11y1 carbonate), triallyl cyanurate, and
mixtures thereof.

6. A composition in accordance with Claim
15 1, wherein the additive comprises an acrylate
selected from an acrylate monomer and an acrylate
oligomer having a weight average molecular weight
below about 1,000.

7. A composition in accordance with Claim
20 2, wherein the allyllc ester comprises about 1% to
about 20% by weight of the total composition.

8. A compoSiﬁion in accordance with Claim
6, wherein the acrylate -additive comprises about 1%
to about 20% by wezght of the composition.

25 - 9. A composition in accordance with Clain
-1, wherein the additive comprises about 1% to about
' 20% by weight of ah'allylic ester and about 1% to
about 20% by weight of an acrylate monomer.

This Sheet Has Been Re(i laced
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met hacryl ate; 2-naphthyl nethacryl ate; para-tolyl

.0 AUG 1996

- 33 -

par a- chWQt’é’ﬂW@ﬂyl met hacryl ate; neta- ~ bronophenyl a&F§U§PH1162
romophenyl acrylate; . ~para-ch nethacrylate

2,4, 6-trib
rreta net ho

_ trlacrylat

tri nmet hyl ol propane pabyoxgetbmpessétionadnyhaeterdance witthet hane acryl ate;

ur et hane ryl a; S 5
-conpolegﬁs'l%ﬁa%éorgerg'q'g t?ﬁ egb{h%?ﬁ dkggﬁﬁm%nt ik £ éeggfy ate additive
i s sel ect efirom thersnpupecgnsmstéogspgtﬁighermathwioaevypaee a

xybenzyl

-A"'

-ythacrylate paraleth | benzyl acry ate;

,.6 hexariedi-ol* Mﬂ neopent yl
nlyethylene glycol ﬂH hlodlethylene
et L) "—ﬂ—‘”‘JtaerythrltoI triacrylatet * cery

. di pentaerythritol 10~ pantaacryl ate; trlnethylolpropane

ethylene

e; tris (2-hydroxy ehtyl) isocyanurate trimethacryl ate;

ance

14.

di acryl at eges ihb%f.&l-aanaarﬂntaieaibébeioaaée- 4-t@r¢lures thereof.

15. A.co

osition In accordance wth

addi ti%e i “SYﬁBXSHEPte°h°1sePeEFEBYFr8ﬁFFﬁB°§roﬁﬂéc Xturesy of net hyl
met hacryl atRer@biy iananghieahtdofieabaatybabes to abbut kexamgdi ol

di acryl ate;
dlpentaer

10

15

20

25

I hyl I
wb OB R RBRRRR I FAPR" " ala it tr s thereot )

11. A'composition in accordance with
Claim 10, wheréih the allylic ester monomer and the
acrylate monomer each is present in the composition
in an amount of about 2% to about 10% based on the
total weight of the composition, and the exotherm
depressant is present in the composition in an
amount of about 0.01% to about 10% by weight of the
composition. | |

12. A composit;on in aooordanoe with
Claim 1, further including a polymerzzation
initiator in an amount of about 0.01% to about 10%
based on the total weight of the composition.

13. A composition in accordance with
Claim 6, wherein the acrylate additive is selected
from: the group consisting of methyl methacrylate;
ethyi ‘acrylate; oyclohexyl methacrylate, 2~
hydroxyethyl methaorylate, -hydroxypropyl aorylate,
alpha-bromoethyl acrylate, alpha-ohloroethyl

'aorylate, chloromethyl methacrylate; z-bromethyl

30

methaorylate;'z-haphthyl methaorylate; para—tolyl
acrylate; para-chlorophenyl methacrylate; meta- '

bromophenyl acrylate;-2;4;6-t:ibromophenyl_aorylate;

para-chlorobenzyl methaorylate; meta-methoxybenzyl

Sheet Has Been RTlaced
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16. A conposition in accordance with ~  Caim 15, wherein the conposition

conpri ses _about 70% to about 85% by weight of an unsa&yrated 30
pol yest eWQ%*’FF“ 6% to about 10% by vvel ght d| al lyl . CT/US95/11623
- 34 - pht hal at e; about - ei ght ‘et hyl ene gl ycol

di met hacryl ate; and about 3% { oTHlSo‘il‘dEEa%inEEN wel ght_nethyl.-.
met hacryl ate; and wherein the{lconpoBABLACED for [fleprigssing the rate of

pol ynmeri zation of said 5 conpoSIitlom s Thch din 1““1 n&nﬂ“ﬂ“t““"n an
amount of about 0.01%to about 9% by wei ght of the ﬁﬂ

17. A conposition in accordance witk 33 = Claim 16, whereifi t he-tonpoudnd
for depressing the 10 rate of polynerization of said conposition conprises
al pha- net hy|methacerylate; para-ethylbenipl acryipbeitethylenaccordance with

daiml7 conpiyssd fgdfgggﬁa§§¥§5geabgug ﬁggggﬁdfgight of an unsaturated

pol yester reS)'h; about about ht diallyl phthal ate;
about 2.5% QﬂWEth%56&¥aQ§”erQE?§F¥1e9ﬁ¥F€ﬁe bP?EBlaHFnethacrylate

about 4.5%'t I&Etﬁyf@thglﬁtﬂhtdﬂﬁéﬁhhcrylaﬁﬁ?hﬁﬁiﬁhﬁéﬁhyi&ﬁeabOUt 5.5%to

composi 1 o %%%‘iomﬁﬁfagﬁﬂ'ﬂew' pRAFREREEREAERL, FringryanbEd (i on

conpri ses abmhycery17ﬁ@iaornbate.86&peytasrnhhr0t0&n unsat ur at ed
pol yester r 1a€éﬁt€r§ﬁ8€ﬁ§igigg¥ﬁﬂﬁég jac thghylene gl ycol
0

bis(allyl ca onat olit 1%to m%? ghé Eentaerythrlto
pent aacr yl atris 2ahﬂdﬁﬁﬁﬁtebﬁyib hﬁBGYaBﬂﬁbﬁe imethackyilate; |

trimethylolpropane polyoxyethylene triacrylate; a
10 urethane acrylate; a urethane methacrylate, and
mixtures thereof.

14. A composition in accordance with
Claim 13, wherein the acrylate additive is selected
from the group consisting of a monoacrylate, a
15 diacrylate, a triacrylate, a pentaacrylate, and
mixtures thereof.

15. A composition in accordance with
Claim 14, wherein the acrylate additive is a monomer
_ selected from the group consisting of methyl
20 methacrylate; ethylene glycol dimethacrylate;
" 1,6 hexanediol diacrylate; -trimethylolpropane
polyoxyethylene triacrylate; dipentaerythritol .
pentaacrylate; and mixtures thereof.

16. A composition in accordance ﬁith
25 Claim 15, wherein the composition comprises about
. 70% to about 85% by weight of an unsaturated
polyester resin; 6% to about 10% by weight diallyl
phthalate; about 1% to about 5% by weight ethylene
glycol dimethacrylate; and about 3% to about 8% by
30 weight methyl methacrylate; and wherein the exotherm

-
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met hacryl ate; and wherein the conpound for depressing the rate of

pol ymeri zat i ?n (3&| sai d - 35 -
conposi t i BRI | uded in the conposition in an - anmouBETYPISMER® 0. 01%
to about 9% by wei ght of _{ he corrp05|t|on 20. A

W|th 5 . Claim 19, \A,herelrm‘r'rpmmdfor

depr esd Af pol erEI’] zat.i on: of, “ conpri ses

al pha- = e 210 A comﬂ lm' Wl Bﬂ,’rdance W th
C ai m 2)_copp g about 75%to about 80% by wei ght Ll unsat ur at ed
pol yester resi n about 7.5%to abB4t -9% by wei ght d| et hyl ene gl ycol

bi s(allyl carbonate); about 2.5%to about 4% by wei ght

di pent aer yt hrdem:teqaamaakﬁ yingludedoin "mé%qmpm:m in @ by wei ght
rethyl et hagid e o hdRO, 1% st PPy HIUhUELEing! Pha- ot hy

styrene. . A conposition in accor' Cl aim 21,
wherein the mléij&!"pol yester resin-is f ormed by the reaction of an
acid or anhydride selected fromthe group consi sting of phthalic acid,

20 isophthalic acid, aC| d al | maleic
anhydri de, and m xt ureg‘a’lt'he %%){912 %&%‘I"%c‘(:‘e@f romthe group
consi sti g ofclaim e!ta”yylvamre}lrycthe %aﬂ;&mdapmanﬂlmmm gl ycol,
di propyl ene q r%é} gcol, and 25 mxtures thereof. .

Eon ih a cordan

23. A conposi ce W|th Cl ai m 22, wherein the unsaturated
pol yester has a nunber average nolecul ar weight in the range of
-18. A composition in accordance with
Claim 17 comprising about 75% to about 80% by weight ‘

of an unsaturated pclyester resin}'about 7.5% to

10 about 9% by weight diallyl phthalate; about 2.5% to
about 4% by weight ethylene glycol dimethacrylate;
about 4.5% to about 6% by weight methyl
methacrylate; and about 5.5% to about 7% by weight
alpha-methyl styrene.

15 19. A composition in accordance with
" Claim 15, wherein the cdmposition comprises about
70% to about 85% by weight of an unsaturated
polyester resin; about 6% to about 10% by weight .
dzethylene qucol bis(allyl carbonate) ; about 1% to

20 ,about 5% by weight dipentaerythritol pentaacrylate,
an&>about.3% to about 8% by weight methyl -
methacrylate; and wherein the exotherm depressant is
included in the composition in an amount of about
0.01% to about 9% by weight of the composition.

25 - 20. ‘A composition in accordance with

Claim 19, wherein the exotherm depressant comprises
alpha-methyl styrene.

/t///c;
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about 1,500 to about 4, 000. - 36 -
24. A nmethod of casting a cross-linkable casting conposition into a
curved oWR9AIIPc | ens havi ng an i ndex of refractionPST/GEOSAMAZt 1. 50
conprising disposing the casting conposition in.a 5 nold caV|ty f or med

bet ween adj acent, non-planar nold ectimg~the .

conposition to conditions suf f%ﬂ%ﬁWEFB %ﬁ?ﬁ%e and cross-link t '

conposition, said conposition conpjisi nREPLA . ”"mmm"

anount of an 10 unsat urated pol yester resin; - mrﬂ m"[
§

an additive selected fromthe group- 35 - con5|st|ng of “ant alf ylsi C's
ester nononer, an ~acryl ate nononer, an acrylate oli goner

havi ng a wei ght aver agel /1ol @ cedmiposbt Ubn #i® accordance wiel than about
1, 000, and

corrpound fo?%@ﬁ 2%.%%“?’?%5%%? eal?)"‘ﬁ";]"grﬁ?4 tgngboutp%ﬁ/nwl‘fﬁ%?ﬁﬁ of Sal d

conposi ti on dfbran unsaturated polyestémndgresin; aakowt podSynboi zati on of 20
sai d conposiduaf di‘ﬁ§‘€EE§HE SLdtnFiEnd gl¥$Pl bis(allyP Prevent the

formati an of visible wa cured conposition.

25. A neét ho&ﬁ@%)darﬁ@%t% ﬂa‘?‘?n@‘??“t 4% P eeigBte additive
conprises amipeéntddryiritdd pemtddErylate; about 4.5% to about

6% by weight methyl methacrylate; and about 5.5% to
about 7% by weight alpha-methyl styrene.

. 22. A composition in accordance with

10 Claim 21, 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

15 polyol selected from the group consisting of
ethylene glycol, propylene glycol, diethylene
glycol, dipropylene glycol, neopentyllglycél, and
mixtures thereof.

23. A composition in accordance with
20 Claim 22, wherein the unsaturated polyester has a
number average molecular weight in the range of
about 1,500 to about 4,000.

24. A nmethod of casting a cross-linkable
casting composition into a curved ophthalmic lens
25 having an index of refraction of at least 1.50
comprising disposing the casting cpmpoSitioﬁ in a
mold cavity formed between adjacent, non-planar mold
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- 37 - 26. A nmethod in accordance with C aim 25,
wherein the allylic ester nononer is selected from the group

consi st i wa gsfiothoal 1 yl pht hm\dl_ei_b;d_ene gl ycol bipggalsoshie23
carbonate), triallyl 5 cya and nlxtures t her eof .

27. A nethod in accordance mn'mhﬁmmﬁm””m wherein the additive

conpri ses an acryl ate nonome 28. A nethod in accordance -
W th C|a|n125 wherein the aIIyllc e&tet mononer conprises about 1% 10
t 0 phe SEmY el )l of the total conposition. - 29. A

met a‘tﬂilSSHﬁéE o ith Caim27 wherein the acryl ate nononer
' 0 about 20@’b9 wei ght of the conposition.

Sormr ces. aaedn S HE1EH RS A SlapantEIREE SoddFL iR ' T nomer

and about.ﬂnuffqunnﬂmnm Enmymgrhkegmmdo¢ressz&1nkathenDnoner.
31. A netho g t Eofb S 1% BSn d¥ﬁ&igln t he conpound for
depressing t e rate J?§ 20 pﬂ? 1£q’zaﬂ:on d?ogéfi cofrposition conpri ses

al pha- nmet hyl styrene in an anount of about 1%to about 20@6 by
wei ght of the conposition. a predominant amount of an

5 : unsaturated polyester resin;

an additive selected from the group
" consisting of an allylic ester monomer, an
acrylate monomer, an acrylate oligomer
having a weight average-molecuiar weight
10 less than about 1, 000, and mixtures
thereof; and

an exotherm depressant for depressing
the rate of polymerization of said |
composition, in an amount sufficient to
15 | prevent the formation of visible waves in
the cured composition.

25. A method in accordance with Claim 24,
wherein the additive comprises an allylic ester
monomer. '

20 . 26. A method in accordance with Claim 25,
wherein the allylic ester monoier is selected from
the group consistlng of diallyl phthalate,
diethylene glycol bis(allyl carbonate), triallyl
cyanurate, and mixtures thereof. '

25 - 27. A method in accordance with Claim 24,
wherein the additive comprises an acrylate monomer.

This.Sheet Has Been R.
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138 - 32. A nmethod in accordance with Caim31

a1 pha. metRGPORTH cre”ach ?E”BF‘ZLenE Y Re composi 1 B SH B punt

of about 2%to about 5 10% Ha méﬁééiﬁﬁEB&@&_l i ght of the conposition.

33. A nethod in accordance wt t her imctudimg =

polyneri zation initiator in an ' ' t 0. 01W
based on the - total weight of the conposition. @ i l"kl!'E
net hod in accordance with daim 27, ~ “wherein the ac

sel ected fromthe group consi sttn37 of net hyl nethacrylate et hyl ene
gl ycol dinethacrylate; 1,6 hexanedi ol dlacrylate tri met hyl ol propane

pol yoxyet hyl ene tri acr 8at e A methad,di AgcA¥danes with Rlaim 4%, and

g xtur gz whiel¥i#Pthe tar.'ltlyllc estter motomet r&ﬂﬁﬁib séth 348&{700/ t'@' be ‘t’V' th
aim ein.the co i tion conprises ahou bto abou

85% by wei ght“%?%%ﬁ?&t &¥a 93’3% &é}e SRPPAgfiAO®e, t 0 about 10%

by wei ght diallyl phthalate ' about 1@6to about 5% by meight et hyl ene

 ycol di met h d 30¢ hyl
7ol hacrylate: and whet G 1 Ao NESHRL R agcoraiie YA GR 2T, o of

pol yneri Bat i mm:samaxeeacrmqmmnmn sonpnm abouthel®doposition in
an ambURihapfe R by WELEHIO O Utle Lhrpod R ABH. OF the -

conposi tion.

30. A method in accordance with Claim 24,

wherein the additive comprises about 1% to about 20%
by weight of an allylic ester monomer and about 1%
10 to about 20% by weight of an acrylate monomer.

- 31. A-method in accordance with Claim 30,

wherein the exothermldepressant comprises alpha-
methyl styrene in an amount of about 1% to about 20%
by weight of the composition.

15 32. A method in accordance with Claim 31,

wherein the allylic ester monomer, the acrylate
monomer and the alpha-methyl_styrene each is present
in the composition in an amount of about 2% to about
10% based on the total weight of the compositioh.

20 33. “Afmethod in accordance with Claim 24,
further including a polymerization initiator in an
amount of about 0.01% to about 10% based on the
total weight of the composition.

//
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- 39 - | 36.AWEWEV\HhGaim35,
wherei n GVB%H%BO“-”O' for depressing the ra pol y%‘i‘}lfs@/lﬂém sai d
. A

conposi tion conprises al pha- N’mml o 5
met hod in accordance_with Caim ’mwglg&ilng about 75% to about 80%
3 -

by we vat ur at ed ‘pofyest ar about 7.5%to about 9%
by aat e; ‘about ‘2. 5% to .about 4% by wei ght et hyl ene
gl yco i\ @(qﬂ bout. 4.5% 10 . to about 6% by wei ght nethyl -
met hagr — 5.5%to about 7% by wei ght al pha-net hyl

Styr ene 38. A netho¥im accordance with Caim34, .
wherein the conposition conprises about 70%to about 85% by wei ght of
an unsaturated pol yestér rdsimiethed im@aacopdancesptih fiRim 2%i ght

di et hyl ene gl ycol bi s(al |l yl carbonate); about 1% to about 5% by wei ght

di pentaeryt hritol, pentaacryl.ate; and about 3%to., ‘ - abo 8% by wei ght
met hyl met h¥C F&Pe?ﬂ%eqﬂ&%%monomﬁrhéscmdf Fran sing the rate
of 20 pol ygroupacons istisw ofc mghhyil methacriylategjesktihylene t he

cor'rposifi o% hoed] & lél%thlg %g:lét q. @l eéﬁn%%‘bt o o erlV\(ei ght of the
corrposition.gjlg.' Tetnatryl N #o In acC:"qrd aar?%fl\%‘:teﬂ d ai m 38,
wher ei n5t he t¥dmedhyd olpr opane: Polyeyethylenetriachydiates: i zati on of said

conposi ti ongq peRftaeeythritd]l pentiRicPylatie)’ QM2 mixtures 40. A
method in a grgg%%ce with d alpm 39 'corrﬁri si ng about 75% to about 80% by

wei ght of afr*®T®%mnsaturated pol yester resin; about 7.5%to about 9%

35. A method in accordance with Claim 34, ‘

wherein the composition comprises about 70% to about
10 85% by weight of an unsaturated polyester resin;

about 6% to about 10% by weight diallyl phthalate;

about 1% to about 5% by weight ethylene glycol

dimethacrylate; and about 3% to about 8% by weight

methyl methacrylate; and wherein the exotherm
15 depressant is included in the composition in an

amount of about 0.01% to about 9% by weight of the

composition.

36. A method in accordance with Claim 35,
wherein the exotherm depressant comprises alpha-
20 methyl styrene. |

37. A method in accordance with Claim 36
comprising about 75% to about 80% by weight of an
unsaturated polyester resin; about 7.5% té about 9%
by weight diallyl phthalate; about.2.5% to about 4%

25 by weight ethylene glycol dimethacrylate; about 4.5%
to about 6% by weight methyl methacrylate; and about
5.5% to about 7% by weight alpha-methyl styrene.

/
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- 40 - by wei ght diethylene glycol bis(allyl carbonate); about

2.5% to about 4% by wei ght di pentaerythritol pentaacryl ate; about 4.5%
t o about waodmpresci ght met hyl nethacryl ate; and about PcHbsdsqaie@bout 7%
by 5 weight al pha-nethyl styrene. 41. A nethod in

accordance with Caim 33, | | zation.initiator
conprises a conbi nati on of i-?4$&% HR 1ﬁ§%ﬁlohexyl)

Bount i n the range of about 0. 1%to aboti 1@6byhﬁéﬁgﬁﬂﬂﬂﬂﬁﬂﬁﬂunﬂnrfun
conposi tion. 42. A ne gpd of 1 nproving visioén 6f &n

obj ect by a hunman eye conpri sing di spdsing between the eye and the

obj ect a polyneric: ophsgal CmE@ﬂ?d i aE@é&PQn@Q b&@ﬁxos%tipfractlon of at

| east 1.50, said pht hal ens cure ma Co i on donpri sing:
a predon1nad¥he§9&httb9 9ﬁmp051ti0n °°mpréﬁ§§tahsp§d7ﬂél$GSF@FM¢eS|n

an additive §§¥eﬁyedeiéﬁﬂ‘bbeaﬁrﬁHBaEQrated polyestershlging of an allylic
ester monomer '

naving a ot BAPURVER o0 ABPuE LR kY, fRioRE dlschy 2n29§§'at%agghgogegoo

and n1xtﬁresb1heakm?1 carbonate); abantt 1%$2%50 about 5% by weightonpound for
Qepressing | QfpbftEetltnritel pentaacBdiUER; 4dl Aol 3¥ EoromPosition for

depressing t zat I on
about 8% by welght methyl methacrylate; and wherein

the exotherm depressant is included in the
composition in an amount of about 0.01% to about 9%
10 by weight of the composition. '

S

39. A method in accordance with Claim 38,
wherein the exotherm depressant comprises alpha-
methyl styrene.

40. A method in accordance with Claim 39
15 comprising about 75% to about 80% by’weight'of an
unsaturated polyester resin; about 7.5% to about 9%
by wéight diethylene glycol bis(allyl carbonate);
about 2.5% to about 4% by weight dipentaerythritol
pentaacrylate; about 4.5% to about 6% by weight
20 methyl methacrylate; and about 5.5% to about 7% by
welght alpha-methyl styrene.

41. A method in accordance with Claim 33,
wherein the polymerization initiator comprises a
combination of di-(4-tert-butylecyclohexyl)
25 peroxydicarbonate and tert-butyl peroxy-2-ethyl-
‘hexanoate each in an amount in the range of about
0.1% to about 1% by weight of the composition.

42. A method of improving vision of an’
object by a human eye comprising disposing between

This Sheet Has Been Repl
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- 41 - sai d conposition, in an anount sufficient

to prevent the formation of v ves in the cured
conposi t VOr?6/10760 - 43. A nethod in accordance RCIMSEHHGR 42, 5
wherein the additive conprlsesJﬂu r nonormer .

44. A nethod in accorda m’mum”m”m] wherein the allylic ester .
nmonomner E-f “the § roﬁp boﬁS|9t|ng of diallyl phthalate, 10
di et hyl ﬂeméﬁv : % carbonate) triallyl cyanurate, and

m xtureg ther Lact ° A method in accordance with Claim
42, erein the addltlve conpr¢s¢@<an acryl ate nononer .

46. A nethod in accordance with Claim43, 15 wherein the allylic ester
nononer congheseyedandt thw ob;edmaa@unymzﬁ%dop phthe Xmief nditstot al

Wherein thoPRYAPRLRR ABASKPL SRR ot Ak Y I gl Baxd by i g

of the conpophthaimic 2ens cured fromsa campestiddam compariddmgs with C aim

42, wherein the additive conprises about 1%to about 20% by wei ght
of an allylic ester and about 1%t o about 20% by wei ght of an acrylate
nononer . . a predominant amount of an -

5 "~ unsaturated polyester resin;

-an additive selected from the;group _
consisting of an allylic ester monomer, an
acrylate monomer, an actflate oligome: "
having a weight average molecular weight
10 below about 1,000, and mixtures thereof;
and '

an exotherm depressant for depressing
the rate of polymerization of said
composition, in an'amoﬁnt sufficient to
15 prevent the formation of visible waves in
the cured composition.

43. A method in accordance with Claim 42,
whereln the additive comprises an allylic ester
monomer.

20 R 44. A method in accordance with Claim 43,

wherein the allylic ester monomer is selected from
the group conszsting of dlallyl phthalate,
diethylene glycol bis(allyl carbonate), triallyl
cyanurate, and mixtures_thereqf.

25 45. . A method in ;céordanée with Claim 42,
wherein the additive comprises an acrylate monomer.
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49. A rre 9?1 Wctccordance wth C af i G i _wherein the &(m%%dfr

depr essi ng e rate of polynerlzatlon of sald conposi t’i 6n conpri ses

al pha- met hyl styrene in an —of —about— 190t 0 about 20% 5 by

wei ght of the conposition. '”“SSHEET*§§5355Mdthod in accordance Wt —
Cl ai m 49, wherein the allyli est REPYWAREDcry| dl e m)no

al pha- met hyl styrene each is present in the conpositi ,HHuﬂm
about 2% to about 10% 10 based on thiltotal wei ght of the conposl

46. A method in accordance with Claim 43,
wherein the allylic ester monomer comprises about 1%
to about 20% by weight of the total composition.

47. A method in accordance with Claim 45,
S wherein the acrylate monomer comprises about 1% to
about 20% by weight of the composition.

48. A method in accordance with Claim 42,
~ wherein the additive comprises about 1% to about 20%
by weight of an allylic ester and about 1% to about
10 20% by weight of an acrylate monomer.

49. A method in accordance with Claim 48,
wherein the exothern depressant comprises alpha-
-methyl styrene in an amount of about 1% to about 20%
by weight of the composition.

15 50. A method in accordance with Claim 49,
wherein the allylic ester, the acrylate monomer and
the alpha-methyl styrene each is present in the
composition in an amount of about 2% to about 10%
based on the total weight of the composition.
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