., e3eza\\]d"LH " 6&aTza\hF 0 7 MAY 2003 PROCESS OF MANUFACTURI NG CONTACT
LENSES I N AMBI ENT ENVI RONMENT FI ELD OF THE | NVENTION 5 The inventiﬁ@ MAY, 2003
relates to the nmanufacture of polyner céntact |enses in an environ l% ﬁrﬂﬂ
does not require special gases. BACKGROUND OF THE | NVENTI ON The nol di ng of
hydrophilic contact |en 1S known. Vari rocesses are disclosed in
U.S. Patent No. 4,495, 3%@,%(#%5%9’%@‘%%@8@&%%{%&”@%40, 489 to Larsen,
et al.; U S Patent No. 4,680,336 to Larsen et al.; U S. Patent No.
4,889,664 to Larsen et al LENSESINAMBIGNHENIRONMBNTA59 to Larsen et al .,
all of which are assigned to the assignee of the present invention. These
prior art and other references generally disclose a contact lens 'f 5 20
production process wherein each lens is nolded froma reactive nononer or
pr epol yner FiFELt OF FHETMNENTIdINIg § s done by a casting process in which the
m xture to be polynerized is deposited into one first nold half, often
referresl to as el meBhtio ra8iesatos BROAANMAcuRALT poRMNcRbE leBbed On am @
back curve is assenbled onto the first nold half, and the assenbl ed system
i's subj ect galifopnfeantiat H88S nbERYLIrd Bedill gleyneri zation of the mxture into
a contact |ens having the shape of the cavity forned between the two nold
hal ves. These nol d hal ves are usually fornmed fromtransparent

t her nopl astics such as pol ystyrene or polypropylene. |If the preassenbly and

assenbl y PRRABRTIRSUR eogaﬁ_[é ﬁ\ﬂ/%ldt\ﬁ' an anbi ent environment, with the
nol ds bei ng‘erp‘crse%—‘Po—an—r—mm—drrrr'ng nol ecul ar oxygen (QZ), 25 the |enses

produced somet 'fWesm%Tc‘?n@%]f h%rotppﬁc %%%{arc??en%%gligtk%bwln'? \'/grigfsl bl%\éggséshg}e this

1

10 disclosed in U.S. Patent No. 4,495,313, to Larsen; U.S. Patent No. 4,640,489 to
Larsen, et al.; U.S. Patent No. 4,680,336 to Larsen et al.; U.S. Patent No. 4,889,664
to Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen et al., all of which are
assigned to the assignee of the present invention.

These prior art and other references generally disclose a contact lens

15  production process wherein each lens is molded from a reactive monomer or
prepolymer mixture. The molding is done by a casting process in which the mixture
to be polymerized is deposited into one first mold half, often referred to as a front
curve, a second mold half, often referred to as a back curve is assembled onto the
first mold half, and the assembled system is subjected to conditions resulting in

20 polymerization of the mixture into a contact lens having the shape of the cavity
formed between the two mold halves. These mold halves are usually formed from
transparent thermoplastics such as polystyrene or polypropylene.

If the preassembly and assembiy processes are carried out in an ambient
environment, with the molds being exposed to air containing molecular oxygen (O,),
25 the lenses produced sometimes are not of the desired quality. It is believed that this

1
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.0 7 MAY 2003 is due to the OZ comng into contact wwth the surface of and
pernmeating into the plastic nold halves. It is believed that OZ on emdm{'yr’?m
the plastic halves adversely affects thé polynerization of the |ens
material. The effect of OZ on the photopol ynmerizati on process to strongly

i nhibit rad - j.nddce ol rization.is.5 d ment ed. Pol yneri.zatjon is
supprességd({?%ﬂol !%Z h&g’”ﬁ%ﬁ%o?%ﬁ%d”%ﬂy%%&?%g% .qrﬁi pgraﬁ‘%agﬁg 'Uﬁ[ he t he
nonomer i ble to conpete. successfully wth for initiator radicals. Two
Tvpes of Hadfeelhnsehedh s el at o b dadannepRAs LBakes el
systens ap I}/ to the present invention. In the closed system no OZ or a

fi xed amﬁ]ﬁic ofthe2pplymedization | §f fheslens matena. —o Thoselpstamd Pel 9fethezat i on
proceeds appreciably after an induction period, during which the Oz is
consuned potepalymatizationnpraresspenstsgnglennhioit thdidaldrdicedt polymeriggtisinein and
pol yneri zation occurs only if sufficient radicals are generated to

successf uddopnteomtgxbt Bolmtdnizatien ShsupPpessedysitie @ Hagfeeal dopsamed Hysteaotiont hat
are open to air. ~ 5 Exposing nold halves to OZ before assenbly of the nold

hal ves | eqids rddicals ‘Latiothedmonemer s sibieno cion fite UlckBESflIRaNItOID, foF irftidbat es
into the nold by absorption creating an OZ reservoir. After the induction

peri od whegidaks. | Twb g dasREerhS ha e HEER ddeRFied MBlokEd lain8 RO CBRGHSypdk t he
| ens bulk with no neasurabl'e effect fromthe Oz initially present.” However,

at the | epsdQRIMEAHpIPR theSprebamandéhtiont er face (lens surface), some of the
; .

Oz absorbed’into the” nold now mgrates back to that surface where it

af fects pol ymapigatlnyf Qe AR HOG exteRil g RE¥PEM id i) WSLdR T R | od
frte fer{‘alrg%ebupf;

and causes the surface properties-o ens to di'f

"t *CaibesSustom i b Bect At MieetR striglaty Per b BfeloE rBRRR bt Rrount
el osed” . WGR 58103 RyS0B ST RY BHicEls 1 1o CRBSLAUEo R BNt B THRe ol d

on photopol yneri zatigon of the reactive mxture is expected to disrupt
ool yner | XSGR 800  PRVIMEREAER, C5Eds PRy T SUEAIESE OIe Gt | dgnerated to

pol yneri zation at the |ens surface relative to the | ens bul k. This

di srupt i ofUCESSHEY frRefe 84l B Paer OBROSYSICPhAYRIGRIVARE BYRiemMs DB &t ur e)
5 termnation of polymerization by Oz. These shorter chain polyners at the
surface oppento air.

15 Exposing mold halves to O, before assembly of the mold halves leads to a
"closed-open" system during polymerization. O, migrates into the mold by
absorption creating an O, reservoir. After the induction period when O, in the
monomer is consumed, polymerization proceeds in the lens bulk with no measurable
effect from the O, initially present. However, at the lens/optical mold surface

20 interface (lens surface), some of the O, absorbed into the mold now migrates back
to that surface where it affects polymerization for a period extending beyond the
induction period and causes the surface properties of the lens to differ from the bulk
properties of the lens. The duration of this period and the extent to which it causes a
measurable effect on lens properties is dependent on the amount of O, absorbed

25 into the mold prior to assembly when the system is “closed".



the lens tend to have |lower cross link density, |ess chain entangl enent,
and nore tackiness than the polymer chains in the bulk of the | ens. Tiig¢y 2003
factors result in reduced nechanical strength and increased water content
at the lens surface relative to these properties in the | ens bulk. o Under
oxygen- free nbiaigfiest obRAiabroired odaseintathe Mol oo phetopelymarization asthez i s
introduced to the I ens surface and not to the | ens bul k during

pol ymer i esiction mikters és ekpeded tbedisrups glotyoperization redttbedeasdunface, i.e. to

ani sotropic, and control of final |ens properties within specified

t ol er anceausengifiéreinsalCosipmenzstith allther iedycarfhbe releliat &7 trurnefdulict Teds O2,
contact | ens manufacture has been t5 carried out in a reduced OZ

envi r onnBRtuptisAdé4Usel NRoFeAsddeY Polfimdruefdd St ttheadthckOdtienBY prénafipbyed OZ
prior to polynerization. In manufacturing, this has resulted in the use of
technikqu ? | : PN f

quant i S R O Tt onf SRR A A e 1
t echni qug, | I i l: it hin.t si nce
the. 20 batHALr EEIA a1 GofP it SRRKER 4 Dhle Bty BRER BTRER S I
not so protected. Various techniques, faqr reduci the del eterious effects
of - 7 onaaEes AR TS BEPmieT Giekinrace 1tk LY R ot B HEuF i ng
U S. patents: 5, 362, 767 rbrechtpeier, et al 5,391,589 Kiguchi, et al 2s
5. 507" 515P0rd] ECaNeR Srengy NGRS veRleT So0G I, et 1508 BugRtE 510
Valint, Jr., et al EP Appln. No. 95937446.3 di scloses a process in which
pl astic FAple tarthese Rrgpedies it 8ie lessdyling with the reactive nononer mix to
renove substantially all of 5 the OZ. The renoval of the OZ can be

accorpl i shed Wpderoexygenifiag meling cangitiersdendestararisotrrpie ingastug. By dsing a
vacuum Ml ds that were not treated to renove the OQZ provi ded contact

| enses wig Intiodgbed¢e dentlensesudécal@hdcnat. toTihe lese Wik avringepalymedzationch as
N2 gives rise to a safety hazard since an inert gas requires el aborate
sensi ng éerdealbacomadessapathopic inynatargand exre peisstrapiel and control of final lens

properties within specified tolerance ranges is compromised.
To reduce the deleterious effect of O,, contact lens manufacture has been
15  carried out in a reduced O, environment, and/or the reactive mixture is treated to
remove dissolved O, prior to polymerization. in manufacturing, this has resulted in
the use of techniques such as physical enclosure of the process and use of large
quantities of nitrogen to blanket the assembly and pre-assembly areas. This
technique includes the plastic mold halves within the blanketed area since the
20 boundary layer of gases on the plastic surfaces will include O, if not so protected.
Various techniques for reducing the deleterious effects of O, on the

polymerization of contact lenses are found in the following U.S. patents:

5,362,767 Herbrechtmeier, et al
5,391,589 Kiguchi, et al
25 5,697,519 Martin, et al



o Further, if the amount of inert gas surroundi ng the manufacturing

equi pment decreases for any reason, all the nold halves and | enses |r?mazh
area of the line are discarded. Additionrally, start-up after openi ng t 03
inert gas enclosure requires tine to "blow down", or reach an acceptable 02
| evel , before the prodyc be prodygced. 15 As woul d be expected, the use
of N2, or other inert g)aéf’scgﬁﬁs cost |aﬁd‘:’tc’iqrrpl exity of added equi pnent to

t he manufacturing process. It also adds time to, the production cycle.
Therefore, it woul d be J&81.eHI e to b¥aBi¥-18 3ol d the I enses without the
need of excess N2 or other inert gas. By elimnating N2 or other inert gas
from | ens prdeficarin, Neo8b9%AAbnY sispnsed 2oranespdal Whiel.plagic oeldp atse cost
of the gas, but also the cost of plunbing and control val ves, conpressed

ai r pl untreatgd amidr ¢@dpsiop withl thesreaCivepmooeser sensorgnoaadubstantiallyaall efaf et y
sensors would be elimnated. The cost of calibrating and maintaining the
process thendqr $hanemsadladfithe @issansbevacdamfizhed ibyi cudtactingl thesmpitiqecds on
software control would be sinplified with the elimnation of inert gas

pl umbi ngwite AN g criby ndPhuzbLOG, NS €8st wERSKItIreA8d t& stho @ theal ves
t hereby providing a double benefit of 4 0 7 MAY 2003 not only initial

devel opMENLrRfdd SHthAIEnseB Uit hi§R pBRENBIJeS M def#s. savi ngs and materi al
savi ngs. Al'so, elimnation of thé inert gas buffer woul d reduce equi pnent

conpl exi ty a%@hb@&%@m@ﬁ@ﬁ%ﬁﬁh%ﬁﬂ YRE sl B 2QRs5 AR Sfke A vioul d
allow for further process si ificatioh®y mnimzing the tine from
injectio i .05 ; I ; I i L Ze be

i ni 11 oo 975 Bels S AR ERE g BoR QPR RG PR BrBE PR g of
hi gh speed_ cont. | ens nuf.acturi ng processe it s di.scovered that the
deborBr UUNgr 1Eabe oEMBuE o oRGhahag RuBeRAft Rin et BRpBuRA PR BN ol o
hal ves of, the coptact |ens ld to ajr, did t occur, if air exposure tine
of the offEFEAFSSY PAYaESHN ehdnemeld helvi pad inspsdnubet (88 Sfieingar 70
seconds. The air exposure tine is established fromthe opening, of the

i nj ect i oA'SABIAES: t'Q@”Mﬁ%@“t%@%’é’?@PE‘%ﬁPd“?f&%‘%@“@@)?ﬁ%f FeRdMA asti c
mol d halves to anbient air) to the dosing or placing the polynerization

m xture th PR FEMA"h&r vEICHAN SEaERIARIer Re lerelpdreaier ithatRreflst s@mrke and
two optical nold surfaces away fromair. In the preferred enbodi nent, the
pol yneri PEdusAdii xture is placed in a front curve (nmold half) and the back
curve (nold half) is placed onto the front curve which closes the contact

| ens 160l d, i nAsheoyd dfeexpectedbttl weeatofr i, evrr ether dnerd gase ddsisscesdl and
assenbly, with the reactive mxture contained therein. Wen the | ens nold
assenbl y cosptaxidg ef added 2quipotgntdo itra mamoafatturing progasis.t \Woaleptaddaltirmo tal
surfaces are no | onger exposed to air. It has been found that satisfactory
cont act ltlenpesiuction becleradbheieforehit waiuid ba desicatde to be giie to niodd theslengesand
closing or sealing the contact lens nold is not nore than 70 seconds,

pr ef er ablwithoot theureedidiarcddy Nesdtbsr inendasopst preferably not nore than 24
seconds. Lens properties and process yields deteriorate as air exposure

time 5 0 7 BREAMARINgNS Srastass ingttt dastirém aXR9 pricRictibmESost Ragkgewoudd 300
seconds producing few, if any acceptable |enses. By practicing the

i nvenki oe BN, PNENERY the cHQ drINDBhs I RAUISEthd &otldf BIuAbiRg and control
valves, compressed air pilumbing and control valves, O, process sensors, and inert
gas safety sensors would be eliminated. The cost of calibrating and maintaining the
process sensors and safety sensors would be eliminated. Lens production software

control would be simplified with the elimination of inert gas plumbing, compressed air

25  plumbing, process sensors, and control valves thereby providing a double benefit of



.di nensi onal oxidation reactions. This elimnates the need for N2 and7 MAY 2003
elimnates the s risk of asphyxiation of operators. It sinplifies the
process by reduci ng product quality problens and i ncreases process
efficiency. OBJECTS OF THE INVENTION It is an object of the invention to

provi de a process. .of manufacture of pol yner, contact ].enses wthout using a
speci al g%fge%‘ﬂlﬁ it A8 ﬂ'f‘?”bﬁ?s‘sf’?‘f'?g%r%lffuélgoq?%efr?b?/nq TS SavVALSt °
object is to provide a process of manufacture of polymer lenses in a
contact | BWMEr@FAVIAES-hARO. Wiminption ehibetingdJdast BYCEH irpdyre: PAYPTREL need
for special equipnent and the associated cost. ~5 Another object is to
provi de feemplexkigserd efmgde $he assquialadovally It OFAAHESS PEXPSRB. andewosifoalipey
object is to provide a nethod of manufacture of polyner contact |enses in
pol ynmer) tordurthpgraptocess sohplicatiomiyciminimizing tee dfmeekposinigrtivhemsidirfaates of
the nold halves to air is limted to elimnate the need for carrying out

t he preceassdmblanOveelitprgdsctenvinearewbuld2t: 8ehiEEamESERLEEd.ON OF THE

DRAW NGS Ot her objects and advantages of the present invention will becone
nore apparent upon reference to the foll ow ng specification and annexed
drawi ngs in which: s 0 ~ MaY zoo3 Figs. 1-4 are box and whi sker plots

showi ng t bgief DssicRIPTION DRSS INVENTRSN US of contact | enses nmade during
di fferent "runs of several test protocols with the nold hal ves exposed to

air for differ BDFin%'léI:%n?%? B@‘F\is&eghg:olqgﬁc? fer rﬁér?.ﬁgct%frin%*b?oéé%séé’ﬂﬁﬁé’é ration

ina 0.5 nmthick polystren as a nctioh of position across

the thi Ck'ﬂ%?é\{ﬁ%d %]‘?q éﬁrﬁgg#e?@rk&s%woglern%pﬁo?ﬁ‘ﬁgg Eroﬁagﬂie@oqgl t§ e%aoginS

ghickness
10  plastic mold halves of the contact lens mold to air did not occur if air exposure time

of the optical surfaces of the plastic mold halves was not more than 70 seconds.
The air exposure time is established from the opening of the injection molds used to
make the plastic mold halves (exposing the piastic mold halves to ambient air) to the
dosing or placing the polymerization mixture in the mold halves and sealing the

15  polymerization mixture and two optical mold surfaces away from air. In the preferred
embodiment, the polymerization mixture is placed in a front curve (mold half) and the
back curve (mold half) is placed onto the front curve which closes the contact lens

, mold, in the preferred embodiment referred to as the lens mold assembly, with the

reactive mixture contained therein. When the lens mold assembly is closed the

20 polymerization mixture and two optical mold surfaces are no longer exposed to air.
It has been found that satisfactory contact lenses can be made if the air exposure
time prior to dosing and closing or sealing the contact lens mold is not more than 70
seconds, preferably not more than 40 seconds, and most preferably not more than

24 seconds. Lens properties and process yields deteriorate as air exposure time



.Fig. 6 is a graph of the ampbunt of OZ absorbed by a 0.5 mmthick polystrene
nmold half as a function of exposure time in air. ~o DETAI LED DESCRIETHANIE-
THE | NVENTI ON The invention relates to a process for manufacturing pol yner
contact lenses in nolds. The material for the lenses is any suitable
eactive MRRAERIesORitRRERADSIRE tHad iHiskcedd IS SATYShak WEfbge one
or nore piece nol dsltp ﬁ (}EI}SH‘D |C|tyI tﬁ% preferre rrg)odl mengij il ,ﬁ/e
descri bed er, the contact zs lens nolds can take any form In
t he pref errggégede%%' dé)ﬁlrr%ét t he cont act |lens nolds corrpri se a front curve and

back curve which are aIJ | as styrene

pol ypr opy! ene, BP’ p[ﬂ%thr?q(ﬁt '{]) 'g g?r’?ﬁb%p?@?%{ éd'eBF'é%q 1% ClRiNate r ont
curve and back curve are referabl made in one or nmore injection nolding
machi nes, MeMjiE! |°6|€’3HBP deactigps. T iselirpipgips thaMesEIR B‘u@@ése“ét'%atﬁﬁdrée the
lens is 20 cast nmolded in a cavity formed when the front and back curves
are assénblrigl afcRpiiatipn| afserpratoss.f df reinaplifiessthep PEpcass énbrgducing preduet and
back curves are assenbled with the reactive mxture used to formthe |ens
wi t hi n t he quality tpyobleisyandrinereasesprocgss effitlepcyphot opol yneri zati on of the
reactive mxture takes place with the front and back curves assenbl ed, and
then the front and back curve assenbly is 25 opened to renove the |ens. The

assenbly and pre-assenbly processes are carried 0 7 MaY 2003 out at
nor mal pr o@BSECTS OMPHEANVEASIONOr exanpl e 50F to 98F. The tinme of

interest is that during which the inside surfaces of the front and back

curves are expoas ah®bddt of tHe ihléhtRnabgroRde @ritede st mhRifacturé®f pslyhiee
time that the one or nbre injection nolds in the one or nore inj ectlon

mol di NG, oTRCRHARS Idnge O RARBE: idnPa rssaayﬁgééé%utre%troﬁfﬂgmb@aksm%eéemélatéttyt he
time that the front and back curves are assenbled with reactive nononer

m xture con (?@ed within the closed | ens nold assenbly. The preferred
i njection m)l I'ng machi ne and injection nolds used to nake the front and

Do e P B RTRL | R RTREL BEBSFESF P O IR A ed 2
contact lens mold without using an inert gas, thereby eliminating the need for special
equipment and the associated cost.

15 Ancther object is to provide for a faster process for producing contact lenses.
Yet another object is to provide a method of manufacture of polymer contact lenses
in polymer, e.g. plastic, molds in which the time of exposing the surfaces of the mold
halves to air is limited to eliminate the need for carrying out the process in an inert
gas environment.

20

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will become more
apparent upon reference to the following specification and annexed drawings in

which:;



in an alternative and | ess preferred enbodi ment, in which contact l&ﬁ%n%?
hal ves are pre-made and stored in an inert gaseous environnment prio Y 200
introducing theminto a contact |ens manufacturing line, the tinme of
interest is again during which the nold halves are renpved fromthe inert

gaseous envi AN At bdx thA Jv;!ﬂgﬁ?r}]grstsléhgvywn htm%' Ry t@égsg%lc%%%’]"i th

reactive mxture contained wthin cavi ereby produce n ot her

alternative e ' t t he | ds be reu I fr urabl e
mat or | al B SAE Brkes o By BBt LR P B e R s T

pr epol yner £C{;ﬁt’eri al usgg to for,gpthe 20 contact lens in the process of this
i nvent | ofOELRANESHHTROSED A ¢ FendiB@ny RS PRIIDAS: or cross- i nkabl e materi al

whi ch undergoes an oxygen-sensitive reaction, e.g. a free radical reaction.
The reactive fiBndnee $ERE I dhe £ grncgalatied ina %grfaggﬁg%m'rcafe@a\@iﬂ e, the
acrylic or methacrylic nononer systemof U S Patent No. Re. 27,6401, which
i s a tonbilhaas enfusttiom cfcpositien oicross Hae rtpickoeskiad Wenawdd dialfvmthieres @s

m nor anount of a diester of acrylic or nethacrylic acid can be utilized in
t he presampregents hemiudie 68 thiokresisiafithe Aladdhdlf.scl osed in U S. Pat. No. Re.
27,401, are the nonoesters are hydrophilic hydroxy esters of acrylic or
rnethacrylic Bigi 63s angtaph pothehxcount af ©ohbbkorb8d myl a0l mm dhiykrpoiyzwéneon
systens in which vinyl, acrylic or nmethacrylic nononers are copol yneri zed
Wi th suchommhgr agbsusgioRystreapysirbimapratt.ate, vinyl pyrrolidone, s

acrylam nds, or the |ike can be used. As exanples: polyvinyl alcohol,

hydr oxyet hyl net hacryl ate, nethyl net hacryl ate, hydroxypropyl net hacryl at e,

gl yci dyl net hacryl at e, di acet oneacryl am de or vinyl acetate can be used in

conbi,pat igET AM £ S YR OR; OhW?W\?ENﬂ@erUl ate, acrylic acid, or
gl yceryl methacryrate, and drmethylam no ethyl acrylate. At present, it is
preferred t ha?'p_fEm)eH%N ?@E{e%atgléa]p?ébre%F'fSr n?%ﬂﬂfé%?u;lr@rwgﬁ@?%oﬁttaewenses

met hacryl ate ( and nost preferably, e pol zabl'e acryl i ¢ nononer

e e R R L

B e R B el B B Pl e R © ™
simplicity, the preferred embodiment will be described herein, however, the contact

15 lens molds can take any form. In the preferred embodiment, the contact lens molds
comprise a front curve and back curve which are typically of plastic, e. g.
polystyrene, polypropylene, or the like, Polystyrene is the preferred plastic. The
front curve and back curve are preferably made in one or more injection molding
machines, in injection molds. After the front and back curves are made, the lens is

20 cast molded in a cavity formed when the front and back curves are assembled
together (closed) to form a lens mold assembly. The front and back curves are
assembled with the reactive mixture used to form the lens within the cavity.
Polymerization, typically photopolymerization of the reactive mixture takes place with

the front and back curves assembied, and then the front and back curve assembly is

25 opened to remove the lens. The assembly and pre-assembly processes are carried



crosslinking agent is ethylene glycol dinethacrylate, and
1,1,1-trinethyloly propane trimethacrylate (TMPTMA). The contact | &8s 2003
made by the process of this invention are preferably hydrogel s which
conprise 40-75% wat er. The nmanufacturer and user of contact |enses is
concer negutpai Rarmhdl Yprotédsind) @empetaites poresxariblopiEFsio 88t .t Methes dgict of

hei ght (mm). The sagital height or sag is a function of the | ens dianeter

and basejngdtbyeis e Harin %iét‘?ﬂﬁhﬂ%‘f&r sERARTHNe® rHR AR iIvaRk &Ideaid on and
the sag determnes the Tit of the fens on the eye. In the manufacture of

contact Lensesothe ﬁpﬂ'i)é;‘ﬁeféﬁgé e é)giﬁn%ﬁtethfsoﬁrg@%ttﬂgﬁmé ?Lﬁt etgg?nepgé' si cal

| ens paraneters, these ng dr ane ase curve radius radi us of
curvat ur .t.he. | e urface to j.acent . . ve radius 9
07" ey S50 ieienr BRI e af e UReERY e Taglieyl ghnt 1

non- adj acent the )_.an enter thickness. All of these paraneters are
Tonsus earaTbYA (e T badietyans BERER Tas 41at dhg o, 208 TaRE e REnGe | n
base curve radi us .and front curve radius. The base curve radius is a nopst

i mpor t an@STeiRRIed  Withe ceardKe i PORAMen FHMtyEdCorBRingHI YNt heopPsehrens 8t ecti on
but also with the fit of the Iens on the eye. In manufacturing contact

| enses oASEEPRBduthe erefBaseH Sniecten cundiagtmaetige msiddinjgqiiopumolsisedsad & node,
the nold hal ves are designed to set the | ens dinmensions for dianeter, base
curve radiake, ther drent cands backidcuryes adfd thae mostadt hieoknawid arge ddseribedi émal
specifications have allowed tol erances, both plus and mnus. A given o
popul at i conafrrdnéipsfiled s _consi dered to be satj Saokebriyo.and NwR4hi entirely
specification if the mean value and standard devi ation (SD) of a random
sanplie oincefictatedmieréihibyretemseceval ues such that, when conventional
statistical techniques are applied, a | ow percentage of non-conformance to

the specifi caln gmalednatic@lapligéLprefdiydd emlbbdimdi B WRIcAEIHRER 6% hR%S than
2.5% An acceptable SD for base curve radius is 0.05 nm ~s or less. In

order tohaRAYWeE pfRMaBBlandeRsRY ih RAtindt 8aSaNR &RiBAnicRt BRoSRLhGOAIRY V-
environnmental and process conditions, or factors, that effect |ens

properti @sedush abc%nkét%mrisfriqgﬂ'uwféteﬁnﬁgmaé,%%%ﬂne%#fsme%ﬁn% légaih%ﬁiﬂaw %@v hat

| enses are produced not on I n“speciftication but owth’a
percent age, ﬂ%rd‘ﬂé‘w&?%ﬁé’?&ﬁ&&eﬁa Fr8mtth@tinert gaseous environment until the time the

15 mold halves are assembled with reactive mixture contained within the cavity thereby

produced.
In other alternative embodiments, the moids can be reusable molds made
from durable materials, such as, glass or polymers.
The reactive monomer mixture or prepolymer material used to form the
20 contact lens in the process of this invention can comprise any lens polymerizable or
cross-linkable material which undergoes an oxygen-sensitive reaction, e.g. a free
radical reaction. The reactive monomer mixture can be degased or nondegased.
For example, the acrylic or methacrylic monomer system of U.S. Patent No. Re.
27,401, which is a combination of an acrylic or methacrylic acid monoester with a

25  minor amount of a diester of acrylic or methacrylic acid can be utilized in the present



.20 specification. During testing of high speed contact |ens manufacturing
processes, it was discovered that nolecul ar oxygen (QZ) associ ated 047 tMAY 26003
plastic front curves and back curves is' an environnental factor that has a
del eterious effect on |l ens base curve radius. It is hypothesized that Oz

associ at eqn)dnkiBnt hRIsBDHECIBabY a8 IS PAaNOrREEQAUTR | dreCRdSARNbBSefIGFaCe
properties of the lens to differ fromthe bulk 2s properties of the |lens as

di scussed ' ' i 1.hj 003
attocrs I Arggle RGP bs oPBLRN drapPleERik iciis 5} R palvnite HEXRYt
absor bed int he_mol d. hal ves before assenb|ly. The a n f Oz of nost
concern isé]E"ﬂa{'V-a‘%?%‘ﬁ?” OB YSIRALS RVYHED B@cyl)r?@wl'\gﬁrlrﬁ%ﬁggﬁﬁ? {THgiomers are

pol ymeri zati o to_tge pol ynmeri zi ng surfaces of the reactive m xture

adj acent tEPPHEDBBE c&l’thséﬁ‘qrédééteﬁﬁlst Ré AU @HeNVeLCRE 5ViBY: PYHP!dAnss aces
of the contact |ens nold are the inside surfaces of the nold which define

t he shdpe aylemindsonbacthel dite. dan Hs Beeh di S&ovxPEWIEHatPolféyhoBRlgohal ves
transport and assenbly operations can be carried out in an anmbient (air)
envi r onnemydiroxyetiylpetssentaieof Omethgmetihadryletst ai n doperprppylnethdcrgaieon of
the lens material as determ ned by achieving 1o the | ens rel ease acceptance
criteria bylydidytmethegntibe, t dizeetbmeaoylarhideh drheiny! dcétateyesamr eeexpedednt o
air and the Oz it contains. That is, there is a tinme "wi ndow' during which

t he manuf agdmsih@igbrPr OGRES GaR/IAfidear r h9droﬁgéthiymc§m|§tbr ea¥hiionMagid, an@dr
satisfactory |lens production results are obtained w thout using an inert

gas. This gemyhatnfeonid aHacineririnb JiRiachilae. 70 seconds, preferably

not nore than 40 15 seconds) and nost prefeerably not nore than 24 seconds.

To detgynine the gﬁ{%ﬁ?ﬁ [},ﬁS}\Q‘ferPed“tHHFme% %H%rﬂéf?ia‘b%’%c{@é%ﬁ’éﬁﬁ@r iQm%&gj out .

In the tests of e protoco unber o nses were th

th | ast i ¢ . ) Co . )
el sl R
d ith diff t.air, 2 fi . _That i,s,..f . . if f
cach of fiGé SURRNEURT Plef BIC HFILRLLTVE FIARORY 1HE £ BHSELUFE fhde, ¢ hat
prot ocol woul d have 500 | enses. |n evaluating th esults, the control was
taken as t AP NEEEROPBRONNREY I SREIR MY ”%EF{B?‘?‘E‘E? aﬁgr([” of air exposure tinme

for the protocol. This is the first and last run _ .
A small amount of a crosslinking agent with a functionality of 2 or greater

15  may be added to the monomer or monomer mixture. An example of a preferred
crosslinking agent is ethylene glycol dimethacrylate, and 1,1,1-trimethyloly propane
trimethacrylate (TMPTMA). The contact lenses made by the process of this
invention are preferably hydrogels which comprise 40-75% water.

The manufacturer and user of contact lenses is concerned primarily with the

20 lens power (diopters) and the sagital height (mm). The sagital height or sag is a
function of the lens diameter and base curve radius. The lens power determines the
optical correction and the sag determines the fit of the lens on the eye.

in the manufacture of contact lenses, the contact lens molds are formed to
address four physical lens parameters, these being diameter, base curve radius (the

25  radius of curvature of the lens surface to be adjacent the eye), front curve radius



.in each of the protocols discussed below. 11 0 7 MAY 2003 The di nension
of the control was nmeasured as a reference datumfor the protocol .0 TTMAY 2003
| enses made during the protocol for different nold opening tinmes was
conpared to the nean and the SD therefrom nmeasured. In Protocol #108, the
anount of OZ associated with the polystyrene nold s halves was vari ed by

varying the tj rominjecti nol d openi ng tqQ. asse

hal ves. (e a9 B\FHRERILIE Ol dRe [Fs Surar o Pﬁr@?eﬁewetﬂgt%a?a@ G- 0. 00D
(di opt erzjj (target |ens gower | enses: 15 43.9 sec., 69.2
sec., anthiknegs.sakof(hes Pé@@b@tarwemewred lm)m'ﬂ'meéerwr helansPpwerHsg. 1 ).
The t| nmes were nonitored manually and only plastic nolds produced at

st eady- sfuictor abthe diffarancs iplhgse subsiadivus Ay fiast surielradied. tToedasdr ocessed.
Degassed, tinted 1-Day Acuvue nononer was used for the lens material. An 18
sec. precune radive ismmogsiewonianhiagiersbenateett is invaldeanekotlgaukdroptieal uni t
area) as neasured with an 1L1350 radi oneter and XRL140A detector (both of
whi chsar ecmectiohdat atsedvitythe fit ef thatlémsend theiegylet 1 nc.). A 120 sec. cure tine
was used with a 630 ml/cn2 dosage 1s (energy per unit area) as neasured
with an | L3908 rmamglfactbting Coretactflactasreda byodusti@r badis,dhalcohiaghtens ne)d, Thi s
device automatically integrates the irradiance with tinme to yield the
dosage. TFheurqiteferrgdInastz, thep@ofdotalpsseargrdesigndd caieet thaserddimepsionsf?. The

| enses were denol ded, hydrated, packaged in glass vials, equilibrated, and
not st er ididnidter, babe clik raviuf grapacanetradias WaidecemarabiceeesshagR curve radi us,
di aneter, 2o center thickness, and power. In Protocol #109, all processing

condi ti oRfmavichal 868tifica8bnd BaVd Aloeal torétiitee Xs®Ppidshaid st ol diowh ng air
xposure tines (runs) were studied with -9.00D (target) |lenses: 23.0 sec.,

34. 5 1gecC.popHdtich §ﬂ€nses7|§c§n§§§red té%@ s'étr§f§§to é’r@?w&ﬁiﬁ speé‘r'ﬂéat%% iPthaec.
(correspondlng to runs 1, 2, 6, 7 in Fig. . 07 MAY

2003 I n Broinogmle éﬂderanééﬂd &V%Sﬁ%SDQoPQFﬁHchPﬁnH@Vo@shi@eﬂbtph%%nt0 Pr ot ocol
#108 except that the followng air exposure tines (runs) were studied with

-9.00D “h%(/@%lheé gﬁ‘é“rﬁt‘ﬁat Ivheh c%%@emtro%%i 4288 al te%ﬁméu@@ﬁre aphhied, SR » 49.3

sec., 59.3 sec. .4 sec. .4 sec. (corresponding to runs 1-8 in

Fig. 3). p%iéoe@tégeoéf%ﬂ' oﬁ?&rﬂnan@é otﬂ%g@%ﬁﬁb&%&%@bélb&ﬁ?edv"efﬁndaﬁﬁ’tﬁfsca' to

Pr ot ocol cept t at non-dega tint 1- Day Acuv oner was

used for \ﬂtettﬁen %&z 8@%%&‘?5 sandah %@cé&%@@‘ggz"ﬂ)’r%@ge gg@g?‘d%gs‘ié 88 duns) were

st udi ed target) | enses sec., and 17 sec.
(corr%quy Qg to runs 1-4 in Fig. 4. 1o As indicated, for each of the
protocol s the paraneters of base curve radius, |ens dianeter, center

thi ckness ander&MEF tovﬁ'égug&e&ﬁ“&ﬁ%ns-ggqhét?en %ﬁs@@r%@ t&Be s% éfg Base curve

r adi us: thls I's the radrus of curvature S surface a acent to the

SRR
the base idet¥i&d aﬁglcgﬁtrolled sufficiently to ensure that lenses are produced not only
within specification but also with a low percentage of non-conformance to that
20 specification. During testing of high speed contact lens manufacturing processes, it
was discovered that molecular oxygen (O,) associated with the plastic front curves
and back curves is an environmental factor that has a deleterious effect on lens
base curve radius. It is hypothesized that O, associated with the mold halves is a

factor because it causes the surface properties of the lens to differ from the bulk

25 properties of the lens as discussed earlier herein. The extent to which this factor
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.of the lenses for the various runs of each of the protocols. For ng?@?l
108 (Fig. 1 ), the design specification for the base curve radius 7803
to 9.15 nm Runs 1, 2 and 3 (up to 43.9 seconds) were within the design
limts. 20 For Protocol 109 (Fig. 2) the specification range for the base

vr & i ¢ RPCE TS ek R Bre b bicteq fo 1 f6ufh o) Afofeddo®foTLS)
wer o i L AEHPRRAES sl el THR aPergPords St ReSEpsneBr BaRRuanSdige 1 o

t he base tf\érve radius 2~ was 8,75 to 9.15 mm Runs 1 and 2 é_up to 30
seconds) Ohke BahightPacemer avaiablerdusing pplymerzaliopis thepalyngH2iag S8Ha%ss was
substantially within limts. This experinment denonstrated that_the results
wer e si nPf e reactivgapixting agdiacgohidtha Dptica sacfiereeohihe meld hatvas. ndiedegased
reactive m xture does not deleteriously affect the | ens properties) because
the OB i nptitad snifxcasre the contestiend maid for thieyinsitie sughoes of the madsvhieh i ng t he
i nduction period. 5 Limts are selected as sonmewhat |ower than the maxi num
as a reasefiabthe shagerndthé ogntactdeps.ocessi ng conprom se. As seen fromthe
Figures, the process is substantially effective (produces lenses with a
base curve raflinas bekeh hiigtol/BRdABS! B8 mEdde)vesirdnepdA apecrdmblyrore ef fective
at about 40 seconds and bel ow, and nost effective at 24 seconds and bel ow.

That is, opbrdtioR®8anBelcaridt SQGRRASBMBIBR(8iryehliroRendMietHeetesendd@toar e
acceptable (closer to the mddle of the specification range), at up to 40

seconds, 3arRIMBBtai E?g?g[)?g@ﬁ%hiﬁgﬂicﬁw gf?ﬂéi’e%s Aarial aé’Befe‘?m?rfédft?Fé’é{@évﬂne Qe

Iéeast anmount of acce ses. to the other paranete

ent t hi . b i . ; v i o
desi gﬁed%%}égrggglﬁé% Q{:?}e%é%}]%?grﬁéﬁ% ﬁghfg\gﬁ?gﬁé;ﬁ |ec€,'ﬁe swﬁ'gﬁzgé an) ld&@%:'gee%se

w th incr I i re-ti t Wt hi i.nes. he, wi ndow, the
par anet o G RKP R AT ARE e O 1 Fa Thel B lbete g RS WA e ¢ e
anount of 08_}1{' cal cLﬁrrection 20 progﬁded.bc}t/ the lens. It is rtel ted to the
di f f er end¥"ThEARRERAPYENY RIPIEES £AR OErGHICTYVE aPT BRI PREr easi ng ai r
exposure tinme, the power decreased e correction). In all of_the

o1 bt 060l SATRECRABIR T AC AR T Gvae SRNFEHYE S o et RsBsiase Ties was
ancen e Yahbrah i BTl PSS Bk A R

| enses t'&ble is a
specified di rg;nsign rz%rg)g?ef. q‘m;;t %% ttge %Ir“ont C(Eéves and back curves are
desi gi¥fed SEEOH D RNEENGSLIPEHET negMarecieph airFegPB@Rter. In all of the
protocols, th%_ Ld%lses. prh%ceigced _O\A&;e vvithién éfhe tlrolgg g@speci fi e_gd/antd there
was no si gni f ileatetermine thective avidcow, alewingel ofrpre werei eafriedyeut. t he
broad range of air exposure tinmes. Once the exposure tine is neasured, the
anount ofin@2e tdstsoofasthiaitie prajodals,ar ngsbercafti¢énaes| werel made wviththe plastid hal ves
can be determ ned because it is a function of the perneability of the nold
mat er i al ,moldehaearexphsedk treambign} (aif) ensirchnientifora gevemdimselradiegpairpendi cul ar
to the surfaces exposed to 2, the concentration 1 o gradient of 2, and

t he anpundxpobutel time.t MRisr®Ldlidtba rea”. aDthee xpraswdret madZ witRedifferaht &irty (p) i s
defined as the product of diffusivity (D) and solubility (k): p=Dk.

Di ffusi vidaposned tinédbThattiy, far exdaplB, i ireach s fied rdren(@eferéntrar epbstireont and
back curve nold materials. The diffusivity of Oz in polystyrene at room

t enper at Wied)2D0Gendes dre ndd Qhat (rBRCERSould RAVE BDOOMEAdesy of 02 in
pol ystyrene at roomternperature (25 C) is 5.5
In evaluating the results, the control was taken as the lenses produced with
the shortest period of air exposure time for the protocol. This is the first and last run

in each of the protocols discussed below.
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.15 x 10" 2 cnB(STP)/ (cnBbar), or 2.45 x 10'i nolesl (cnBbar). If the
tenperature and materials are fixed, then the anobunt of OZ of nopst @BN@@ﬂW3
at any given tinme sinplifies to a function of thickness, OZ concentration
gradient and time. If the thickness and concentration gradient are fixed,
then this anoyfk fihefKoRSF HES A Uf%@n‘u@&u‘?%d 54 E%efe@ﬁcé BhEkN@sthd S 11 xed
by back curve and front curve nold 20 geoneiry. The concentration gradient
is fixed S Wi Q?F ront curve and,. Al . 0.
t?%t?eél "'r"He“lgn§ A F&Q?géégéﬁ% prC%cP?oAgort &%lﬁjt %%Wd’Sp%ﬁDﬁn:n%g V\;a%

pol ystyr &nef 15 essen i'nj ect1on process,

and by know n ontrolling t 2 concentration of the environnment
surroundicﬁa’ptaz%oo[ﬂ)‘l%& rﬂ%?@é@?’%ﬁ%gﬁt@?%ﬂ?mm%?ﬂ-oz of nost concern is then
cal cul ated by kEO 'ng {EE xposure tine to OZ and by sunmming the total 25
nunber of uni £l o 108k} ’U%U’Eth(gerﬁﬁseﬁ'lat%w‘%@}é/%p‘PJVStﬁ’Wg‘erFB@le hal ves
and the 15 0 7 MAY 2003 imedi ate vicinity thereof. If the environnent
sur r ogndihdlyesneassariechy varyingghaitime ﬁ@mnnjeﬁ%orem&g@@mg HFEasseMipveh as the
air exposure time. This fornmula was used to generate Fig. 5 which shows the
anount ofth&madle halves 5Tmnfallbvirlg Fokymasyre timeatiuwhsawese slwdisd with 9.00he
position across the thickness at various tines after injection 5 nolding.
The | i neqdioptdf) (Jardet iemsrpesent] lemaes.oLrs8 seaed7 dfdeer, 408 seal 6@2mesyraad The
lines froml|owest to highest concentration of Oz were calculated at 1
second, ai7d8 eoncarrespuniding 1o riihs rt, Q3,64 dod SlinnfFigut e Thd tmealwere Pr evi ous
experinmentation showed that nold hal ves exposed to a 5% Oz environnent

produced fogtdred ndiuafly ahli onfsplasticemaldaetofycexpaiteamnstatd @ant hat the o
front and back curve nol ds described herein exposed to air absorb the

equi V) enhteRBWY of¥ra ivﬂer@%llé%@'16'_%e%?oééssbbfbé@%%@e@%ﬁ@éceﬁ-da@ an

environment having a 5 concentration and allowed to reach equilibrium

[t vas [ Ukl eeariRbROMbNRES LaBK 161h 14 St BPSRA HBCeRY pidhrd fiRBtwaANd back

curve surfaces close the reactive nononer m xture s e consi dered

as avai | ahlg i ER%%Wgrﬁa; 'ag'i(hptc%ﬁpéw8f’ﬂ%rr@r{if %@%5 ae gfgash &ﬁ"f‘%{wi ve Mmonomer

m xture. FoOr our fron ves eorne nmeant that only about

hal f of t ar i pt reqj t vai |l able to
interfer e'lp‘&lf3 &ﬁ rqacﬁcgmsgel?%ﬁg%%l%o%héétggtjgf f%cﬂh %Bgﬁ%' %}Ee@n%%%é@ﬁepaﬁ)gns based
on actual, _experi tation, Fi 6 was produced from whi t.he .t pt al anount
of 0o ayalrTaBrieray Lighh kit A 9 sfey e BoRuas Pasd Poh h S mutFeeisBue "2
nmononmer m xture can be determ ned., From Fi g. 6, e anoun f which is
vat | bl ol 6O R e q) A TeRES SHIHER LetoBiant Boe TgRndchtedBonds i &
2.5 x 10's noles/cnm2 at 40 seconds is 1.9 x 10'9 npoles/c¢nR2, and at .24
seconds i Gternatignal ight g Jesihisgleyige agtamatioplly H@egrg;qsé@gérr@ﬁla@q?ewﬁp §R€ and
back curves. Figure 6 also shows two curves: a curve |abelled D = DPS12 and
a ‘curve |'Roéelddle derans. Thetyang samp tyRe fos prepere ABASUEhWaa RbiliRe T6f0%:
absorbed by a 0.5 mmthick material with '/s 0 7 MAY 2003 the
di f f usi vi The ([empesvese dgmoidesh bydiated, nackagad isdlass Yinlsyequijbratedpang eeyr ene.
The latter curve shows the anmount of Oz absorbed by a 0.5 mmthick materi al
with '/z stedlizagl ubid follgwipg)pasémptery steye oreasured: bhee sarve radivtudiemietsr, (D) as
pol ystyrene. The air exposure tinme for a nold material other than
pol yseyr ecentenihidkeess | amidgubwer. t he air exposure tine for polystyrene if the
pernmeability of OZ for that material and the thickness of the material is
known. Thi s r elneRriotstdhi# 109, sligirad estirascdnaitionesversiidergicabtupPretdoomg 0®r NM =
(Air exposure tine for PS) * (D*k for PS) | (D*k for

except that the following air exposure times (runs) were studied with —=9.00D (target)

lenses: 23.0 sec., 34.5 sec., 52.0 sec., 77.6 sec., 116.5 sec., 262 sec., and 23.0 sec.

(corresponding to runs 1, 2, 3, 4, 5, 6, and 7 in Fig. 2).
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NM ~0 Wiere: NM = new material PS = polystyrene D = diffusivity of 02 in
"the nold material, and k = solubility of OZ in the nold material. ﬁﬂgﬁzn?pr
a material having a solubility of 5.5 x 10"z cnB(STP)/ (cnBbar) but
-one-half (0.5) the diffusivity, the air exposure tine for the new rraterlal
equivalent to a 70 second air exposure Tine for polystyrene would be
cal cul at ed adnFPaotoeolt 114 B!l @xgressing congdionswergicentiza te Eretads)#+08(1 *1 for
PS) / (0.5*1 for NM Air exposure tinme for NM = 140 seconds 20 The exposure
ti me mayexakpothbethexbbondied diyexpesag tames (rent) gers, stodike witht-r00ED targetpnd
around the injection nolding region wherein the plastic nold halves are
pr oducedended 1@xas80. £23.4 BecpReISsHd,, BH3 g86., epScsd0rb0d sehesomlsdchalnyes from
the nold. The inert gas in this area would provide a boundary |ayer of the

inert gafy. @%@é”‘(@oﬁrégpcﬁrfdwgf(to&@dsba@iﬁ fqgrg)es whi ch i npedes the uptake of 02
when the front 25 and back curves nold hal ves are subsequently exposed

thergto. 17 Aﬂgrojogﬁzgrﬁqoéllﬁ%ce@%ﬁ‘@%ﬁdltn%ﬁ@lv}e‘?@'ide‘ﬁﬂéal 18 Y014 (8 and the

met hod rrentl are hereby |ncorporate by reference. épem

Lot ool (18 Y SR B OBy W 0080 Mot Wé%u% rages ! or

conveni ence ure e COo es inb5

d Al t t b | i d
o hoad eielel dof fHe @ﬂéﬁﬁpta%gwoav%rf?ﬁ?ée(rﬁge e TE8E3 e O 1 oognL e
f th i ) SCLAll\/ED 1. A t hod of
manu act GERY Toelnt 2850 allsoeohl sper PRUIHEG: aesPoNdiad InAns ThM act | ens

nol d conpiglm ng optical nold surfaces with a

10 As indicated, for each of the protocols the parameters of base curve radius,
lens diameter, center thickness and power were measured. The results were as

follows:

Base curve radius: this is the radius of curvature of the lens surface adjacent

to the eye. Itis considered to be the best indicator for the effects of exposing plastic
15 molds to air on lens properties. Figs. 14 show the results of the base curve radius
of the lenses for the various runs of each of the protocols.

For Protocol 108 (Fig. 1), the design specification for the base curve radius
was 8.751t0 9.15 mm. Runs 1, 2 and 3 (up to 43.9 seconds) were within the design
limits.

20 For Protocol 109 (Fig. 2) the specification range for the base curve radius was
8.75t098.15 mm. Runs 1, 2, 3 and 4 (up to 77.6 seconds) were within the limits.

For Protocol 110 (Fig. 3), the base curve radius range specified was 8.75 to
9.15 mm. All of the runs (up to 68.4 seconds) were within limits.

For Protocol 111 (Fig. 4), the specification range for the base curve radius

25 was 8.7510 9.15 mm. Runs 1 and 2 (up to 30 seconds) were within limits and run 3

13



5 polynerizable m xture, and seating said polynerization mxture and said
optical nmold surfaces away fromair, wherein said optical surfaced7dfAYs@iid
contact lens nold are exposed to air for less than 70 seconds just prior to
sai d dosing and sealing steps. 2. The nethod of claim1 wherein said
optical surfaces of said contact |lens nold 1o are exposed to air for |ess
t han 40 (8sesaRAg) WS pHishantiady vathin ioids. nghigrexpeameant gesanstrated thaktheet hod
of claim1l wherein said optical surfaces of said contact lens nold are
exposed results wefesiniiles foridegased os @oodegagedsteaptiveo mixtores ail tie cosid egasedd
seating ~ 5 step. 4. The nethod of claim1 wherein before said dosing step
i's the sieaptiaf mixtuneedddsarot delielengusty affedtabé lerenproperise bepauss the @, inr ont
curve and a back curve. 20 5. The nethod of claim 1 wherein said contact

| ens nol feGHpiIré Resonduie@niniforhyah@dhautteefdidVthg Medne@itdnidrivger i zabl e
m xture is placed into said front curve during said dosing step, and said

seal i1g st ep iLﬁgiZsfS:%”&%lé&B&%s%rﬂéﬁi%trlSwé?‘})rFanbﬁ’fékm%WnYlﬁn OJzégé’ ré&ddhableont

curve, and furt wherein said polynerizable mxture 1s

oxygen-s Liive. Y . The met hod of claim4 wherein said
cont act ?@gé%@(}a@%gg%%n p @é%?@?é?. The nethod of claim4 wherein said

contact | ens ld c ri.ses-.pol ystyrene. 5.8. The nefhod of claim4 wherein
S cont acr AR sEef IO 86T 0eE I BRFsss i€ mebSErTBh SteBlust (Epfisas e
wherein said contact lens nold is.a reusable nold 10. 6 net hod of

manuf act BRPRY MIN Rese CUMEn@ ks ithio: e dahoTs Flge P oD REaNSorPaEt | ens
nol d conprising optical nold surfaces with an oxygensensitive pol ynerizabl e

mi xt ur e) eRRIVEI 3 ahauh 4pbeeandssang Relow, Ands giagt GHReG af AsSeRANdSale | ess
than 2.5 x 10'9 noles/cn2 Oz available to interfere with the ~5

pol yieri belowonThet is.apt tiggisy v rtp z&bisecanda, uthere mill benénagret iesgesthall aiem 10,
wherein said optical surfaces of said contact |lens nold have less than 1.9
x 10' 9 netesptahie (CEservtai thabmiddie of thespecificationhranige), at up to 40 seconds,
somewhat fewer acceptable lenses, and at up to 70 seconds, the least amount of
acceptable lenses.
As to the other parameters:
15 Lens center thickness is also a specified dimension range which the
mold is designed to produce. In general, the center thickness tends to decrease
with increasing air exposure time, but within the times of the window, the parameter
was within design limits.
Lens power, rated in diopters, is the amount of optical correction
20 provided by the lens. It is related to the difference in base curve radius and front
curve radius. With increasing air exposure time, the power decreased (more
correction). In all of the protocols, the amount of change over the range of air

exposure times was substantially within the same range produced by the controls,

and the lenses were generally acceptable.
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.pol yneri zation of said polynerizable m xture. 20 12. The nethod of claim

10, wherein said optical surfaces of said contact | ens nold have IeS@ tﬂg??ﬂﬂ.’]
1.5 x 10"9 noles/cnk 02 available to interfere with the polynerizati %

sai d polynerizable m xture. 25 13. The nethod of claim 10 wherein said
contact |lens nold conprises plastic. 20 0 7 MAY 2003 14. The net hod of

cl ai m 10 wher ei n Leab diaoeteasta spediiedttnensiqr (a0@s. pd1a) &, yheetient ®NVES. The

nmet hod of claim 10 wherein said contact | ens nold conprises pol ypropyl ene.
16. Theamebaodowiecha designedvepmidocs @i léns baviagta temnainrdidrdetes & aleoisabl e
mold. ~0 17. The nmet hod of claim 11, wherein said contact lens nold is a

reusabl @ePbideolt BiheTibRsepitRdced viraiwihifihehaitespesRddlas®Mergvakeps nol d
conprises glass. 19. The nethod of claim 10, further conprising the step

of 1 ~ SsigRftarte Bathe NohyABrd&atlor bt tHeedddigh LakH tPbidl raﬁ?b%f%ﬁffaces
away fromair, wherein said optical surfaces of said contact ens nold are

expased akd & ~less than 70 seconds just prior to said dosing and
seafjslsnge)gspgbéc’pse.rt'%gg The net hod of claim 10, further conprising the step of:

> i : | . e . . .
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d * (D*k f PS) ! k f N 25 . NM = terjal 21 07
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= solubility of Oz in the nold material. 22 )

. Af h. A, YpumeRmaasurad RependigsiaiNg the sukaogp@rneseato Az IRgeopeentrding. AL ;

.Ay. A _ONegGHt Z: / 0267D _
10 ~ gradient of O,, and the amount of time the mold halves are exposed to O,.

Permeability (p) is defined as the product of diffusivity (D) and solubility (k): p=D*k.
Diffusivity and solubility are both functions of temperature and front and back curve
mold materials. The diffusivity of O, in polystyrene at room temperature (25 C) is 1.1
x 107 cm?sec. The solubility of O, in polystyrene at room termperature (25 C) is 5.5

15 x 10 cm¥(STP)/(cm®bar), or 2.45 x 10°® moles/(cm®bar). If the temperature and
materials are fixed, then the amount of O, of most concern at any given time
simplifies to a function of thickness, O, concentration gradient and time. If the
thickness and concentration gradient are fixed, then this amount of O, becomes a
function of time. The thickness is fixed by back curve and front curve mold

20 geometry. The concentration gradient is fixed by assuming that the front curve and
back curve material (e.g. polystyrene) is essentially degassed during the injection
molding process, and by knowing or controlling the O, concentration of the
environment surrounding the mold halves. The total amount of O, of most concern
is then calculated by knowing the exposure time to O, and by summing the total

25 number of unit volumes making up the optical surfaces of the mold halves and the
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109& () - Morewger (M urqgm@lgﬁv_e(c}pﬁgg?@;l as available fo interlere with ‘the

15 polymerization of the reactive monomer mixture. For our front and back curves’
geometry that meant that only about half of the O, absorbed in the optical region of
the mold was available to interfere with the polymerization reaction. Using these
assumptions based on actual experimentation, Fig. 6 was produced from which the
total amount of O, available to interfere with the polymerization of the reactive

20 monomer mixture can be determined. From Fig. 6, the amount of O, which is
available to interfere with the polymerization reaction at 70 seconds is 2.5 x 10*°
moles/cm?, at 40 seconds is 1.9 x 10°° moles/cm?, and at 24 seconds is 1.5 x 10
moles/cm? for each of the surfaces of the front and back curves. Figure 6 also
shows two curves: a curve labelled D = Dp¢/2 and a curve labelled k=k,s/2. The

25  former curve shows the amount of O, absorbed by a 0.5 mm thick material with 2
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U&' () - 4&A&R&REHa! al@/t(@thick@e#&@%h& r(n)ate!ri}ao%l&o@n. YThis relationship is stated as

follows:
Air exposure time for NM = (Air exposure time for PS) * (D*k for PS) / (D*k for
NM)
10  Where: NM = new material
PS = polystyrene
D = diffusivity of O, in the mold material, and
k = solubility of O, in the mold material.
Thus, for a material having a solubility of 5.5 x 102 cm*(STP)/(cm®bar) but
15  only one-half (0.5) the diffusivity, the air exposure time for the new material
equivalent to a 70 second air exposure time for polystyrene would be calculated as
follows:
Air exposure time for NM = (70 seconds) * (1*1 for PS)/ (0.5*1 for NM)
Air exposure time for NM = 140 seconds
20 The exposure time may also be extended by using an inert gas, like nitrogen,
in and around the injection molding region wherein the plastic mold halves are
produced, for example, for pressurized gas ejection of the mold halves from the
mold. The inert gas in this area would provide a boundary layer of the inert gas
around the front and back curves which impedes the uptake of O, when the front

25 and back curves mold halves are subsequently exposed thereto.
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surfaces away from air, wherein said optical surfaces of said contact lens mold are

exposed to air for less than 70 seconds just prior to said dosing and sealing steps.

2. The method of claim 1 wherein said optical surfaces of said contact lens mold

are exposed to air for less than 40 seconds just prior to said dosing and sealing

step.

3. The method of claim 1 wherein said optical surfaces of said contact lens mold
are exposed to air for less than 24 seconds just prior to said dosing and sealing

step.

4, The method of claim 1 wherein before said dosing step is the step of:

injection-molding a contact lens mold comprising a front curve and a back

curve.,

5. The method of claim 1 wherein said contact lens mold comprises a front
curve and a back curve, and said polymerizable mixture is placed into said front
curve during said dosing step, and said sealing step is accomplished by placing said
back curve onto said front curve, and further wherein said polymerizable mixture is

oxygen-sensitive.
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9. The method of claim 1, wherein said contact lens mold is a reusable mold.
10
10. A method of manufacturing a contact lens comprising the step of:
dosing a contact lens mold comprising optical mold surfaces with an oxygen-
sensitive polymerizable mixture, wherein said optical surfaces of said contact lens
mold have less than 2.5 x 10”® moles/cm? O, available to interfere with the

15  polymerization of said polymerizable mixture.

11.  The method of claim 10, wherein said optical surfaces of said contact lens
mold have less than 1.9 x 10”° moles/cm? O, available to interfere with the
polymerization of said polymerizable mixture.

20
12. The method of claim 10, wherein said optical surfaces of said contact lens
mold have less than 1.5 x 10° moles/cm? O, available to interfere with the

polymerization of said polymerizable mixture.
25 13. The method of claim 10 wherein said contact lens mold comprises plastic.
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109%& ()5 | 313.0%&HQ mlett3BL1aifT 10 Whetein said contact lens mold comprises

polypropylene.

16.  The method of claim 10, wherein said contact lens mold is a reusable mold.
; 10 17.  The method of claim 11, wherein said contact lens mold is a reusable mold.

18.  The method of claim 16, wherein said contact lens mold comprises glass.

19.  The method of claim 10, further comprising the step of:
15 sealing said polymerizable mixture and said optical mold surfaces away from
air, wherein said optical surfaces of said contact lens mold are exposed to air for

less than 70 seconds just prior to said dosing and sealing steps.

20.  The method of claim 10, further comprising the step of:

20 sealing said polymerizable mixture and said optical mold surfaces away from
air, wherein said contact lens mold comprises a new material, and further wherein
said optical surfaces of said contact lens mold comprising a new material are
exposed to air for a time less than or equal to (70 seconds) * (D*k for PS) / (D*k for
NM)

25  Where: NM = new material
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