CONTACT LENS BLANKS This invention relates to nethods for reduction of
defects in, and an inprovenent in yield, 5 in the production of contact

| ens bl anks. More particularly, it provides neasures to control and
mnimze lens blank defects known as lens holes. Contact |ens prepdddflfagm
hydrophilic polyneric materials are now well known, and are 10 prepared
commrercially in great volune in highly automated manufacturing facilities.
As these products are intended for intifmte contact with the eye, great
care is taken to assure that they neet stringent quality control
standards. This can result in a 15 relatively high reject rate, adversely
affecting economes in their production. Accordingly, it is an object of
the invention to control and mnimze | ens bl ank defects, specifically

| ens hol es. ﬁg%bbopéh%ﬁni&Iﬁ; el 1R He et f19f %Wr able in

hi gh speedl GatrPABT e 4ring operattons to t1pro dversely
affected by Tejects due to fens holes. Further, it is an object to provide
means for reducing |ens hole defects originating in the filling operation

25 and attributable toThﬁéyéﬁV§F§@?nbgﬁi@heefFDhaethedstEpe monomer mi xture
forning the tansctl@ikor Fbpably. iht Aﬁdaanomng%ytamengozpdgig1@ hod for
m x about an

ef fecting_even distribution of reactive nonone upgon t he
convex or?backcth¥ PHBPUCt 390 pPECESBE3CE ot eppebinnhg - hyMowghi | i ¢ hydr ogel

contact | engpdttaidesl ave, beenpyell dd9CHERBL8Es to control and
minimize lens blank defects known as lens holes.

Contact lens prepared from hydropﬁilic
polymeric materials are now well known, and are

10 prepared commercially in great volume in highly
automated manufacturing facilities. As these products
are intended for intimate contact with the eye, great
care is taken to assure that they meet stringent
guality control standards. This can result in a

15 relatively high reject rate, adversely affecting
economies in their production.

Accordingly, it is an object of the
invention to control and minimize lens blank defects,
specifically lens holes. Additionally, it is an

20 object to afford a method operable in high speed
automated manufacturing operations to improve yields
adveréely affected by rejects due to lens holes.
Further, it is an object to provide means for reducing
lens hole defects originating in the filling operation

25 and attributable to uneven distribution of the
reactive monomer mixture forming the lens blank.
Finally, it is an object to provide a method for
effecting even distribution of reactive monomer mix
about and upon the convex or backcurve mold.

30 Processes for preparing hydrophilic hydrogel
contact lens blanks have been well documented.
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35 2 7 OCT 2003 -2 1 Briefly, reactive nononer mx (RW for the formation
of hydrophilic contact |enses is dispensed into a concave or frontcurve
mol d, formed from a hydrophobic polynmer such as polystyrene, at a filling
station. A 5 convex or backcurve nold is then brought into proxi @&tJ§T 2003
engagenent wth the frontcurve nold to form and shape the | ens bl ank

t her ebet ween. Next a mechanically assdciated assenbly forned fromthe
frontcurve nol d/ RW backcurve nold is traversed 10 through a UV curing
tunnel under conditions to cure the RW The cured | ens bl ank products

associated wth the formng nolds are then_di ssoci ated removi ng the
backcurv?‘ meird-e Five c‘if’reb‘ffl‘?eerlg‘?’?‘?%‘?]’f c'[ﬂ’@e(%)\g%z P Fgetgéﬁmﬁ'é@érsgd

t hrough 15 lgashidye g hy @it 6 t bakses and @ispahaed Levs as thereby

produced. The continuo rocess i mepting.the conplete ufacturing
i P aneronciory St fgher

process uti [SYESVE 1¥h TR JFRAET ur T RGSOne “RofpbT SFABPPPFSt and

second 20 i pjcAghiean swilliag séBysopsefior dbeafdihbingnsvétiooncake and

convex Igys nol.ds c£$%§§§£édf¢gﬁ%§f iéngﬂggegre?%ﬁgnsggg%ollne upon whi ch

concave and “Lonivex’d ens parts e Conveye m zone zone; an
encl osed zomerdximatregengagemeht )wihehnthenfdonhderve28onit Fogéarmor

degassing Mol.gh NAINES Qe SPELL WPanR chLblbogugane TRExLI Gl Ng concave mold
W t reacti onp t

sections ! ve nononer C osI t1 on, reglsterlng concave and
convex nol d rsadtarohsal by avsgpethtedaaseanbirdfengadi Agomsahe in nmating

mol ding rel ghl gy QR ONRb1 o/ e Pha dRCUACEURbEANTLt EPRYerdBd Precuring said
reactlvgugomﬁggugh a UV curing tunnel under conditions to cure

the RMM. The cured lens blank products associated

with the forming molds are then dissociated by

removing the backcurve mold. The cured

lens/frontcurve assembly is then traversed through

15 1leaching and hydration tanks, and a contact lens is

thereby produced.

The continuous process implementing the
complete manufacturing process utilizes a lens mold
manufacturing zone, comprising first and second

20 injection molding stations for the formation of
concave and convex lens molds, respectively, and
includes a transport line upon which concave and
convex lens parts may be conveyed from zone to zone;
an enclosed zone ('nitrogen tunnel’) maintained under

25 nitrogen for degassing mold halves or sections; a
filling zone for filling concave mold sections with
reactive monomer composition, registering concave and
convex mold sections in aligned relation, and engaging
same in mating molding relation optionally under

30 wvacuum conditions, and precuring said reactive monomer

composition with ultraviolet light to a gel-like
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conposition with ultraviolet light to a gel-like 35 2 7 OCT 2003 -3 |
state, and a curing zone in which the cure is conpleted and the finished
| ens bl ank readied for denplding. It will be appreciated that the entire
process is integrated via transport neans, generally 5 one or norg] (CT 2003
conveyors upon or in relation to which Ilens nolds are assenbl ed, arranged
or interleaved in the course of convegance through the said zones or
stations in operational sequence. The lens nolds nay for conveni ence be
situated in or upon mni-pallets 10 (for exanple, fabricated of cast

al um num_ stainless steel or the like) containing a nunber of lens nolds
(for exardpl steitght pral laarttgle-‘dn%gmr@r liyn therdortlien cupratisal rel ation

cor rel ated Wi iLhed Loal T8R4 AIGHIPNSAND I QUL gt er |

transfer eqU|p re enp oye conveyance belts or
tunnel s ar e demedidima. rogén wirl )i s tapgaseon-ast diledt sche |entgkedit er perti nent

detail, theg%%%\ée i Y ULE Y & 1@|&ar{1§§eﬁﬁprn¢éaw m}ap mol di ng

surface t get her mnt a perl pheral zone or “flange f |nteract|ve
engagenem Wirteh Qh EEEN\RSU VY Bt KRV ©F rﬁﬂ ch]sa‘%Jr%e‘?%e‘ﬁ“‘WllPough a

stanpi ng st atd@n i Whiphe dhemprddhel@tarddanas poidd Sredbed hennol d is
treated with a surfactant material without” contact, with the opti cal

surface of fhe FOIUESETIRE RATY §YENHertdugh 257¢ (934 202t Phes to

over fl ow ng gMaldi driRAGlHd \tqoerﬁmqrmfal i equdreieeuporhd Heert & o Dl veayol d is
engaged in t|n relation with the Qﬁnvex or _backcurve nfL ts( t he
35 F1ed;

optical surf&d P9 S kieyp‘ﬁlc mt et 9 tHE PR j uxt aposed
mol d as§éhbHWdﬁN§xﬂhpmﬁtfﬁaﬁﬂmﬁated of cast aluminum, stainless

steel or the like) containing a number of lens molds
(for example eight) arranged regularly thereon in
spatial relation correlated with the treatment
stations and the automated material transfer equipment
15 where employed. BAll of the conveyance belts or
tunnels are under nitrogen or inert gaseous blankets.
In greater pertinent detail, the concave or
frontcurve mold incorporating an optical molding
surface together with a peripheral zone or flange for
20 interactive engagement with the convex or backcurve
mold is traversed through a stamping station in which-
the peripheral flange portion of the mold is treated
with a surfactant material without contact with the
optical surface of the mold. The mold is thereafter
25 filled, sometimes to overflowing with reactive monomer
mix whereupon the frontcurve mold is engaged in mating
relation with the convex or backcurve mold, (the
optical surface of which is typically untreated); the
paired, juxtaposed mold assembly including the RMM
30 molded therebetween, passed to a curing station and

thence to a first demolding station at which the mold
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30 nol ded therebetween, passed to a curing station and thence to a first
denol ding station at which the nold 35 2 7 OCT 2003 -4 1 sections are

di sengaged. Facilitated by the presence of the surfactant upon th]e

peri pheral flange of the frontcurve nold, the excess materi al iJ sﬂﬁﬁalﬂﬂl ed
from the remai nder of the cured |lens blank and retained 5 with the convex
or backcurve nmold; the optical portioni-of the lens then is retained by the
frontcurve nold, whereupon the excess waste material nmay be renoved from
t he backcurve nold by any suitabl e nechanical means, wherefore the
frontcurge nol d, associated with 10 the retained Igns li)l ank free of excess
peripheral S¢RtiPnalare Passed2869 calRifhg 1aAG SRy f¥alion PEEAS G,
ultimately &9 bge dsapEdedant hapeantaet peeigberba e ancel logctted and
prepared for shipnent. illustrated 1n Figures.,1 and 2 irg' &tion 15

ol ds. #1 andr Rt CURERATAldet EPE EHTCRAIMESEIIA L HE SERARAHSLIARLf Figure

1, nold respeetieghynfeonbt eleveuzied hatlk ®lovd laewds maadreatts or
sectionsi the be |ocated in tandem as.shown in_ Fi.qure . 1o shorten
exposur e tow%%%ngﬁﬁog%gﬁé 8ti k’f—"cﬁ(ﬁﬁrﬁgr F‘Otlﬁéywp‘fo%%fg}béel Ipo2ocrngrle(%fl in a
common pl anefi bher 3enti hhjea bisf vetatieed bynsper f ianmeumieemget.pendi cul arly
oriented thoyelg L B,! PRSAUR R a%%-st'éo%%tt'e%ima%aﬂ%% 104 Af &y provi ded

t he“holH Feg § or

adj acent e I'stry and engagement statio receiving 25
concave andfromvekel baskpukas, modshpéot v pudidhiieamefadraniiftflsai d nol d part

] Cen | OW OX¥QSHs , CRYLLARERR! thle 3 BndRuRNROMRIICE SR R Gide noted  at

10 the retained lens blank free of excess peripheral
material is passed to leaching and hydration stations,
ultimately to be demolded, the contact lenses to be
collected, and prepared for shipment.

As illustrated in Figures 1 and 2 injection

15 molds #1 and #2, shown at steps 101 and 102 in the
flow diagram of Figure 1, mold respectively front
curve and back curve lens mold parts or sections; they
may be located in tandem as shown in Figure 2 or to
shorten exposure to the atmosphere still further, they

20 may be located in a common plane intersecting a
bifurcated transport line, even perpendicularly
oriented thereto in the same plane.

Robotic means 103,104 are provided adjacent
the mold registry and engagement station for receiving

25 concave and convex lens molds, respectively and
transferring said mold part to a low oxygen
environment at a high production cycle rate, as noted
at step 105.

In the course of or following complete
30 degassing of the lens mold sections as indicated at

106 in Figure 1, the pallets containing concave and
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In the course of or follow ng conplete 30 degassing of the I ens nold
sections as indicated at 106 in Figure 1, the pallets containing concave
and 35 2 7 OCT 2003 -5- 1 convex lens nold sections are ordered ihj@CT 200
interleaved relation and degassed when encl osed in feed conveyor such

t hat automated equi pnent may effect their operative interengagenent into
nol ding relation. 5 The sequenci ng comdeyor 32 including the interleaving
station 40 i's enclosed and pressurized over its entire length with an
inert gas, conveniently nitrogen. The anount of nitrogen is not critical,
It beinqhsuitable to use just enough nitrogen pressure to 10 effectively
excl ude t-he camesspheans el g4t opes aatqErdoreid tiohe Bxperieaded. In the

ni{rogen tunnBlse S LD U dih SO SRELN S SOTYEIETs B2LLEE. Logobyyy prepar o

| ens nol d bl anks are s indicated at step 106 in Figure 1. 15 The
concave | en$ufl dshady eyt onadeedy e tneent dey i Sef eohor@®1Eonposi tion at

step 107 and,jdi& c GANCAYE AWl V&t | Bso RV O$i g erPl aCedninto registry
and urgegalnto conplenmentary nholding relation. The filling and assenbly
zone 50 strrounds a porte oTF BHEOLRR S UBHRMNT Ny ofNEHARSRIr EPFeans 32,

whi ch del i veirrs: d:19 edVithg Obtea Db €46 LONORVE-HE SAVEXeboasiBAd  secti ons,
respectively, and at the termnus of the =zone carries gallets oigpaired

and filled IUs ¥ tREIYR IRE R OREED 192 FREYT iR AndCAREBRBPY L 28ne 25
il lustratedrditfdgunie 2rigd Dfbust def imperdye igeoseteicaibylappeopriate,
;L;‘,‘“Spare”t B PSH S ap BENET ALl Rlst CEIENAN 3¢ £6988 328550, EQrmmed of
10 effectively exclude the atmosphere under the operating
conditions experienced. In the nitrogen tunnel
surrounding sequencing conveyor 32 the freshly
prepared lens mold blanks are degassed as indicated at
step 106 in Figqure 1.
15 The concave lens molds are filled with the
reactive monomer composition at step 107 and the
concave and convex lens molds are placed into registry
and urged into complementary molding relation. The
filling and assembly zone 50 surrounds a portion of
20 the conveying or transport means 32, which delivers to
the zone pallets concave and convex lens mold
sections, respectively, and at the terminus of the
zone carries pallets of paired and filled molds to the
procure zone. The filling and assembly zone
25 illustrated in Figure 2 at 50 is defined by a
geometrically appropriate, transparent enclosure,
generally of rectangular cross-section, formed of any
suitable thermoplastic or metal and thermoplastic
construction.
30 As illustrated at 107 in Figure 1, the

concave lens mold sections are filled with degassed
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suitabl e thernoplastic or netal and thernoplastic construction. 30 As
illustrated at 107 in Figure 1, the concave |lens nold sections are filled
wi th degassed 35 2 7 OCT 2003 -6- nononmer conposition fromstep 108 and
then transported to an assenbly nodul e optionally having a vac QQEPer
formed intermttently within the nitrogen tunnel in which f|IIe conc

l ens nolds are 5 engaged with convex m#d sections in vertical alignnent
and in mating relation, such that the reactive nononer conposition is
trapped between the optical surfaces of the respective nold sections and
at least partially seal ed b the e a enent of th 10 arting edge forned

peri pher ar | "¢ tFQWP?%k }hstT FeRcl P dHnsan B?Esent, the vacuumis
rel eased. Themsgdemties alﬂD|£b$§ml@fa§8rﬁkﬁ|dlhhéO@ghldﬂh&lmgeha{rmngha precure

station, an _inteqgral of the njtro owi ng assenbly of

the mol d parfEy <§h4$h:f){9ﬁm?%n%n ﬁ%ﬁ%? g?ﬁrgééﬁé gb €step 109 in the

precure nodMntﬁﬂgeﬂ ﬁdmn¢ﬂeﬂmwmh1mweﬁilb@d dbecapeotess mbltbeaprocure

i nvol ves Ia ld _halv n ation en precuring the
AR e (10! o AL ES1 4 1o L£01 SAL 24 10D AL

nmonomner m xture to a ge sta W ng precure, the
polynerizatmm1gﬁm&ﬂmeam@nnmematﬂn@DM©h@tlﬂmxtauehlsheonpheted in curing

tunnel 75 a}g#ﬁ% ‘ﬁéﬁ%mQEGQOQQ s¥%£8ni{éagiéébQBUeéﬁwEQﬁngEe zone (75),
t he nononer uen xture 1s then cure oven ereb
pol yneri zat |qnﬂcsalcowp¢%@ré@smfthbe nopeRerfsye mhald sections and

at least partially sealed by the engagement of the

10 parting edge formed peripherally in each of the lens
mold sections. If present, the vacuum is released.
Then, the mated mold is passed through nitrogen to the
precure station, an integral part of the nitrogen
tunnel.

15 Following assembly of the mold parts, the
incipient lens monomer is precured at step 109 in the
precure module 60 of the present invention. The
process of the procure involves clamping the mold
halves in registration and then precuring the monomer

20 or monomer mixture to a gel like state.

Following precure, the polymerization of the
monomer or monomer mixture is completed in curing
tunnel 75 as indicated at step 110 with irradiation.

In the cure zone (75%5), the monomer/diluent

25 mixture is then cured in a UV oven whereby
polymerization is completed in the monomer(s}). This
irradiation with actinic visible or ultraviolet
radiation produces a polymer/solvent mixture in the
shape of the final desired hydrogel. 1In addition, the

30 cure zone also has a source of heat which is effective

to raise the temperature of the polymerizable
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irradiation with actinic visible or ultraviolet radiation produces a

pol ynmer/sol vent m xture in the shape of the final desired hydrogel. In
addition, the 30 cure zone also has a source of heat which is effective to
rai se the tenperature of the polynerizable 35 2 7 OCT 2003 - *7 27 (0CT 200
conposition to a tenperature sufficient to assist the propagation of the
pol ynmeri zation and to counteract the tendency of the pol ynerizable
conposition to shrink during the period that it is exposed to the 5
ultraviolet radiation. After the polynerization process is conpleted, the
two halves of the nold are separated during a denolding step |eaving the
contact |énscomposheibnrst artémpetraturwesubficheht €6, abedstwhheh it 10 is

subsequent|ly_r t _should be nentioped that _the front _and back curve
e et ves R PR E L oh L of 9%‘?n@?ﬁmn%ra%anglaﬁda?%eﬁodfeeaﬁaaacar di sposed
of . Heating tihe bhexdexoyvefl ehs polymeriadble dohpesentoal texpansi on of the

heat ed nol d r .relatjiv h ol er.l ens_pol r ich shifts one
surface mﬁtHB?%%%EC?&?%£§th%tﬁ%%?oéhgh$gsgﬁté%texg gar 8r§gebreaks t he
pol yneri zad ukhsdpodyeerradidtiadhesi on and assists in the separation of

nmold portions. The grgater £H§t%§ﬂgﬁég§g%€i§ﬁ28£ AL<40;het ween the

surfaces of the nold portions, shearing force and the
easi er the PP poketdonsheskyarbetveshps eheecwpliisageeacpsrafgdn there is

maxi mum t herdi@d-i 84 adi 88ho14$n BBeFONLLPYRS: th€akohfactOSknkhhgugh
conduction fromthe back pold portion 25 into the lens polyner and the

front nold p%ﬂ?i%h?sﬁnﬂr front curve mold half 10, from which it

10 is subsequently removed. It should be mentioned that
the front and back curve mold halves are used for a
single molding and then discarded or disposed of.

Heating the back curve lens mold creates

differential expansion of the heated mold polymer

15 relative to the cooler lens polymer which shifts one
surface with respect to the other. The resultant
shear force breaks the polymerized lens/polymer mold
adhesion and assists in the separation of mold
portions. The greater the temperature gradient

20 between the surfaces of the mold portions, the greater
the shearing force and the easier the mold portions
separate. This effect is greatest when there is
maximum thermal gradient. As time continues, heat is
lost through conduction from the back mold portion

25 into the lens polymer and the front mold portion, and
then collectively into the surrounding envircnment.
The heated back mold portion is, therefore, promptly
removed so that very little energy is transferred to
the polymer lens, avoiding the possibility of thermal

30 decomposition of the lens. The heating may be

accomplished by techniques known to one skilled in the
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then collectively into the surrounding environment. The heated back nold
portion is, therefore, pronptly renoved so that very little energy is
transferred to the polyner |ens, avoiding the possibility of thermal 30
~deconposition of the |lens. The heating may be acconplished by tdthﬂqﬂ@k
known to one skilled in the 35 2 7 OCT 2001 -8 1 art such as by steam

| aser and the |like. The process of | afer denolding is described in U S.
Patent No. 5,294,379 to Ross et al. If the heating step is hot air or
steam 5 after the heating step, the back curve is pried from the front
curve an I ndicated at Step 111. If on the

mpl.d in the | d assenbl as p

ot her hag%,aﬁheS?ﬁﬂuﬁ%ﬁ#ngﬁvaas%?5%¥ ¢ B dl kS - prVRgPrecagad and the
back curve sdépdraeas dporldiepuiss ydésoni bee imonts.%ﬂaﬁéﬁyeN?Fhe denDLdlng
assenbl i es @f aration apparatus 90 each physically pry the
back curveghé#%ﬁﬁgﬁ%qﬁb%§$%%1?%eg%ront curve half 10 of each contact |ens
nmol d to physically exposetleadedbinmpnstae 1ensosi&iat ed bﬁehhe | ens nDLd
for conveya ' ti f ydration_of t enses. The

B/aAGe ool itk HEL AP O BLRYALRALL OF Pricg.!

pryi ng process occurs un areful |y controlTed - con *88 that the
back curve R&Er B3opng | |Icweve sephreekd in omre heoId oasseuble, hakf 10 wi t hout

20 dest 1oyl g dd O idgeplrife | eAS] UREdLfiet Nanbens, Dl d- After the

mol d assenbl i es have been _ separated 1 n the denp appar at us 90, each
pal l et cont'&atiiRy tife BY oiseure®e ofwrirdveo wining exposed and

the back cuxrve separates spontaneously from the front
10 curve.

The demolding assemblies of the mold
separation apparatus 90 each physically pry the back
curve mold half 30 from the front curve half 10 of
each contact lens mold to physically expose each

15 contact lens situated in the lens mold for conveyance
to a hydration station for hydration of the lenses.
The prying process occurs under carefully controlled
conditions, so that the back curve half 30 will be
separated from the front curve half 10 without

20 destroying the integrity of the lens formed in the
lens mold.

After the mold assemblies have been
separated in the demcld apparatus 90, each pallet
containing the front curve mold halves with an exposed

25 polymerized contact lens therein, is subsequently
transported to a hydration station for hydration and
demolding from the front curve lens mold, inspection
and packaging, as indicated at Step 112.

In the course of commercial operations

30 including high speed production of lenses in volume, a

small member of defects can seriously affect yield,
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25 pol ynerized contact lens therein, is subsequently transported to a
hydration station for hydration and denolding fromthe front curve |ens
nol d, inspection and packaging, as indicated at Step 112. In the ?%ET?@3Of
commerci al operations 30 including high speed production of Ienseg [
volume, a small nenber of defects can seriously affect yield, 35 2 7 OCT
2003 -9 and resultant economics of thé3process. This is particularly the
case where, in consequence of the use of automated manufacturing equi pnent
a defect in a single lens can result in the loss of a |arger nunmber 5 of
| enses with ich it is associated fortgﬁggPle in the course of being

r

transf er red 3 refddAt B e ok F3SAOne Tirfuf st uri ng station
t o anot her. paerisudeidst T Rcailisd arhdiay iteassMSaqudiddl N isé NPe

m sal i gnment__of nuf acf uring 10 equi pment., but_ as latter is readily
correct abl eOf?r?l“or%ﬂ}?téﬁ%i "?ﬁ%fgt%gﬁ’tit%mp,mﬁff& ét éieihfe‘?%t fdtsed

princi pal | y simdlend e esaranceguidd|ies tfley rieshs roft ke 1agpgsenwfbér! | ing and
curing stepsgye ﬁf%s%g Q&ékp%\rhj{ﬁ?cfﬂ Vi MRS TS f(oFig’i“Qxarﬁ.l&eLe{‘é hol es

i ncl ude voi ds r eas vvhl_c contdi n 'no nohomer’, S 1t e. areas of
nonuni f orm this cknvess efhdatrgertsind fearcedgul arintesraslughabbet sineven

edges, being.a functi | £ SNEY eadi EE_Q reactive
nonomer m x%on fI he séur acgrte &25@0%4%% convlergI bsaéﬁlﬁgewmﬁfé en the two
mol d hal ves are joi ndeenPirfiests gntterfdremandefegasons, randomor  tree
branch shapgsaereng} |4 g2 ANGyridieht! &% manufacturing

10 equipment, but as the latter is readily correctable
through engineering adjustment, interest is focussed
principally on lens holes and puddles formed in the
course of filling and curing steps, employing the
reactive monomer mix (RMM) .

15 Lens holes include voids i.e. areas which
contain no monomer, pits i.e. areas of nonuniform
thickness, and other similar regularities such as
uneven edges, being a function of the efficiency of
spreading of the reactive monomer mix on the surface

20 of the convex backcurve mold when the two mold halves
are joined.

Puddles, another lens defect, in random or
tree branch shapes generally found along the lens
edge, are generated during the curing step, and are

25 associated with the concave or frontcurve mold.

High speed photography has demonstrated the
formation of lens holes in the filling operation
during the spreading of the advancing meniscus of the
RMM upon the convex or backcurve mold. However, the

30 occurrence of the defect is apparently indiscriminate,

especially considering the number of sound lenses
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edge, are generated during the curing step, and are 25 associated with the
concave or frontcurve nold. H gh speed photography has denonstrated the
formation of lens holes in the filling operation during the spre mg-ﬂmj
t he advanci ng neni scus of the RMM upon the convex or backcurve nold.
However, the 30 occurrence of the defect is apparently indiscrimnate,
espeC|aIIy consi dering the nunber of 568Ad | enses 35 "2 7 OCT 2001 -10 1
produced in the sane manner on the same equipnent. It had al ready been
established that on a nacro scale, RWMwets the pol ystyrene nold surface
wel | . ver(ﬂgund nentg13 studles based u Qn 5 work regorted b R H.
Dettre and RYEUGEhRE -1 . SF7e BRYLST cRgntBgSaggo9ap @8?tand n Surface
and ColI0|dhdﬁn&ﬁu&adi&bébml¢evab11£ﬂed MﬁaeyehnhemackeneealNY 1969
161.2 pp. 8 : S dRL Proar ort # 9, Textile Research

| nstitute, rlnce fgtfﬁgNﬁgfyﬁmﬁﬁg?e % figﬁﬁ gﬁ%mﬁa hat the nold surface,
formed of a hydrophobi&om£W§mnrfen@hmast@blgsu@meae(bamad apbaw ener gy
het er ogengo rf8SSr syl t f hig y surf.ace

domai ns. ”?hﬁ?”ﬁgsg onS|stgﬁtﬁmn$E tetgfé a8 ﬁatathgoﬁgségn8§regins wer e
15 typlcallﬁﬂﬂéhLﬂﬁﬁﬁhd $®r lﬁ?%ctl@ﬁGhnaﬂgngnpﬁﬂpﬁses_ﬁn__ﬁgﬁﬂ@&d certain
addi tives '@Qh%gkﬁg WP'qqé€lf@§fc aﬁ§ntSWlfengnEQPEglgﬁggldﬂYthe hi gh

energy domai'ns on _ surface here S 1 n consequence established
the 20 need ¥%t- rﬁﬁ&ﬁ?tﬁpnnﬂ$f?n@h% Burfagecnet IRLt Progrens interface

bet ween t he regivex #pra PACKEHE Vee NREGe aPENt PEstitute, Princeton
10 N.J. Rugust 23, 1992)showed that the mold surface,
formed of a hydrophobic polymer such as polystyrene,

was a low energy heterogeneous surface having a small
portion of high energy surface domains. This was
consistent with knowledge that the molding resins were

15 typically fabricated for injection molding purposes to
contain certain additives including mold release
agents, which could provide the high energy domaing on
the mold surface.

There was in consequence established the

20 need for means to modify the surface activity at the
interface between the convex or backcurve mold and the
reactive monomer mix, in the context of dynamic lens
formation during molding and in particular, during the
original contact with the RMM, and the advancing

25 meniscus thereof onto and across the convex mold. 1In
particular, it was desired to establish during molding
an increase in the high energy surface area exhibited

by the convex mold.

30
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reactive nmononmer mx, in the context of dynamic lens formation during

nol ding and in particular, during the original contact wth the RW and

t he advanci ng 25 neni scus thereof onto and across the convex nold. In
particular, it was desired to establish during nolding an increabg(Tl Hi he
hi gh energy surface area exhibited by the convex nold. 30 35 2 7 OCT 2003
-11 1 In order to inplenent the high-speéed and mass-production nol ding of
such hydrophilic contact |enses, there have been devel oped two-part nol ds
i ncorporating pallet-supported nold structures; for 5 exanple, as disclosed
in U S ftent No. 4,640,489 to Larsen, and nethods of form ng shaped

pol yrmeri c* hydrogel arimc@é@ersn@hlﬁﬁlﬁW@mﬁphh¢|bl@bnﬁhé@dl@nées

e|UC'dated'ﬁ%éé“bfﬁé&é9§8ﬁeﬁ09élﬁ§SbfPé&@ﬂth§@§ophﬂ1§§oe§§§aéﬂd 5, 039, 459
to Larsen et al. 10 The rel ease of " h hilit contact | enses from

dro
adher ent rmI]dE%%ﬁ’ﬁ‘ac'élée§%b§@‘dﬁeh?e‘ﬂog@ﬁ‘é opedpFeeTBATBf MPkdScont act |ens

mol di ng prOCQ@@oﬁ@@r@@ Elitat brt 8B Ay Ed §99ﬂ t@@ ks §6% forth in
the disc oghre of ln%q?ent 5, ggaﬁlgl to Druskis C e in that

i nst ance, sd?*%%ﬁ%ﬁtsa%rglﬁﬁ%?%ﬂﬁcéﬂ nS- SB?E??%nN?ntﬁ §4ﬂyﬂF3tF8n bat h

enpl oyed i n thesd®) dang méﬂMbﬁseéff@dSrrﬁIhh@I ngﬁ.@@ pyUyephi ki c pol yneric
structures ontact | enses. The surf di spersed in the
hydrati on bﬁﬁﬁg¥%9% neEht f ??on%”ﬁ%taﬁo %&E@%ﬁf#bc16@95§Cﬁei§ﬂ?eﬁrds in

facilitatingretbéseedoint brel @hsesobupesadhevest pavéhgumus.nol d surfaces
being separaf dy, 102, T UG EOP3 9T 4 5YCPSHLLEEH 2L BF1 nO

10 The release of hydrophilic contact lenses
from adherent mold surfaces subsequent to the
completion of the contact lens molding process can be
facilitated or improved upon, as is set forth in the
disclosure of U.S. Patent 5,264,161 to Druskis et al.

15 In that instance, surfactants are introduced in
solution into a hydration bath employed in the molding
cavities for molding the hydrophilic polymeric
structures or contact lenses. The surfactant which is
dispersed in the hydration bath in concentrations not

20 exceeding 10% by weight aids in facilitating release
of the lenses from adherent contiguous mold surfaces
being separated, the function of such surfactant being
to reduce the surface tension properties of water or
liquids, and to thereby reduce the level of adherence

25 between components consisting, on the one hand, of the
contact lenses and, on the other hand, the mold
surfaces which become adherent during molding.
Numerous types of surfactants are disclosed in this
patent publication, such as polymeric surfactants

30 including polyoxyethylene sorbitan mono-oleates,

which are especially suitable for releasing in an
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to reduce the surface tension properties of water or liquids, and to

t hereby reduce the |l evel of adherence 25 between conponents consisting, on
t he one hand, of the contact |enses and, on the other hand, the nold
surfaces which become adherent during nolding. Nunerous types of 727 (CT 2003
surfactants are disclosed in this patgpt publication, such as polymeric
surfactants 30 including pol yoxyet hyl ene sorbitan nono-ol eates, which are
especially suitable for releasing in an 35 2 7 OCT 2003 -12 1 undanaged
state any hydrophilic polynmer articles from adherent nold surfaces which

are constl t unethneiged|asdie df aiydtsphil X RalGidr 4a 9292 fpskri bes the

use of 5 siljcone wax,. stearic acid and mneral oil as_additives for
pl astic nol El'd(!’(?rﬁ?&tl t"?cblrfi Y '?ﬁﬁ%\)&’t% AXPIMRTL I psed ePBase fromthe

pl astic nol gdasthe wecefifly face applied surfactants as rel ease agents in
onnection wth the a ri of 0 drogel ., contact lenses is
gisclosed and clainegqfﬁgbg%#ﬁﬂﬂg %S%ﬁ%ﬁ%%yté%§k¢%ﬁ%%tt%?5H%?99§. In that
patent, & tisiidilcoyer varx fidtreafia surd aerichh 1 rsetbedn] a%il Taeen 80 is apﬁl i efjl
via a stanpi : r ; Lons_ ext endi ng about, i.e. eripherally
of the 15??@%%33%5 é}é‘g gnﬁsﬁ:lp%?%f%rc?@e%%r B of LERYQke 8F%nses, to
facilitate CRaNaEHs Isieasslagn damwldiagladtat Inokdpart of the
peripheral rings of RMYdmaiflisd Sd?%?é%ﬁ%?kf?%d”éﬁgfébégnéQea | d by

virtue of overrun during filling ] . application, no surface 20
active mat eFEHEIZE FFARNEY ¥b I gFh ttiHe AL alefunimg ofie optica
face of ltthehy@®gel contact lenses is disclosed and claimed in

commeonly assigned U.S. Patent 5,542,978. In that
patent, a thin layer or film of a surfactant such as
Tween 80 is applied via a stamping head to surface
regions extending about, i.e., peripherally of the
15 frontcurve of a mold part for the forming of contact
lenses, to facilitate the lens release upon demolding
of all or part of the peripheral rings of RMM material
expressed externally of the mold by virtue of overrun
during filling. 1In this application, no surface
20 active material is applied to the portion of the mold
defining the optical face of the lens.
The present invention is directed to a
method for the modification of the surface energy of
| hydrophobic contact lens molds to improve wettability
25 and release characteristics thereof to reactive
monomer mixtures for hydrophilic hydrogel contact
lenses, comprising predominantly acrylate monomers,
said method comprising coating the surface of at least
one of the mating optical surfaces of said molds with

30 an effective amount of 0.05 to 0.5 by weight of a
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The present invention is directed to a nethod for the nodification of the
surface energy of hydrophobic contact Iens nmolds to inprove wettability
25 and rel ease characteristics thereof to reactive nononer mxtures for
hydrophi lic hydrogel contact |enses, conprising predom nantly acgylgf{e)
nononers, said nmethod conprising coagilglg the surface of at |least one o

the mating optical surfaces of said nofds with 30 an effective anount of
0.05 to 0.5 by weight of a 35 2 7 OCT 2003 -13 surfactant, prior to contact
of said nold surface with said reactive nmononer m xture. The present

[ [ ' | ens
i nventi ol f ghirFeicuR{at to a %’Ef‘gc OLe P ci hydr pgel copt act
bl anks 5 com})lr,i sicng for %%nlg a Ioens | an€< éro%g&wn%%r %?ggc?mﬂbﬁér

conposi ti onsé‘&éipFé'(?qtdrv%m%@r dorttaste . | enses between mating concave and

. . fr Lt noner
convex nold surfaces gHeclgididichd hewd P8P Jflﬂeﬁ?éf Lézgaweagg

- conposition_in.and upon the concave nold surface an en nﬁ t he
(r:mgmer conp §|l"ﬂ%orf | B QNS The i el esompiet seimdel amks her eby conf or m

Pe priwieg Marnihey cont B jpg, the
i”r]r;e)r gl\zg(r)ren[ C\?hnﬁpgﬁ%og i seslh,? I iﬁgtolee?ﬁ{es%%ﬁ?a%%;%{# éf'ﬂ&(g:ie‘gof the convex
mol d a surf 868 °HET f?@&éﬁtlcgg %@H e hdregr¥ seent@ela conpri sing

! i mt i t ffici.ent r ns hole
hi gh surfacéenerer (e toemi Mftiiny aibrafEk alﬁsr%%ﬁ%g_mérﬁ% %?ﬁﬁ%%%gi nvention

s otit1 o PRaPdidg” AR ErarY o5 TR sl e HOETTEAL | on of e
cont act sur feEPOsi td cgoriveambhgaomies etbrafave mold surface and

10 engaging the monomer composition with the mating
convex mold surface to thereby conform the monomer
mixture into the contact lens shape for UV curing, the
improvement which comprises applying to the contact
surface of the convex mold a surface active agent, to

15 increase the surface area comprising high surface
energy domaing, in an amount sufficient to reduce lens
hole defects realized in contact lens blanks so
produced.

The present invention is still further

20 directed to a method for the modification of the
contact surface of a convex mold composed of
polystyrene for the production of hydrogel contact
lens blanks, to increase the surface areas of high
energy domains, thereby to increase the wettability of

25 said surface by a hydrophilic monomer composition for
the molding of hydrogel contact lens blanks comprising
providing to said contact surface in or prior to the
molding cycle a uniform application of a surfactant

sufficient to reduce lens hole defects in said contact
30 1ens blanks.
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pol ystyrene for the production of hydrogel contact |ens blanks, to
increase the surface areas of high energy domains, thereby to increase the
wettability of 25 said surface by a hydrophilic nononer conposition for

the mol ding of hydrogel contact lens blanks conprising providingt8(k304
contact surface in or prior to the nolding cycle a uniform application of
a surfactant sufficient to reduce |en$*hole defects in said contact 30

| ens blanks. 35 2 7 OCT 2003 -14 1 5 10 15 20 25 30 In accordance with the
invention, there is provided a nethod for mnimzing | ens hole defects in

t he manufiacture of hy t |lens conprising, nodifying, the surface
ener gy characte[isticgﬂggﬁ#ﬁ%&ﬂ%%%5€%%§ éhﬁw&ﬁﬁ%ﬂﬁﬁﬁﬁd ¥@ctSfor contact
with the r&Feviidedmnormgrhod xtar enfroimisain hyeiodedl € ofé et s | €As

structures.dﬂyw%§ﬁﬁ¥ag}ﬁ§%l he Ei%h urface area. in-the contact
face of the convex or rﬂbac ccyufrv}]i D |s§&rr.g£| Y e l?% RN 1Y s
mettabiIitquﬁ}ﬁﬂﬁﬁgwﬁhﬁi&niﬁﬁﬂﬂnﬁnergytCHar&pqnmzsﬁi@@ ?Emﬂmdlne?ti th?
convex M d donRbEIe YR v ARRY T S AL A A SUdACE. At ve agent to a

| east the contact face of the ﬁg%éyb app ylng,_agﬁ%v:sd¥b§?n '€ di ppi ng
or any ot hef S&GH {5 &My mixture for said hydrogel contact

lens structures. More specifically, the high energy
surface area in the contact face of the convex or
backcurve mold is modified to enhance its wettability

10 by the reactive monomer mix. In a preferred
embodiment, the convex mold is pretreated by
application of a surface active agent to at least the
contact face of the mold by applying, as by spraying,
dipping or any other suitable means.

15 Such pretreatment ﬁay be effected, for
example, by spraying on the contact face of the convex
mold a surfactant such as Tween 80, Glucam P40 or
Glucam DOE 120 appropriately in a solvent vehicle
therefor such as water, alcohol or mixtures thereof,

20 to provide a concentration of 0.05 to 5.0% w/w of
surfactant. The pretreatment may be applied in
conjunction with i.e. to precede each mold cycle or
may be effected intermittently, to maintain the
required surface energy requirements for reduction of

25 1lens hole defects. The amount of surfactant to be
employed will also be gauged by a certain balance
between measures taken to ensure desired lens release
preferentially from the convex molding surface at this

stage; and lens demolding from the concave or

30
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Such pretreatnment nmay be effected, for exanple, by spraying on the contact
face of the convex nold a surfactant such as Tween 80, d ucam P40 or

G ucam DCE 120 appropriately in a solvent vehicle therefor such ffuépzﬁg,
al cohol or m xtures thereof, to provide a concentration of 0.05 t'0"%.

w w of surfactant. The pretreatnent may be applied in conjunction with
i.e. to precede each nold cycle or nmay Be effected intermttently, to
maintain the required surface energy requirenments for reduction of Iens
hol e defects. The amount of surfactant to be enployed will also be gauged

by a cergai nfbralnatnce é’%g"f&%gfﬁ?&{g (t:@%(%n t'thFQSUIE glgé%gg | ens rel ease
preferentially‘%ronﬂ¥%e convex nolrding surface at thi's “stagé; and | ens
denol di ng fr ewmkddinancaveherc@icavgd QCT 200Bcutde Imdidnnayrbe nol d

foll ow ng cur ornlréli‘s;rérﬁ &Nk, ésiFEBHdiHSB{- o£§€iﬁ ”§a¥8r#;g£t§§?@tc“rve
nold may be ormed froma conposition |ncor%ora I'ng a conpatible agent
such as zi nc agardr atwchvhes eatnt hetearatecwhéreae Bheoavekace bhckbarve nol d

is treated perd.qdi | S ctant ..l C = WA A\

I nvent i oﬁ) asq{darﬁg%)gggl%?mfl%p?ﬁ?% %%ﬁe%g %}:éﬁggﬁbgéfegﬂsaﬁg\?mmgﬂaw:tgns hol e
defects can be Fwiiredany i858 aoeprdangeveibh thipeiBEARtiANaaRi gh speed
automat ed pilptopepdugtion line thereby effecting substantial economc
savings while increasing efficiency of ,the manufacturing eration.

. o
Figure 1 is a flow di agFantBistRanBske i Akolies R5epr shewy FBﬁgcéﬁpéct | ens
production, ixslélddé@fects can be reduced by as much as several

10 percent in a high speed automated pilot production
line thereby effecting substantial economic savings
while increasing efficiency of the manufacturing
operation.

Figure 1 is a flow diagram of the continuous

15 process for contact lens production, including
molding, treatment and handling of the molds and
contact lenses in a low oxygen environment.

Figure 2 is a top elevational planar view of
the production line system.

20 In accordance with the invention, the
interfacial tension between the reactive monomer mix,
more specifically the advancing meniscus thereof, and
the optical surface of the convex or backcurve mold is
controlled and minimized by normalizing and extending

25 the surface areas representing high surface energy
domains in the convex mold contact surface. This is
accomplished by the temporal or transient application
of a surfactant to the optical surface of the convex
mold in amount and characteristics effective to

30 increase the population of the high surface energy
areas on the convex mold surface to afford improved
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nol di ng, treatnent and handling of the nolds and contact lenses in a | ow
oxygen environnent. Figure 2 is a top elevational planar view of the
production line system 20 In accordance with the invention, th

i nterfacial tension between the reactive nononmer mx, nore speii'lfﬁtéam%

t he advanci ng nmeni scus thereof, and the optical surface of the convex or
backcurve nmold is controlled and mnmitfized by normalizing and extending 25
the surface areas representing high surface energy donmins in the convex
nol d contact surface. This is acconplished by the tenporal or transient
application of a surfactant to the optical surface of_ the convex nold in

amount and WRALAREAAILY: Pys threr &M P0G 46 Stc%e & & ek ith of the

hi gh surfaceuefaray endr@gs a@ Helteek@n\tex Mlgpesitritvacandlal aidlorek j nproved 35
2 7 OCT 203 -16 1 wettability by the RwW deffectiqgga}:&gifferential in
surface enef@y ¥&HEMedhs &pe&Ie &bl ® FERAL ™ (B 0V one t he

ePergy requinbed halseparsat e&d e etfarenmlad thalafek=cg0 e prefarteidmal |y
effect t retention.,5 of the optigal |ens.portd on..t.he tcurve nol d.
Thus, it rB\?vl Pff\ % eaﬁ’[?rt&ﬁrailatleentso p@&%sﬁo er” ﬁ:gle sf"ur? atcéehlc ar%% cpe'ri stic
expressed in and uponThhes, firomnidur \ee rgEpd dpr iagls Wagareigrecdpes of this
I nventi on, It 1S iy . hﬁﬂ§ I be denvol ded
preferenti a??‘ff%'ﬁgmcgl%?a%%fl%lﬁ%%&}%é(;&%iel%'Itlgnnt y t rorggh out the

manuf act ur i fgFoptesaye malshaln prrEant s tdes ayessPtered mh¥s om t he convex

mol d, ther ehy e, B e TLIRMIY oo thesl@hsndt atke i Tedde concave
frontcurve nold for traverse to

10" blank be demolded preferentially from one mold surface
consistently throughout the manufacturing process,
usually (and as described herein) from the convex
mold, thereby permitting the retention of the lens
blank in the concave frontcurve mold for traverse to

15 and through the remaining manufacturing stages. In
consequence, it is necessary to take into account,
relative to the type and amount of surfactant to be
applied to the convex mold surface, whether the
frontcurve or concave mold has itself been pretreated,

20 usually by an internal additive such as zinc stearate
to modify the release characteristics of the mold
surface. More specifically, one implements the
practice of the present invention in such manner as to
assure that, relative to the surface energy retentive

25 characteristics of one mold gurface, that a certain
effective differential be induced in the second mold
surface, to effect preferential displacement on a
consistent basis throughout the manufacturing process.
As aforesaid, it is understood that it is preferred

30 that the differential referred to favors release from

the convex surface, especially because the benefits of
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15 and through the remai ni ng manufacturing stages. In consequence, it is
necessary to take into account, relative to the type and anount of
surfactant to be applied to the convex nold surface, whether th 7.0CT 2003
frontcurve or concave nold has itself been pretreated, 20 usuallg d@ éﬂ
i nternal additive such as zinc stearat]%b to nodify the rel ease

r

characteristics of the nold surface re specifically, one inplenents the
practice of the present invention in such nmanner as to assure that,
relative to the surface energy retentive 25 characteristics of one nold

surface, ythat .a certain effe t|v ffer nqus second
nol d surfaE%duf:S(cei ?Fggtdﬁég eren éffﬂﬁétgﬁéﬁf‘%n aqﬁgéﬁgﬁgggnt basi s
t hr oughout thev&ansbaﬁEuEImgtﬂréwwtyan,Mhaﬁ&hxxﬁﬁﬁp he yeplirRet st ood t hat

it is preferred 30 thaj, %ﬁ%f%%e%ea'sd L6 thdavors rel ease from

the convex surface, especia ecause the benefits of 35 2 7 OCT 2003 -17
r educed Iengmﬂéﬁeeﬁehﬁﬁamﬁu}ﬁrﬂﬂﬁ[ﬁﬁﬁt%ﬁﬁkurk?%ﬁf%#m?SCHhve% surface with

RVM can Bhe{:gpiébqlesan%ét%éildgzedharamﬁaéw@s Qfe]@é@lﬁé'rtf@(ﬁmmtazﬁ@t erial
enpl oyed herein is not critical, insofar as it is ra_g?bje |n wetting

char act er i stPcéifdleganid alo Tahdasfl charaf teerdnt G ehde t

charact eri sthes dgipinivh W1d haneiman ® it ismrnfsac:&att Oapfﬂﬂlnéldl t is not
applied to achieve the benefits, of the .invention as out erein.

Natural |y, £8 @rei&Reiha AR a%?earﬁmi‘?j“rlsoﬁb%“br%% rﬁ? t he RW
or renai ns heraigert @]Eﬂ:ur@(ﬂ]@ﬂl ton the swdraceclodt tthiee | st ad¢ta®nt hydr at i on,

;E:ce\pl)mt ;Iblolbetl%e:a ct e?ﬁ%\_jnt h reg%[d ﬁl\ﬂwl ts pxhéﬁé.f}ll&gzi,&aall 9L Phar maceut i cal

extent on the surface of the lens after hydration, it
will be selected with regard to its physiological or
pharmaceutical acceptability for human use in eye
contact. The surface tension modifying

15 characteristics of the surfactant material in the

' circumstances obtaining will be assessed relative to

the desired differential release property; and the
surface energy modifying characteristics will be
assessed relative to the enhanced wettability for the

20 RMM in relation to the mold surface (in particular,
the convex mold surface, as aforesaid) in a manner
well known to the artisan. The surfactant material is
also selected for compatibility with the mold
materials and the reactive monomer mix. While, as a

25 consequence, amounts to be applied may differ in
response to these characteristics, it has been found
that in most cases, a selected application to the mold
surface in the range of 0.05 to 5.0 weight % of a
solution of the surfactant material is sufficient,

30 usually 0.05 to 2.0 weight %.
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contact. The surface tension nodifying 15 characteristics of the surfactant
material in the circunstances obtaining will be assessed relative to the
desired differential rel ease property; and the surface energy nodifyin
characteristics will be assessed relative to the enhanced mettabﬂﬂimg ﬁg}
the 20 RMMin relation to the nold surface (in particular, the convex nold
surface, as aforesaid) in a manner wet® - known to the artisan. The
surfactant material is also selected for conpatibility with the nold
materials and the reactive nonomer m x. Wile, as a 25 consequence, anounts

to be applied may differ ip . respgonse.to these characteristics, it has been
f ound tﬁ'at in nost calg'bsadqdaltsleqrgcttoegikheppaﬁ]\é eﬁalﬂ]eﬁ oa%ﬁ%r%%ﬁagbysurface in
t he range ofreduted A dénd heighiefeafs ain stieitd ohf exferitia suré hedaat mat eri al

is sufficient, 30 us;{l[ad v, 3,05 to 2.0 wei ght %dt}?S £, T 2003 18 In

addi tion tootfhe adv At ages art orded by ™ redu ens hole deTects in the

di f f er enti altheelagaslei cadfiarheohdiie hmlnfesctiantorviats oapmiiedeteuthag st age,

t he appl i§atfi%tgu%,‘t%eé‘i‘%ﬁ]rc¥ %@%ﬂ%&m% eﬁ]tgaépfi@ag{lgﬁt curve nold

remai ns effective | ease o e contact s blank from
the nold swlaaseafaferthy drentiasnt teng hlank dieesetlte onvide concave or

frontcurve nplthadi tfaul, aRp-Ha40N Gar heal o Speci gl oMeehani cal
mani pul ati on. 10 Anbng ot herw se suitable surfactants, anti- static agents,

i oni ¢ surf adAfEYe In-F M CUE{R MRt Ant Wt O uRRPRYHE2E BPAUPEL i ons may be
enpl oyed i meddte dif agRtid NURAEH O el imabi pul dthporsur f act ant

10 Among otherwise suitable surfactants, anti-
static agents, ionic surfactants, non-icnic
surfactants or lubricant formulations may be employed
in the present invention. Suitably, the surfactant
constitutes a solution or dispersion of the surface

15 active agents in an essentially inert wvehicle to
facilitate application to the mold surface by
spraying, wiping, vapor deposition, sponging, dipping
or the like. Thus, water, an alkanol or mixtures
there may be satisfactorily and economically used to

20 constitute a solution or dispersion of the surface
active agent.

Among the materials found to not only aid in
wettability of the mold surface but also to retain
effective release characteristics for lens demolding

25 from the frontcurve mold (where so applied) after
hydration and equilibration in saline are Tween 80, a
polyethylene oxide sorbitan monooleate, Glucamate DOE-
120, and ethoxylated (120) methyl glucoside dioleate,
and Glucam P-10, a 10 mole propoxylate of

30 methylglucose, available from Amerchol Corporation.

Generally, water soluble or water dispersible

35



constitutes a solution or dispersion of the surface 15 active agents in an
essentially inert vehicle to facilitate application to the nold surface by
sprayi ng, W ping, vapor deposition, sponging, dipping or the |Iike. Thus,
water, an alkanol or nixtures there may be satisfactorily and ecoddiid8i) y
used to 20 constitute a solution or dispersion of the surface active
agent. Anpng the materials found to not?only aid in wettability of the
nol d surface but also to retain effective release characteristics for |ens
denol ding 25 fromthe frontcurve nold (where so applied) after hydration
and equi ki bration i,n saline are T BO, a | yethyl ene oxide sorbitan
nonool eatle, m@ttﬁgér?&tse aﬁﬁi-prf%rrae\r%e%%o%aﬁ%tcgﬁ %i CHet®1 ¢tUcosi de

di ol eate, ahe @EolcamaR-<h(alas Hiavodye jpradpiox yhaaief af t 1860 dref fyrh gl ucose,

avail abl e f r | rporation. ., Generall er soluble or water

di sper si bl ei‘g’?"%@‘%ﬁ% Q%Jeor Srrastuecr}} al's paoﬁg%¢%“ﬁ$%% Tor ease of

appl i cat i onpoAystiyhenenl| d heatwstita ksl lairtey toff iozd dryeyrefif acheged from

hydr opholg c i.al.s . : opyl ene or polystyrene, the

wet t abi | Hy‘“ef ?giagrif%?g%lﬁﬁeﬁg%pgm't erials is significant . Preferably,
the surfactant is condttiefigradlof, théean8aqiai sierechstbdenred kPt i.e., a
Pol ysor bat ery@@n B S( ey iRas,cR |k RAIyALY) e Oxi dep SOF DL Eg e TONO- Ol eat e
or the like equivalent, "and consists of an 10 ol eate est'er_ of sorbitol and
its anhydri 88s dJd&3& VeSS Eadiith R pradmas yoRirepiesbbtart hyl ene

oxi de for eaehomieatfe T BiHoO!1 Rd SRIBI41nt, and consists of an

10 oleate ester of sorbitol and its anhydrides
copolymerized with approximately 20 moles of ethylene
oxide for each mole of sorbitol and sorbitol

anhydrides, of generally the formula:

15 HO (C,H,0),, (OC,H,} ,0H
o} CH (OC,H,) ,OH
20 H,C{OC,H,),R

[Sum of w, x, y, z is 20; R is (C,,H,,)COO]

Other materials suitable for use include the
25 pharmaceutically accceptable ethoxylated amines and
guaternary ammonium compounds such as Larostat 264 A
(a soy dimethyl ethyl ammonium ethosulfate sold by
PPG), Armostat 410 {an ethoxylated tertiary amine sold
by Akzo), Cystat SN (3-lauramidopropyl
30 trimethylammonium methyl sulfate sold by Cytec}) and
Atmer 163 {N,N-bis (2-hydroxyethyl) alkylamine)}.
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anhydri des, of generally the fornula: 15 HO (C21-110) 11 (OCA) OH CH (QOCA)
YOH | 20 MC (OC2H4) .R [Sumof w, x, y, z is 20; Ris (Cl7H33)CQO03 ot her
materials suitable for use include the 25 pharmaceutically accce

et hoxyl ated am nes and quat ernary ammoni um conpounds such as Lar oﬁ gﬁ 2@1 A
(a soy dinethyl ethyl ammoni um et hosul foa_tte sold by PPG, Arnostat 410 (an
et hoxylated tertiary amne sold by Al%zo), Cystat SN (3-1 auram dopropyl 30
trimet hyl anmoni um nmet hyl sulfate sold by Cytec) and Atnmer 163 (N, N-bis

(2- hydrgxy_et hyl) alkylamne)). 35 2 7 OCT 2003 -20 I O her quaternary
conpoun [ et l.am.d ' : |, FLd | [yal | al kyl

di nmet hyl iqu(gﬂé%%ag‘llgg?ghggg g?@?%@?gsﬁ%ﬁhgﬁa?f‘gr Hé?ﬁlgg?agﬁglegﬁe m%noal Kyl
trinethyl quaeeimadaesliGénmai ntbe thedkydntémeshylsaspterngd sfurt her

advant age OEththlﬁf}&ng?kw gh{%tg@ﬂa%@%e, ahe €eRYaRineRlly, 1 esor bed into
the lens materral, leaving the nold surface unaffected upgon. rel ease and
t heref ore nbrémeshdil| gupEeyepsdefor CRALERABr Ohséhefe RGHEdiPdsnsi ng to a

base, orsnegkkal 4@ %gﬁéhb&oadv@emg@! b, bedinbakloa upurf def @My mat eri al s
may be selected fromthose disclosed in Kirk Q.hmer, Encyclopedia of
Cheri cal TeSRAONGHGS VBE, CoBveRientdy 3gforpsgaynto the lens

material, leaving the mold surface unaffected upon

release and therefore more readily recycled for

further use, without cleansing to a base, or neutral
10 condition.

Generally, suitable surfactant materials may
be selected from those disclosed in Kirk Othmer,
Encyclopedia of Chemical Technology, Vol. 22, p. 379-
384 (1983}).

15 The surface active agent may be applied to

the mold surface by spraying or swabbing or dipping,
as aforesaid, such that the surface is evenly coated
therewith. The mold is merely drip-dried with or
without the aid of heat and stockpiled for use in the

20 manufacturing process. The amount of surfactant so
applied is adapted to provide a uniform coating of a
0.05 to 0.5 weight % solution of surfactant on the
surface of the mold, as aforesaid.

The application of the surfactant may

25 alternately be suitably integrated with the
manufacturing process such that the mold may be
treated immediately prior to their interpolation with
the transport mechanism, or just prior to the filling
operation, such that the surface thereof is fully

30 wetted, i.e., undried at the point of contact with the

reactive monomer mixture. In an alternative
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15 The surface active agent may be applied to the nold surface by spraying
or swabbing or dipping, as aforesaid, such that the surface is evenly
coated therewith. The nold is nmerely drip-dried with or wthout tk@;@hﬂ[
of heat and stockpiled for use in the 20 manufacturing process. Thd

of surfactant so applied is adapted _Eggt_provi de a uniformcoating of a

0.05 to 0.5 weight %solution of surf ant on the surface of the nold, as
af oresaid. The application of the surfactant nay 25 alternately be
suitably integrated with the manufacturing process such that the nold may

be treaged,|madlanel y R Qb9 Ft%]%itr oGl alj ap 4 th, ér{‘eqci]ranspo”
mechani sm or Jusfn prifor to the i I'ng  operation, such {ha e surface
t hereof is hayl pe3dnwetrpedatiede.in wigr ired catl viehenquuinietr afix it act with the

reactive mopg En%?rt':ﬂlb?fs 92180 24 /N3 e32ra jc:8 %Cﬁ%ﬁgl L

enbodi ment, the surfactant material such as Tween e 1 ncorporated
in the reachP¥e Asfieres wikheut dofbeindabiveiis i &8t ddd FIEeR® and
control lkengs1Rol e defects without inducing puddling on the concave 5
nol d. The nol ds can be_ nmade from an%)ther nopl astic material_which is

suitable for mass prod€t Mol dgnEagake Bedsolfdar o Yart it agifity

surface andmytbRipeCchaniceali Preeperdyies fuH el Igrcloaw deam®l eado 10
mai ntain i tg cri di mensi onsoﬁénder t.he process conditions enmployed in

i.cal
the process®li BRUEER tPh Ao CRY: Bl G2 Lty VPR 4R 1371 1o pol yner | zat i on
w th the I|methahteadngriopdiraritesendrigih sAUricexldov et at@d tde

10 maintain its critical dimensions under the process
conditions employed in the process discussed in detail
below, and which will allow polymerization with the
initiator and radiant energy source contemplated. The
concave and convex mold members can thus be made from

15 thermoplastic resins. Examples of suitable materials
include polyolefins such as low, medium, and high
density polyethylene, polypropylene, including
copolymers thereof; poly-4-methylpentene; and
pelystyrene. Other suitable materials are polyacetal

20 resins, polyacrylethers, polyarylether sulfones, nylon
6, nylon 66 and nylon 11. Thermoplastic polyesters
and various fluorinated materials such as the
fluorinated ethylene propylene copolymers and ethylene
fluorcethylene copolymers may also be utilized.

25 It has been found that with the need for a
high quality, stable mold and especially for the use
of a plurality of molds in high volume operations the
choice of material for the molds is significant. 1In
the present invention the quality of producticon is not

30 assured by indiwvidually inspecting and sorting each

lens for power and curvature. Instead the guality is
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concave and convex nold nenbers can thus be made from 15 thernopl astic
resins. Exanples of suitable materials include polyolefins such as | ow,
medi um and high density pol yethyl ene, polypropylene, including

copol yners thereof; poly-4-nethylpentene; and polystyrene. Clheg qmwwmhle
materials are pol yacetal 20 resins, polyacrylethers, polyaryleth ?

sul fones, nylon 6, nylon 66 and nyl o#2r1. Thernopl astic pol yesters and
various fluorinated materials such as the fluorinated ethylene propyl ene
copol ynmers and et hyl ene fluoroethylene copolyners may al so be utilized. 25
It has been found that with the need for .a high quality,k stable nold and
especialﬁy fBPUTRE Q¥ekeSP1RIIhEA Ppﬁnﬁﬁoﬁﬁlﬁg Fgcﬁid dFr e Loper at i ons
the choi cemgfianmatrbeal wiehihheer® d3ghs siodrirbincast ankin  the present

i nvention the guaILt of %%oduction.is not 30 as;yr d 3% in%ﬁvidually

i nspecti ng BRACESPEPHGMEAOR eREH-dr N 6ke f CAE " EdA airE® N5t ead the
quality is ghve Z10CIeh@e3 e22al aswareenty ke&empicegpleedinydrsicons of each
i ndi vidual _mld r.withi LY, ti t.ql.era r.Qcessi ng nol ds
in parti u|359338§§ﬁ??gww%%%p a¥%1¥gF§§%§Fﬁqﬁ%ﬁ%g§&§a'aIcfgéa rent. Since
pol yet hyl enérbmantepuleypr dingrend spar ey agriywetlal liarged ghimigke®s i ng  from
the nelt thecte.i : 4. vely r shi:i Vi IJ¥ensi onal changes
difficult tgagéhérgﬁ&gh%hﬁé%lifhgﬁ%%ﬁeplﬁggéggéhgfbun t?hgﬁ t he nost
preferred nBhesi altf Surthe milads hesad fiownchd hate St MEBrocess i s

pol ystyrene,phireh doematel iy H! lthee md1as J-M Shf itHeage st can be
|nJectlg% nol ded at  relatively |low tenperature/to surfaces of optical
process is polystyrene which does not crystallize, has

low shrinkage, and can be injection molded at
relatively low temperature/to surfaces of optical
quality. It will be understood that other
thermoplastics, including those mentioned above, may
15 be used provided they have these same properties.
Certain copolymers or blends of polyolefins that
exhibit these desirable characteristics are also
suitable for the present purposes as are polystyrene
copolymers and blends having such characteristics, as
20 described more fully in U.S. Patent No. 4,565,348.
The soft contact lens blanks are formed from
a reactive monomer composition which typically
incorporates in addition to the reactive monomer a
water displaceable diluent in the case of the
25 preparation of a hydrophilic lens, a polymerization
catalyst to assist in curing the reactive monomer, a
cross-linking agent and often a surfactant to aid in
mold release.
The curable compositions preferably include
30 copolymers based on 2-hydroxyethyl methacrylate

{"HEMA") and one or more comonomers such as 2-
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quality. It will be understood that other thernoplastics, including those
ment i oned above, may 15 be used provi ded they have these sane PR Tt' .
Certain copolyners or blends of polyolefins that exhibit these 3p@¥r@@fe
characteristics-are also suitable for the present purposes as are

pol ystyrene copol yners and bl ends havi ng such characteristics, as 20
described nore fully in U S. Patent N8 4,565, 348. The soft contact |ens
bl anks are forned from a reactive nonomer conposition which typically

i ncorporates in addition to the reactive nononer a water displaceable

di luent 4n tq§ cas Qg 2§agrepaégh% aggyaﬁg%drQEQ%bganﬁgiera N

polynerlzatf% Ya8srst reacti
Cross- I|nMHmﬁhgeny1and oﬁuemlapymrbé@ﬂanﬁ tU aiidyiln acryllémiglesase. The

curable co |.1] f de on

2- hydr oxyeth ?fék?ﬁ ?3? ﬁ%€9%¥ﬁg%%k% aﬁg%%ne9%?%&ge Igﬁ%ﬁ%%ers such as 2
35 2 7 OCT l2$@8oxP3phgHydxper}pLacr ygbat ylefgrhagamliadSe, net hyl

met hacrybat gy i‘éﬁ&' 8%651},@%9@ m@t}ﬁh&%l%%yl a@t%xy hydr oxypr opy|

met hacryl at e, gdrox eth acryl ate, _hydrox y% Iate |sobutyl
nethacrylat%rlg BY}?@R§1Y€PHOW§§Pﬁ§FY%§ Fac W&P@P nﬁFﬁﬁ%%
triethyl ene@ia@@toﬁet a@@wb&tlae ghyeiydy kcerihagr )édc&tyﬂ,amldie'i,cet one
oA e Vb erR e 2o LTSy gLyl ene scrylate,
nethacrylatmethadrgﬂaebhyb@mwﬂacebhyb. a@mwamwyllc acid,
10 glyceryl methacrylate, and dimethylamino ethyl
acrylate.
Preferred polymerizable compositions are
disclosed in U.S. Patent No. 4,495,313 to Larsen, U.S.
Patent No. 5,039,459 to Larsen et al. and U.S. Patent
15 No. 4,680,336 to Larsen et al. Such compositions
comprise anhydrous mixtures of a polymerizable
hydrophilic hydroxy ester of acrylic acid,
displaceable ester of boric acid and a polyhydroxyl
compound having preferably at least 3 hydroxyl groups.
20 Polymerization of such compositions, followed by
displacement of the boric acid ester with water,
vields a hydrophilic contact lens. The mold assembly
utilized in the present invention may be employed to
make hydrophobic or rigid contact lenses, but the
25 manufacture of hydrophilic lenses is prefexrred.
The polymerizable compositions preferably
contain a small amount of a cross-linking agent,
usually from 0.05 to 2% and most freguently from 0.05
to 1.0%, of a diester or triester. Examples of
30 representative cross linking agents include: ethylene

glycol diacrylate, ethylene glycol dimethacrylate,
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Preferred pol ynerizabl e conpositions are disclosed in U S. Patent No.
4,495,313 to Larsen, U S. Patent No. 5,039,459 to Larsen et al. and U.S.
Patent 15 No. 4,680,336 to Larsen et al. Such conpositions conpris
anhydrous m xtures of a polynerizable hydrophilic hydroxy ester afl MEr@NEC
acid, displaceable ester of boric ac[Q and a pol yhydroxyl conmpound havi ng
preferably at |east 3 hydroxyl groups. %0 Pol ynmeri zati on of such
conpositions, followed by displacenent of the boric acid ester with water,
yiel ds a hydrophilic contact Iens. The nold assenbly wutilized in the

present ifventd qgggﬁglgfdggﬁégg ?r%Pathkf hygrophohi c or rigid contact
0

| enses, but ydrophilic I'enses is preferred. The
polynerlzabhbumﬂﬂpQQIYl@h%,ple#eb@%Y%en@oﬁiﬁﬁ%h%¢§ﬁ%¢¢eanBEﬁPYBFnﬁ

cross-1inking laiadSyphiy, ff;Pag;gXQéetQl?&@ﬁn@llﬂ@%aéf?gaeatIy from 0. 05

to 1.0% of a |ester or' triester es_.of 30.re resentﬂtlve Cross
| i nki ng ageni%e¢m&1%%@cobt%ym%ﬁ%aC§Y¥%6? dPEEFPL f BN BRAGFEMBEGI ycol

di met hacr§l aj for 199 %1fcmd%993ha£ﬂyi-a&e2 bubybpypeede rrgwaemyl ate,

1, 3- butylene di met rylate | ene di nmet hacr propyl ene

gl ycol di acrA %ha%¥6b%F%neab?§%Bf ng Kﬁ%i;&é?%?y¥ﬁ€8thylegcoI
d!”Ethacry|aiﬁpr@¢y3@hedgm?thacﬁyhatylaBediglpyégiyeol di met hacryl at e,
i pr opyl one CFYRETPaT ERF9Far ol = SreERr b LroPRREnAEroraYEEE: Mot hyl o
pr opane triamrymatnylolrpnephyéotrpmepaaeryianethandyth?e}laﬁd the 1ike.

10 Typical cross-linking agents usually, but not
necessarily have at least two ethylenically
unsaturated double bonds.

The polymerizable compositions generally
also include a catalyst, usually from about 0.05 to 1%

15 of a free radical catalyst. Typical examples of such
catalysts include lauroyl peroxide, benzoyl peroxide,
isopropyl percarbonate, azobisisobutyronitrile and
known redox system such as the ammonium persulfate-
sodium metabisulfite combination and the like.

20 JIrradiation by ultraviolet light, electron beam or a
radiocactive source may also be employed to catalyze
the polymerization reaction, optionally with the
addition of a polymerization initiator.

Representative initiators include camphorguinone,

25 ethyl-4- (N,N-dimethyl-amino)benzoate, and 4-(2-

hydroxyethoxy)phenyl-2-hydroxyl-2-propyl ketone.

Polymerization of the polymerizable
composition in the mold assembly is preferably carried
out by exposing the composition to polymerization

30 initiating conditions. The preferred technique is to

include in the composition initiators which work upon
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10 Typical cross-linking agents usually, but not necessarily have at | east
two ethylenically wunsaturated double bonds. 15 The pol yneri zabl e
conpositions generally also include a catal yst, usually from about 05 to
1% of a free radical catalyst. Typical exanples of such catal ysZt'IsUﬁTnEﬂﬂhde
| aur oyl peroxide, benzoyl peroxide, §opropyl per car bonat e,

azobi si sobutyronitrile and known redox system such as the ammoni um

persul fate- sodi um netabi sul fite conbi nation and the |ike. 20 irradiation
by ultraviolet light, electron beamor a radioactive source may al so be

enployed t o, g}?&@%yés uibﬁa{?%xaﬁkéa&5e@oheaghaoexge@tmgn%ley W th the

addltlon of nmerization initiator RepresentativeTinitiators include
canphoqu|n@ﬁ@pOSQSIQFhQP ultrémlﬂléFnﬁ?ﬁyﬁtaﬁpn@fbéﬁzé@ﬁ@nsdﬁd’4 (2

hydroxyet hoxyy ®ReRYiosR- BY@eexyle=2tBr 9pyk 1kekope ymeeliyariiiczatdren of the
pol yneri zabl e conposition in the nold assenbly iS preferably carried out

by exp03|ngt@h%1%6Hp6§|FPoBrPSeBQIyngPFzépﬂénr§GSPH|tF§ﬁ Mebnditions. The

preferred tﬁgméﬁuﬁrés t@fekaﬁhyderaﬂsbtaeemnm@smtutmwraﬂtetators whi ch wor k
upon 35 2 7 003 - ggpgxggse to uItraV|oIet radlatlon and exposi ng
I

the conposf® bﬁthHUItP ©r RIS En 55FPan % WYY T &% durati on
effective t@gaﬂnteﬁpesadlyﬁeUUzahwdblamdraﬁdaﬁﬂammﬂd a ewpreocmsth For this

eason, L1y 1oL g BpTeh LoD LR BISLEIAR L CANSRRLE b i et
ul travi ol etcoaglation. toThecmequiteﬂ duration of the remainder of
10 the reaction can readily be ascertained experimentally
for any polymerizable composition.

The mold assembly comprises at least two
pieces, a female concave piece (frontcurve) and a male
convex piece (backcurve}, forming a cavity

15 therebetween, and when said pieces are mated, at least
one piece having a flange thereabout. More
particularly, the mold assembly comprises a front mold
half and a back mold half in contact therewith,
thereby defining and enclosing a cavity therebetween ,

20 and a polymerizable composition in said cavity in
contact with said meld halves, the front mold of which
has a central curved section with a concave section
with a concave surface, a convex surface and circular
circumferential edge, wherein the portion of said

25 concave surface in contact with said polymerizable
composition has the curvature of the frontcurve of a
contact lens to be produced in said mold assembly and
is sufficiently smooth that the surface of a contact
lens formed by polymerization of said polymerizable

30 composition in contact with said surface is optically

acceptable, said front mold also having an annular
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in which the polynerization is permtted to proceed to conpletion. The
requi red duration of the renmainder of 10 the reaction can readily be
ascertai ned experinentally for any polynerizabl e conposition. Th%?%ﬁﬂ&%3
assenbly conprises at |east two pieces, a fenale concave piece
(frontcurve) and a nmale convex piece gbackcurve), formng a cavity 15

t her ebet ween, and when sai d pieces aré®mated, at |east one piece having a
fl ange thereabout. More particularly, the nold assenbly conprises a front
nmold half and a back nmold half in contact therewth, thereby defining and

encl osing a_cavity, therebetwe 20.and a pol a I gsition in said
cavity |% %hﬁ%%%glﬂf?ﬂrgi HﬁlanﬁaF95§° ﬂgngrgﬁ% nSFECB ﬁ%igh LaS'a

central cur&fﬂcﬁmﬁéreﬂtmalhedgeoandvexsenﬂnng thﬂtbfaomonnaae surface, a

convex surface and circu C|rcunf n r t he portion of
said 25 contaV esﬂ??@?é L Sbﬁ Ek@ ngqgg fWBﬁ Q conposi tion has
t he curvatuihangethwhilentbnrbSbemaldcbnSaatCEeﬁgaﬂoCbévpﬁoduced in said

ol 4 asssmtiyoands LIcRUL! hBhSQ?leysﬁg?%E t Behvblie seyrbageaply a contact

| ens formned by po nerization of sai nmeri zabl e onposition in
cont act mntﬂlsguba§u€ﬁasémﬁ§r§ptﬂ@élE@geacwéﬁﬁﬁbﬁeth@a@@rﬁﬂéﬁtCﬁbld al so

havi ng an %tha&oﬁﬁe% £uPFEcR003 w2Bchct! wnge 5B 801 yWleki] 2

surrounding said circular circunferenti al %g and extendlqg therefromin
a plane nofAEPCERLERE §§F3t§ﬁdC€%F§ﬁHFﬁg°ﬁr6 sEPFRFIYFgEL Whil e the back

ol d has a é@ﬂ{:éé\t tuhked o5 beephioancwidt Ana saqdc ava ds wisfsaemlycamex surf ace
and - cigpular ¢l Eeynhenety! Anodtet e nReL Rl L% R ) Yontace
lens formed by polymerization of the polymerizable
composition in contact with said surface is optically
acceptable, said backcurve alsc having an annular
flange integral with and surrounding said circular
15 circumferential edge and extending therefrom in a
plane normal to the axis of said convex structure, and
a generally triangular tab situated in a plane normal
to said axis and extending from said flange, wherein
the convex structure of said back mold half contacts
20 the circumferential edge of the front mold half.

The inner concave surface of the front mold
half defines the outer surface of the contact lens,
while the outer convex surface of the base mold half
defines the inner surface of the contact lens which

25 rests upon the edge. Specifics of such constructions
are known having reference to U.S. Patent 4,640,482 to
Larsen.

In accordance with the invention, a convex

mold surface which has been pretreated with the
30 surfactant, as aforesaid. is brought intoc mating

engagement with a frontcurve mold and the reactive
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sai d convex surface in contact with said polynerizable conposition has the
curvature of the backcurve of a contact |lens to be produced in said nold
assenbly and 10 is sufficiently snooth that the surface of a cdntldt200d ens
formed by polynerization of the polynerizable conposition in contact with

said surface is optically acceptable, _said backcurve al so having an
annul ar flange integral with and suFPgﬁnding said circular 15
circunferential edge and extending therefromin a plane nornmal to the axis
of said convex structure, and a generally triangular tab situated in a

I |t d_axi d ' i,d
Convex ot diearBenmar b SAERE Bk e A nl PA o R B RE BT O ot
edge of theddirong wbidhhptbceﬁbethaneptéoa¢a$er§apﬁa©é ¢het keniviegnt nol d
half defines.flec QUEEL.SULAACE 0L LIBACOR ACL, LiehYs i cWhihe o qut er convex

surface_of 'R nes e inner surface of the contact
| ens whi ch @bfieséstlipowethedebye th8pBYMf Bushothalic theopsvipdetinghs are

known haglqgeﬁfégﬁgnﬁﬁlk8rHl§ cgﬁggnkh? ﬁ%@d4§%r%%ceL%ﬁ%%%mtlQﬁﬁ?cordance

wi th the”invéntron, a conv surface whi ch has been pretreated with
the 30 surffermationsoff deasahele debestight Teo SRSy Mdklga gifht with a

frontcurve rﬁ@éﬂaﬁﬂgaﬂi‘? gggs&bxgd?@rém?t% c&PR3ve2 fioll AR as’BrK filling
the nol ding cavity thefebetween durin mhlch process the ogt surface

of the convek 1Bl @OBbEEEE: SUARACEy Fééé&ﬁe8F vt dapsligansd e is
efficientl théhgﬂoby the E&/M:%@@h tihdlo Iviecadvaneiteg &t sefiis uni fornly

coats tES ngggl ar %C%rg%Ee H%s releases the lens blank
{(which remains with the concave mold for curing)
without tearing or otherwise damaging the lens blank.
In a preferred embodiment, the frontcurve
mold is formed from a composition which comprises an
15 added mold release agent such as zinc stearate, which
aids in demolding of the lens blank after hydratiom.
In consequence, its surface energy characteristics
have been modified and an additional level of
surfactant may be required in application to the
20 convex mold surface to balance the release
characteristics in such manner as to assure release of
the lens blank for retention by the concave or
frontcurve mold surface.
It will be understood in connection with the
25 foregoing description that the concepts as well as
theoretical considerations affecting demolding are
entirely distinct from the problem of adequately
wetting the surface of the forming mold with the
monomer composition although each consideration is
30 interrelated to the other in practice, i.e., one may

successfully demold a lens blank which, however, is
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formation of lens hole defects. The convex nold, when nechanically
separated fromthe concave nold by reason of its nodified surface,
efficiently (and consistently throughout the process, involving QW[Eszg
interaction of 10 simlarly treated nolds) releases the I ens blank (which
remains with the concave nold for curigg) wthout tearing or otherw se
damagi ng the lens blank. In a preferred enbodi ment, the frontcurve nmold is
formed froma conposition which conprises an 15 added nol d rel ease agent
such as zinc stearate, which aids in denolding of the |l ens blank after

hydrati op. aéﬂb&@ﬂ?@%&?ém@o bhs SHrhase £8REON-THAr actRei sbhescthave been
nodi fi ed and an additional |evel of surfactant may bfﬁ%eﬁUIreggln

appl i cati opXd-idre 20 %hﬁv@?nﬁ9¥d1§ﬁ?fﬁﬁédtbnbﬁﬁéﬁééu BFEa

characteri std &5d {ySUEH Erﬁ@nﬁén@ﬁei'océﬁﬁéé@ti@heaﬁetﬁé pbhat! ang bl ank for
retention by the concave or frontcurve nold It wll be understood

in connect i'Givsi®h MR 193LigReYBIRY HE%CF?B?FBﬁOPﬁthFHe concepts as wel |
as theoﬁehﬂﬂﬁélﬁpW§ld@ﬁath@ngeﬁééeﬁhaﬂg1deﬁEQdumgsaaecrenucaély di stinct

fromthe probl em pof ., ade ua wet ti t he surfa f. g nold

W h the ' HTIGHAPL LbEBoePRF BrLat ProbGh EAen o REPagr it ol 28D
interrelatadu§0c&ﬁ6aothsﬁrfacpra6tthe mibld. toobhe ﬁayabéusbeﬁsf@WIy denol d a
| ens bl ank which, howe f edue to one or
more | ens holesS2$hadc n?agFrféée azegt% ﬁ%9§81%§ gﬁ EQEE%

portion o ens ol d in particul ar
must be rezmptgyedbuwathe nnn@herC@DNp@smpﬂdnC@Ptﬁﬁé PETABRCENd time of

appl i cajhon under theypendi (HANSLRGRion has been described with

particular reference to application of the surfactant
to the optical surface of the convex mold in a
particular manufacturing operation, including a
generally vertical disposition of the mating mold

15 elements with the concave member generally supporting
the incipient lens blank in a supine or lower
position, it will be understood that to effect
preferential displacement of the lens blank as, for
example, in other geometric arrangements the

20 gsurfactant may be applied to the optical surface of

either lens mold surface.

25
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5 obtaining, in the sense that it requires a critical wettability
controlling efficient spreadability across the contact surface of the nold
to be established, by increasing the surface area conprising hi dtf giir fise
energy domains in the convex nold contact surface. 10 Wiile the invention
has been described with particular rg%erence to application of the
surfactant to the optical surface of "the convex nold in a particular
manuf acturi ng operation, including a generally vertical disposition of the
mating nold 15 elenents with the concave nenber generally supporting the
incipiey lens blank in a supine g Apes 1 position, it will be understood
that to effect preferential displacement of the |ens blank as, for

exanpl e, in other gechemvéx aeldngereat SNEESed i0r RAcREHECHRY be applled
to the op Np{c%ué%éécgf of ar&&t HET 26808 Wb@;suﬁa@gta%@@ 3akz2of OCT 2003

-29 1 EXA Convex nplds were immersed I n 296aaueous sql uti ons of

Larostat 26 CEE@t Wnb%l’%‘?chlor?m?%lv‘é?ﬁ cpetab SR BEYELC) ,

reSpeCt'§ethdé¥Wb&$E@hﬂrt@ﬂd5tyﬁﬂ§rfaﬁbnsnhoaeadltThﬂSthos 48 hours. The
thus forned coatln rendered_t he su face ggre mettablgtaﬁl t%@ RW a HEMA
based conpdP¥Tenh. COMeh"E hECRPREERdEHEI QYT hAFE BRpFoYE Yaut onat ed

pi | ot manufw@es urkmmg & aBEMAt yaské@nsompbditibndefects were reduced by about

0 .
34.6% 15 When the treated molds were employed in an

automated pilot manufacturing facility, lens mold

10 defects were reduced by about 34.6%.
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20 25 30 35 2 7 OCT 2001 -30 EXAMPLE 2 Pol ystyrene contact |ens nolds were
swabbed wth ducam P-10, Tween 80 and an aqueous dispersion of d ucam
DCE 120, respectively, and the nolds were 5 utilized in nolding co?ﬁygzzm3
| enses enploying a reactive nononer mix conprising 96.80-. HEKA, 1.97%
met hacrylic acid, 0.78% ethylene glxggL di net hacryl ate, and 0. 1% of

trimethyl ol propane trinethacrylate and 0.34% of Darvocur 1173 dispersed 10
(48% RMM) in glycerin boric acid ester as an inert water displaceable

di luent. The nold halves were readily separated without defects. 15 20 25
30 35 Z y OCT 2003 -31 EXAMPLE 3 Diymypyt $al |l ow ammoni um chloride in

sol vent/ propel |l ant was sprayed ont© the optical surface of a_ backcurve
nol d. A toner powder P@éYSSY§ﬁEﬂe§Oﬂﬁ§?ttEén§uWPéé?aH?r§c€W§€@eﬂere wel |

di spersed @erRsg; LhbemBldosunfaes 8d0aha an agueous dispersion
of Glucam DOE 120, respectively, and the molds were
5 utilized in molding contact lenses employing a
reactive monomer mix comprising 96.8% HEMA, 1.97%
methacrylic acid, 0.78% ethylene glycol
dimethacrylate, and 0.1% of trimethylolpropane
trimethacrylate and 0.34% of Darvocur 1173 dispersed
10 (48% RMM) in glycerin boric acid ester as an inert
water displaceable diluent. The mold halves were

readily separated without defects.
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20 25 30 35 2 7 OCT 2003 32Sz. Cainms 1. A nethod for the nodification of
the surface energy of hydrophobic contact lens nolds to inprove wettability
and release characteristics thereof to reactive nononer m xtur@g (f{9r003
hydr ophi | i ¢ hydrogel contact |enses, conprising predomnantly acrylate
nononers, said nethod conprising coating the surface of each of the mating
optical sur- faces of said nolds with3d-surfactant in an effective anount
of 0.05 to 5% by weight of a solution or dispersion, prior to contact of
said nold surfaces with said reactive nmonomer mxture. 2. The nethod of
claim1l erein said contact |lens nplds are conposed essentially of

pol ystyréne. 3. The nmethod of clai FAMBEEeSai m 2 wherein each of said nold
surfaces is coated w bimatkulf aat ask, amndnwher ehllogdide isurfactant is
coated on one. of ?Zid suiiac s in an annﬁnt gregber t han _that coated on the
other of sara¥GPFARESPELLER Yt HAP SRIFaYSReOBuPr 588 RRS*§Pdater wettability

and rel easeschfinaet efi 8t baskthanesaiddot har teuetrapewdér Aewet hod for

produci ng hgﬁé&@ﬁ'LhSth¥H£9§8k588@E%%tak%ﬁ%e%'%Q%% eTh" o3 e iler om nant |y
acryl ate nononers “conprising formng a I'ens bl an rom a curabl e
mononer conposPssohhadmpl ddstwgfakgdr ogel contact | enses between mating
concave and convex nold surfaces including the steps of depositing the
nmononer conposition in and upon the concave nold surface and engagi ng the
nononer conposition with the mating convex nold surface to thereby conform
t he mononer m xture into the contact |ens shape for UV curing, wherein the
nmet hod onprises applying to the contact surfaces of each nold a surface
active ﬁéent, to increase the surface area conprising high surface energy
domains, in an effective amount of 0.05 to 5% by weight of a solution or

di spersion, prior to contact of said nold surfaces wth said reactive
nmononmer m xture to reduce lens hole defects realized in contact |ens

bl anks so produced, wherein said surface active agent is applied to said
convex nmold surface in an anmount greater than that applied to said concave
nol d surface such that said convex nold surface has greater wettability
and rel #3se characteristics than said concave nold surface. 5. The nethod
of claim4, wherein the nonomer conposition is hydrophilic. 6. The nethod
of claim4, wherein the. convex nold is conmposed of a hydrophobic polyner.
7. The nmethod of claim6, wherein the hydrophobic polyner is polystyrene.

8. A nethod for the nodification of the contact surface of only a convex
nol d conposed of polystyrene for the pro- duction of hydrophilic hydrogel
contact |ens blanks, to increase the surface areas of high energy domains,
t hereby20t o increase the wettability of said surface by a hydrophilic
nmononmer conposition for the nolding of hydrophilic
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hydrogel contact |ens blanks conprising predom nantly acryl ate nononers
conprising providing to said contact surface prior to the nolding cycle a
@3

uni form application of a surfactant in an effective anount of O. Atd A0d by
wei ght of a solution or dispersion to rgguce |ens hole defects in said -
contact lens blanks. 9. A nethod forthe nodification of the surface energy
of a convex hydrophobic contact lens nold to i nprove wettability and
rel ease characteristics thereof to reactive nonomer mxtures for
hydr opkidimg hydrogel contact |enses, com prising predominantly acrylate
nmononers, said nmethod conprising coating the surface of only the convex
mat i ng1. opitbed fosthe mediéicaipn efAhesuferednoiy #f hadrap/iopis cpHpR! 'ei“ﬁmaﬁs RfiPReYs Westability and
amount of re@age5: haractsAstibs/therepiddteagiive morasen mipdesopr hydioghils yriggel cpfiachlenses, comprising
cont act ofrecaiirchntifpdctyisseimbrurersnsaihimethpdicomprsing cpetingdhosrEpcerf gedobthe fglingypptical sur-
met hod f ocaproDeICnBigs Wit eptactantdn by eleotye lamoon oh8 05 foetts bhiveialk sf @ eaiyiien f digpersion.
pr edoni nagiot iy camtbtbbdaR N eureLss with oaprdasivagiohonerimigue. | ens bl ank froma UV
curabl e nononer conposition adapted for hydrogel contact |enses between
Mat i Ng 2C OTHaWEh A cISIBINVBPerdii Al Gufattaas snolds ateuabimpgsediessesitialp f mlysyepesi t i ng
the nononer conposition in and upon the concave nold surface and engaging
the NMDROMBHe nfefHERRBAZIMADr Vbt WHRR:INEAE 519216 MBMeNriaves @ coed ditieesutiatdnh ene@llyerein said
conf or m t @ BbielbX b & shidb@fabiitn epBhast glestasthashmptecobied otlte othet ofgaidanrtaces
appl Yi Ng Qe hef Sfone 36k dc RadGetr Wehamly Hifr@6dse CRaradt@isnds thdn Qid@Ehet surale.by
wei ght of a solution or dispersion, prior to contact of said nold surfaces
W th sgi da [RAGH i SrddBaY Rdrophitd Migel (cbntbdd Rn€ BRRRCImPIIAAE€ddafinadI) seniidie monomers
convex Nl EOnd RFhiRFS fenk BERISHIA 8T8 cuRbRIndREMBI doRipBgtidhi @Bptedifof ARIcgeNIGIR lenses
-domai ns JeR iy bdmBsvel Rk BorllBf BEE SurtabesGRilidRlind Q&5 dp bardkitingtae Poashus eomposition
in and upon the concave mold surface and engaging the monomer composition with the mating convex mold
surface to thereby conform the monomer mixture into the contact lens shape for UV curing, wherein_the method
comprises applying to the contact surfaces of each mold a surface active agent, to increase the surface area
comprising high surface energy domains, in an effective amount of 0.05 to 5% by weight of a solution or dispersion,
prior to contact of said mold surfaces with said reactive monomer mixture to reduce lens hole defects realized in
contact lens blanks so produced, wherein said surface active agent is applied to said convex mold surface in an
amount greater than that applied to said concave mold surface such that said convex mold surface has greater
wettability and release characteristics than said concave mold surface. '

5. The method of claim 4, wherein the monomer composition is hydrophilic.
6. The method of claim 4, wherein-the convex mold is composed of a hydrophobic polymer.
7. The method of claim 6, wherein the hydrophobic polymer is polystyrene.

8. A method for the modification of the contact surface of only a convex mold composed of polystyrene for the pro-
duction of hydrophilic hydrogel contact lens blanks, to increase the surface areas of high energy domains, thereby
to increase the wettability of said surface by a hydrophilic monomer composition for the molding of hydrophilic
hydrogel contact lens blanks comprising predominantly acrylate monomers comprising providing to said contact
surface prior to the molding cycle a uniform application of a surfactant in an effective amount of 0.05 to 5% by
weight of a solution or dispersion to reduce lens hole defects in said contact lens blanks. '

9. Amethod forthe modification of the surface energy of a convex hydrophobic contact lens mold toimprove wettability
and release characteristics thereof to reactive monomer mixtures for hydrophilic hydrogel contact lenses, com-
prising predominantly acrylate monomers, said method comprising coating the surface of only the convex mating
optical surface of said mold with a surfactant in an effective amount of 0.05 to 5% by weight of a solution or
dispersion, prior to contact of said mold surface with said reactive monomer mixture.

10. A method for producing hydrophilic hydroge! contact lens blanks comprising predominantly acrylate monomers
comprising forming a lens blank from a UV curable monomer composition adapted for hydrogel contact lenses
between mating concave and convex mold surfaces including the steps of depositing the monomer composition
in and upon the concave mold surface and engaging the monomer composition with the mating convex mold
surface to thereby conform the monomer mixture into the contact lens shape for UV curing, and applying a surface
active agent in an effective amount of 0.05 to 5% by weight of a solution or dispersion, prior to contact of said mold
surfaces with said reactive monomer mixture, to the contact surface of only the convex mold to increase the surface
area comprising high surface energy domains and reduce lens hole defects in contact lens blanks so produced.



