- 1' METHOD FOR TRANSI ENTLY WETTI NG LENS MOLDS I N PRODUCTI ON OF CONTACT
«LENS BLANKS TO REDUCE LENS HOLE DEFECTS This invention relates to nethods
for reduction of defects in, and an inprovenent in yield, in the
production of contact |ens blanks. Mwne_ particularly, it provides TEREUPIES
to control and mnimze | ens blank defects known as | ens hol es. Contact

| ens prepared from hydroph| lic hydrogel poI erEI’I c mat erials are now well
known, and are , ' |th aut ormat ed
manuf act ur{ ) St e a ity pa ks UL AR LT, St PR éntlrrate
contact w ey e, great——=ts H meet
stringent quality control 1| S can result in a reI atively high
reject rate, adver es,. | roductlon
Accordingly, it |s'fla%\llngolgrtmeert%]':i§Ilgj ﬁefig%\g‘lfén ?ornneE 8(;&1%0% rol and mnimze |ens
bl ank detfeainrst;lcsrpe@ffcie:mcttys iensamd| as. ivpidbvenert | in yield, annobj ect to
afford b t nufacturing operations
to |rrpr%V%J?wﬂé%%rgréél%&%%tgﬁ?ﬁ%f&r&g}?{a gﬁldf% to I ens hol es.

Furt her panticularipj et provigeyinkaswes torcortel mpdens hol e defects
ori gi nalyigimiZk fnd W40 ARIA gmaRd A Lrdduitabl & Lo uneven

dlstrlbutlono e reactive nononmer m xture formng .lens blank. It is
al so an obj ect to Grhadfe lenmetiirparest @foF@acl'tYdigDRleJehl%h stribution of

reacti ve,yiRQEr gBb pmdBUinANd-UPan 4:he £ANURN DIk MAeK, Cakdear®l d.
Finally, " it 7s_an object to nodify and render, rel atlvely uniform the

sur f ace PERRAREDICAMIIG aduhy dde Hieat temgsiaryp dHighl oV 2003

automated manufacturing facilities. As these products

are intended for intimate contact with the eye, great
care is taken to assure that they meet stringent quality
control standards. This can result in a 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 object to afford a
method operable in high speed automated manufacturing
operations to improve yields adversely affected by
rejects due to lens holes. Further, it is an object to
provide means for reducing lens hole defects origigating

i in the filling operation and attributable to uneven
distribution of the reactive monomer mixture forming the
. lens blank. It is also an object to provide a method
for effecting even distribution of reactive monomer mix
about and upon the convex or back curve mold. Finally,
it is an object to modify and render relatively uniform

the surface energy of a mold surface on a temporary or



21 NOV 2003 -2 transient manner i.e. w thout a permanent change to the

i mol d surface. Processes for preparing hydrogel contact | ens blanks have
been wel | docunented. Briefly, reactive nononer mx (RW) for the 21 NoV
formati on of hydrophilic 5 contact |enses is dispensed into a concave (LN 2003
front curve nold, fornmed froma hydrophobic polynmer such as pol ystyrene,

at a filling station. A convex or back <curve nold is then brought into

proxi mat e engagenent wth the frontcurve nold to form and shape the | ens

10 bl ank therebetween. Next a nechanically associated assenbly fornmed from

the front curve nol d/ RW back curve nold is traversed throygh a UV curing
tunnel UrctS 1€ diaRlHs 1 o ot g Iﬂwﬁerfﬁéqe{a:recdqqr@%%a product s

associ ateslldMdlridwe= f orm ng nol ds are then 15 di ssociated by removing the
back curve nold. The cured ens/front. curve, ass an! i s .then traversed
ac

through | eachi ng TartF iyt athi Bn HEmas, 1 eh &l oS lﬁlaCt e

ens i s " thereby
producedlaktkes dontd rears warldc eks-unrgiteent ilrg efiley, 2@acumpleet e

manuf act urin roces iljze I I i zone, conprising

first arﬂ?r%oé'ga &% nm)i Orms)tlh% nfgor%}aa |Og1nsor$glgjcﬁ:rc10§ l(#Wation of concave

and copwentaerts lepists ireeshieqdanseldy,indnd a noineges @r thrangport |ine upon

uhi ch concae And cHURE] HeePU i ARLIBpIRe seaNiRked SR one Lo zone:
e e I ntai ned "u

an encl os zone " ‘('mitrogen tunn ' nder nitrogen for
degassi mplvsitddealeveqtorr fddtliings statfijan . ndg semeeoror fadk ng concave nol d

sect i ong, it “{Oq@ptiisvec_ﬂg;p%ughqpmgﬁiot Eﬁ@xirn%gjesteg{g@gm@{tcave and convex
mol d 30 sections in aligned rellation, and en a%l ng sane .in

with the front curve mold to form and shape the lens

10 blank therebetween. Next a mechanically associated
assembly formed from the front curve mold/RMM/back curve
mold is traversed through a UV curing tunnel under
conditions to cure the RMM. The cured lens blank
products associated with the forming molds are then

15 dissociated by removing the back curve mold. The cured
lens/front curve assembly is then traversed through
leaching and hydration tanks, and s contact lens is
thereby produced.

The continuous process implementing the

20 complete manufacturing process utilizes a lens mold
manufacturing zone, comprising first and second
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

25 may be conveyed.from zone to zone; an enclosed zone
(‘nitrogen tunnel’) maintained under nitrogen for
degassing mold halves or sections; a filling zone for
filling concave mold sections with reactive monomer
composition, registering concave and convex mold

30 sections in aligned relation, and engaging same in

35



35 21 NOV 2003 -3 mating nolding relation optionally under vacuum

condi tions, and procuring said reactive nononer conposition with
ultraviolet light to a gel-like state, and a curing zone in which the cure
is conpleted and the finished |ens blank readied for denolding. It %Wﬂuﬂmg
appreciated that the entire process is integrated via transport neans,
generally one or nore conveyors upomor in relation to which |ens nolds
are assenbl ed, arranged or interleaved in the course of conveyance through
the said zones or stations in operational sequence. The |[|ens nolds may
for conwmaﬁiatgendnbdﬁhgunebaltimompup@nﬂalmnhnwﬂIﬁ@n(ni or exanpl e,

fabrlcat f_C alu sta nIe s steel or the like) containing a
nunber Cglntsl&%1 oS! f%r "9551(5 %hﬁa%rrlr‘é%d‘é%l?“éeg‘ﬁl arly thereon in

spati al crcaﬂlmSidmcomrwmlatlebtmﬂbléte 1 iotat rna:nta s;;ee]tﬂoxr}cse srak & ,he aut omat ed
mat o1 | aladd ANShEL AU BB, el SP!aYed s Ndoph dhg conygyance belts or

tunnel s are r rogen or 1Tnert gaseous b W greater pertinent
detai |, hind sdwmitahanorbldnbonteadirac ot dieimcdohptg at iItg wdrl logts cal nol di ng

sur f ace dRaeidel: M tdha Ratd Fg}ﬁ:; glk ?l};bgc 'sgqgl%eg%técﬁ ractive

engagement W th the convex or IS traverse through a
st anpi NG-TATRAJT Meal clen@ et iqatrerayd mfd e gemysMaren Uwon I9& nmol d i s

treated jivrddd & ;44 f@ﬁt&mcmvs.t&@ do1Md how a‘é‘%@r@ﬁted"" - theeopt i cal
surface of the nold; the nmold is thereafter filled, sonetinmes to

over f | oTng AiaTH S3¥&d iife Gheh GIRMT SioE \RREVEYaTS Faueht tsrve mol d is
engaged sall dTiorRG drelsldtabnd tilh e eivea 10l ceur verneol d, (the

opti cal su%f%%id; dg¥‘¥%r‘%é éﬁ?ﬁg e %ptggﬁﬁgp E%For upon
mini-pallets (for example, fabricated 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 where
employed. All of the conveyance belts or tunnels are
under nitrogen or inert gaseous blankets.

In greater pertinent detail, the concave or
front curve mold incorporating an optical molding
surface together with a peripheral zone or flange for
interactive engagement with the convex or back curve
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
filled, sometimes to overflowing with reactive monomer
mix whereupon the front curve mold is engaged in mating
relation with the convex or back curve mold, (the
optical surface of which is typically untreated); the

paired, juxtaposed mold assembly including the RMM



pai red, juxtaposed nold assenbly including the RMM 21 NOV 2003 -4 i nol ded
t herebetween, is passed to a curing zone and thence to a first denol ding
station at which the nold sections are disengaged. Facilitated by the
presence of the surfactant upon the peripheral flange of the fro?ﬁ Eurve
nol d, the excess material is separated fromthe remainder of the JW 003
| ens blank and retained with the cogpvex or back curve nold; the optical
portion of the lens then is retained by the front curve nold, whereupon

t he excess waste material may be renoved fromthe back curve nold by any

sui t abl emgegbant BakePBERSenWEEEhQESedt B8 &TOREi G4 T ¥EnBDLHqassoci ated with
the retained lens blank free of excess peripheral material is passed to

| eachi ng"BFACRYHP afi bhT St a2FBRLI LTt FRAEEPY b Welclekdt gea@ldt he cont act

| enses tsebeicns| get edisangaged epargdi { of as8d PFRNEhe Asréddnstrated in

Fi gures %1and 2_injection nDAds #1.a€d #2, ﬁggmn a% steps 101 and 102 in
the flow e SYF 5RO RiPR 4he Rripkerett Flan9e robnthe Lk ¥eitind  back
curve | ensrvmltbpdy tishoresesds anst et ey I@Yysdieard 0@t £6om ntlhi@ndem as shown
in Figur 0 rten. . ex ure tp the atnosphere still further, they
may be f%%aa r({ad Ilonggotc%emr%%r% ane f nkfgarrélﬁc?ri“%grea HHITH ey t¥§ ansport
l'ine, evemnymetpandvath Fuyveornerd ed-hderptiocan pdttei sranef ptlame. Robotic
means 10,4 04,41 & Dravl deth 2d)2 £idiee mRlAd dfci,r ywt"f‘é&delg‘;i‘;‘&"i‘gem?“t
station for recelving concave ‘and convex |ens nolds,’ respectively and
transf erfih @28 F A paratawnial |y dyg geamasred riremerithe deack hi gh

product i @iy MéLd &l ardp Aoieh Al &A% 1 means, wherefore

‘ the front curve mold associated with 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
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 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
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

degassing of the lens mold sections as indicated at 106



In the course of or follow ng conplete degassing of the lens nold sections
as indicated at 106 21 NOV 1003 -5 in Figure 1, the pallets containing
concave and convex |ens nold sections are ordered into interleaved
relation and degassed when enclosed in feed conveyor such that gqgmggﬁad
equi pnent may effect their operative interengagenent into nol ding

rel ati on. The sequenci ng conveyor 32sincluding the interleaving station 40
is encl osed and pressurized over its entire length with an inert gas,
conveniently nitrogen. The anount of nitrogen is not critical, it being
sui t abl ein OFi$@re US] EROUGHL et $ og@:mtm@ﬁxsglr@orﬁ@v@fafﬂt&o&e&e/x excl ude the

at nospher e unde the operatin ndi tipns ex erlenced t he nitrogen

t unnel elggtﬁsf dﬂﬁﬁ Nyt e g‘i’fé%c?ﬁ% %’6%% r 1BE0 ¢ HE-§ 1 RATSA eglﬁ%l | ens nol d

bl anks aared dﬁm%mﬁamemdamlmbcatlmtwed%nvdydﬁ GuUch Jthail'the concave | ens

nol ds ar r ti no 0 Ition at step 107 and the
%tf d‘&alt?eddvg& eémentlaaj ef/tee Celbml]ﬁto gilee

concave convexit are p fac i'stty and urged into
conplemaﬂcﬁgﬁnﬂﬁghmgpﬁeﬂmno(mnldmngfrélaumpnumi assenbly zone 50 surrounds

a portion of the cgpveyl éi éﬁ&iq@iqﬁldellvers to the
conv

zone pal lets concave an |ons espectlvely, and at
the ter YEF lsfavting At iy r‘h(bslqaaﬂncelt@aﬁ aped rate s surd Z6d e ol ds to t he

procur e e i fdddiio vindh sty gane dddysliatad in Figure 2 at 50

is defined by a geonetrically appropridate, transparent “encl osure,
gener al I tO%EEt artll ANRHYs s dEGIIEeT grimgtPtofcrahyi cadui tidbl e

t her noplbasiaC =i d@ild N dideh g ledididgh HANIJdic iPr@ysure to
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 Figure 1.

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 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 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.

As illustrated at 107 in Figure 1, the concave

lens mold sections are filled with degassed monomer



As illustrated at 107 in Figure 1, the concave |ens nold sections are
filled with degassed nonomer 21 NOV 2003 -6 conposition fromstep 108, and
then transported to an 1 assenbly nodul e optionally having a vacnulnfﬂv
chanmber formed intermttently within the nitrogen tunnel in whic QI@@}"
concave |l ens nolds are engaged with convex nold sections in vertical
alignnment and in mating 5 relation,-gsuch that the reactive nononer
conposition is trapped between the optical surfaces of the respective
nold sections and at |east partially sealed by the engagenment of the

parti ng cedgdiarimed fesm phasml1oe | mneatternit ddigdanedeld ssections. | f
presen th%lh\riacuugiéf}r I S reI d Then, the mated nold is passed through
t4 e

ni trogeRYS Oﬁtdtq yarll‘aivrjrt”@gtaalvaﬁé‘ﬁ’f“ SOARET it rogen tunnel .
Fol | ow rf@mrﬂﬁt}erm‘flttdt&ltrw dupcantrs £ Hehe 1 tirieejepi elmhrﬂeansrfmnorrer is

precur ed,; gt Stfﬁﬂlﬁ%g ddrdhe 15 recg)lihes1 gon%u%gjg[%(ég g\; Rresent I nvention.

The process recure invol ves aVesH n
regi st r ailen S&n:(!tltdm@n ipr eeutileg 1t ke igmmemer aowd rmnnuarmmgm xture to a gel

llken2$§%qatlghlogh%% Q%%%U& In&%%c%Qb%”ﬁ %ﬁ%logo%éo%qglo%p honer or

m xture’i s conplete caring tunn Cated at step 110
wi th irkxapgedoketmeenhéheuopticnd EWE)facelse ofobrerkdpegsitve m xture is

then cupeddi eeatwn@,vgadwﬁa%r q@astpghxw 5hd3t isQ0ik g9TRheted in the
nmononer (s). This 25 irradiation W actinic visible“or ultraviolet

radi at | BAIPEGHERESCL SHLy PEFF450y eAgeniteried PRTiRBeraAdpei8f the fi nal
desi r edehydr egekhel NeaddibilansethgongUr € 1zopecakse, haneavaeuiae of heat

whi ch IiseLL gggg . Then, the mated mold is passed through
nitrogen to the precure station, an integral part of the
nitrogen tunnel.

Following assembly of the mold parts, the
incipient lens monomer is precured at step 109 in the

15 precure module 60 of the present invention. The process
of the precure involves clamping the mold halves in
registration and then precuring the monomer or monomer
mixture to a gel like state.

Following precure, the polymerization of the

20 monomer or monomer mixture is completed in curing tunnel
75 as indicated at step 110 with irradiation.

In the cure zone (75), the monomer/diluent
mixture is then cured in a UV oven whereby
polymerization is completed in the monomer(s). This

o5 irradiation with actinic visible or ultraviolet
radiation produces a polymer/solvent mixture in the
shape of the final desired hydrogel. 1In addition, the
cure zone also has a source of heat which is effective
to raise the temperature of the polymerizable

30 composition to a temperature sufficient to assist the

35



to raise the tenperature of the polynerizable 30 conposition to a
tenperature sufficient to assist the 35 21 NOV 2003 -7 propagation of the
pol ymeri zation and to counteract the 1 tendency of the pol ynerizable
conposition to shrink during the period that it is exposed to the 21 NOV 2003
ultraviolet radiation, After the pol ynerization process is conpleted, 5
the two halves of the nold are separated during a denol ding step | eaving
the contact lens in the first or front curve nold half 10, fromwhich it

I s subsequently renoved. It should be nmentioned that the front and back

gurve er]br:lopa@a'eSoﬁrefEBEg ﬁﬁlyﬂeﬁhﬂ@teoméﬂdéngoaékduﬁtk@ﬁaa?%otldéScalrded or

i spos Heat | e_back curve creates ifferentia
expansﬁwotgrl *The A aF ﬁmﬁﬁfﬁﬂg}e FRMRPTVEI?D theSROUMEr 1ens pol yrer
whi ch sh@mrsn@nEhespefao@ hat iespecéxposédietot ties . ullteavasldt ant shear 15
force brgak ﬂg?polynerized | ens/ pol yner nold adhesion and assists in the
separatlon 6? d portions. The greater the tenperature gradi ent between
t he surfaces of t$@¢®mlUhpopmlxmgrizamﬁgneﬁﬁ@ﬂe$$mﬁsrmmmplgp¢®rce and the

easi er t{ﬁérgw ﬁg&$égn§f8@mgfﬁgfa ahis éﬁl eat ISIg{ostest when there is

ﬁBXIﬁU t her mal gradi ent {1 me cont1 t through
conduct i NI kBAS rﬁetema?e&a\nmm e t¢@Lden oletrhse irensheofiratr @nd the front

mol d pordignt Aand.d hem s eetiyel prdptehidie 1%”@%&9;11&%’” onment. The
heat ed back nDId portion is, 25 therefore, pronp :y rennvedliﬁaghat very

little REYPDis by athawhd ke trentheonnd yrhat |fé%%
possi bi lcinedfmdire il vele corpasddd ofb©fa téh%r_:}l@&nolmﬁhg and then

10 discarded or disposed of.

Heating the back curve lens mold creates
differential expansion of the heated mold polymer
relative to the cooler lens polymer which shifts one
surface with respect to the other. The resultant shear

15 force breaks the polymerized lens/polymer mold adhesion
and assists in the separation of mold portions. The
greater the temperature gradient between the surfaces of
the mold portions, the greater the shearing force and
the easier the mold portions separate. This effect is

20 greatest when there is maximum thermal gradient. As
time continues, heat is lost through conduction from the
back mold portion into the lens polymer and the front
mold portion, and then collectively into the surrounding
environment. The heated back mold portion is,

25 therefore, promptly removed so that very little energy
is transferred to the polymer lens, avoiding the
possibility of thermal decomposition of the lens. The
heating may be accomplished by techniques known to one

skilled in the art such as by steam, laser and the like.

30
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heati ng may be acconplished by techni ques known to one skilled in the art
such as by steam laser and the like. 30 35 21 NOV 2003 -8 If the heating
step is hot air or steam after the heating step, the back curve |52qrmﬁdzﬂﬂj
fromthe front curve and nold in the nold assenbly, as indicated at Step
111. If on the other hand, the heating is by laser or infrared, no prying
I's used and the back curve separateg-spontaneously fromthe front curve.
The denvol di ng assenblies of the nold separation apparatus 90 each
physically pry the back curve nold half 30 fromthe front curve half 10 of

each contact Ienszmtﬂet@e@hyﬁgcgtéy expase fpehoeontaain, | @ABersituated in
the lens nold for conveyanc hydr ati pn n for, hydratjon of the
e Len e! d Lot COMENancE, [ 0,8 NUdLaL! B0 o tak PRfor, b giaton of th
so that ctihee basd m&&elﬂnatﬁeaﬁomldasmmmaarm ethd toarédeatront curve
hal f 10 tho des helnt y fthe Iensf med_in_the | ens
nol d. Af ‘ﬁtl %ﬁ?l%‘éb%ave %tan s%p%eratfl%e Olfiﬁefid%m)l d

appar atmQD;feaaré‘dpa:qurycm@amnmsgecﬂhmdftrmma:mkvcde hal ves with an

exposed é)%%/ éégeg%?rgﬁ%ﬁﬁéé?%ﬁn&%pegﬁénf o5t SUPSS uently transported to a

hydrati on t7on . demol di ng from front curve | ens
mol d, inspection dfe pdekelding assenntieated the Sn@gi 112. In the course of

cormerm r%%?%#o%ggafﬁxﬁé’dé@ge%@%m yodé&c}l%ogaé]@nses in vol une,

smal | ects can seriously affect yield, and resultant
econ0n1c@uﬁﬁetmﬂﬂﬁwQﬁ%§s3OTﬁ¥%m|%he front curve half 10 of each

contact lens mold to physically expose each 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 destroying the integrity of the
lens formed in the lens mold.

After the mold assemblies have been separated
in the demold apparatus 90, each pallet containing the
front curve mold halves with an exposed 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
including high speed production of lenses in volume, a
small member of defects can seriously affect yield, and
resultant economics of the process. This is
particularly the case where, in consequence of the use
of automated manufacturing equipment a defect in a
single lens can result in the loss of a larger number of

lenses with which it is associated for example in the



particularly the case where, in consequence of the use of autonated
manuf acturing equi pnment a defect in a single lens can result in the | oss
of a larger nunber of |lenses with which it is associated for exanple in
the 2 1 NOV 2903 -9 course of being transferred -via integral palletZsWﬂVzgm
frames fromone manufacturing station to another. Lens defects occur for
many reasons, including sinple m sd&+4gnnment of manufacturing equi pnment,
but as the latter is readily correctabl e through engineering 5 adjustnent,
interest is focussed principally on lens holes and puddles formed in the
cour se ofodrxs¢imf kening curdngfetegd vienplirydapl ralled@ is%e nonomer mi x
RN - 1 LeRGd0! £or NEMIGE 08 5 b fhg GRS HNIChl arfitinl n o monomer, - pi ¢ s
e. areas of nonuniform t hi ckness, and other simlar regularities such
as uneven edges, i@l SUHtQBH DI AhEETY %3G of LSPrEHdISg  of the

reactives {smQRSi JH X Hindrfte StrfA6er Lft drhigif Qi @pmeACK 1t s nol d when the
two nol d halves are joined. Puddles, another |ens defect, .in randomor 15

tree brdith SHapds iedgadily rUe g e ugls B8N gener at ed

dur i ngctdejRinidiy Stieitemitt are mssntiaat ¢ inditdalliRe ceoneaee or front curve
nol d. Hi speed. pho rap has .denopnstrated t f.qr.nat i_on, of | ens hol es

in the fk%?mﬁ%garﬁjp@r"ﬁi(ﬁ%r? o‘{%“ﬁ-‘gds 20 e céjﬂilrréc’z?dio%s fdflqilﬁlg éacrll\?ianci ng meni scus
of the RMMiuppstdyes ,camnEoyamdadie awace i chonldowev erix t RMMccurrence of

the defect is apparent Ly, jdiSeri HafQqLIPeci Aldahs G@ARIlering the nunber
of sound |l enses pro Uced im the 'same manner on the sane equipnent. It had

al r eady dmdrpipSiegtaisitisshed ittt .on aneas @ s agneniRovtet s t he

pol ysi yrene ksl SUdAR 8! lsimilar regularities such as uneven
' edges, being a function of the efficiency of spreading
of the reactive monomer mix on the surface of the convex
back curve mold when the two mold halves are joined.
Puddles, another lens defect, in random or
15 tree branch shapes generally found along the lens edge,
are generated during the curing step, and are associated
with the concave or front curve mold.
High speed photography has demonstrated the
formation of lens holes in the filling operation during
o0 the spreading of the advancing meniscus of the RMM upon
the convex or back curve mold. However, the occurrence
of the defect is apparently indiscriminate, especially
considering the number of sound lenses produced in the
same manner on the same equipment. It had already been
o5 established that on a macro scale, RMM wets the
polystyrene mold surface well.
However, fundamental studies (based upon work
reported by R. H. Dettre and R. E. Johnson Jr. J. Phys.
Chem. 68, 1507 (1096) and in Surface and Colloid

30 Science, E. Matijevic, Ed., Wiley-Interscience, NY 1969,
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However, fundanental studies (based upon work reported by R H Dettre and
R E. Johnhson Jr. J. Phys. Chem 68, 1507 (1096) and in Surface and

Col I oid 30 Science, E. Matijevic, Ed., Wley-Interscience, NY 1969, ?ﬁNaész
NOV 2003 -10 161.2 pp. 85 and S.P. Wesson, TRl Progress Report 49,

Textil e Research Institute, Princeton N. J. August 23, 1992)showed that the
mol d surface, formed of a hydrophobibc pol yner such as pol ystyrene, was a

| ow energy heterogeneous surface having a small portion of 5 high energy
surface domains. This was consistent with know edge that the nolding

resins wese 4 i cadd Yand abrp cateskdioy THI epfddredw|Rpwrtput ppses to contain
certain _additjves includi

nol d rel ease ents, ich ¢ d provide the
hi gh eRergsF HSmalSREDTC Eh"bltﬂﬂl%’ *%%%%Wfi‘ﬁe‘%%mﬁt coh'sequence
est abl i sihed jtdteowetdhdworcheansld cumttide, tfewsd faftea activity at the
i nterface het n the convex_ or._ back curyv d t eactive nononer
mx, in Yﬁgm %e]ﬁ po?liﬁ?%ran%%c éhs c@ﬁsotﬁn%%edn%%%riépngl?n‘%l ding and in
part i culesrergjutiete nduenamisyisnedt fagonthecting teh ariee IRMAT tarmeit tdfe advanci ng
meni scus, .t her eof t QY ﬁf‘ﬁ e GRWEX, Il Gnditc A tygular, it was
desiregﬁP' egﬁgﬁﬁﬁgﬁﬂlurlﬁgqan_ f%g an |ncreaserhﬁ'the hi gh energy surface
area exhingiwtleddsy thar ttHe asrhAbndmIaing waifert G- 9aigiYenent t he hi gh- speed

and mas S RAHeEd GOl i i0fn s raRddes aontasitdanses, there
have been devel oped two-part no|ds incorporating al | et ;@J.p(ﬁ'(‘)rted nol d
st ruct urEEtaigy sdeipives JNPHHnG Mt F 3 sS ar%ﬂ&ﬁr 11 640, 489 t o

Larsen, «aidd provide the high energy domains on the mold
10 surface.

There was in consequence established the need
for means to modify the surface activity at the
interface between the convex or back curve mold and the
reactive monomer mix, in the context of dynamic lens

15 formation during molding and in particular, during the
original contact with the RMM, and the advancing
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

o0 the convex mold.

In order to implement the high-speed and mass-
production molding of such hydrophilic contact lenses,
there have been developed two-part molds incorporating
pallet-supported mold structures; for example, as

25 disclosed in U.S. Patent‘No. 4,640,489 to Larsen, and
methods of forming shaped polymeric hydrogel articles,
such as hydrophilic contact lenses, elucidated in the
disclosures of U.S. Patent Nos. 4,680,336 and 5,039,459

to Larsen et al.
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met hods of form ng shaped polyneric hydrogel articles, such as hydrophilic
contact |enses, elucidated in the disclosures of U S Patent Nos.
4,680,336 and 5,039,459 to Larsen et al. 30 35 21 NOV 1003 -11 The

rel ease of hydrophilic contact |enses from j adherent nold surfacgin 7003
subsequent to the conpletion of the contact |ens nolding process c B%
facilitated or inproved upon, as iklset forth in the disclosure of US.

Pat ent 5,264,161 to Druskis et al In that instance, 5 surfactants are

i ntroduced in solution into a hydration bath enployed in the nolding
cavities for nol diThg ﬂﬁéeaﬁﬁdp@%ﬁWﬂK@Pﬁéﬂ}ﬁeFP@t§FFué@HF§§ &Ffont act

| enses, 1 reti! fRAPHuMIIER istidiegpenteol Rhenechipdeatibandgath in

concentrations not exceedin%|10@6by wei ght aids in 10 facilitating rel ease
of the Ithsseontesh dems: awl diognPrgesss rarfd Psufrgddd LBERAg “Lepar at ed, the

functi ofpe@bvelc s f aGt ant shei rarta neduse Bhecswehaeeotemsison
propertieS of watér or liquids, and toaﬁherebyt%educe the | evel of

adher enfatedtwéer bdohdnémt Sraskdrseingl -on 15 PRE SHEARRE, of the contact
gepfﬁsséggfggﬁahﬂﬁ Q&?ﬁﬁgt?%ﬂgceﬁpQgﬁ?Fgufggradgfgwh:hhdge@dn?;adPﬁ{gnt
p;ten? BBEPiEEgFSW% &@ﬁt§§y%8ﬁ9ﬁ89i§a§a Fggtgﬁ smogﬁgﬁhdﬁﬁg
pol yoxy e/dybphe 1der biclgmerikoselreateseswbirckopBaste leggesi-al Mesui tabl e for
R L A it iy
concentrations not exceeding 10% by weight aids in
10 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 between components consisting, on
15 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
including polyoxyethylene sorbitan mono-oleates, which
oo are especially suitable for releasing in an undamaged
state any hydrophilic polymer articles from adherent
mold surfaces which are constituted of plastic
materials.
U.S. Patent 4,159,292 describes the use of
o5 silicone wax, stearic acid and mineral oil as additives
for plastic mold compositions to improve the contact
lens release from the plastic molds.
The use of surface applied surfactants as
release agents in connection with the manufacturing ot

30 hydrogel contact lenses is disclosed in commonly
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U S. Patent 4,159,292 describes the use of 25 silicone wax, stearic acid

and mneral oil as additives for plastic nold conpositions to inprove the
contact lens release fromthe plastic nolds. The use of surface apptiﬁm
surfactants as release agents in connection with the manufacturing ﬂ ¥ 003
hydr ogel contact |l enses is disclosed in commonly 35 2 1 NOV 2003 -12
assigned U.S. Patent No. 5,542,978 1> Kindt Larsen et 1lal. In this patent,
athin layer or filmof a surfactant such as Tween 80 is applied via a
stanping head to surface regions extending about, i.e., peripherally of

t he froaksdigneed Of Sa @at&nmawb f6r5ﬂhe95@ommiﬂgndt tamtsaat ekenses, to

facili et n se_u i f. yal part of the
perip %gl ?ﬁnkg %fpﬂﬁﬁﬁnéterggﬁ exp ggsgg gxt@rnalﬁy of the nold by
virtue eﬁrﬁaetaun gurhngsf TWeeng 80i ast hpplappl vdat rostanpisgrface active

”ater'ahehé @BthQQPEQ ﬁ%gibﬂﬁ BQEEEB@ngfaBBﬁt”D'd edefining the opti cal

fa of t e clrcunstanc primary consideration is
di r ect eBerdphasaphyspEarhgi frpegl eyrERgefidar BaleyPasihsroRhsf the cont act

| ens t§f89ﬁlﬁ§ BEOEBﬁEaEE tBasdamobd syEfaceaceOtnko18hEi ci ent handling of
waste “material resul tlnggfron1overrun of the RMMin filling | n aut omat ed

oper at | bR&epEe| YPSRgAPMPLARIt BEadddr 8T EﬂFFoPﬁ1FEPlBSFéPQEEéFatlon of nold

conponept igs\Wast RMM ARtegonlaekplkensedr eduetnanlg eenshst @slidbasis. In 20
consequence efforts are centered UQOE t he st&gs Bt denol di ng fol |l ow ng
ot 1A f ER&fit

£illing®Yi RiHhPEROf nRVEDRLRY HUFLRY Stife p i al di spl acement of

t he congppeiaatdion, no surface active material is applied to
10 the portion of the mold defining the optical face of the
lens.

In these circumstances, primary consideration
is directed to the physical difficulty engendered by
adhesion of the contact lens to one or another of the

15 mold surfaces, or to efficient handling of waste
material resulting from overrun of the RMM in filling.
In automated operations it is significant to assure
uniform reliable separation of mold components, waste,
and contact lens product on a consistent basis. In

o0 consequence, efforts are centered upon the steps of
demolding following filling, in which the concern is to
assure preferential displacement of the concave and
convex molds relative to the contact lens blank and the
waste portion, if any, at the periphery of the product

25 along the peripheral flange of the mold. 1In preferred
manufacturing practice, the contact lens is retained by
the front curve or concave mold while the waste portion
at the periphery is disengaged from the peripheral
flange thereof and retained by the convex mold assembly

30 s it is mechanically disengaged from molding relation.
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convex nmolds relative to the contact | ens blank and the waste portion, if
any, at the periphery of the product 25 along the peripheral flange of the
nold. in preferred nmanufacturing practice, the contact lens is ret ﬂﬁﬂyﬁnﬂ
the front curve or concave nold while the waste portion at the perip

I s di sengaged fromthe peripheral flange thereof and retained by the convex
nol d assenbly 30 as it is nechanicgatly di sengaged from nol ding rel ation.

35 21 NOV 2003 -13 This first denolding is contrasted with the second

ldenol ding of the cured, hydrated contact |lens fromthe front curve nold.

D'ffereﬁ%ﬂgﬂﬁﬁﬁédﬂaémavéln@Pmﬁ<$aﬁﬁﬁd@m&dohh&mnt@b gedose, i n each of these
denvol di ng oper.ations. An entirel I nc Ien1 resented by the
need t & 9E8RLGN% \ﬁgﬁzﬂﬁq% 9%9%5%%899 ?Cﬁolgnss5ipﬁ g "0 the RW in
an ende@%@htt@u&@@UﬁﬁlbensthE@reﬁﬁfe©m§4ttbasrahdase characteristics of

t he nol d surface f.or do not straightforwardly correlate 10 to
t he metFQH@PdF§a5H§W5n§%%ﬁlg% chwﬁﬁeUn&er%vgkypggt%gnglent condi ti ons and
pot ent i demodrdposi biperaltionari ations in the RW forml a. Nbreover nol ds

having_a nodifie surfac %1% n@ eEQ%%%eQQQ|n h can such as

zinc sPearate, while usthI I n a f-or wettability to t RNM
i nterfacke oeethecorenhand ¢ae wettebldnty @fsthgupéﬂvﬁév@pléf sur face

energy ggg%lg% b t%QyRﬁ@ﬁlhﬁ ’e%ﬁ%ab%rr%BS%Qdu@EYI%BEeEOQQgradat|On in

t hat characterlstlc Wi t se over tine as an internal | ubricant source is
exhaust défeytexuddhicoreleespuchRsesbes 1stRESpREnSHENTI wettability and

denol di gg,riapeolrye Hupdamphakby ndicf Eeranghegaswaedall ersreduek
jo to the wettability phenomenon especially under varying
ambient conditions and potential compositional
variations in the RMM formula. Moreover, molds having a
modified surface, as by internal loading with an agent
such as zinc stearate, while useful in affording

15 wettability to the RMM interface, on the one hand can
offer only a singular level of surface energy domains at
any one time, and if reused, may offer degradation in
that characteristic with use over time as an intermal
lubricant source is exhausted by exudation.

og Furthermore, the phenomena of wettability and demolding
involve fundamentally different considerations, such
that a semi-permanent change in the mold surface may
favorably affect wettability but unfavorably affect
demolding.

25 In consequence it is desired to meet the
requirements for enhanced wettability at the mold/RMM
interface in a more flexible and responsive manner,
taking into account ambient conditions and other dynamic

aspects of the manufacturing process such as speed of
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that a sem -permanent change in the nold surface may favorably affect
wettability but unfavorably affect denolding. 25 In consequence it is
desired to neet the requirements for enhanced wettability at the :ﬂﬂﬁ?ﬁ
interface in a nore flexible and responsive manner, taking into acco J
anbi ent conditions and other dynam c aspects of the manufacturing process
such as speed of 30 35 21 NOV 2003-144 the operating line, hence tinme for
nold wetting and 1 denolding. It has now been found that one nmay
conveniently control characteristics of the nold surfaces critical to the
m ni m Z&:Heo@[:@rallﬁﬁﬁg halre: ,5 Hiefcecttsi iy flnovwididngred ttihansinent |y nodi fi ed
nol d surfac havi ng an enhanced nor e honogeneous popul ati on of surface
dormai nd EFHiGR%ner gy thusly facilitating the wettability and
spreadability of mMWHaywmmm mh@mﬂﬂamndummbacenundey condi ti ons of high
speed aut omat ed g oper qn %% Rr.esen I n %yon ﬁ% directed to an
|nprove508rggé§§ din roﬁhlll ﬁydroge E6ntlact 1 enses froma
reactlveumﬁaansrcquUMmd tm WMECminamupemawmngfcdan&vhoand convex nold

faces ape clnger ggsgﬂfoléd' | dipng J; q%g.:ﬁﬂnoﬁngtedamgﬁ}ﬁ' LY, rQiied

t here tween to‘forma cont act ens contal nl ng react Ive nononer
m xt ur ehNe ngnpno eamamc edhi mr@ommos;@glepﬁléapppglaaﬂone@ﬁ one of said nold

faces “%ngac%raeﬁ QQ% 62ahiiRh <ok @G @aE@@hkhE@h% welting of said
nold face wth he reacti ve nonorier nlxture whereby | éns hol e defects
wettablllty and spreadability of RMM across the mold

surface under conditions of high speed automated
10 operations.

The present invention is directed to an
improved process for molding hydrophilic hydrogel
contact lenses from a reactive monomer mixture in which
cooperating concave and convex mold faces are interposed

15 in molding relation about a cavity formed therebetween
to form a contact lens blank, containing reactive
monomer mixture the improvement which comprises treating
at least one of said mold faces with a transient coating
of an agent to facilitate wetting of said mold face with

o0 the reactive monomer mixture whereby lens hole defects
and or puddle defects in said contact lens blanks are
reduced.

More specifically, the hydrophobic optical
surface of the mold may be treated with a removable

25 surface agent forming a transient uniform coating
thereon whereby the transfer efficiency at the RMM/mold
interface is improved for the wettability and coating of
that mold surface as the advancing meniscus of the RMM
is engaged during the molding sequence. It is important

30 to appreciate that the surfaces are engaged in mating

35



and or puddl e defects in said contact |ens blanks are reduced. Mire
specifically, the hydrophobic optical surface of the nold nay be treated
with a renovabl e 25 surface agent formng a transient uniformcoating
thereon whereby the transfer efficiency at the RWnold interface 9 Ny 3
I nproved for the mettability and coating of that nold surface as the
advanci ng meni scus of the e?%aged during the nolding sequence. It

is inportant 30 to appreC|ate that e surfaces are engaged in mating 35 21
NOV 2003 -15 rel ation about the RWM for m croseconds during each inolding

cvele. Nahuhdldn add \fertﬂehwrf%%?r{%c\yo%%%d%atdﬁ&%n%f bl RWM material ,

any domain o seen receptivity to e. wetting by the
RVM wi L modelingy sasded i Nt adylyamiod vesr 646 SgTeWhalie VREMOWSon and 5 ar ound

the def h@utgg Swff o v ttac@il%,l ! %ac}l APnaQn 8¢ @&kS moFveRdhat the nold

where reus cycle thousands of fimes per hour an |nternaI | ubri cant
such a§°zﬂﬁ€ksF@§ﬁ§FéVhHY te efif-Ect WEE LiLAINGYt tE&sEMM MadInbE i 0 over

| onger g as%tedhllah tmea%aaa@ @@@%ddht_;f efethe RN @pbncamdi tions be
capabl e of cantroll g surface char rIStlé Eonilstently, t he periodic
modul a® AERYUBH t?ﬁr@&é ningr SHEEACET PEs EpPoTPdEd Bby34188r f8ce coating of

transi edefeatyr.e offers operating advantages and greater 15 certainties of

yield with |nprov%d uakba¥ E%rfor nge. ol %%%%ggtggybg l%XIbI|Ity and

responsi veness to con Ions, "as "aforesai d. e specifically it
has beenhoasagdszed thaes a&biénuroparantngn@éndhbr@ngptiﬁugartlcular

relativgs zinc stearate, while effective in most cases, may not
(- 10over longer runsg at high speeds and under different
ambient conditions be capable of controlling surface
characteristics consistently; the periodic modulation of
surface characteristics provided by a surface coating of
transient nature offers operating advantages and greater
15 certainties of yield with improved quality performance,
together with flexibility and responsiveness to ambient
conditions, as aforesaid.
More specifically it has been recognized that
ambient operating conditions, in particular relative
20 humidity, can impact the wettability of the mold contact
surface for the hydrophilic RMM - and when employed
along or in conjunction with the use of surface applied
surfactants or internal lubricants can establish
gsatisfactory conditions for minimization of lens hole
25 defects. Control of this variable alone under proper
conditions can also be effective.
As is well known, relative humidity commonly
refers to an ambient moisture condition in the
surrounding air, which will of course vary seasonally as

30 in response to heating or air-conditioning conditions
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20 humdity, can inpact the wettability of the nold contact surface for

the hydrophilic RW - and when enpl oyed along or in conjunction with the
use of surface applied surfactants or internal |ubricants can estabqnqmF 003
satisfactory conditions for mnimzation of |lens hole 25 defects. Contro

of this variable alone under proper conditions can also be effective. As

Is well known, relative humdity copnponly refers to an anbient noisture
condition in the surrounding air, ich will of course vary seasonally as
30 in response to heating or air-conditioning conditions 35 21 NOV 2003 -16

obt ai ni | - ; turl SNV ANER ng; vironment itself may
be cont %'ﬁ%&fl}gg gﬁgj%f?%cﬁdn%e n]’}alyrpcj;e creat e %@ g{h#%ast partial closure
of anyl esparsninentz diese liih may e agmtwl fdd |d@ zomeraefl itmse manuf act uri ng
zone. The) @t er e%cyg%;i tAS 13y L W 1ard Db L '%Elt!, application where
a surfactant .igquse ,kégﬁﬁincfgbeﬁi, as Qigﬁér orqﬁ%t of a reduced

hum di t PPEA@CASHLEENY e \id] LS fosecttdit Tyl g zomsl @fedheand recovery of

excess GReNiredu3deR! $ddom 1ihe 1905 zNe YFRY e nore readily achieved
for 10 better environnental control and recycling. In general it has been

found ? RET th&EeE A CONVE ighte PRRWE AR MR T6F WS g0t the area of
the fililsi d@edQneons usiftlinveilgnt al0 dTRinRAIdY okl fFce re@R@dd on on the

optical _surface of the I f 15 satisfactory receptivity to efficient
spr eadi RYgF Pfeanﬁl\/lﬁeé{‘octe%eqﬁmei ?&rfséi}%atcc? i"'@\YgE’rﬁ nimzation in lens
hol e dekepllsye8ychna cerdiviergn afay:xee sef iteirddads ageetesEaiom by spray jets
or OtheEhgaBBE&%%%hon%%y%%$ be more readily achieved for
10 better environmental control and recycling.
In general it has been found that maintenance
of a relative humidity of 60 to 80% in the area of the
filling zone is sufficient to maintain a surface
condition on the optical surface of the mold of
15 satisfactory receptivity to efficient spreading of the
RMM on the mold surface to achieve minimization in lens
hole defects. Such a condition may be effected as
necessary by spray jets or other vaporization source
inducing a higher level relative humidity than that
20 obtained under ambient conditions; or those conditions
themselves, specifically ambient temperature, may be
manipulated to induce the desired relative humidity in a
manner well known in the art. Thus the temperature in
the zone may be increased, as by the use of electric
25 strip heaters to permit the ambient air to accommodate a
higher relative humidity. The temporal or transient
nature of the condition is appreciated when one
recognizes that the moisture coating is readily absorbed

upon contact with the reactive monomer mix.
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i nduci ng a higher level relative humdity than that 20 obtai ned under

anbi ent conditions; or those conditions thenselves, specifically anbient
tenperature, my be mani pul ated to i nduce the desired relative hunidity in
a manner well known in the art. Thus the tenperature in the zong

I ncreased, as by the use of electric 25 strip heaters to permt the anbli

air to acconmpdate a hi gher rel atiaeg-hum dity. The tenporal or tranS|ent
nature of the condition is appreciated when one recognizes that the

noi sture coating is readily absorbed upon contact with the reactive
monormer m x. 30 35I2 4dnNeWt2603te lfrboecan ﬂéfer@@mei@gobeﬁs heter educi ng

| ens hal fects i CLikO n{ act ns,_bl apks, the convex nold
is pre g%%%%g%yfgpéfégggégﬁHo%kaagﬁé agei |9§an559n€h?oc%?v?ﬁast t he
cont act matd b$ phetneddedybyapppyiogtias @@ sppayfage acippyeg or any ot her

suttabl egelalls: a8 pLLLACtALt cSillase Jueelt 8o AppTOAEYALElY 1N @

sol vent ere as water, to provide a centration of 0.05
to 5. O%WWmn%urﬁ%lchrﬁprﬂWengpr@lmémgrm any deheppisabhhe conj uncti on

Wi th | otne i, i 0500 O8c: MBlch QIS Rulln Y, DESILECILAD Laterm ttently,

to nalntaln the required surface energy redqui ction of lens
hol d def®b¥entrheehigpdrintheyre £ feiesams twa iR enf gyeide |12 al so be gauged

by a cerdadbhatancen et Vears Meassres  AKSE Qs he desfried | ens rel ease
preferentlégéghfron1the convex 15 po)] ding surface at this stage and | ens

denol di R CRHE UG R 2P FHahtLIE LT STt b 1 iR N Surte® 1 n
addi ti onpddweede|shamtnesidl Sydiey e nispdaMdiratddid i ves

10 intermittently, to maintain the required surface energy
requirements for reduction of lens hold 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

15 molding surface at this stage; and lens demoldiné from
the concave or front curve mold following cure. In
addition the mold materials may be made with additives
in which the concave or front curve mold may be formed
from a composition incorporating a compatible agent such

20 as zinc stearate whereas the surface of the convex or
back curve mold is treated periodically with a
surfactant in accordance with this invention as
aforesaid.

In this manner, it has been shown that lens

25 hole defects can be reduced by as much as several
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

30 process for contact lens production, including molding,
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i n which the concave or front curve nold may be formed froma conposition

I ncorporating a conpatible agent such 20 as zinc stearate whereas the
surface of the convex or back curve nold is treated periodically with a
surfactant in accordance with this invention as aforesaid. In this mr@gr
It has been shown that lens 25 hole defects can be reduced by as nu 2003
several percent in a high speed aut-d®ated pilot production |line thereby

ef fecting substantial econonm c savings while increasing efficiency of the
manuf acturing operation. Figure 1 is a flow diagramof the continuous 30
process foratoetbcand enangl basce f obhe i meldsli aed P 3@t B®9eS Nov 2603 - 18

treat gﬁ_qn agld]F(g@ngJ(‘ifgg?oénHlpoﬁm ds and contact lenses in a | ow oxygen

envi rofiment. Figure s a top elevatjonal planar_view of the production
line system FigurBiaure 2 §9 aphtep ehevatieml mI¥ar svis¥ hl) vs. water

vet ting il o4t Obn | BNSe NOY @Semreduction with increasing water wetting
force and illustrating the preference herein forwstn?P se of wetting
[

agents exhi biting BLGERr3 whet t3 rigr IRk cef Yehet ol ess of 70 ngy. 10
In accgrdanaeawy tigt h&&éwwﬁ@fhc%tf@rcé ntwesf ast aledensdss bet ween t he

reactive noner m x, nore specifically the advancin ni scus thereof,
and t her%g‘{‘?"c’ac?n s"ﬁ‘rtfkéc’en%‘fe?%e“%o‘?‘ﬁ/té‘?(r o"ferg%\lcrkg C%K/Cee ?ﬁ)‘?r% is controlled
and m niit Aed Ryt o nEete zb ref ernshex tlesde g fidy thtee swsd acle ar eas
repr esentdd i WS d A6k SN Mg JWRLLS LNy ey ol d contact
generally in excess of 70 mg.
10 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 back curve mold is
controlled and minimized by normalizing and extending
15 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 surface modifying agent to the optical surface of the
convex mold in amount and characteristics effective to
20 increase the population of the high surface energy areas
on the convex mold surface to afford improved
wettability by the RMM and effecting a differential in
surface energy as between the respective mold halves, to
overcome the energy required to separate the two mold
o5 halves so to preferentially effect the retention of the
optical lens portion on the front curve mold.
Thus, it will be appropriate to consider the
surface characteristic expressed in and upon the front
curve mold in applying the precepts of this invention,

30 as it is desired to assure that the lens blank be
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acconpl i shed by the tenporal or transient application of a surface

nodi fying agent to the optical surface of the convex nold in amobunt and
characteristics effective to 20 increase the popul ati on of the high surface
energy areas on the convex nold surface to afford inproved wettability by
the RW and effecting a differentialjgn surface energy as betmeenzqu% 003
respective nold halves, to overcone the energy required to separate é
two nold 25 halves so to preferentially effect the retention of the

optical hens1geft pearerehheall ontremr ¥genbdd dhysaté W Il be appropriate
to consider the surface characteristic expressed in and upon the front

curve rofENERSEERFyYnEhrREIBPEERRE B?HPE?EtPﬁ9%ﬂthﬁce5§0 as it is desired

to assurgstihalyt hgnkens Bkankibed3herd9nenpbdedndredbeventahly from one
nol d surf [ rocess usual |y

consi stently throughout  the manufacturin
(and a6 HESEFPECHERE EF 091 FBf T RESRGHIRRCRoRdE LEherBEgihetf t1ing L he
ret enti ovhef cohieatensrbhankuive hbedconcave protiredyve nmold in its

procured, 5 epol nerlzed state for traverse_ t nd t hrough the remaining
anu a Dr PR EPagLaed) 4688 BN R FRY LS iR B0 I O ke e

accognt,rewaémiwg m@nmﬁQCtypEngnﬁta@mﬁuntImfcsmséqmenmmdliylng agent to be
appl i ed 4 0od0ey-g 0nyexa po! &é&@@&&n%ﬂheégg Lcihe {8 e cyye Grgconcave 10

nmol d has itse een pretreated, usua an intern ditive such as
zi nc st edreiet tof nparkgce eodLfy e agerl de? &re SAPRsied t@ethdl d. Mre

5peC|f|Cé%ﬁﬁbeHEleéﬁ%ﬁﬂggtSwﬁ@@h@fa@ﬁéCﬁr&ﬁtt$ﬁ%¥ge§§”éoﬁaaﬁét'0” in such
manner assurggéi&rkﬁrelatlve to the surface energy 15 retentive

t
-char aépé?c?Js‘i?l Ras of P REF¢RALeRat vt Lhy Y PR FREeFU81di fferenti al
‘be i nducediti tdess@C gl zinc stearate to modify the surface

characteristics of the mold. More specifically, one
implements the practice of the present invention in such
manner as to assure that, relative to the surface energy

15 retentive characteristics of one mold surface, 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 1is understood that it is preferred that

20 the differential referred to favors release from the
convex surface, especially because the benefits of
reduced lens defects arising from poor wetting of the
convex surface with RMM can thereby also be realized.

The selection of surface modifying means is

25 directly related to the wettability of the mold surface
by the RMM as aforementioned. The theoretical
estimation of wetting, which is the thermodynamic
parameter called the spreading coefficient, is defined

as:

30 S = v - vl v,/
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nol d surface, to effect preferential displacenent on a consistent basis

t hroughout the manufacturing process. As aforesaid, it is.understood that
it is preferred that 20 the differential referred to favors rel ease from
the convex surface, especially because the benefits of reduced 12¢nk)V 2003
defects arising frompoor wetting of the convex surface with RVM can
thereby al so be realized. The sel ectilon of surface nodifying neans is 25
directly related to the wettability of the nold surface by the P-MM as
aforenentioned. The theoretical estimation of wetting, which is the

t her nodywagfe Spaeahbeecsprasdiont pecEbiedeinhg todls ithieemurfiasedefi ned as:

30 S zl'gﬁef%¥¥5fTEl¥efmgl&.Mﬁgggﬁ, 3?5(’:55.]—51 e 19037220 whet o 1S the

spreading co Icient, y9 is the surf energy of the nold material, yP
i s the sofflEle® YRSt HYe OTORPESY abXi VERMhbneRd nthe (TRVWP) LBAd the yst is
the intpidaetadil ENeLRBi HEI YEOR&LaELL 0P IR NSRS MR Xn BB Gakdiechaol d
material. A positive "S" indicates spreading (or Swettin Therefore, in
order td"f REBFLIRD- wed , PYPLE LRI 'ﬂlé,)': WMSTF B W%ﬁ%nﬁ?? as possible
or shoglwkteindgBde Pisetaf gee ASiPaSSddt to Rs@edad abt Yo twts, mpans that  the
Feact i v oroher At A Bor BARE et TORDF BoURCT S BEY rof nEdON I oPer to- obtai
the appropie a= lawye iag phedsdele r eatavel cahbyrercin X werhs hehatol d. Wth
of 1 mor itk AELERS R R e BT S LR A B v enei ng the
portion sfrfqsh tension of the reactive monomer mix is reduced
10 or both is performed in order to obtain the appropriate
wetting between reactive monomer mix and the mold. With
respect to increasing the mold surface energy, this
requires consideration of increasing not only the total
surface energy, but also increasing the portion of high
15 energy surface.
Thus, one method of affording improved
wettability is to reduce surface tension of the RMM by
incorporating therein a surfactant. Another method with
similar effect is to heat the RMM, which can reduce
20 surface tension from 38 dynes/cm at 20°C to 34 dynes/cm
at 60°C which a concomitant decrease is viscosity.
The mold surface when cowmposed of polystyrene
is highly non-polar, and has a surface free energy of 42
dynes/cm. Wetting between the RMM and the mold surface
25 is alternatively improved by the presence of a surface
modifying agent such as moisture at the interface in the
form of a thin layer. The surface energy of a water
thin film is 72 dynes/cm hence a significant increase of
surface energy is readily achieved by coating a thin

30 water layer on the polystyrene mold surface. A uniform
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15 energy surface. Thus, one nethod of affording inproved wettability is
to reduce surface tension of the RMM by incorporating therein a
surfactant. Another nmethod with simlar effect is to heat the RV 1WiY ¢fl)
can reduce 20 surface tension from 38 dynes/cmat 20C to 34 dynes/cm at
60C whi ch a concom tant decrease is viscosity. The nold surface when
conposed of polystyrene is highly~-@dn-polar, and has a surface free energy
of 42 dynes/cm Wetting between the RMM and the nold surface 25 is

alternatively inmproved by the presence of a surface nodifying agent such
as noi sttRE RO He ¥t BRYREOR nCRALOF BT Y BN TAIA FAYEFCE The surface

ener gy j0fe @ SR éf}hcﬂncﬂgéﬁ%u§ HZgl YOSt §) heﬂgm wegrabieant increase of
surface enerah%qls r eadi Iegl i eve b coat a h| n 30 water, | ayer on the
pol yst yr&#HeEdfdtd e S it hn %%%Ce%la BRh WoFsture |ayer
on the oy sihe e & thgalf f b€ eabdofiepd eﬁ)erlih?e aRNMoNOgEdesidg gh ener gy,

hi ghl y vt t abl Af t o | d_surf bout the RW
the vt o Sl (SRR indr ) 19 M PRt g VKBRS BE00 face agal

| ess vvgtd@bi]ﬁdﬁrgi, feaiveHid 310z 1 16 St heb divmmd ki argce enphasi zamgi ¢dmel ¥ mpor t ance  of
a tran5|e 1%/ d|f ed surface. To correlate the inprovenent in |lens hole
ora

def ect a?ﬁa‘ter wettability, a nodified WIhelny wetting
met hod vvas devel opléuj ¢a@x el etltmeldtrﬂrcwmrmeabi Iim ylexis goblst yrene back

curve Midicc e eT_d% '{ 11y 0 begayse; of 1ts high
surface S'ensi 6n an arlty perimental detail is set
forth||mehq@mxng@gﬂﬂggmetho was developed to measure the

10 wettability of polystyrene back curve molds. Water was

used as the probe liquid because of its high surface
tension and its high polarity. The experimental detail
is set forth in working Example 1.
Figure 3, a plot of water wetting force vs
15 lens hole defects, is illustrative. The plot shows that
a mold surface with a water wetting force greater than
70 mg produces little or no lens holes. A larger value
represents a large wetting force and indicates the mold
surface is more wettable. Among the findings was the
o0 observation that untreated mold surfaces evidenced a
large variation in wetting properties consistently with
the practical appreciation that lens hole defects occur
on an apparently random, sporadic basis in production.
To determine the feasibility of surface
25 treating mold material for use in the back curve mold to
reduce the tendency to form lens holes in the contact
lenses, the inventors developed a modified wetting
method to measure the wettability of the back curve

mold. This method measures the wetting forces between

30
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Figure 3, a plot of water wetting force vs 15 lens hol e defects, is
illustrative! The plot shows that a nold surface with a water wetting
force greater than 70 ng produces little or no Il ens holes. A IarggyLJ@W ﬁﬁ
represents a large wetting force and indicates the nold surface i J
wettable. Anong the findings was the 20 observation that untreated nold
surfaces evidenced a large variation.in wetting properties consistently
with the practical appreciation that lens hole defects occur on an
apparently random sporadic basis in production. To determine the

feasibiIthy BEoBUYLBEE1A] 11GALMNIDTR! duIBLEN ! Bha' Ohe USScK Nelfipe back curve

nold to reduce the ten y'to formlens es In the contact |enses, the
i nvent dr wotidvetspadeadabinedelywehei nglamkenddipo neasure the mettablllty
of the back curve nmold. This neghod, ?egégrgs the wetting forces between 30
35 21 NOV 2003 -22 the probe mettlng iquid (D.I. water) and the back curve
1 nol d swhe¢redndefined by the relationship: F = 2y cos 0 wherein F is the

wetting force (W)Foistbﬁenpégtbﬁé}ffo§c@etrﬁ@} easthetio¥d hg1the surface
tension of the probe liquid, 1.e., the water; p is the perinmeter of the

mol d h&l Peirg tAeasweefiscus (cm) when the mold half is partially imersed
10 in the water; apf £si6héheusyAaE CoROTGRCSE NG Epidbalepigesd). I n

accordaqf%amﬁthhéhsaéggentlon it has been

p is the perimeter of the mold half at the

meniscus (cm) when the mold half is partially immersed
10 in the water; and

© is the dynamic contact angle in degrees 0.

In accordance with the invention, it has been
determined that a back curve with a water dynamic
contact angle less than or equal to 100° produces

15 contact lenses with significantly less lens holes. It
is more preferred that the contact angle be less than or
equal to 90°; and particularly preferred that such angle
be less than or equal to 75°

The surface modifying or wetting agent may be

20 a surfactant; where consistent with the foregoing
criteria, its selection is not critical, insofaxr as it
is capable in wetting characteristics relative to RMM
and in differential release characteristics relative to
the companion mold surface to which it is not applied to

25 achieve the benefits of the invention as outlined
herein. Naturally, to the extent that the surfactant is
absorbed intoc the RMM, or remains to a certain extent on
the surface of the lens after hydration, it will be
selected with regard to its physiological or

30 pharmaceutical acceptability for human use in eye
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determ ned that a back curve with a water dynamic contact angle | ess than
or egual to 1000 produces 15 contact |lenses with significantly less |ens
holes. It is nore preferred that the contact angle be | ess than or 1 Muzf3
to 900; and particularly preferred that such angle be |less than or equal
to 750 The surface nodifying or wetting agent may be 20 a surfactant;
where consistent with the foregoing, criteria, its selection is not
critical, insofar as it is capabl&7in wetting characteristics relative to
RW and in differential release characteristics relative to the conpanion

mol d su o] ich jt-Ls.n [ | fits of the
inventi%%§§§C%UtF?%édsuﬁgéé?neéﬂggﬁéa ?%%P¥%é%ﬁ%ﬁ%ﬁ%ﬁ%%?fﬁﬁf@%he sur fact ant
i s absofbedei stofaheaMiaberiahninsthe @irewnsianexsent on the surface

of the &E@éiﬁq{}é§rx§g1gr@éiQé‘seééeé{"i Léw_Q@i\?«?'&Ft&E’e V@iéé‘jhfé‘&ard to its

physi ol ogi ca ' har maceuti cal acceptability for human use in eye 35 21
NOV 200Q1fPgrenhiattreltesesupferer tensieh wadli JuyFkrce enreEderi stics 1 of

the surfagt Pf‘in@%ﬁéf@t‘:téf‘iét@f’cg T EUTBLANCESe AL A A Nk Wrd | cbe assessed
relative to the"desired differential rel ease property; and the surface
S

ener gf thodrryrreed e Betet 1 5ty cso i the P Thske Y ePatfUet®® 5 the
enhancegh Wetd@bfddd y({9rpdhei RMAF N 184 addofest and e suPtgesuriace (in
particular, the convex nold surface, as aforesaid),in a nner well known
Do the S4QFeemialrin & FIRTEME Mht BITE 52 HiS Kl ¥ ed TOF conpatibility
Wi th t heu ol ¢k 4t afidtodSi 2Ndi § hel d@asd i ye adnbrercampat i Wit ye, as a
conseque

consequenge. . amunts Lo bey apol Led MY - SLILRTe THbASRBORECL O these
( 10 Wwhile, as a conseguence, amounts to be applied may
differ in response to these characteristics, it has been
found that in most cases, a selected application in the
range of 0.05 to 5.0 weight % of a solution of the
surfactant material is sufficient, usually 0.05 to 2.0
15 weight %.

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

20 solution or dispersion of the surface 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 thereof may be satisfactorily and

25 economically used to 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

30
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found that in nost cases, a selected application in the range of 0.05 to
5.0 weight % of a solution of the surfactant material is sufficient

usually 0.05 to 2.0 15 weight % Anmong ot herw se suitable surfact ﬂ
anti- static agents, ionic surfactants, non-ionic surfactants u ric nt
formul ati ons may be enployed in the present invention. Suitably, t he
surfactant constitutes a 20 sol utioggor dispersion of the surface active
agents in an essentially inert vehicle to facilitate application to the
nol d surface by spraying, w ping, vapor deposition, sponging, dipping or
the like f%vé’@@feas@%@ﬂ%@rlgtJ.rEs?(tﬂHreﬂ.édy?rc@ﬁfolmé)e

sati sf act orily and 25 econom cal ]y used to consl'tt soI ution or
di sper 3ifgipm dthe Her ik faeadolh” Gsthe Tal's found to not

On: y ai Ch}}ﬁi’]:at\’ﬁr{ ahid |é(¥,¥qullfﬂ{m:lrfg{ Cirféﬁafl&@& b Taiem tam r et ai n (ef fect |) ve
rel ease characteristics. for | ens denol din 30,3 NO\/ 003 czH40) ,,
ef f ect i ViEBIsteet Haradawiki ds For 4 epr?g YESHSeh n frg:r%ﬁ]t%eléaront curve

nol d (V\/rtﬁfseic&dll@pmdlq@tkﬁ}meere dnidieats crb iarzch eepunic-idiresticorod rtleal i ne i s
Tween 8 | st ered trade PoI rbbat This is
basi caﬁlqy“%o lh‘Sﬁ]e‘?{ét'oﬂ dkrgt%isttasn cjrﬁmo ol %t% gersett q’o %1 ke equi val ent ,
and consicats tafl amdlisat erdstdaridefs cpddiymer iasd |th§1'anhydri des

copol yrreri zed i th aXiga d or each nole
of sor bitS1" EHd" atoer]ﬁ[ {1291’ anrgsg H A ﬂ%.lrf'es oqgl(ﬁ (e

ydrides, ener a the fornula: 10
of sorbitol and sorbitol anhydrl es, of generally the

formula:
10
HO (C,H,0),, (OC,H,) ,OH
:o: ‘ CH (OC,H,) ,OH
15 H,C{OC,H,} R

(Sum of w, x, Yy, 2z is 20; R is (C,,H,,)COO]

Generally, water soluble or water dispersible

20 materials are preferred for ease of application. As the
mold materials are typically manufactured from
hydrophobic materials such as polypropylene or
polystyrene, the wettability efficiency for these
materials is significant

25 Other materials suitable for use include the
pharmaceutically acceptable ethoxylated amines and
quaternary ammonium compounds such as Larostat 264 A (a
soy dimethyl ethyl ammonium ethosulfate sold by PPG),
Armostat 410 (an ethoxylated tertiary amine sold by

30 Bkzo), Cystat SN (3-lauramidopropyl trimethylammonium
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15 -24 (OC2H4) OH 0 CH (OCZH4) YOH H2C (0CZH4) zR (Sum of w, Xx, v, z s 20;
Ris (C17H33) COQ Generally, water soluble or water dispersi bI e
materials are preferred for ease of application. As the nold materHiINﬂVdH@
typi cally manufactured from hydrophobic materials such as pol ypropyl ene or
pol ystyrene, the wettability efficiency for these materials is significant
25 Other materials suitable for ugg.include the pharnmaceutically
acceptabl e ethoxyl ated am nes and quaternary anmoni um conpounds such as
Larostat 264 A (a soy dinethyl ethyl ammoni um et hosul fate sold by PPG,

Ar nost aty, Y4 By EF B &mrp@aﬁ@& oy 8P MMz, (Lystat SN
(3-laura %ropyﬁ%m“@/ a%m%l un)1y35 21 NOV 2003 é){\62)5 melt hyI sul fate sold

by CytadyydunriyRiiyl)16slinNaning )\ 2- AR AR AIGGHRAHTHE) ). Ot her

quat er nafy- GRIP WIS 1 Adcd el ddie, diradm iGeRdE AeiSin fdwes | rrgkazol i ni ums, the
di al kyl di net hyl quaternar| es, the dial koxy rnaries, and t he

nonoal kydialk wﬂetc}mefduét Uk Earies Cetrllealﬁal)lfv‘%’ﬁégagl erials offer the
further qagdwantmoe «f, Qﬁidlg:rséalmth{@mleM\ﬂlaﬁutﬂwn a’:tl’eﬁ:‘rfzaf‘u\m?m ently

o B R 4 nﬁ'@cyhﬁf’gt&l?ror Yt Use, wi hout
cl eansi RE e ihgl GdIagEle Gin MMM rald Qimd:td e coereatirdradey active or wetting
agent m@ééﬁ%orbed into the lens material, leaving the mold

surface unaffected upon release and therefore more

readily recycled for further use, without cleansing to a

10 base, or neutral condition.

The surface active or wetting 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

15 without the aid of heat and stockpiled for use in the
manufacturing process. The amount of surfactant so
applied is adapted to provide a uniform ccating of 0.05
to 0.5 weight % solution of surfactant on the surface of
the mold, as aforesaid.

20 The application of the surface modifying or
wetting agent may alternately be suitably integrated
with the manufacturing process such that the molds may
be treated immediately prior to their interpolation with
the transport mechanism, or just prior to the filling

25 operation, such that the surface thereof is fully
wetted, i.e., undried at the point of contact with the

reactive monomer mixture.

The molds can be made from any thermoplastic
material which is suitable for mass production and can

30 be molded to an optical quality surface and with
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applied to the nold surface by spraying or swabbing or dipping, as

af oresai d, such that the surface is evenly coated therewith. The m)l'ldl N[ﬂ 0
nmerely drip-dried with or 15 without the aid of heat and stockpiled for s@
in the manufacturing process. The anpunt of surfactant so applied is
adapted to provide a uniformcoating of 0.05 to 0.5 weight % solution of
surfactant on the surface of the Apkd, as aforesaid. 20 The application of
the surface nodifying or wetting agent may alternately be suitably
integrated w th the manufacturing process such that the nolds may be
treat ed riearedi ddé£l Yprspert tes tyteich iwit ey pol low drhevindild the transport
mechanism, or_just prior to fhe. fillj r.af Ssich that the surface
t her eof ‘i‘%“?‘iﬁ#fy 1 t?léjd'fl?a.fe.(?l%%# rlll'éel% é‘?ic%ﬁlg ‘%%él ﬂ%h.)of contact with the
react i vecomhioniesn st etpir@yed hin nohel prere s disgrugdeshn dghydatsrhopl asti ¢

mat eri al I ch is;suitable: { rﬂﬁﬁg ﬂqﬁg}-i ; ; t#: be nol ded to an
opti cal lﬁ%g b yanschr alc%pavﬁldl%a% 3 };%51 Nofzg%togé}gz‘%a{h mechani cal
proper t i iosi v iy vind madiownt enewdy) IHree maHieRMa%ed or it8al di mensi ons

under RE 9{3&% L QRSL eSS [ dhit e Qfessadli sttissed in detai |
bel ow, %gcﬁOJPJ [ cﬁénvxcnil a %%w pol ynmerization with the initiator and radiant

energy SowEORIcHtei| ERBNS ThExARIGHt flfe HHd BVIR SE4UT i Henber s can t hus

be made fyomddesimplast igs rasiisas Bxanplasdiofm suindaiyimat eri al s incl ude
pol yol efins such as |ow,_ nedium. and high densi tl}/d.pol yet hyl ene,
y_

pol ypr opfiAEHEY iRRIYRE T Sp A RECRHST Mt ; oIS 4 Fret hyl pent ene;  and

copolymers thereof; poly-4-methylpentene; and

10 polystyrene. Other suitable materials are polyacetal
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

15 fluoroethylene copolymers may also be utilized.

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

o0 present invention the quality of production is not
assured by individual inspecting and sorting each lens
for power and curvature. Instead the quality is assured
by keeping the dimensions of each individual mold member
within very tight tolerances and processing molds in

25 particular sequential steps to give all lenses egqual
treatment. Since polyethylene and polypropylene partly
crystallize during cooling from the melt there is a
relatively large shrinkage giving dimensional changes
difficult to control. Thus, it further has been found

30 that the most preferred material for the molds used in
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10 polystyrene. other suitable materials are polyacetal resins,

pol yacryl et hers, polyarylether sulfones, nylon 6, nylon 66 and nyl?nmé&.
Ther nopl astic polyesters and various fluorinated materials such as { 2003
fluorinated ethylene propyl ene copolyners and ethyl ene 15 fl uoroethyl ene
copolynmers may al so be utilized. It has been found that with the need for a
high quality, stable nold and especd®ally for the use of a plurality of

nol ds in high volune operations the choice of material for the nolds is
significant. In the 20 present invention the quality of production is not
assur edthy preisenduarocespedsi pglastysenti whichchHokensotf or power and

curvatur t t q | Is ur keepi. | mensi ons of
each i#&% i gzﬂﬁ%%rdﬁﬁgnggp géf#%#%§Vér§q9igﬁp ?%Iéggﬁ%ggognd processi ng
nol ds i mo28edarti cellat iveduwedbiwal espepatigedi-ve saklf akcesses equal

L eat eghe s B3CEAYYELNY NG :20d,B0 YBERBYLEAC LRAAE! LEpee! yStal | 1 ze during
cooling fromth neﬁt there is a relatively large shrinkage giving
di nensi hakmepdngsdcsdi fincdudingotboner BentThued pbovert WaY BEs been found

30_that kg g?gbieéafea&%dhaebeehégefgamgaﬁrggbg§ie§ed car3aial NOV 2003
-27 | the present processS is polystyrene i ch does not 1 crystallize, has

| ow shr FRRG§¥MeEFdCEak1BBd] RfcPPLYRLeAdNgellat PEhAPIFelFerEwW

t enper alidgerhBp1 sUEhaeas ek iseptkCakreqdakbt ¥uikhpdkl lfolke thader st ood t hat
ot her thernDEIastics, including hose nmenti oned above, y be 5 used
provi deB*EREP-hBYEPPRESe 2§aRESp 8E¥FFV§§98CEP98'Hme55p8pgﬁers or blend of

pol yol ebilaadshatvexhi butht bhaeacdesisabks, char deteriipeidcsicaree al so suitabl e
for Hﬁ?fully in U.5. 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 preparation of a

15 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
copolymers based on 2-hydroxyethyl methacrylate ("HEMA")

20 and one or more comonomers such as 2-hydroxyethyl
acrylate, methyl acrylate, methyl methacrylate, vinyl
pyrrolidone, N-vinyl acrylamide, hydroxypropyl

! methacrylate, isobutyl methacrylate, styrene,
ethoxyethyl methacrylate, methoxy triethyleneglycol

o5 methacrylate, glycidyl methacrylate, diacetone
acrylamide, wvinyl acetate, acrylamide,
hydroxytrimethylene acrylate, methoxyethyl methacrylate,
acrylic acid, methacryl acid, glyceryl wmethacrylate, and

dimethylamino ethyl acrylate.
30
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present purposes as are polystyrene copolynmers and bl ends having such
characteristics, as described nore 10 fully in U S. Patent- No. 4,56?1ﬁﬁ@7m3
The soft contact |ens blanks are forned froma reactive nononer
conposition which typically incorporates in addition to the reactive
nmononmer a water displaceable diluent in the case of the preparation of a
15 hydrophilic lens, a polynerizatidB-catalyst to assist in curing the
reactive nononer, a cross-linking agent and often a surfactant to aid in
nol d rel ease. The curabl e conp05|t|ons preferably i nclude copol yners based
on 2-hydroxyet hyl Braffidied el mEveble 2P iIGH©NT 3k e compnoners such

as 2- hydrigeeided acrylat eaat@tﬂnﬁo acy et a1 3meihylarihaes yd ate, vinyl
pyrrol1done, N-V|nyI acryl am de, ydroxypropyl nethacr Iate i sobut yl

met hacr AAHEREt NGr end 39 &Fokyet 14 et hyl enegl ycol

25 et hagy.ylsgtemo, §B|3}60|td>y|Laff&£eh\ﬁ(th|aﬂte Sﬁﬂc@ﬁ@bﬁ@@sﬁﬁ@ﬂsam de, vinyl
acetate acr | am d C%E{ox trimethyl ene Iate nethoxyethyl
met hacr VICHP& + 5& ANAYAF frac aa@° F?@@P}I net hacryi ate, and

di met hy hgaireehdtiiyl hyenn:at @st&&‘ Sﬁf &c]ryl‘llﬁ)d 2008 ,- 28 Preferred

pol yner i I Sltl S I N No. 4,495,313 to
Lar sen, dﬁggl%ﬁ%%gﬁ% t%g‘ﬁgé %§§€§§% et 1%%;%%%%@@ Patent No.

4, 680, 386mpoubdr s ieg @Weme@hl@b@wodﬁﬁﬁ@n§ hygimpriyde Jaewpdr-ous mi xt ur es
of a polpy teﬁl%'ael%nhmr QR 'cent%@. cmnest %1%@@ yyc acid, a

dlsplaceab ester of boric acid and pol yhydr oxyl
displacement of the boric ac1d ester with water, yields

10 @ hydrophilic contact lens. The mold assembly utilized
in the present invention may be employed to make
hydrophobic or rigid contact lenses, but the manufacture
of hydrophilic lenses is preferred.

The polymerizable compositions preferably

15 contain a small amount of a cross-linking agent, usually
from 0.05 to 2% and most frequently from 0.05 to 1.0%,
of a diester or triester. Examples of representative
cross linking agents include: ethylene glycol
diacrylate, ethylene glycol dimethacrylate, 1,2-butylene

o0 dimethacrylate, 1,3-butylene dimethacrylate, 1,4-
butylene dimethacrylate, propylene glycol diacrylate,
propylene glycol dimethacrylate, diethylglycol
dimethacrylate, glycol dimethacrylate, diethylglycol
dimethacrylate, dipropylene glycol dimethacrylate,

25 diethylene glycol diacrylate, dipropylene glycol
diacrylate, glycerine trimethacrylate, trimethylol
propane triacrylate, trimethylol propane
trimethacrylate, and the like. Typical cross-linking
agents usually, but not necessarily have at least two

30 ethylenically unsaturated double bonds.
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conpound having preferably at |east 3 hydroxyl groups. Polynerization of
such conpositions, followed by displacenent of the boric acid estgqpmqqmu
wat er, yields 10 a hydrophilic contact |ens. The nold assenbly utilized
the present invention may be enployed to nake hydrophobic or rigid contact
| enses, but the manufacture of hydrophilic lenses is preferred. The

pol yneri zabl e conpositions preferatiy- 15 contain a snmall anount of a
cross-linking agent, usually from0.05 to 2% and nost frequently from
0.05to0 1.0% of a diester or triester. Exanples of representative cross
| i nki ng agents i nfhedpolgmhylienblgl youpodiacopbagenesahyyeadésgl ycol

di met hag , 1.2z en a te, bytylLe
di et g%%#ﬁ?%,angngg¥kleﬁguégngtggggy %?g? ng%y?eng%ngcol di acryl ate,
propyl ehreegl yadicdlneahadvgrat eTydicahyrygrypbes df néuphcryl ate, gl ycol

d'”EthaE£¥£ StsthETMh9|!89&0yﬂ'5§£8§§&¥'aB@anyPrB@¥b§E§e9|yCO|

di net hacryl a 25 di et hyl ene gl ycol dlacrgﬁate rop yl.ene gl ycol
d|acrylb%@PrgpyéePPﬁ@aFPPﬁéFﬁacﬁ?PQ%élsPPP ¥ﬁ9}6¥1 %r%ﬁﬁnEnPWPacrylate

tri rrebg-hyé@&xpépa@@ﬁs ttbAehBach¥! abhRonans pagsmk@teTy@dgadn cross-1inking
agent usu%b % Eut not ecegsarll have | east mg 30. eth%lenlcally
unsat urB¢ &P HBub étﬁoﬁﬂg 133t 30q 5663 15@ Th%rb% LAkt P2abY
conp03|mloﬁ3vgenetalighalselec&roncbada arcatﬁhasbacusualkqufcen1about 0. 05

to 19%of.8 s{Lsepradical, catalyal, .Jyplogh. cxaIDhes of  pugh catal ysts

i ncl ude"TAuf eyt p%rox enzoyt ~pef oXi BFopSTt peF car bonat e,
azobi si sebat yooni opt ienably kwdtn tEereddxtsqst@ﬁBasuch as the ammoni um

‘persﬂbﬁﬁgf?ﬁgngQEion initiator. Representative initiators
| include camphorguinone, ethyl-4-(N,N-dimethyl-
amino)benzoate, and 4- (2-hydroxyethoxy)phenyl-2-
hydroxyl-2-propyl ketone.
Polymerization of the polymerizable
15 composition in the mold assembly is preferably carried
out by exposing the composition to polymerization
initiating conditions. The preferred technique is to
include in the composition initiators which work upon
expose to ultraviolet radiation; and exposing the
50 composition to ultraviolet radiation of an intensity and
duration effective to initiate polymerization and to
allow it to proceed. For this reason, the mold halves
are preferably transparent to ultraviolet radiation.
After the procure step, the monomer is again exposed to
o5 ultraviolet radiation to a cure step in which the
polymerization is permitted to proceed to completion.
The required duration of the remainder of the reaction
can readily be ascertained experimentally for any

polymerizable composition.
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met abi sul fite conbination and the like. Irradiation by wultraviolet Iight,
el ectron beam or a radioactive source nmay also be enployed to catalyze the
pol ynmeri zation reaction, optionally with the addition of a 10 71NV 2003

pol ynerization initiator. Representative initiators include
canmphor qui none, ethyl -4-(N, N-di net hyl - am no) benzoate, and

4- (2- hydr oxyet hoxy) phenyl - 2- hydr oxglo~2- pr opyl ketone. Pol ynerization of

t he pol ynerizable 15 conposition in the nold assenbly is preferably carried
out by exposing the conmposition to polynerization initiating conditions.
The preferred techbhgueoid aeseminty udempnisde sonpeséd itoaoi nitiators which

wor k ua;g. expose fo u%traviolet radiat% n; 9nd exposi ng the 20 conposition
to ultravtoret’ radralion PR’y n?le%%‘?typlé?nr&l dtr'ati ot ert déttve to
initiatecpurenepieati Opackdctovel) | Dwrming oa pravcegd. For this reason, the
ol dhal desre BSOS CIAR! Yndd APPRTEN A0 UL I ) elad adlald on. ALt er

the procure step, _nmononer i s agairn exposed ravi ol et radiation
to a curdttreGy iy g thef lgy nEre veabert i s Marartted to proceed to

conpl eti @t | AEaF AT F1ed A atd QN Nodsnpidder afoddhendraction  can
readi |y be ascertained experinentally fTor any _ polynerizable conposition.
30 35 2PN IBbPR BRFITHEC DI R s sehifitasmprihse it heddte¥8RY 1 pi eces, a

femal e ciyiaviniace ddd0bd igdiry aving, aHetdbetGBLX, RirkC e (back curve),

form ng a .cavity .therebetween, and when said pieces are mated, at |east
one pi ed® HAVTFAPET P IHT dbotdt  SMst ecaVléay in contact with

said mold halves, the front mold of which has a central
10 curved section with a concave section with a concave
surface, a convex surface and circular circumferential
edge, wherein the portion of said concave surface in
contact with said polymerizable composition has the
curvature of the front curve of a contact lens to be
15 produced in said‘mold assembly and is sufficiently
smooth that the surface of a contact lens formed by
polymerization of said polymerizable composition in
contact with said surface is optically acceptable, said
front mold also having an annular flange integral with
20 and surrounding said circular circumferential edge and
extending therefrom in a plane normal to the axis and
extending from said flange, while the back mold has a
central curved section with a concave surface, convex
surface and circular circumferential edge, wherein the
25 portion of said convex surface in contact with said
polymerizable composition has the curvature of the back
curve 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 the

30 polymerizable composition in contact with said surface
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5 particularly, the nold assenbly conprises a front nold half and a back
mold half in contact therewith, thereby defining and enclosing a CZ\J'M

t herebetween , and a polynerizable conposition in said cavity in cént 2003
with said nold halves, the front nold of which has a central 10 curved
section with a concave section with a concave surface, a convex surface
and circular circunferential edge-3wherein the portion of said concave
surface in contact with said pol ynerizable conmposition has the curvature
of the front curve of a contact lens to be 15 produced in said nold

assenbl yisangpt il | eyt ables et id theaik tde-veuralaee hafvimgecant act | ens
formed_ b al rizatiqn of said pol rizabl e conpaosi.tion in contact
With sii ns"@‘raf%c a}%geopltrfrtceaqlia a‘%:lctz—bt%geésﬁursrﬁudldﬁf@;ts d al so having an
annul ar dilrangeri mtiegnelfesidritia0 eglyd surd ewreingg rspitthegierfowmarin

ci rcunfer I al a [ r.ef r | ornal; to the axis
and ex?e%gi rﬁ% %%%slairtcdf f%}%&lé\?\%ﬁ[ %%tlﬁie C%amgﬁ&n%ltgjkﬁggr%’ crgglr?tral curved
sect i on anigemexaddn dve angulage tadomiduategy fiace @lanes negmald to

Ci r cung gLl bli UG MRl 1S AP RAd 1198k ST reaRVeReSUrface in
contact wth said polynerizable conposition has the curvature of the back
curve oFCARVEFhE&SLAteE & e is bagkedold §aild worngacssséfsly and is

suf fi ci eAtyim¥eERehlt itthateddie cfuhaCE Ot aod@nhaatr .| ens fornmed by _
pol yneri zation of the 30 pol ynerizable conposition in cont ict with said

surface 35 21 NOvTPGoiANngr [CONGRViEC FULF asEe &bt &hte FrORtd™9ack curve al so
havi ng aalfldafinkes tHeakgd ermisegifalceWdth tard comtaetndiemg ,sai d circul ar

o reunt epentl gheedos and Guending LICLE (T blae BhATRATY M Lo the axis
' defines the inner surface of the contact lens which
rests upon the edge. Specifics of such constructions
are known and taught in U.S. Patent 4,640,489 to Larsen.
In applying the surface active material to the

15 surface of the mold several considerations should be
borne in mind: a sufficient level of surfactant is
employed to uniformly cover the mold surface to effect
the desired enhancement of wettability in the
circumstances obtaining, the agent is retained on the

20 surface in effective amounts for use in the filling
operation, and where absorption into the RMM occurs, the
amount of material employed is not in excess of that
which can be diffused into and absorbed by the RMM prior
to the solidification of the lens.

25 As 1is self evident, the wetting agent is
pharmaceutically acceptable at the levels employed, and
does not affect the surface or the efficacy of the
finished lens.

In accordance with the invention, a convex

30 mold surface which has been pretreated with the surface
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a generally triangular tab situated in a plane normal to 5 said axis and
extending fromsaid flange, wherein the convex structure of said hack nold
hal f contacts the circunferential edge of the front nold half. The Ti ¥ e03
concave surface of the front nold half defines the outer surface of the
contact lens, 10 while the outer convex surface of the base nold half
defines the inner surface of the coltact |ens which rests upon the edge.
Speci fics of such constructions are known and taught in U S. Patent
4,640,489 to Larsen. In applying the surface active material to the 15

sur f ace mgfd itfhyd ngplagyesdveras adersisgdcatiisotryosighll dne "B6ARE in mind: a

suffici I of , . f [ (o) i f,Qr over the nold
jepe?ltgagfe?‘rgént h{[lﬁ:g{ ggcﬂ,r@ﬂt Rrv@TRIAYE RO thi HREHY e

surfac ct sired enhancenent of wettability in the
ci r cunsMEReRSroBtE Aildd inghd hey SNl i SAFiLAed CHRTEREEYEe8ur f ace in
ef f ecti R AMUINS hoprés@ dan tiHike dtlildang suegarkat ib@n thandonexe absor ption
into the RMMoccurs, the _anpunt of material enplaqyed is not in excess of
that wHiodR CRRRSES AAGsEY HRES I abssr B‘é’&llgge%héuﬁmcﬁr i"5r to the
sol i di § iega@tiicaRnefl yt hetiteds by2Thes rive1 selch enadenhe bheawetitigng agent is
Phe. Sur 560 26 N TEPRTEAey Bt RES TAroROA ke  Aoate i Rance w th the
i nvent i dormatdonvext 1&dsmblod esudrefface swhi Ghehasnvesnmpildt r@liead with the
surtace Jayah NN 180035532 eItV ihE 208AGL.<ARcRM0KGS 2l oL brought into
mat i ng engagemnment tha front curve nold and the reactive
of its modified surface, efficiently (and consistently
10 throughout the process, involving an interaction of
similarly treated molds) 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 front curve
15 mold is formed from a composition which comprises an
added mold release agent such as zinc stearate, which
aids in demolding of the lens blank after hydration. In
consequence, its surface energy characteristics have
been modified and an additional level of surface
oo modifying agent (in this case a combination of water
vapor and surfactant application) may be required in
application to the convex mold surface to balance the
release characteristics in such manner as to assure
release of the lens blank for retention by the concave
o or front curve mold surface.
It will be understood in connection with the
foregoing description that the concepts as well as
theoretical considerations affecting demolding are
entirely distinct from the problem of adeguately wetting

30 the surface of the forming mold with the monomer
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mononmer mx filling the nolding cavity therebetween, during which process
the optical surface of the convex npold contacts and by reason of [ts

nodi fied surface is 5 efficiently wetted by the RW such that the Z&¢@%dﬂﬂg
meni scus uniformy coats the nold surface without the formation of |ens
hol e defects. The convex nold, when nechanically separated fromthe
concave nold by reason of its nodidded surface, efficiently (and
consistently 10 t hroughout the process, involving an interaction of
simlarly treated nolds) rel eases the lens blank (which remains with the
concave SedIRsidgri crura dioudh aah qaswridey adri ast Her winderagtadisfy the | ens

bl ank.y bk, &y feeided ey, L he T ooy WRicckagmildyi s formed froma
conposition which conprises an added nold release agent such as zinc

st ear at deMpidc®  L&inds Hiandemdiiditng howeres | difs deIE&RE 1t &1enydr ation. In
consequenee or hidreunfedse Ry ahdl aenkictt ipeythaveofbegr nodi fied and an
addi ti onal |eVﬁ| of surface 20 nDdifyinggﬁg%pt gin this ¢ase,a conbi nati on
of wat efFC™&For €&fid A0t BT AL afUSh) Draye5EPtedGi F€d Y appl i cation
t 0 t hes ponvex rMelthpaidiftden tae hadleaped rithend eligase fchppadicartiisn cs in such
manner as .to sure r.el.ease of the |l ens blank for retention by the concave
25 or f PBAETCHPSe CRBrd e Padden PERARPIAY udleFAESATPR EORect i on with
the foiegoengidescai ptiigdcalawethabdditgpeonasoldlingaeffikéendt i ca
consi deqatLasEanhect RG el RgLe: SILIMLELY of shingbily @@ the probl em
y wet g the g no

of adequate i the surface o ormn | d wth the nmonomer
35 21 New 2803blishednpdyi tlinereaistihgughee oty ftasasirdérati on is interrel at ed

10 comprising high surface energy domains in the convex
mold contact surface.

While the invention has been described with
particular reference to application of the surface
modifying agent to the optical surface of the convex

15 mold in a particular manufacturing operation, including
a generally vertical disposition of the mating mold
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

20 displacement of the lens blank as, for example, in other
geometric arrangements the surface modifying agent may
be applied to the optical surface of either lens mold
surface.

Also, while the present invention has been

25 primarily illustrated by reference to the control of a
wettable surface on the convex mold optical surface to
control lens hold defects, it is also effective in
minimizing puddling on the concave lens surface
facilitating the initial spreading and coating of the

30 surface by the RMM in a uniform, homogenous manner.
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1 to the other in practice, i.e., one may successfully denold a | ens bl ank
whi ch,” however, is defective due to one or nore |lens holes. The cgntact
portion of the convex lens nold in particular nust be receptive t '@@2@3
nmonomer conposition at the point and tinme of application under the
conditions then obtaining, in the sense that it requires a critical
wettability controlling efficient -3preadability across the contact surface
of the nold to be established, by increasing the surface area |0
conprising high surface energy donmains in the convex nold contact surface.
Whil e the invention has been deB¥R¥BEE dhith particular reference to

application of thg sumbaseormedhyeag BEERt cliovkh@oDasi wakesurface of the
convexXx 15 nold in a Eartlcular nufacturlng ﬂgeratlon |nclag|ng a

gener al F9sy8At £85I WatEFoYFEroRIOFOERE Rt FRYIABPA SPBRERERtGRth t he
concavemseaber gappealiby suppehlbg ohha mberpbebantenabblank in a supine

or | owe osi tion itowill understood. that to. eff referential 20
displacéﬂa fw?hgrlgchkﬂgﬁkngsasf8r9598ﬁp?é quig- otﬁ%? gggonetrlc
arrangebenés 1beramsédcénandméytaglggeut1mmyrseeth@pbaeu torvae optica
surface f i £s i nvention has
been %rVﬁ%EfP? FPFugt Fw%g% éﬁ%f $%§§e1¥€b¥ eaﬁgn Bg%ka wet t abl e
surfaceconvehescoheeprqudlmgundaiSsbﬁiager@QSE@ohﬁr@¢a$éﬁ@dthd def ect s,
LS AR ﬁiéﬁ&ﬁaysnbg afliNEL2La0aPUMg! LPGoaNoE NEngOgEaN Entiens Surface

facili nitral spreading and coatlng the 30 surface by the RW
ina unf@b@m adndgéubosinanAbrdistange Noyaypbgd-By the water

10 meniscus over the back curve is obtained from which the
value p {(the perimeter of the mold half at the meniscus
(cm) when the mold half is partially immersed in the
water) can be calculated which when taken together with
the wetting force (mg) F can be employed to determine

15 the dynamic contact angle in degrees according to the
formula:

F =2 v cos ©
where y is the surface tension of water (72.75 dynes/cm
at 20°C). As described hereinabove, it is preferred

20 that the water dynamic contact angle afforded by the
treated surface is less than or equal to 100°,
preferably less than or equal to 90°.

The apparent water wetting force for various
treated and untreated back curves is set forth as

o5 follows in Table 1.

30
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EXAMPLE 1 1 A nunber of treated, back curve nolds were tested for water
wetting force as follows: The treated nold is suspended verticallﬁ lea

m cr obal ance above a body of water functioning as a probe |iquid. ﬂh V" 2003
water 5 level is raised increnentally to i mrerse the back curve. The
wetting force between the probe liquid and the back curve as the probe
liquid is being raised is nmeasured3by the m crobal ance and recorded. A
trace of the wetting forces as a function of distance traveled by the

wat er 10 neni scus over the back curve is obtained fromwhich the value p
(the perineter of the nold hal f BRBLHEeL neni scus (cn) when the nold half is
partlﬂlly imersed in the water) can be cal cul ated which when taken

t oget hee=with —tho woatting forco-fopg =L aa&:be=eﬁ?k®wa¥44=€@#arnine 15 the
dynam g contact angle M@Lgegﬁﬁggcgccordlng to theg wormia: F 3§ 2 ycos e
wher e is the surface tension of water (72.75 dynesgcan at 20¢). As
descrimed herermabove, Tt TS5 preferred 20 that TN wat er dynamjc cont act
angl e gf¥ervedtdy PacystyvearedAsurface is |ess than otS e¢hual tq 100,

prefe§'b&ggégggﬁézgalgépggéﬁe o 90. The apparent @g yettln% force for

vario d—back—etrves—s—set—forth—as—25fol | ows in
Tabl e 1. uBOrdated PENyQQQBeHSSCTABLE 115 50.9
0.25% CYASTAT LS*/Polystyrene B 67.1
0.5% CYASTAT LS/Polystyrene B 113.0
10 0.05% CYASTAT LS/Polystyrene C - 105.0
0.25% CYASTAT LS/Polystyrene C 81.0
0.5% CYASTAT LS/Polystyrene C 115.0
I —
* (3-lauramidopropyltrimethylammonium methyl sulfacte,
sold by Cytec Industries})
15
20
25 '
30
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10 MOLD SURFACEVETTI NG FORCE Untreated Pol ystyrene A56.4 Untreated
Pol ystyrene B56.9 Untreated Pol ystyrene C50.9 0.25% CYASTAT LS*/ Pol ystyrene

B67.1 0.5% CYASTAT LS/ Pol ystyrene B113.0 0. 05% CYASTAT LS/ Pol yst y Eﬂ@ 200
C105. 0 0. 25% CYASTAT LS/ Pol ystyrene C81.0 0.5% CYASTAT LS/ Pol yst yz

C115.0 * (3-lauram dopropyltrinethylammoni um nmet hyl sulfacte, sold by
Cytec Industries) 15 20 25 30 35 2134\NOV 2003 -36 i 1 EXAMPLE 2 Convex nol ds
were inmmersed in 2t aqueous solutions of Larostat 264 A (PPG, Arnostat
410 (Akzo) and Cystat SN (Cytec), respectively, and then dried 5 under
anbi ent conditions for 4B hours. The thus forned coating rendered the

surface nore wettable by the based conposition. Wen the
treated nolds were enpl oyed i Wted pil ot manufacturing facility,
| ens nold 10 def ecbaverr acldduwedebymmbosed3dn6%% AGueous

solutions of Larostat 264 A (PPG), Armostat 410 (Akzo}

and Cysfat SN (Cytec), respectively, and then dried

5 under ambient conditions for 48 hours. The thus formed
coating rendered the surface more wettable by the RMM, a
HEMZ based composition.
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 21 Nov 2003 -.37 EXAMPLE 3 1 Pol ystyrene contact |ens nol ds
were swabbed w th d ucam P-10, Tween 80 and an aqueous di-spersion,Qf
G ucam DCE 120, respectively, and the nolds were wutilized in nol dZEcﬁmv 2003
contact |enses enploying a reactive 5 nononer mix conprising 96. 8% HEVA,
1.97% met hacrylic acid, 0.78% ethylene glycol dinethacrylate, and 0.10 of
trimethyl ol propane trinethacrylate~ ddd 0.340 of Darvocur 1173 di sper sed
(48% RMM) in glycerin boric acid ester as an inert water displaceable
di luent. The nold halves 10 were_ readi|ly separated w thout defects 15 20 25
30 35 2 1 NOV 1003 -38 O ai ns 1.—’@;‘%&%5 for nol di ng hydrophilic hydrogel
contacy |enses frommg@ﬁfémye:mmrléﬁgtwms iwehi sdnbteaper at i ng
concave ar}&b nvex g[;e) aces areg di s osed in nol gjalc% rel.ati or about a
cavity for Het tJV\Qeen TS OheHi%i HYy 2BHWS SFEYBhdtter nixture to
forma cinteot D@]Slm.arﬂespdrntmquﬂno.cessi cdTep micsless tweec&ti ng at | east one of
sai d thB i f g condensed
wat er \r;glﬁ:glulr egisfgqclnltb]t ]tl{egancs(%rggng 0 As%gs Oemr%%aﬁ?l Wltﬁe S‘}e@reactl ve
Monones mEndmee Mrmﬂmﬂmcﬂﬁe Bciefltﬁi‘t& and Wmdtﬂce?ydelf%cts in said
contact J Q§ Pl-ANKS @] 6do12-gi St 0 éialomljz wherein said
to ren

agent furt conpri se a SUI’ ctant e ect nore hom)geneous

the hi gwrm%é@m@ﬂ%@w%wﬁa% Ao hoidd §ifr Dagocur

1173 dispersed (48% RMM} in glycerin boric acid ester as
an inert water displaceable diluent. The mold halves

10 were readily separated without defects.

15

20

25

30

35



3. The process of Claim2 wherein said agent is absorbable by said reactive
nmononmer m xture. 4. The process of any one of clains 1 to 3 Wnere'gr? @R
convex back curve is pretreated with said agent. 5. The process Of ?U[Bne
of claims 1 to 4 wherein the nold is constructed of a hydrophobic nmaterial.
6. The process of claimb5 wherein said hydrophobic material in polystyrene.
7. The process of any one of clains T ¥ 6 wherein said agent as applied to
the optical nold surface exhibits a water wetting force of at |east 70 ny.
8. The process of any one of clainms | to 7 wherein the treated opti cal
s¥laimse of the convex nold exhibits a water dynam c contact angle of |ess
than or equal to 100. 9. The process of claiml1, including filling a

canc apeckssrier mading midtodphilic ydegelicostachinesssonmd nesaivemon divelr p@se, Mowhittedodpbrating

| N medrica and balivagmoie faatd vadisposediv exiding Rsatiowhtbut 2oadityiis et Batebit@ed fol @aginiNe
of t ked epttive alonstirfraiae® tobms atchtatdlkashlankl WHchRdREs dbARBSestRafdHERBSR@n&Br RIEN
coat ird@ fdes With attkahSedtkestpgRr dbaRRh@RPAsiM@Ednabliskd WitePlagoio palitEalveBiny ERGRI

to  hiBR rAce itk tHeGedEBMONIomET Kixtulwheldhl |dPE RES8F e ardnY p IR defects ifdaFcohtabOefd:
wher giafks@ard @bddelsve humidity of from60%to 80%is naintained in the cavity.

2. The process of Claim 1 wherein said agent further comprises a surfactant effective to render more homogeneous
the high surface energy domains present on the mold suiface.

3. The pracess of Claim 2 wherein said agent is absorbable by said reactive monomer mixture.

4. The process of any one of claims 1 to 3 wherein the convex back curve is pretreated with said agent.
5. The process of any one of claims 1 to 4 wherein the mold is constructed of a hydrophobic material.
6. The process of claim 5 wherein said hydrephobic material in polystyrene,

7. The process of any one of claims 1 to 8 wherein said agent as applied to the optical meld surface exhibits a water
wetting force of at feast 70 mg.

8. The process of any one of claims 1 to 7 wherein tha treated optical surface of the convex mold exhibits a water
- dynamic contact angle of less than or equal to 100°.

9. The process of claim 1, including filling a concave lens mold with a reactive monomer mixture, juxtaposing therewith
in mating molding relation a convex lens mold, and pretreating at least one of the optical surfaces of said molds
with water vapor to condense an even coating of moisture thereen to enhance wettabiiity of the optical surface to
the reactive monomer mix.

10. The process of any one of claims 1 to 8, wherein a relative humidity of from 60% to 80% is maintained in the cavity.



