NCLD MATERI ‘AL NADE MVTH ADDI TI VES The present invention r e args

to a novel ‘polyneric’ . formul ati on containing an internal nold rel ease
additive whi. ‘ch asél sts in the rel ease of one nold conmponent from 5
.anot her or antinternal nold wetting agent which enhances t he
interfacial wetting between the reactive nDnomer M X evor@k ks A&siDIA
surfaces, thereby reducing the amunt of defects forned in the contact
| ens. The present invention is also directed to the nolds nade from

such 10 pol yneric fornul agopp Msryetdr, Moo waTiEABSdTelES  Preparing
contact |enses fromthese nol ds. An extensive array of nmethods is

currently utilized  in the manufacture of hydrophilic polymer articles,
such - as soft caOheaptrebenteinvenitciorsimdaaielse toarni abyedf pébymechai ques

have been, empledtfflyotch oneRlfiaskl rig'ﬁ:ernal %&H%&%@Lfém%&aﬂ v athing,

and a conbinatigon_o castin Eartlcu ar rough the
use of t whdght aggiass mn‘él?%lqﬁyleaﬁﬁ:ﬁ’ neng pa tisCP'BPonen h§%EP®phi | i c

cont act Iengeanmnarsbroanalﬁwm:il RAIQ %tﬁ:ciggcageﬁeowg& eidmdesl front

curve nol d patt .adapte ILh cooperati ng base nol d
curve par t Ehg vvgergr I ‘?tolmq r?«?t&?ﬁ?‘ 8? €| Eﬁ?&lverh'g%réome Hydt ophi i ¢
contact |enseandr éhﬁsmldW@bﬁmes.umrhbmmedualhgdtbpha!t@lu'ltp(mi/rrer
preferably a Hehlobssesnith yFereitd ddtdeexieRbY | #L gseydat o) . among

nuner ous ot he he conmponents o nol déli!llthl n

whi ch t he ﬁ?ﬁ?ﬁga?'ill s ﬂ%%t“"l Efscuolde ‘H%‘F%i RySUCE consi st
of suitablw ppblerserieabdrmuldtidimegsaweldr abi ty 30mefhedvof i es recei vi ng

mol d parts haﬁf@ﬁa?fﬂ@Jébﬁggﬂénienses from these molds.

An extensive array of methods is currently utilized
in the manufacture of hydrophilic polymer articles, such
as soft contact lenses. A considerable variety of

15 techniques have been employed, such as spin casting,
static cast molding, lathing, and a combination of
casting and lathing, and particularly through the use of
two part molds. Generally, such mold parts for
hydrophilic contact lenses consist of a curvilinear

20 (concave/convex) center of front curve mold part adapted
to form, in cooperation with a mating base mold curve
part, a two part mold for the contact lenses. These
hydrophilic contact lenses are usually constituted from
a hydrophilic polymer, preferably a HEMA-based polymer

o5 (hydroxy-ethylmethacrylate), among numerous other
materials. _

The components of the mold within which the
hydrophilic polymer contact lenses are molded may
consist of suitable pallets, each including a plurality

30 of cavities receiving mold parts having female and/or
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35 -2- nmal e base surfaces or
curvilinear nold portions for the 1 formation of the curved contact

| enses. The nolds, as descri bed, for instance in the nolding

t echnol ogy, may be constituted fromsuitably sel ected conventi onal
plastic materials, whereby the hydrophit2€ polyner 5 articles, i.e., the
contact lenses, will be formed in the cavity therebetween, and may
possi bly adhere to one or both of the nold parts. In the utilization of
separ abl e t wonpke thaas @uxfgceshernshaviyineanyepkbmantdions fegnthet | enses,

UL TOTPLR SIS i o o1 ofosied] b wpacknas L0 b
engagement ég%ﬁ?ﬁ%ﬁﬂ! ggﬁéﬁgﬁgénfﬁ gﬂeth%ITP{EhQQ;HﬁéﬁﬁgipgyéthXé of
the nmold hal uss cunbtiicutedafabe shétably pelécted mrtventiooalsi ng damage to
Unf or t unat el PRt Bethrddtey, FEBREEy ond A IRATITIRMEE | ) (he
prepar ati o5 Frtdsdesct il.ensetheThentact plerges alwiddnmbge SoFReehiBeneral |y
renders the o Gkrity theReBetrwiaR! eah@ mBpipdaeasaaihestal tbyoaad/ or 20
I nspecti on stan%%%$i8%3¥ %onsiat of edgeItqﬂis %%gﬁﬁ tthlps ni cks or other
surface defe®s che: Reld PRERE act It e AF108,9%s of rejected
| enses are separablevtiwdsparntceolés OOr tthe ceslidirigaofabyddepblidped in
the lenses dy g dthgefBEE! "EpBhOESHS1ePids thHe Toldi®RS step, it is
10 of critical importance to be able to release the
hydrophilic contact lenses from their surface engagement
without adherence to the mold parts or at least one of
the mold halves and to separate the mold part without
causing damage to the contact lenses which would render
15 the lenses unusable. _
_Unfortunately, all too frequently, damage is
sustained during the preparation of contact lenses. The
potential damages which generally renders the contact
lenses unable to meet necessary quality and/or
o0 inspection standards may consist Of edge tears and
chips, nicks or other surface defects formed in the
contact lenses. Other causes of rejected lenses are
holes, voids in center of the cast that are developed in
the lenses during the molding process, pits, i.e. areas
o5 on non-uniform thickness, and puddles.
As a result there is a need to find a new
formulation for the mold that would reduce the risk of
damage and defects.
Lens defects are major factors that causes low
30 production yield. There are two different types of
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25 on non-uni formthickness, and puddl es. As a result there is a

need to find a new formulation for the nold that would reduce the risk
of damage and def ects. Lens defects are mmjor factors that
causes | ow 30 production yield. There are two different types of 35
-3 - probl ens associated with cont®et | enses producti on which 1 the
present invention is solving. One such problemis the appearance
of chips and tears in the |l ens. These are caused duri ngj_ t he

denol di ng st RFrANEns aseasiagedyvilihcePriaek kenseafpipFodyctisn; hirhnses.

The preseng |gh@rﬁféy@&vqh%ﬁe§ohh5_§ solviXigbl em by ut| lizing an

alternative material for 8ﬁ e nold arts 1BEW, terial
contai ns an addit %R su‘:ht ﬁ’ﬁ? Emaﬁﬁe % SHES reatly reduces
t he adhediemrs dncehebdensen Thesé emse carskd r@mgd tpart, 10 thereby

facilitating ddiedaligaseep ahfcat®! cadBle hiladnesidflofi Bhal sbng tbe Iisk
of devel opi nq: defectsS in [ ens, caused by and duri nﬂét he denol di ng

st ep. eTH@”?@éondTBFoBF%ﬂ?Wl ’c‘h"‘?’ét:'eﬂiﬂrcé’%é’&’mﬁ? present
i nvent’i on | S gﬂwlmxe%ynhtmmlﬁinghaafﬂMnmﬁ mbtelrdbés fandopaddfes, which

Seoal Ty oPedd o1 pERREY  rni S hddii {H YR ALACEAaaliRLE5e 2" ©
that is added to the mold which greatly reduces the
adhesion forces between the lenses and the mold part,

10 thereby facilitating the release of the mold material
and minimizing the risk of developing defects in the
lens caused by and during the demolding step.

The second problem which is addressed by the
present invention is the prevention of the formation of

15 holes and puddles, which are developed in the lenses
during the molding process. Holes are usually found as
voids in the center of the lens, while puddles are
usually in random or in tree branch shapes, and are
usually found along the lens edge and are usually

oo associated with the concave or front curve mold.
According to the inventors, they are caused mainly by
poor wetting of the mold surface by the reactive monomer
mix at assembly of the mold surface. More specifically,
the poor wetting usually is due to either incompatible

o5 chemistry or incompatible charges across the interface
of the mold and the reactive monomer mix or the
combination of both. More importantly, a heterogeneous
mold surface which causes uneven wetting by the reaction
monomer mix, results in many local unwetted voids, and

30 therefore lead to holes or puddles in the contact lens.
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voids in the center of the lens, while puddles are usual ly in random or
In tree branch shapes, and are usual ly found al ong the | ens edge and
are usually 20 associated with the concave or front curve nold.
According to the inventors, they are caused mainly by poor wetting of
the nmold surface by the reactive nononer m x at assenbly of the nold
surface. More specifically, t he poor wetting usually is due to either
i nconpati ble 25 chem stry or inconpatible charges across the interface
of the nmold and the reactive nononmer mx or the conbi nati on of bot h.
Mre inmportantly, adwheliogemreothe inventorsurHesre hdliesh andupeddliesven
wetting by th gﬁft'o n ] r cﬁ#x i ny upyet t ed
voi ds, and gog'f%erefdfr e%vleerggql‘[%oggg%egk%?rpﬁé J'erfsiq ia%e?’%exgoﬁggég Pens.
35 the polymer mold so as to increasp the wettabilAE¥oPEVRE to the
i nventors égeﬁﬁf hﬂl@%&ﬁld. puldFU 8§derﬂ%&%&b1@:£i€?@ﬁ:%ohf:ﬁ§tpbfor bwle't ting
agent is added ta, t ol.ymer no SO 0 i'ncrease the wet ility
power of tWFHo%. 2 %F’Sregrgggr?%sh?i‘ae“?@t%ah?f-t“ﬁ‘élecﬁﬁcgﬁFCBFS E"ﬁlewetti ng,
a brief di gsessiartsiddculreingdent theli solssuldre le\fél_e\ia_naslcbquildpi ngnon the
mol ecul ar | evelpd Ryl b@uhdliﬁﬂid tﬁ?et Vol ethBEGe EQSfEéHEGEYeraged
force exerted on  “any glve nol ecul e by its néighboring nolecule is
Zero. any given molecule by its neighboring molecule is zero.

Even though such a molecule may undergo diffusive

displacements due to random collisions within the

10 liquid, for any long duration, there exists no directed

forces upon it. There is equal probability to be

displaced in one direction as another. However, the

situation is quite different at the surface of the

liquid since there exist no molecules to counteract the

15 forces exerted by the molecules in the interior for
molecules on the surface. As a result, molecules on the
surface of a liquid experience a net attraction toward
the interior of a drop, thereby causing the -droplet to
assume a spherical shape, minimizing both free energy

20 and surface area. This creates a surface temsion, which
from a microscopic point of view is the reversible
isothermal work which must be done in bringing molecules
from the interior of the liquid to the surface, and
creating 1 unit of new surface thereby. The present

25 inventors believe that overcoming the surface tension
would remove the potential for forming "holes" in the
liquid, i.e., would make the liquid spreadable or
wettable on a solid. '

In the wetting or nonwetting of solids by liquids,

30 the criteria employed is the contact angle between the
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Even though such a nol ecul e may undergo diffusive di spl acenents due to
random col lisions within the 10 liquid, for any |ong duration, there exists

no directed forces upon it. There is equal probability to be

di spl aced in one direction as another. However, the situation is quite
different at the surface of the | i quLg-since there exist no nol ecul es
to counteract the 15 forces exerted by the nolecules in the interior for
nol ecul es on the surface. As a result, nolecules on the surface of a

liquid experiesckid amed te rldequich (measuded thiéegh rithe ilorquiidla drop,
t her eby Ca“ﬁe”ﬂef ez%é’piseha?%e to Fﬁ%ﬁ%@ﬁsawﬁi’@ﬁrifﬂstsfh‘r’d& tHeNi M zi ng

both free e rgy area” This creates a surface t ensi on, which
from a ni cr oscopttiRRFhin PafFwas §°PﬁécFe§’é$%?bT% and ith& her mal wor k

whi ch nust be feterfaciyl n@indgomel ehdbesxist At ofthd e iodr aof the
liquid to the urfa e, and cre unj t Yy S t reby The
present 25 i nven béﬁ ec\}gatrﬁgt t 93?(:0%’%6%?1%‘ t_[r}‘e% zieceli t%%glag%% ul d
renove the gptwhmqhﬂeﬁxat1Whem agdthplet" of nliquid conuagnajaiSQélﬁfwould

make the |iquighsnifalaleseOhre th%@&tégffééépﬁﬁfﬂﬁ IiGterfacial |Nn the
wetting or nonwetting of solids by Yﬂgl he criteria egployed Is the

contact angle 1RRSIQNS .t FSL, TSV wherein Y refers to
interfacial tension, S, L and V refers to solid, liquid

and vapor, respectively. A liquid is said to wet a

10 solid if the contact angle "a" lies between 0 and 90°,
and not to wet the solid if the contact angle lies
between 90° and 180°. At equilibrium, a balance of
interfacial tensions exist at the line of common
contact, which intersects Figure 6 at point 0. For a

15 liquid wetting the solid, this equilibrium is expressed
by the relation:

¥SV = ySL + YLV cos 8

20 The present inventors have modified this concept
and utilized this modification to determine if a
- particular substance could be used to reduce the
tendency of forming holes and puddles in making contact
lenses. Moreover, the present inventors have found a

25 trend and thus have found that particular compounds when
admixed with the polymeric mold material significantly
reduces the amount of holes and puddles in contact
lenses.

Their solution was based upon their understanding
30 of the thermodynamics of the situation. They calculated
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solid and the liquid (heasured through the liquid). 1 Reference is nade

to Figure 6 which illustrates the rel ati onshi p between contact angle
"a" and the interfacial tensions that exist- at the surface of a

l'iquid. As clearly shown, there are three interfaces 5 which exist when a
droplet of liquid contacts a solid, _@and thus there are three
correspondi ng interfacial tensions, TERR]SL, [ERR] SV and yLV, wherein
[ERR] refers to the interfacial tension, S, L and V refers to solid,

l'i quid anchatip@he theeetivalyesAimation dfs wetitdngg whiich 18 solid if

h b h
ol 10 11t e Ul CRSmERYRamLE Basanste Leatter ieepreitall oy T

equi li brium crdfflimientef is defnnedfagi al tensions exist at the line of

common contact, which intersects Figure 6 at point 0. For a 15 |liquid
wetting the solid, this equilibriumis expressed by the rel ation:
[ERRISV = [ERR]SL + [ERRI LV cos [BRR]Ys 20¢ ~Ys¢ ' The present inventors have
nodi fied this concept and utilized this nodification to determne if a

part i cul ar S;@ b2N8e 160Uk BErUSSEhS eI ML o 14 QHPHedlcd Of M N0
hol es and pu és In"na Feover present
i nvent ors hawaexgyn@faths m@l@n@a%ﬁmﬂélunﬂzhaﬁeth%uﬁ@rﬁ¢ﬁﬁ Gemetiiogu o4

conmpounds Whehe readdiir4erlombhdr thiBk POIRMIP) %nmoltaenate&gathal gnificantly
reduces the anpun ol es and uddl es in
Thei r solutl&n%ﬁﬁgaﬁé§£dtﬁﬁﬁh°? W%ﬁﬂkﬁ%ﬁ%%&&Pn&°§8m8F Tﬁ% ?ﬂ% HR%y.nani cs
of the sijgamodd mihe;tlahl.culapcmhtlve ngmEndicates spreading (or
wetting). Therefdre, in order to spread or to wet, 7,
and Ys¢ should be made as small as possible or 7y, should
be made as large as possible. Practically, this means
that the surface energy of the mold is increased or the
15 surface tension of the reactive monomer mix is reduced
or both is effected 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
oo surface energy, but also increasing the portion of high
energy surface. '

‘This can be accomplished by various techﬂiques for
example, by coating the surface. of one of the mold
halves with surfactant, or by transiently coating a the

25 mold surfacé with a wetting agent. Another method,
which is an embodiment of the present invention is the
incbrporation of wetting agents into the mold material.

Obviously, not all wetting agents to the mold
material will be effective. The present inventors have

30 developed a methodology for determining which admixtures
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that, the theoretical estimation of wetting, which is 1 the thernodynam c
paraneter called the spreading coefficient, is defined as:

[ ERR] 5 where S is the spreading coefficient, [ERR] is the surface
energy of the nold material, [ERR] is the surface tension of t he
reactive nonomer m x ("RNM) and the [ERRl, is the i nterfacial tension
bet ween reaction nononer mx and the 10 nold material. A positive "S"

i ndi cat es spreading (or wetting). Therefore, in order to spread or to

wet, [ERR]  yj@ndpé Bk sel ot tth% 'E‘éﬂ@o%itiﬁm bfaﬁh@qa‘csldalmamra[aERR]
shoul d be made, as Ialége ase? i bl e. Pr tlcalﬂ% cﬂp:s that
the surfacel efi€FghhermRMErat ﬁtﬂ"é&é’@d GPSEH %”é%r? ace tension
the reactive ﬁﬁiﬁbﬁfrom})rolés redyseidles. ot[nbobhsequew@dtmr&qf,ortd@r to
obtain the apgfopL) %nYentg¥gtHAU£ %%%ﬁ?%ﬁnﬁeécﬂéyem&Iﬁ“HEﬁefmaq and the

nold. Wth res 0 1ncreasing t d surface ener hi s
requires consWhM—'hth@‘ﬂe dthe mddessadyansadsnPy reAUERS thy es‘t#ef"éi?e ener gy,
but al so i ?rggst-agnt}k@lep@rdﬂ Pudd1ei. gh energy surface. Thi s

can be acc | i she ari oys t echni for g the
surface of one of 'ﬁﬁ%‘y the, HAEFES ™ HVSHF?E%HS%\% 5, %esi%l%efd;ggd;ntly
coating a them<25d nf)dndmslatfm viimpirox ingt thegyagbdtin FadirrRduginichod,

which is an egh B;%n@a%%e%nbe&ent tﬂnoﬁé érh}f‘odlmenmcqmwratlon of
wetting agents |nt mat er i al é‘(ﬁus not all wetting

agents to the ‘Ptﬁp‘éllatmftré-‘tfer‘%% Bresenbe iBVERELPY FeMREH %Nt i nventors
have 30 dgveteondshaieettwdymgchips datieteansng Ivni aotter Xt ur es

embodiment, the present formulation reduces the
tendencies to form holes and puddles in contact lenses.
Accordingly, the present invention provides for a
mold for making contact lenses comprising thermoplastic
15 Ppolymer of either polystyrene or polypropylene admixed
with an internal mold release agent (additive) or
wetting agent.
More specifically, the present invention is
directed to a mold material constituting a mold half for
oo use in the production of contact lenses, said mold
material comprising a thermoplastic polymer and a
internal additive which is impregnated into said
thermoplastic material and which is present in amounts
ranging from about 0.05% to about 5% by weight, said
25 thermoplastic material being polystyrene or
polypropylene and said additive being a polyethylene or
polypropylene wax having a molecular weight ranging from
about 5000 to about 200,000, an amide wax of the formula
R,CONH,, wherein R, is a hydrocarbyl group, and the amide
30 Wax has a molecular weight of about 200-2000, silicone
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35 -7- wi |l be useful for the
conposition of the.nold material 1 for the nanufacture of contact |enses
havi ng a reduced nunber of holes or puddles. In consequence thereof,

t he present inventors have devel oped a new nold materi al whi ch have
t he added advantage of reducing the tendaacy 5 to form holes or puddl es.
Therefore, the present inventors have devel oped new nol d formul ati ons

i mproving the yield in and reduci ng the defects in contact lenses. In
one enbodi nenthaviing a moleewlant veightf nangimgefxem ahovht 2000 reRluces the 10

tendencies iOa%%hE‘bepéo@?dméﬁﬁﬁﬁ-wdﬂl Hadigkd waxCnbadiyeaéidt he present
formul ati on ripuqes th

e endencies to form hales and pu I_.n contact
| enses. aV1R808rHP?1§F‘§ia’f'h”ée’;ﬂlEsé?ft i n?PBntﬁr%e?‘greg%(g‘f’ & mol d
for making corbaplekeasesr conpd i contginatdom phasedt. 15 pol yner of either
pol ystyrene or _pol yppopylsag. iR on 15"slieABe] 8LrLoBa b & idRpSe
wett1 ng agent. re

agent (additive) or f ) specifically, the
present i ngnfpsarial congkititing 1o meldphalfaferi usecHusti® uting a nol d

hal f for 20 %ﬁo&ﬁctlb@npé@dé&li&é&t @cerfs@%t,aﬁhiheﬁéﬂé,még%ﬂiaﬁm| dm Ea_t eri al
conpri sing a thernpplastic po r and a Lnternal_adadl tive 1.C IS
pregnat ad | FOBPERRHAS BEHERTGRR A0 A wekRiSE R AT che SBEn ' T,
anount s of a wetting agent admixed therewith, the wetting force

of said mold material being described by the equation:

10 :
F = 2y, pcos ©
where
F is the wetting force of the mold half
v, is the surface tension of distilled water
15 p is the perimeter of the mold material at the

meniscus when the mold half is partially immersed in the
water and

@ is dynamic contact angle, wherein the contact
angle of said mold material is less than 100°.

20 When these materials were used to make one of the
mold halves in the mold assembly for making the contact
lenses, it was found that fewer lenses were formed
having the defects described hereinabove. Thus, the
present invention is further directed to the mold half

o5 comprised of this new formulation. This mold half is
part of the mold assembly, and therefore the present
invention is still further directed to the mold assembly
comprising said mold half comprised of these
formulations of the present invention.

30
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rangi ng from about 0.05%to about 5% by wei ght, said 25 thernoplastic

mat eri al bei ng pol ystyrene or pol ypropyl ene and said additive being a

pol yet hyl ene or pol ypropyl ene wax having a nol ecul ar wei ght rangi ng from
about 5000 to about 200, 000, an ami de wax of the fornmula

R ERR] CONH ERR], wherein R ERR] is a hydtgcarbyl group, and the am de 30
wax has a nol ecul ar wei ght of about 200-2000, silicone 35

havi ng a nol ecul ar wei ght rangi ng from about 2000 to 1 about 100, 000,

Mont an wax, oxi di zedbmempartdiculazdyd the present anmdrddginadiswei ght of about
200 to aboui 2Pfected to GOMNEXHETFChaliuf £OTTHS PrRbdtBReRE: a

The pr esent nvention i s I rected mat eri al

constituting E£oRtarthdens by the pRlyNerizatipn Ricid APlaMELIAARLE | enses,
sai d nol d rrat eddnipositickO RS BSmBYdpabyehyI e nconii sl Wit sadd ebidctive

t [ h t f
22? gnm)l d mat ef?allla Iéf %g%%gs%l?l gg%éef;aiﬁgrsgﬁlu‘%t | J]%fg% tclon.grgg&ﬁs [ EROR]
wher e 5 arF infegyalnartingef bavingfa t¢rntmsld dyavied section [ERR] is

the surface t Q{&:ﬁﬁr@f allcohichlr8dsWBE£e 15 convedk istirifRRePahlngt er of the
ol d material %&cuﬁ%erentlal edge, at least the central portion of at
least one of said concave surface and said convex
surface having the dimensions of the back curve of the
10 desired swelled or unswelled contact lens to be produced .
in said mold assembly and being sufficiently smooth and
contoured so that the surface of said contact lens
formed by polymerization of said polymerizable
composition in contact with said surface is optically
15 acceptable, said article having an annular flange
integral width and surrounding said circular
circumferential edge and extending therefrom in a plane
normal to the axis of said concave surface, said article
also having a generally triangular tab situated in a -
20 Plane normal to said axis and extending from said
flange, said article having a thinness and rigidity
effective to transmit heat therethrough and to withstand
prying forces applied to separate said mold half from
said mold assembly, and said article being comprised the
25 mold materia; comprised of a thermoplastic polymer
admixed with an additive or anti-wetting agent as
described above.
The mold assembly preferentially comprises at least
two pieces,. a female concave piece (front piece) and a
30 male convex piece (back piece) forming a qavity
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meni scus when the nold half is partially inmrersed in the wat er and
[ERR] is dynam c contact angle, wherein the contact angl e of said nold
material is |less than 100[ ERR]. 20 When these materials were used to
make one of the nold halves in the nold assenbly for naking the contact
| enses, it was found that fewer |enses wepe forned havi ng the defects
descri bed herei nabove. Thus, the present invention is further directed
to the nold half 25 conprised of this new fornmulation. This nold half is
part of the nuhrebetwsen, and vhenedaid piwres exenmatedi ngenleastis still

further directed 10etheniDiflyasseibide @il NIus2kd ol d hal f

conpri sed o t hes formulations o e present |nvent|on 30 35

-9- pPagbicudariveulr  yorefrrnd emhodinggsyi 5Re ¥01d1 directed to
a nold hal f U&%fséhbiﬁ)r bbﬂpiaw@lslcalﬁb&f ndbld had@nkadt al Bask byolde

Comri sed of BALE A8l BOERCh PR Soret o AABRE o AA RS B8R0 ool d hal ¢
conprisings 5eanlpatlagral cavity|thérmbatyerncenndah palywerizzhlen
defining a copeau8s$HibACEn SafdP R a»rfr@%n%a@tamh shigupbeaential
edge, at | east e central portiaon o
halves, the front mold of whlch has a central curved
section with a concave surface, a convex surface and a
circular circumferential edge, wherein the portion of
10 said concave surface in contact with said polymerizable
composition has the curvature of the front 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 said polymerizable .
15 composition in cohtact with said surface is optically
acceptable, said front mold also having an annular
flange integral with and surrounding said circular
circumferential edge and extending therefrom in a plane
normal to the axis and extending from said flange, while
oo the back mold has a central curved section with a
concave surface, convex surface and circular
circumferential edge, wherein the portion of said convex
surface in contact with said polymerizable composition
has the curvature of the back curve of a contact lens to
25 be produced in said mold assembly and is sufficiently
smooth that the surface of a contact lens formed by
polymerization of the polymerizable composition in
contact with said surface is optically acceptable, said
back curve also having an annular flange integral with
30 and surrounding said circular circumferential edge and

-
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| east one of said concave surface and said convex surface having the

di nrensi ons of the back curve of the 10 desired swelled or unswell ed contact
| ens to be produced - in said nold assenbly and being sufficiently snooth
and contoured so that the surface of said contact |ens formed by
pol yneri zation of said polynerizable _jjconposition in contact with said
surface is optically 15 acceptable, said article having an annul ar fl ange

i ntegral width and surrounding said circular circunferential edge and
ext endi ng t heextending thexdefirom in aoplahet notthel s hef asdisd ofoncave

surface, s3i ds2fd| Ghifyex sdhRRuiRY Qlada0G0RLAM By (W Eiial: kb It uat ed

in a 20 plane normal to sal axl s an ext I ng om sai~d flange, said
article havi ireuatgthigs @ H@ne grgmay to saiqd Rfig And teRdAng heat
t her et hrough s teaid tH1%inge] wherpliii the f 6@k afphicaairieo ofepatdt e sai d

nold hal f frgom | d _assenbl nd_ s .C I.NQ <C ri sed the
25 nol d mat e%l) acfk é‘b°§;4 ?‘saeri%' &P afﬁgr}\{r%%lcéjsﬁ@m%%fynelral € % d%fxgggw' th an
addi ti ve op dinantwmalihdaddent as descri bed above. The nold

assenbl y preferenthq |J¥1n%Q”BBhES§ea§uJ:€§éé of tHVERIRCR®LdAnhEREl € concave

iece (front piece) and a 30 nal e_convex |ece back _pi ece a
2av,ty( &) gs the outer surface of he contact %ns, %Blgenkﬂg

outer convex surface of the base mold half defines the
inner surface of the contact lens which rests upon the

10 edge. ‘

In this assembly, either the back mold or the front
mold half or both is comprised of the novel formulation
of the present invention. However, it is the back mold
half that is preferably comprised of the novel

15 formulation of the present invention, while the front
curve mold is comprised of a thermoplastic material that
does not contain the additive.br.wetting agent. Thus
the present invention is also directed to the base mold
comprised of said novel formulation.

20 More specifically, the present invention is
directed to a mold assembly used in the production of a
contact lens by the polymerization of a polymerizable
composition in said mold assembly, said mold assembly’
comprising a front mold half and a back mold half in

o5 contact therewith thereby defining and enclosing a
cavity therebetween, and a polymerizable composition in
said cavity in contact with both mold halves, wherein

said front mold half comprises a first article of
thermoplaétic polymer transparent to ultraviolet light,

30 said article having a central curved section with a
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t her ebet ween, and when sai d pieces are mated, at | east 1 one piece having
a flange thereabout. Mre particularly, in a preferred enbodi nent, the
nol d assenbly conprises a front nold half and a back nold hal f in
contact therewith, thereby defining and 5 enclosing a cavity therebetween,
and a pol yneri zabl e conposition in sakd cavity in contact wth said

nol d hal ves, the front nold of which has a central curved section

with a concave surface a convex surface and a circular circunferentia
edge, wher ei n QIREINS EWBEIGE, 16 SANVEE OFEELRCS A% G GiFCMIATact with said
pol yneri zabh e circunfEResitliadnelige, t WRe £y he padft ildie dfr eatidcurve of a

contact lens to bevf%bgélr%]acg gBﬁ?S%Fg$%d qﬁ§eNQkyﬁ§§9mb§lz bl§_uff|C|entIy

smoot h that t % ol'ymeri zati on of
sai d polynerizamm98151omnp55|thencunvamnweunf\Mha1ﬁ;@m& §urvac@f|e optically

acceptabl e, sRiheblcfnt e8! £02hs GphENia8 Afh UML old asbbdBlg, i ghaoral vith

and surroundi ng said circular circunferential % %e and extendln
therefromih d5pE¥kéiciengdy groeth s thats thfy sSWEaREi R Frﬁﬁ?gﬁ?ﬁ fl ange,
whil e 20 the hatls ﬁbkdeaabyapobyméﬂ&zammxednsemhﬂopo&ymbrazableconcave

Surface, CONVeAmpULiR88aan EhEENLE yien LIIFWLILR! L8l oBlgeay pher el n the

portion of sai ace in con sal ynerizabl e
conposi tion accgpsabheicurvature of the back curve of a contact lens to 25

be produced in sai gdafmal ﬂlﬁéﬁeaiaii{cpéldmaﬁr@-lfafrﬂ @n@olby flangevoth that the
conposi ti G i AREeaRL PAER SR owsRendikn BB, CSBPRAF  y accept abl o, eai d
back curve al sérbhumfegenbhiahnedes dnduq¥£endn@graheweﬁHOGOInathb@m¢ounding
said circul ar ngigyESr eRL 1 kiS4 AH concave3Burface, and
generally triangular tab situated in a plane normal to
said axis and extending from said flange;
15 said back mold comprised of an integral article
having a central curved section with a concave surface,
a convex surface and a circular circumferential edge,
wherein the portion of said convex surface in contact
with said polymerizable composition has the curvature of
20 the back curve of a contact lens to be produced in said
mold assembly and is sufficiently smooth so that the
surface of a contact lens formed by polymerization of
said polymerization composition in contact with said
surface is optically acceptable; _
25 said second article having an annular flange
integral with and surrounding said circular
circumferential edge with and surrounding said c1rcu1ar
circumferential edge and extending therefrom in a plane
normal to the axis of said convex surface, and a
30 generally triangular tab si;uated in a plane normal to
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extending therefromin a plane normal to the axis of 1 said convex
structure, and a generally triangular tab situated in a plane normal to
sai d axis and extendi ng fromsaid flange, wherein the convex structure
of said back nold half contacts the circunferential edge of the

front nold half. The i nner concawse surface of the front nold half
defines the outer surface of the contact lens, while the out er convex
surface of the base npld hal f defines the __inner surface of the contact

| ens whi ch resB3idfis mnd ext@yding from sajg flangeshaasip t&& her the
back mol d of téenté@NSurfacd@fd daall babkb@bldi BaTPrguntsritOfchiehe novel

formul ati on .of the present Jjnvention wever .. it i.s the back nold
hal f that is p?b?%ﬁ ?Eéﬁﬁﬁﬁiw%§&& 8 Fﬁédng%%?tjﬁP¥4nqﬁf§&ion of the
present invention, seid dadie moldnbeing comprised df 2 owis medgrénla
ther mopl asti ¢ gffidld R therliBpIaBPlcCpOLdL Al Wiks 8 wet Ling

agent. Thus the present inventfon Is also directed to the base nold
conpri sed of A tHKRas sepgribegnabove- More specifically, the present
invention is dimecaRdd asseibl¢t *SERMhy biasl durveheoldodiadgel ap of a

contact |ens by the pol rizati,on.of.a poly | zabl ition in
said nold assearl%ltg",e ?ﬁl %&”&é?g%ﬁ"e orc%%xgo%aélegeflraoﬁ%ﬂggﬁd hal f and
a back nol d hadlystyzenedwestinghagent t or t prlasopidiens/ wgtiingeAgEDSI ng a

cavity therebeidilRataRes? 1BOLKERAT i 4 aRARI P BN Idtddt lens@dld cavity in
contact with both nold halvest wher ei n ) ..Sajd front,,nold H?If-
conpri ses ¥Ofi raffiec PEeSEnt InyeRt1en| 815 ol e SAEFSFEH tPo
ul traviol et |itle proResa dfambkthg baft ncpratasmtlasesunnddigéogi bhisith a

mold assembly. That is, an improved process for forming
a contact lens from a mold assembly comprising a front
mold half and a back mold half in contact therewith

15 thereby defining and enclosing a cavity therebetween,
and containing in said cavity a polymerizable
composition in contact with said mold halves;

said front mold half comprising a first article of

thermoplastic polymer transparent to ultraviolet light,

o0 8said article having a central curved section with a
concave surface, a convex surface and a 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

o5 contact lens to be produced in said mold assembly and is
sufficiently smooth so that the surface of a contact
lens formed by polymerization of said polymerizable
composition in contact with said surface is optically
acceptable;

30
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35 _ -12- concave surface, a
convex surface and a circul ar 1 circunferential edge, wherein the portion

of said concave surface in contact with said polynerizable
conposition has the curvature of the front curve of a contact lens to
be produced in said nold assenbly, and is sufficiently snooth so that
the surface of a contact | ens fornedlby pol yneri zation of said

pol ymeri zabl e conposition in contact with said surface is optically
accept abl e; safdishdit M1 Mgl %ohﬁﬂgﬂnéna aé'é%x?d Jﬁ@r&% HE
integral with d sur oun,d| ng .said circul ar er ent.i ge and
ext endi ng tHer€$?¥Wﬁ? ymexr ﬁ6FHﬁPaF8th%°é&fEF?ﬁ é;ﬁ dve

surface, and sa1@eamnrdlqlhavmwggalaentablscuna¢®ds¢¢trpqﬂwmuh.wornal to
S0l g axi s and EHERA MuldRD o2l dobl8008urtdce anaSfIdhRARTD| d COTDI] Sod

of an int egral a central curved section with a concave

surf ace, ?ﬂﬂqkﬁéee@ﬁ&raWBPFEHFth%lPQKEﬁQﬂeﬂﬁ|%ﬂldb&@gvex
wherein the pqmrﬁceofuﬁ@dﬂlt@@l&vamﬁuga@aemmﬁ@mz?éme comydéita@nd

pol yneri zable 159 sition _has th [V e of 20 _the b ck Y-
contact |ens t® sg%%prod‘ucg&lﬁrﬁ ?g gﬁe ga#ﬁl%“?%e%ﬁ/ r\% Qu i |ent ly
snoot h so t hatbe mroducedinaseidf maldoassenblerand arsr@dlﬂﬁlcp@lrgtﬁm i zation

of sai d pimeBiH %@ 't@l%tcﬂﬁBoéhHQBe'&f%QrE&FEaé’E i3RI rmed %?rr face is
optically acc second article having .an annular fl ange

ept.abl e; sai
i nt egr al wth%?d’“@fr’?@&r’r&’?‘nﬁfsﬁﬂ cPeLymerizable composition in

10 contact with said surface is optically acceptable,
wherein the convex surface of said back mold contacts
the circumferential edge of said front mold half;

and the front mold half is clamped against the back
mold half;

15 and the polymerizable composition undergoes
polymerization under precuring and curing conditions
with ultraviolet light'and the back curve is separated
from the front curve and the contact lens during a
demolding process and the, front curve is subsequently

20 8eparated from the contact lens, the improvement
comprising utiiizing a back curve mold that is comprised
of the mold material as described above.

As described herein, the use of the formulations of
the present invention modifies the surface chemistry of

25 the back mold by enhancing its wettability. In
addition, a formulation of the present invention
facilitates the release of the mold from the polymerized
polymer comprising the contact lens and the front mold.

Another aspect of the éreseht invention is directed

30 to a process of minimizing and/or preventing chips or
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circunferential edge with and surrounding said circul ar circunferenti al

edge and extending therefromin a plane normal to the axis of said
convex surface, and a 30 generally triangular tab situated in a plane
normal to 35 -13- sai d
axis and extending fromsaid flange whergin the 1 convex surface of said
back nold half contacts the circunferential edge of said front nold

hal f; sai d back nold being conprised of a nold materi a

conprised of eetak}gr ﬂﬁptﬁété&n@&&t}’r@nsﬁw &%QI%HH a8 moRd askshigs MedS

descri bed abov asse he base .curve nold made
up of the°50P9%¥§Fl§ﬁ%‘7‘%o%l‘F tr? %ﬁr BE}W’éﬁél% t§8%,
pol yst yr ene/ watili b jvagéescroibed Iheyedimabewe/ iat inobhg agbeasn.ng formul ati ons

5, used In mkkpgcaoll SROLAEL | GSRRerlAsTINS of NenTERgNLn TVentTon [

still further rec t hé process t contact | enses
utilizing th| snventmdl%mwd 1:I¢ata PEOCgAS| ﬂﬁr'@%ﬁ“’p’#ms@@/&r f or mi ng

a contact ,fsrétr A eBPEhStAE dohfsdE lens M3 d half and a
back nol d hal contact th h 15 thereb defin .encl osing a
cavity thereb‘éH\nge?t Wdiec}'#alcﬁf"ﬁﬁlﬁﬁdsg acfak‘l‘?ﬂfgpaﬁ qﬁ Xireri zabl e
conposi tion |maCQmiabtadet:te<1;au¢hrahdelﬁ£leaesve amount ofsa@ avefutdmg nol d hal f
conprising a f4&st, a8dif ! thtmoplastic material being polystyrene or
polypropylene, and said mold half being sufficiently wet
10 to have a dynamic contact angle when immersed in water
of 100° or less.
The present invention may be more readily
understood by one skilled in the art with reference
being had to the following detailed description of
15 several preferred embodiments thereof, taken in
conjunction with the accompanying drawings wherein like
elements are de51gnated by identical reference numerals
throughout the several views.
Figure 1 is a flow diagram of the continuous
20 Process for contact lens production, including molding,
treatment and handling of the molds and contact lenses
in a low oxygen environment.
Figure 2 is a top elevational planar view of the
production line system constructed according to the
o5 Present invention. _
Figures 3 and 3(a) are respectively, a top or
planar view and an elevation of side view of one
embodiment of a first (female) or front curve mold half
molded pursuant to the present invention.

30
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t her mopl astic polymer transparent to ultraviolet light, 20 said article

having a central curved section with a concave surface, a convex
surface and a circul ar circunferential edge, wherein the portion of

sai d concave surface in contact with said polynerizable conposition
has the curvature of the front curve of a 25 contact |lens to be produced in
said nold assenbly and is sufficieHHQQJ snooth so that the surface of a
cont act | ens formed by polynerization of said polynerizable

conposition in con t W sai d _surf i | cal ble; 30
35ﬂp ﬁf&ure g(b) Ve o enag%gea_§§§$19'$é/a pof%gggfgﬁback ol d

hal f cdnprtsiﬁggurée%bmh-article of 1 thernopl astic pol ynmer transparent

to ultraviolet |igRiqures £adl a'(4)Cheehad¥bplc@ively raltdpiiotedhiaaatd on with
a concave surfac ,qa.convex surface _an circul ar .Ccircunferentia
?E#t

. a
edge, wherei nVifE iplsvatdion ogngide view pf e isrhosimsat ®fth sai d
pol yneri zabl ea cospasd t {(nile) orhdackheusueviadbld ehall £ trivd desl puasuaatof a

contact le ' aid nold assenbly and is sufficiently
at%c? t t'hl'ée S%l%égrpcd %n‘t@.oﬁ

snoot h so t ace of a contact lens fornmed by pol ymeri zati on
of said pol ynerizablgureoipds & dasencaoveofirane aff tth nedidd hadivegce i s
optically accegdwid#s) supported and registered in a pallet

comprised of various formulations, as described in

Example 1.

10 Figure 6 is a schematic diagram of the contact
angle and the surface tension at the solid-vapor and
solid-liquid interfaces of a solid immersed in a probe
liquid. '

Figure 7 is a schematic diagram of the methodology

15 of the present invention used to measure the contact
angle.

Figure 8 is a schematic of the various parameters
in determining the contact angle.
Figure 9 is a typical water wetting force trace.

20 As described hereinabove, the mold contains an
internal additive or wetting agent. 1In other words, the
additive or wettihg agent is thoroughly admixed with the
thermoplastic polymer. This provides a substantially

_ uniform distribution of these internal additives or

25 wetting agents across the surface of the mold resin and
decreases the probability that they would be retained on
the lens. The polystyrene/additive,
polypropylene/additive, polystyrene/wetting agent or the
polypropylene/wetting agent compositions are prepared by

30 Processes well known to those skilled in the art. The
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wherein the convex surface of said back nold contacts t he

circunferential edge of said front nold hal f; and the front nold
hal f is clanped agai nst the back nold hal f; 15 and the

pol ynmeri zabl e conposition undergoes pol ymeri zati on under precuring and
curing conditions with ultraviolet +iht and the back curve is

separ at ed fromthe front curve and the contact lens during a

denol di ng process and thefront curve is subsequently 20 separated fromthe
contact | ens, fEphdovipg opreeedure exampddifdesqythei Frehngdiedaited e nol d

that is compringRd the PbriliEatTrfh B eHearagedesenideeiabpoviesing As
descri bed hereli, the use of the rnul ations of 1 tthﬁgégégu jgvention
nodi fi es the BAFYSE¥TERRARE 3P 6 1V E8p UK SHBTB By efinanci g it s
wettability. isnexemplhahcly tamh, is dquathllyabpplicablacfpretheit i nvention
facilitates t f f EZ r mer
conprising t h_F%%ﬁ%:gg?&f%nosf Q%ﬁr%eﬁ g%ﬂgfg%ﬂ@& e ﬁ]oetérgirﬁlaspect of
t he present5 i WERREHMis directed 30 to a process of nininizing and/ or
preventing chi ps orhe polystifrene and the additive are mixed together - 15-

Sy e BA il e Rl o ol TS A sy L ety ene
mol d rel easi myethodology, the polystyrene is compounded with the
additive. 1In other words, a predetermined amount of the
10 additive and polystyrene are mixed together, the mixture ’
is heated to melt the polystyrene, the melted
polystyrene and the additive are then again mixed
together, such as with an extruder, which further

intermixes the two components. The mixture can then be

15 repelletized in a pellatizer. Alternatively, the
polystyrene may first be melted to form the molten
polystyrene and the additive added to the molten
polystyrene in the mixer, e.g., extruder, and mixed
together and then repelletized with the pelletizer.

o9 Alternatively, the additive can be compounded with the
thermoplastic material directly in the molding machine.

The amount of additive added to the thermoplastic

material is a mold releasing effective amount, while the
amount of wetting agent added is a wetting effective

o5 amount. The mold material comprised thereof is to be
transparent to UV transmission, especially of from 3 to
5 nm up to wavelengths of 300 nanometers. However
these amounts preferentially overlap. More
specifically, when present, the additive or wetting

30 agent is preferably present in an amount ranging from
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effective anounts. Another aspect of the present I nvention is directed

to a process of m nim zing and/ or 5 preventing holes or puddles in the

contact |ens by utilizing a mold half conprised of a thernoplastic
material adm xed with an effective anmount of a wetting agent, said

t hermopl astic material being pol ystyrenggor pol ypr opyl ene, and said
nol d hal f being sufficiently wet 10 to have a dynam c contact angl e when

i mersed in water of 100[ ERR] or |ess. The present invention
may be nore Bbmﬁtlﬁ 05% tindebeubobi¥ biw e Kidtiste ite the art with reference
ei ng had phhg%eng€é§1$fd S5 Gid:RY 'g}%féfraisiys%ﬁ@ahgpf%ﬁr red

od
enbodlnenté thereo conéynctlon wth thé acconpanyi ng
drawi ngs wheP®OHt| Pkd% to abeWen? sShr &W/38si gnat ed by i dentical reference

nuner al s t hr ogplbget mbhe SemmIPAL MrfSsolve two diFfifgmeatl is a flow

di agr am of the nti nupus_20 roc 0 .ac S.pr i ncl udi ng
mol di ng, gg T ntg ﬁ h& %ITéE?%# ﬁqﬁ}%%ﬁ US% égnggggh?gﬁges in
a Iom/oxygsnuennltbﬂnehNectlve Iflﬁhﬁnﬂbl@Qﬁ;V@ néptelﬁeéPFénal pl anar

view of the poieB! OfHE! hoTd ! £HEmMENAL A ¥ Iatieet 84 @peording to the 25
present 1nven a top or

ur.es are_respectively
pl anar V|em/Ehﬁrﬁﬁpé?%EbflTﬁF?#’%ﬁ(ﬁ?ﬂﬁﬁﬁﬁ'&%tgngettlngnﬁgﬁFHEntI%f a first
(femal e) or thentbjecvivenis twlfeduce middiespuitheafiroht thevermshit

i nventi on. 39 formedSSf the thermoplastic material with wetting
10 agent. On the other hand, if the objective is to
facilitate mold release from the lens, then the mold
formulation utilized for at least one of the molds,
preferably the back mold, is the thermoplastic material
with additive.

15 As used herein, reference to the "wetting
formulation" or "composition" refers to the mold
material comprised of the thermoplastic material (e.g.
polypropylene and more preferably polystyrene} and the
wetting agent, as defined herein . Alternatively

oo reference to the "mold release formulation" or
"composition" refers to the mold material comprised at
the thermoplastic material (e.g. polypropylene or
polystyrene) and the mold release agent. Reference to
the "formulations" or "compositions" of the present

25 invention or equivalent expression which does not
specify ‘mold release’ or ’‘wetting’ refers to both
formulations.

The mold formulations of the present invention may
comprise either the backcurve mold, the front curve mold

30 ©Or both. Because of their surface curative differences,
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- 16- Figure 3(b) is an enlarged detail of a portion of I
Figure 3(a). Figures 4 and 4(a) are respectively a top or planar
view and an el evation or side view of one enbodi nent of a second (nale)
or back curve nold half nolded pursuant 5 to the present invention.

Figure 5 is a base curve frame of 8 nol dypdal ves (cavities) supported
and registered in a pallet conpri sed of various fornul ations, as
described in Exanmple 1. 10 Figure 6 is a schematic diagram of the
cont act atheewehtingeos irdhesiqreftiuse at the BYM/backpurveand

sol i d- 11 quifl spkREEaCeS: ol ase AL I4TER S8l BeachE OB/ erodd Wilite

Figure 7 is a,schenatic dlagran1of t he met hodol ogy 15 of the present
i nvention usedE8THRE8ur 1t hk® R¥fRLRHred thagfyk Ee ackcurve ey re 8 s a
schemati c of bbﬁpyﬁge@uef petiamsll material O€t ehel pregedtheimmttden.angl e.

Figure 9 is a typigal uglefo WRILID0, 9ee b 365, 20rerencdSydastd bed

her ei nabove, the ntl'd Con nt erna i ng agent.
I'n other wgg dmadeheo the abmltqwe)r hpweverg Hgeass| sndiﬂﬁtzﬁﬁgmq/ théni xed

with the I:Bﬁff@?}aSEHé‘s&Qi:}ﬁEQIssiBB'sSaﬁéoéqd&Elﬁ B lday
uni formdistr |$ on of t hese infernal add| t| ves, or wetti agents
across the suFfEcErHE (HE R & 4Rg © B‘Eclf’%%?%‘é‘ér‘ﬁ'uelsp&g’ﬁabi lity that

t hey woul d beiltastredive purpddes.l ens. The pol ystyrene/ additi ve,
pol ypropyl ene/ addif] vg, té&%ﬁ?é W ¢t bl 19+ 895 a Gho dft%‘?nagtoerlal

for
pol ypropyl ene/wettin conposit1ons are” prepare rocesses wel |
known to fidoseésekin | gﬁ?iiqlﬂﬂélla’ret mo}heto reduce the ten ency tO form

holes . in the contact lenses, the inventors developed a
modified wetting method to measure the wettability of
the backcurve mold. This method measures the wetting
forces between the probe wetting liquid (D.I. water) and
15 -the backcurve mold surface defined by the relationship.

F = 2y, pcos 8

oo wherein
F is the wetting force(mg) of the mold half being
measured;
Y, is the surface tension of the probe liquid, i.e.,
the water;

o5 ' p is the perimeter of the mold half at the meniscus
(cm) when the mold half is partially immersed in the
water; and

6 is the dynamic contact angle in degrees.

30
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35 -17-. fol | owi ng procedure
exenplifies the techniques used to 1 nmake the fornulations of the present
i nvention, using pol ystyrene and an additive as an exanple. However, it
is exenplary and is equally applicable for the preparations of the

ot her formul ati ons of the present 5 inugntion. The pol ystyrene
and the additive are m xed toget her y techni ques known to one skilled
in the art. In one nmet hodol ogy, the polystyrene is conmpounded with the

addi tive. |n otherawgéKksmatdi d'EIRrAmToREdhanekpér Dherithel Hetadg tisve and
pol ystyrene are nmixed togethey, th l xture. . i s heat.ed It the
pol yst yrenet gﬁgeﬂe+?e%l re g’(rjl y@e@%ﬁeaxar%ﬂ%s Rfett |evteerastr %r{éﬁen agai n
m xed t ogechemat scahilaglepitdtedn isx Figdee, 8whi ch further i nterm xes
the two conponent sy Jﬁ\%rlrg X(ﬁlbrﬁ ,C%ﬁclhhﬁg PRe IpadeRENE! | 2L Gudpeded

i vely, e

pell atizer. Al ternat] ) pol ystyrene may first be nelted to form
the molten  VERFIRIlhe i #hdickebadancey998ed ThE tw%ﬂrl@ﬁﬂl%
pol ystyrene i (90de, NBud as watereXtisudbowlpntatgeddo inmegetcheheand then

repelletizéd pell.etizer. 20 r i \V diqtsi can be
conpounded V\A%&F%&ewe‘ trllllélrerrt')"%‘l%é:%? %cf%%grlg%w% et_%:}ﬁl Gﬁloﬁ%%t %%‘#égldqli ng
machi ne. and the haahkewrver agdghei peobe dbiguia tike heingsigised ds

nmaterial is amd@ditkde!BATN mbieshildfcaMbiéh VhitddrddRd ona@pUNt Of

wetting agent added i wetting effectjve 25 amount. The nold mat-eri al
corrplri gedgt het et %"l fg&%ae B I"‘F%&ﬁsﬁgr'téh\?/ Yerthre Ff;% % &R/ especi Ial ly of

from3 toyp Humrhign taf etharst hravelBOd hprdmetvater Mendeeus  t hese
amount s pr ef efgdify Yk PH bARKARGE surfREST{d U MinadIeN APRGPEBRAL the

additive or wetting ) : ) ) . .
water “(backcurve) wetting force trace is given in Figure

9. In this way, the value of p can be measured.

The probe liquid that is used to make these tests

15 is a common liquid or solvent which has a known surface
tension. The preferred probe liquid is water, which has
a surface tension of 72.75 dynes cm at 20°C.

Prom these measurements, the contact angle is
calculated.

20 The inventors have determined that a backcurve with
a water dynamic contact angle less than or egual to 100°
produces contact lenses with significantly less holes.
It is more preferred that the contact angle be less than
or equal to 90°. It is even more preferred that the

25 contact angle be less then or equal to about 75°.

Thus, mixing the appropriate wetting agent with the
polystyrene or polypropylene making the mold half
thereof and measuring the contact angle in accordance
with the above procedure is an easy test to determine

30 the feasibility of using the mold half in the process of
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30 agent is preferably present in an anount ranging from 35

about 0.05%to about 5% (W w) relative to the 1 thernoplastic materi al,
and nore preferably ranging from about 0.1%to about 2.5% (W w).

These nol d formnul ati ons solve two different probl ens; thus, the nold
formul ati on used i s dependent 5 upon | qg objective. If the objective is
to reduce hol es, the m)ldforrmlation utilized is the t hernopl astic
material admxed with wetting agent. the objective is to reduce

puddl es, the fdieitg %Hﬂ&d@'l@nses h&viﬁgnsdd@éré;med heirgeplcgsbiec materi al
W th wettln?m% a% On the otgre[ han If the objective is to
facilitatelnotdt &5 &% PHELERs, then the nol d fornul ati on
utilized for at | st wettinl agentrsl| dsed in thefppremsnt timvebgdlnnol d, is
the thernnplq;% Csd¥¥53€ %Etive @h&ﬂﬁ@ggét'gﬁéh as lubrifdantsedalesei n,

reference to e "wettin at1of onposition” refers to the
mol d mat @rqaélq:mt@@roﬁurﬁe@mﬁww |"61%t“§9<ieél wighgth

pol ypr prljgnencﬂrai niEtediRneker @lahi eaé YBAYkQNS)e arutﬂer&lvelywehhnggsagent
as deri ne

h t t f to the "
for mul ati on" ettrﬂ?el mol @b"%%g’ﬁlt \Fl’gﬁx‘l?'é?}ée e‘i oﬂ'tce a(ﬁ’%n'gtrgpeglq: %ITDI’I sed at

Preferred wetting agents that are utilized are the
wetting agents, normally used in the plastic arts that
are not toxic to humans. They include the nonionic

10 surfactants, cationic surfactants and anionic
surfactants. Especially preferred are salts of fatty
acids containing 16-30 carbon atoms. The preferred
salts are stearates.

Stearates are salts of stearic acid. They include

15 ammonium salts and metal salts thereof. "Metal
stearates" as used herein are the metal salts of stearic
acid. These metals include alkali metals, alkaline
earth metals, ammonium salts, Group 13 metals, Group 14
metals and transition metals, such as Group 12.

o9 Examples of the metals include zinc, sodium, calcium,
lead, barium, cadmium, aluminum, lithium, and the like.
Examples include HYTECH RSN'248D, PETRAC CP-11LS, PETRAC
CP-115G, PETRAC 22, SYN PRO CALCIUM STEARATE PG, SYN
PROTYPE 114-36, WITCO F, WITCO EXTRA DENSE G, WITCO FP,

25 COMETALS SODIUM STEARATE, SYNPRO SODIUM STEARATE. ST,
WITCO HEAT STABLE, INTERSTAB ZN-18-1, PETRAC ZN-4, MATHE
CALCIUM STEARATE, MILJAC CALCIUM STEARATE, WITCO CALCIUM
STEARATE, MATHE SODIUM STEARATE, WITCO SODIUM STEARATE,
wiTco T-1, COAD 20, 21, 23, 26 USp, 27B, 27D, 27F,

30 HYTECH RSN 1S31, MATHE ZINC STEARATE S, MATHE ZINC

35



the thernoplastic material (e.g. polypropyl ene or pol ystyrene) and the

nol d rel ease agent. Reference to the "fornul ati ons" or "conpositions"
of the present 25 invention or equival ent expression which does not
specify '"nmold release’ or 'wetting' refers to both formul ati ons.
The nol d formul ati ons of the present inyvention may conprise either the

backcurve nmold, the front curve nol d 302%r bot h. Because of their surface
curative differences

;;gelfferent@$}0n1FE ?5 @ﬁﬂ5$$£§;roé?ﬁu%#Ve ewgypé?g?$a3%¥ﬂARAﬁElnterface

preferred lhéﬂﬂﬁﬁ@LﬁagkcﬁYNBR%eACF SRHRQ §edSUPthﬁ§lﬁDPH°ﬁ%f%r?%ﬁcof t'he

present invegtieaate 8), WITE®D 42e whmwaal oagdt bae igkeéow, reference wll
be 5 nade to thﬁggackcur unles i ndi_cat ed ﬁo t he

h
contrary, these d ﬁ§s?5ﬁ§géﬁiéwwe HH? gﬁﬁplfaBFg PEYI®™ the front curve,

and the use cbnthénbagkamines isudlpas ethyokylatedi terpiappsamines, To
det ermi ne e%hﬁ Beeiymkyiyteétfawlaﬁu@@serulab f Otelfidfg Amindiecpackeurve
nold to reduce, the tendency f‘or m hol es i n,the_ contact, | enses, the

i nvent ors de®BPgpéfuked Wl‘?h)cﬁ]fl?yéd IRAIPE, GORERABLNY 01 124 TR EPThe
wettability atoms whibeh batc Kbaaste otied @f thies allRyybhodromps usasst imateei t i ng

by hydroxy) and quaternary ammonium compounds,
especially quaternary ammonium sulfates. Examples of
10 oxygen containing amines are described in Kirk-Othmer
"Encyclopedia of Chemical Technology," Vol. 22, p.379-
381, (1983), the contents of which are incorporéted by
reference. Preferred hydroxalkyl tertiary amine are of

the formula
1 5 Rlo N R11 ’
) 9P

where R,; and R,, are alkyl of 1-20 carbon atoms
containing a hydroxy group and R,, is an alkyl group of
1-20 carbon atoms. Examples of quaternary ammonium
salts are described in Kirk-Othmer, Encyclopedia of
Chemical Technology, Vol. 22, pp. 383-384 (1983).
Examples include ARMOSTAT 410b, manufactured by AKZO,
(ethoxylated tertiary amine), ATMER 163®, manufactured
by ICI Americas (N,N-BIS- (2-hydroxyethyl)alkylamine),
CYASTAT IS, manufactured by CYTEC (3-Lauramidopropyl)
trimethylammonium methylsulfate, LAROSTATE 2643,
manufactured by PPG (Soy Dimethyl Ethyl ammonium
Ethosulfate), and the like.

20
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forces between the probe wetting liquid (D. 1.
nol d surface defined by the rel ati onshi p.

20 wherein
neasur ed;
the wat er;

(cm when the nold half
e is the dynan1c contact an

. -20-

Figure 8.

10

15

20

25

30

35

wat er) and 15 the backcurve
[ ERR]

Fis the wetting force(ng) of the nold half being
[ERR] is the surface tension of the probe liquid, i.e.,
Pis the perineter -&3-the nold half at the neniscus

in degrees
rmsanep Sag’rfaWGif erked

in Flgure 7, 1§gté@ ﬁéﬁéiﬁﬁélﬁﬁ& perineters are

IS partially I mrersed in the wat er; and

30 . 3%@
YR I A A T is 1 given

schematically depicted in

A sanmple (901), such as the backcurve, is suspended

Surfactant
Antistat A21750
Armostat 310
Armostat 41 0
Armostat 475

-Atmer 16

Chemstat 122

Chemsat 122/60DC
Chemstat 182
Eurestat T22
Kemamine AS650
Antistatic KN

Atmer 1002
Cyastat 609

Cyastat LS

Cyastat SN

Cyastat SP

Eurestat 66

Larostat 96

Larostat 451, 477
Markstat AL-12 .
Markstat AL-26,AL-48
Neutro-Stat A (Conc.)
Addaroma IN

Aristac M & 2M

Supplier ,
Polyccm Huntsman
Akzo,Ampacat
Akzo

Akzo

ICI Americas -
Chemax

Chemax

Chemax

Schering Berlin
Humko

3-V Chemical
ICI Americas InL
Am. Cyanamid
Am. Cyanamid
Am. Cyanamid
Am. Cyanamid
Schering Bedin
PPG

PPG

Argus

Argus

- 8imco

Merix
CDC Infl.



vertically on a m crobal ance (902). The probe liquid 5 (903), such as

‘water, is slowy raised to i merse the backcurve. The wetting force

bet ween the probe |iquid and the backcurve as the probe liquid is being
raised is measured by the m crobal ance which is recorded on a

recorder 905. A trace of the wetting forggs as a 10 function of distance
travel l ed by the water neniscus’ (904) over the backcurve surface is
obtai ned. A typical wat er (backcurve) wetting force trace is given in
Fi gure 9. In tlgwfatanthe val ue of p can rippEdeu ed. The

probe liquid that is d,to ke, t tests .S a common liquid or
sol vent whi ¢h has 5??#%%ﬁ/§ﬂFggéglcqﬁ§?ension.¥%ﬁ&xbreferred probe liquid
is water, which had#ntistatsagf&a@es®ensi on of 7Fexxodynes cm at 20[ ERR] C.

From t hese neasureﬁggggtaghﬁsggggﬁct angle is parypal culated. 20 The
i nventors have determned that a backcurve with a water dynam c contact
angl e | ess than or A@&a8FatoHIBO[ err] produé&e€hnt act | enses with

significantgy | essaneligtabe Agéiitis7:0re prefemoedhtbat the contact angle

be | ess than Oég§g#%kaég?g%%fé§]%4f5 IS enggggbg §§S£g£éedTLB§f the 25

contact angle be | u 0 “about 7 m xi ng
t he appropriate werihjgstgbatSpran t he pol PeigeeReiseohbl ypropyl ene
maki ng the nold hahtmer 1tHgreof and neasuringriheamaptags angle in
accordance with the above procedure is an easy_test to determne 30 the
feasibility of usi fi§™he®ABPd half in the procd§d fpericas 3g

10 Atmos 150, Atmul 124 Humko

Atmul 84 Humko

The additives used in the present invention are
materials that are known or commercially available.

15 They are also known release agents. Preferred additives
are silicones, amide waxes, fatty acids, polyethylene
and propylene waxes, mineral wax, oxidized waxes and the
like.

As used herein, the term "silicones" is a term

20 applied to a range of materials based upon a silicon
oxygen polymer backbone with a carbon containing side
chain of hydrocarbyl groups containing 1-6 carbon atoms.
More specifically, it consists of a polymer having a
structure consisting of alternate silicon and oxygen

o5 atoms of the formula:

R R — R

R |
-0 - ?1 —— 0 - ?1 ) 0 - Si

R e R —dIn R

30
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-21- maki ng contact | enses having a decreased tendency of 1 formng

hol es or puddl es. The wetting agents used in the present invention
are surface active chem cals, such as lubricants, anti- static agents
or surfactants which when mxed with the 5 nold material to formthe
backcurve, effectively changes the nold surface chemstry and its
surface properties. Preferred-wstting agents that are utilized are
t he wetting agents, normally used in the plastic arts that are not

toxic to humans. They include the nonionic 10 surfactants, cationic
surfactants and amheyedn eacbuRfGéYah@sdlﬁéﬁﬁﬁﬂﬁmIbﬁtppgﬁéﬁréblﬁréhgalts of

fatty _aLCIéL%\é?%ﬁiala&Lena hOaBEc&ABPD NP @i Randl e 1I%F aﬁe&hedger salts are
st ear at es. arates are sa E of %éfarl é Theghg tude 15
anmoni um sal 2P QW 29| £e #hapeokS00\piThe mo 8F e sed
herei n are thherstidlicoakt sanffest £aom 2000 tacildo,Dioesg/mollel s i ncl ude al kal i
metal s, aIkaIEQQ_51veear&Hengif&é?négnﬁgyéﬂp ﬁ%w 9ﬁ9§9cé3tgﬁéﬁ$§; G oup

14 netals and transition neta such as 12. 20 Exanpl es of the
metal s i ncpudrefiexablyodrudf W/ ®jemdyn/ cmeuu}n Béﬂ?ﬁﬁ?ncaﬁﬂ?unl al uni num

l'ithium and dilddonks. contekPaPed st Alded yHheCorBSbint48RveEIGHAC
CP-11LS. PETRAC ;415 ETRAC 22 SYN PRO CALCEUM RATE PG SYN
PROTYPE 114- 36€ RPYEEPEOINY ﬂgﬁ 1 Wf&@gnig % TALS SODI UM
STEARATE, svmsmtumw S'Ilhert W@@lHEATaBTIABQErlqEWERSTAB

ZN-18-1, PETRAE €birfh sMMEbnes DEneM tdfhgbALEd IINHEARATE,
W TCO CALCI UM MATHE SOD| UM STEARATE, W TC SOD| UM STEARATE,

W TCO T- 110 CBABD QBE Rfl?%“e 2% )op Exppples; dncdude ABTLNAE 9E0@nd3
MATHE ZI NC SQEARATE &2, NBJT4HE, ANNG., VISC-13M, SF96, SF1080, SFi8- BSQ

DOW CORNING 200, 203, 230, KANTSTIK 406 NOO, KANTSTIK M-
55, silicone wax (steroyldlmethlcone), dimethyl
silicone, and the like.

15 As used herein, amide waxes are waxes having the
formula R,CONH, wherein R, is a hydrocarbyl radical and
R,CONH, has a molecular weight ranging from about 200 to
about 2000 g/mole. There may be complete saturation in
R, or there may be at least one carbon-carbon double bond

20 in R,. The amide waxes preferably have up to 40 carbon
atoms, although it is preferred that the amide waxes
contain from 12-30 carbon atoms. The amide waxes also
include higher fatty acid amides, that is, fatty acids
having an even number of carbon atoms, ranging from 12-

25 30 carbon atoms. Examples include CRODAMIDE ER,
CRODAMIDE OR, CRODAMIDE SR, CRODAMIDE 203, CRODAMIDE
212, EURESLIP 58, KEMAMIDE E, PARICIN 285, PARICIN 220,
PETRAC ERMIDE, PETRAC.SLIP—EZE, PETRAC VIN-EZE, PETRAC
SLIP-QUICK, ACRAWAX C (1,2-

30 ethanediylbiscoctadecanamide), ADWAX 280, EBS WAX,
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-22- STEARATE 25S, M LJAC ZI NC STEARATE, W TCO ZI NC STEARATE, 1

PLASTOLUBE, SYNPRO ACF, SYNPRO 8 (Synthetic Product Zinc Stearate 8),

W TCO 42, WTCO 11, and the liKke. Q her preferred wetting agents

are oxygen cont ai ning am nes such as ethyoxylated tertiary amnes, 5

hydroxyal kyl tertiary amnes (i.e., tertiary amne tri Ssubstituted with

al kyl groups containing 1-20 carbon -xzg-onms which at | east one of the

al kyl groups substituted by hydroxy) and quaternary ammoni um conpounds,

especi al l'y quaternary amoni um sul f at es. Exanpl es of 10 oxygen contai ni ng

am nes are deHOSThBUBiFAK,i rBARRCINE285, ROBAWHE| bpedi CRODPAMIRREYIERY,

Technol ogy, %@éPEﬁg 4.;37951{ o 3%%,3 (%923§E qg\t egltonf whi ch are
oxa

[ ncorporat er'ence. tertiary am ne are of
t he formul a 186thylene blS (stearamlde) ' ole?@;qi? erucamz‘);,}?e,r é"ﬁ&hﬁ and

Rlerr]are al kyikef 1-20 car bon at ons cont ai ning a hydroxy group and
Rlerr] is an al kyl - 20 €3 rban | es of at ernary
anmoni um 20 aﬁ’?"é“‘g]reés Yoo é’daFﬁ KPFR- @%CHEXC%P agplecdlagqo

Chem cal Techmmd oghye Ndte. 22, pp. 383-384 (1983). Exanpl es i ncl ude
ARMOSTAT 410[ err ] , pdiBpitiafld @nhyP ene wiRdd QY ekl Helelindayeam ne),
ATMER 163[err], manuf actured Aneri cas

(N, N-BI S (2- RIS R HhAYra MERL LRy HE) hlgh densidnef SolReriwAens: 88 by CYTEC
(3- Laur am dopsaipypropylend,i reispglaiveby |nhawviny | s udlxonlarARSSFATE 264A,

manuf act ur ed :.tgi'ngl % (fi%Yn I-a)b%EthOEt PX' 26‘6“76’6‘6 Lﬁ’?mole Examples of

10 polyethylene wax include EPOLENE C-13, C-14, C-15, C-17,
Cc-18, E-10, N-10, N-11, N-21, N-34, HOECHST WAX PE 190,
STANWAX, and the like. Examples of propylene wax are
EPOLEN N-15P, énd EPOLENE E-43P, and the like.

Other waxes such as mineral was, e.g., Montan wax

15 can also be used. Montan wax contains three portions,
the wax portion, the resin portion and the asphalt
portion. The wax component of Montan wax is a mixture
of long-chain (C,,-C,,) ester (62-68 wt%), long chain
acids (22-26 wt%), and long-chain alcohols, ketones and

20 hydrocarbons (7-15 wt%). The resin portion is
approximately 70 wt % terpenes and polyterpenes and 30
wt % resinic acid and oxyresinic acid, while the asphalt
portion is believed to be polymerized esters of
oxyresinic acid.

25 Oxidized waxes are alkane hydrocarbons (paraffins)
having a molecular weight of 100 - 2000 g/mole. They
are capped at the ends with either ester, carboxylic or
hydroxy groups. Examples include carnauba wax and
Rosswax, such as Rosswax 100 and 1343 and the like.

30
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Et hosul fate), and the like. 30 35

-23- O her exanples of preferred wetting agents are 1 listed
her ei nbel ow: Sur f act ant Suppl i er

Antistat A21750 Pol yccm Hunt sman 5 Arnostat 310

Akzo, Ampacat Arnmostat 41 0 _5q. Akzo Ar nost at
475 Akzo Atnmer 16 | Cl Anericas
Chenstat 122 Chemax 10 Chensat 122/ 60DC

Chemax Chanmde®tinéd2herein, glycerol ddt@yax are hydrockubgdtat T22

At st ati cikgsters of slycEiBE RRE Y poleoular wgightBEog00 to
| Cl Anericas 2090 g/mole. Theytimchode monoglycerides, daglycpuhdasd
Cyastat LS and polyglyceridedM ifYBMMHS fatty acideyagtat SN
Am Cyanamdtriglycerides. Examples include PATIONIC 900, 201, 902,
5 907, 919, 1042 and 1042 K, and the like. '
Alcohol esters contain 5-2000 carbon atoms, and
include such species as LUBE 106, and the like.
Complex esters are copolymers of organic phosphate
esters having a molecular weight of 200-2000 g/mole
10 which contain glycerides, organic acid derivatives and
fatty acids. Examples include KANTSTIK FX-9 and Q, and
the like. '
Combination of the additives listed hereinabove or
blends include MOLD EASE PCR, MOLD WIZ INT 33 PA, INT 38
15 H, INT 33 UDK, and the like. It is preferred that the
combination have a molecular weight ranging from 200 to
200,000 g/mole. '
As defined herein, hydrocarbyl is an aliphatic,
'cyclaliphatic, or aromatic moiety containing carbon and
oo hydrogen atoms, having 1 to 200 carbon atoms. - The
hydrocarbyl moiety may be straight chain, or branched or
cyclic. 1If cyclic, the rings are preferably fused. The
hydrocarbyl group may be completely saturated or
partially saturated or completely aromatic or
o5 conjugated. The hydrocarbyl moiety may contain at least
one double bond. It is preferred that the hydrocarbyl
group contains 1-100 carbon atoms.
The most preferred additives are SF 1080 Silicone
0il, Int 38H Ester Complex, Kantstick Q Ester Complex,

FC 430 Ester Complex, ABIL® wWax 9801, Silicone Wax
30 P
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Cyastat SP. Am Cyanamd 20 Eurestat 66

Schering Bedin Larostat 96 PPG Lar ost at
451, 477 PPG ) Mar kst at AL-12 Ar gus

Mar kst at AL- 26, AL- 48 Argus 25 Neutro-Stat A (Conc.)

Sinco. Addaroma | N Meri x . Aristac M & 2M
CDC I nfl . 30 35 - -28- - 24-
Sur f act ant Suppl i er 1 Ant ffog/ Antstatic MCG

Mor i x ntistat. AS,.50059 erro . i stat AS50098
Ferro (sﬁ?ﬁhfﬁ a‘%mﬁ%&ucone) » SF 96-5 E#{'%%?lne il L'%%rft i stabc Agent

575 1 Apuapaxh C (1,2 ethamgdixibéscoatadecanameide), Coating Systens
Aritistatc Spp@iystyrene 202,PHCa3BR! 860kt complex, SF 18-350 :
Silicone 0il, L-45 (dimethyl silicone), ABIL® wax 9801
(cetyl dimethicone), VSC-10M, Carnauba Wax and Ross Wax
5 100. The more preferred additives are SF 1080 Silicone
0il, Int. 38H Ester Complex, Kantstick Q Ester Complex,
FC 430 Ester Complex and Abilwax 9801 Silicone Oil.
Exemplary formulations include polystyrene with the
following additives or wetting agents in the indicated
10 amounts.

ADDITIVE AMOUNT BY WEIGHT

ABILWAX 9801 0.25%
ABILWAX 9801 1.00%
15 FC 430 0.25%
KANTSTICK Q 0.25%
KANTSTICK Q 1.50%
SF 1080 0.5%
SF 1080 . 0.25%
20 . AXEL 33 P/A 0.25%
AXEL 33 P/A . 2.50%
AXEL 33-H 0.25%
AXEL 38-H 2.5%
GE 1080 0.5%
o5 GE 1080 ~ 0.25%
CYASTAT LS . 0.05%
CYASTAT LS 0.50%
CYASTAT LS 1.00%
' ATMER 163 0.50%
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Atmer 1 90 | Cl Anericas At mer 8505

| Cl Anmericas 10 At nos 150, Atnul 124 "~ Hunko At mul 84
Hunko The additives used in the present invention are

materials that are known or commrercially available. 15 They are al so known
rel ease agents. Preferred additives -gpbe silicones, am de waxes, fatty
aci ds, polyethyl ene and propyl ene waxes, m neral wax, oxidi zed waxes
and the like. As used herein, the term"silicones" is a term
20 applied to a range ofThenrempebsitbasecof ujvn presdntcdnventiorygen pol yner

containi ng 1. QRN ce0akpI A0t iBl s off MRk ochl S SR8k azn 07 0P
pol ymer havi n®oAYstyrene o PelyBrep¥ieny) ot néﬂxi“@r%- At ¥tdilizedn afd oxygen

25 atons of thkme @udhl application, the composition & the present 35
invention is employed to comprise a mold half of
5 separable two part mold assembly utilized in the

pieparation of soft contact lenses. The mold is
comprised of at least two pieces, a female, concave
piece and a male conﬁex piece, forming a cavity
thérebetween, when such pieces are mated, with at least

10 one flange thereabout. At least one of the pieces is
comprised of the composition of the present invention.
In other words, both mold halves or one mold half is
comprised of the composition of the present invention.
When only one mold half is comprised of the composition

15 of the present invention, the other mold half is
comprised of a thermoplastic polymer that is normally
used to make mold halves for contact lenses, as
described hereinbelow. It is preferred that the base
mold half be comprised of the composition of the present

oo invention.
A preferred mold assembly is depicted in Figures 3

and 3a, which illustrate respectively top elevational
and side views of one embodiment of a front mold half 10
useful in the production of a contact lens by the
polymerization of a polymerizablé composition in a mold

25
assembly comprised of two complementary front and base
mold halves. As indicated, the mold halves are useful
in the production of contact lenses in that lenses can
be made which are immediately ready to wear, and in that
30
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- 25- wherein each R may be different, but preferably the 1

sane and are a hydrocarbyl group and n is an integer ranging from 20 to
about 1500. The nol ecul ar wei ght of the silicone ranges from 2000 to
100, 000 g/ nol e, i nclusive. The silicones have very | ow surface tension,
5 preferably 22-24 mNmor dyn/cm |n adgption, the silicones

contenpl ated for use by the present invention are physiologically
inert. They are stable, heat resistant, chemcally inert, colorless and
odor | ess. uliswdldied dienisegneani bél nakds winily reiddetot bengseliedi cone 10

oil and silico ) s_in V\AX 9800 and 9801, L-42,
L-45, NW 1, llVI @'&%e‘éﬁgk’%ﬂﬁ%@i’ g‘g DOW CORNI NG 200, 203, 230,
KANTSTI K 406 NOO, RAthomgk me 1nd1%te@|abmet\h@<fef9pér woldi hathi tbne),

di net hyl Sidy %on@&qsteheoklkﬁe Present rmkAR¢ibBarein, igni de waxes

h H Wh
ﬁ;§r3€§$3y|a¥'n rrgﬁdthat ﬁrF?%E%F%éﬁ?%kﬁgghﬁ ﬁg{g8EW8 eﬂt]ﬁht rangi ng

from about g0Guitable shewtoplast i nmdkymekhavhecimyisbeu€fipientlgat urati on
in Rlerr] t‘lfa SRSLEnTRY D 1@1% £8P A r&aﬁ:%o i%bQQrQ&&JQLfoRO“d 20 in

Rlerr]. The am dePnaxes pretrera ave ca bon at ons,
al though it |§hﬁ#@ﬁ@FP§EhtHththhgbﬁnQRaRﬁ%ﬂ&&e thecéHPﬁ?ﬁ“?F6n112 30 car bon

?toms Thg anmda. ﬁ%a&h&ﬁ of almf@dﬁaduagiterlehattymamglam df:fs th«'itt2 |;5

atty acCl ds eve r,o at OITS rang rom

30 carbon atoﬁé‘utéég eFi’\E %ﬁ‘%ﬁ"’gﬁr}' {ﬁgm CRCDAM DE
SR, CRODAM@En@@ameR@@AmDEh dengiltyy palREShyRebe, BEEM!MC@EyEen@ARI CI N 285,

PARI CI N 220, 4n01081R4Cc EgMg?EerEEt of;| Bdidly REIB{%QP&%EZE am& TRAC
SLI P- QUI CK, ACRAV\AX (1 et hanedi_yl'bi scoct adecanam de), ADWAX 280,
EBS WAX, po ggtyrene Other suitable materlals are, polyacetal

resins, polyacrylethers, polyarylether sulfones, nylon
6, nylon 66 and nylon 11. Thermoplastic polyesters and
15 various fluorinated materials such as the fluorinated
ethylene propylene copolymers and ethylene
fluorcethylene copolymers may also be utilized. Other
materials that can be utilized for the front mold half
are described in U.S. Patent No. 4,565,348. The most
o0 bPreferred material for the front mold half is
polystyrene or polypropylene.
The front mold half 10 defines a central curved
section with an optical quality concave surface 15,
which has a circular circumferential parting edge 14
25 extending therearound.- The'parting edge 14, shown in
enlarged detail in Figure 3(b), is desirable to form a
sharp and uniform plastic radius parting line (edge) for
the subsequently molded soft contact lens. A generally
parallel convex surface 16 is spaced from the concave
30 surface 15, and an annular essentially uniplanar flange
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- 26- HOSTALUB FAl, PARACI N 285, ROSSWAX 140, CRODAM DE EBS, 1

BUSPENSE 047, ER, OR, 203, 212 KEMMAMDE B, S, U, et hyl ene bis

(stearam de), ol eam de, erucam de, and the i ke. Exanpl es of
fatty acid are CROD ACID, stearic acid, 5 and the Ilike.

Pol yet hyl ene and propyl ene waxes as used3Berein are waxes of | ow,

medi um or hi gh density of polyethylene or pol ypropyl ene, respectively,
havi ng a nol ecul ar rangi-ng from about 5000 to 200,000 g/ nol e.
Eeammlee of 10UbaHY haieh exrRaib] Hasl abky pE ey E2eR thers Oc Ty

G 18, E-10, 1|\|-§1&:fd\d:ébs1 15\I-a21ﬂ 1k 34, a HOEAIS oG IPH pYpendicuSasNax, and
the |like. Exa f RN d Eli%geENE

E- 43P, and therm+ axq' %Q&lﬁﬁ?‘ &t %%esﬁgg as r%&nrjef‘r%a @ e.g., Montan

wax 15 can al sﬂprb?@vl%@@rf%nﬂénhmxtb%rﬁmwlt%@fp&hel cfﬁ?nt Curyfe wax
portion, the r@:%v)éxp%trkzaw afdat Bsnaéénlslaiéns to MY igr@ducede byaxheonponent

of Montan wax Js a m on ain er err Ler (62-68
w %, |ong 5h£’??nt mo, é& 8‘?16223?% e 9 E%f r&%’ lex'rlg %[h ]5%? Eﬁ ket ones
and 20 hydr ocatiwommirfacesofit &) contfaet r bsis ﬁm:mad)ﬂpyl polymea'ppaGXQnatel y 70
Wt % terpenes gnd %Qh%@&@@gﬁieag&nﬁgs:L oﬂ"tlnﬁ)crcﬁft'a@tc w.a&hdtﬁad OXyr esi ni ¢

acid, while the as portion 1s believed ;a{_gerlzed esters of
rocarf

oxyresini ¢ acisgrfage is °&PHF&%1%>Q%C%R@@I%%1H'§ oh&°Phar af f i ns)
having a nol ecidld hagifghs Gésiffed WKW y/tHimmesEhgyypicadily Oapped) at the

o aoa i B ST RN LGe So sraiShY A MR BB | e v
rapidly and to w1thstand prylng forces applied to
separate the mold half from the mold assembly during
demolding.

Figures 4 and 4(a) illustrate respectively top,

15 e€levational and side views of one embodiment of a
second, or back curve mold half 30. The back curve mold
half is designed with all of the same design
considerations mentioned hereinabove with respect to the
front curve mold half 10.

20 The back curve mold half 30 is preferably formed of
the composition of the present invention. The back
curve mold half 30 defines a central curved section with -
an optical quality convex surface 33, a generally
parallel concave surface 34 spaced from the convex

o5 surface 33, and an annular essentially uniplanar flange
36 formed extending radially outwardly from the surfaces
33 and 34 in a plane normal to the axis (of rotation) of
concave surface 34. The convex surface 33 has the
dimensions of the rear curve (which rests upon the

30 Ccornea of the eye) of a contact lens to be produced by
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30 35 -27- As
defined herein, glycerol esters are hydrocar byl 1 esters of glycerol
havi ng a nol ecul ar wei ght of 200 to 2000 g/ nol e. They incl ude

nonogl yceri des, diglycerides and pol ygl ycerides, including fatty acids
of triglycerides. Exanples include PATI ONIC 900, 901, 902, 5 907, 919,
1042 and 1042 K, and the like. “ARcohol esters contain 5-2000
carbon atons, and i ncl ude such species as LUBE 106, and the IiKke.

S‘.;FELﬁTa?S&EI}*?e N I L e e s S e
aci d derivalli wdw @wdtface P4t aycaptast E(Mpt@snedmdqmd@lmqrswklpx-g and Q

and the lidea polymeszBmEl Bt OB Ofort N aldiliddatesilthskead her ei nabove
or bl ends i ncl ude MOLD EASE PCR MOLD W.Z INT 33 PA, gger 8 15 H, INT
33 UDK, and t FH53EE ift of sOBEEFRIHX AEFERt NS quaiﬁ&ﬁb 3fGve a

nmol ecul ar wei glitld hadifndsf desighédtwith a Zﬂﬁ,rﬁfﬁksg/(mylpecally 0.6 wm) defi ned
herei n, hydpocgar n p Y. Neld matic noiety

cont ai ni ng éa%bo%%%ﬁ &Qg Hgé#ogg%fg.hrougﬁ;g%é?dﬂ%h d;gggég?ﬁgn atons. The
hydrocar byl n@itfegtiyg be y{ttlaaigmdmmg cﬁonﬂe@n@m} d to separate

the mold half from the mold assembly during demolding.
The mold halves 10,30 define generally triangular
tabs 26,37 integral with the flange which project from
10 one side of the flange. The tab 37 extends to the
injection hot tip which supplies molten thermoplastic to
the mold, and also defines therein angled (e.g., 45°)
web sections 22,38 for smoothing the flow of the polymer
wave front and thus to avoid jetting, sink marks, weld
15 lines and other undesirable flows which would impair the
optical quality of the mold half. The mold halves 10,30
also define small circular projections 25,35 which serve
as traps in the molding process to immobilize small
plugs of colder polymers that may form at the injection
oo hot tip between cycles. '
The reactive monomer mixtures (polymerizable
composition) which are polymerized in the mold assembly
comprised of the two mold halves include copolymers
based on 2-hydroxyethylmethacrylate ("HEMA") and one or
25 WOre comonomers such as 2-hydroxyethyl acrylate, methyl
acrylate, methyl methacrylate, vinyl pyrrolidone, N-
vinyl acrylamide, hydroxypropyl methacrylate, iscbutyl
methacrylate, styrene, ethoxyethyl methacrylate, methoxy
triethylene/glycol methacrylate, glycidyl methacrylate,
30 diacetone acrylamide, vinyl acetate, acrylamide,

35



cyclic. Lf cyclic, the rings are preferably fused. The hydr ocar byl

group may be conpletely saturated or partially saturated or conpletely
aromatic ‘or 25 conj ugated. The hydrocarbyl noiety may contain at |east one
doubl e bond. It is preferred that the hydrocar byl group contains 1-100
carbon at ons. The nost preferreghadditives are SF 1080 Silicone
Ol, Int 38H Ester Conplex, Kantstick Q Ester Conplex, 30 FC 430 Ester
Conmpl ex, ABIL[err] Wax 9801, Silicone Wax 35

- 28- ( By énoyyt xi met ly e JacrSE a8, SmEt hoxpechyl Imetl_harafylatt! '

Acr awax] er r] e%rl_n%g cq_.}@ na fRlnsiidene 202, FC
4331 Ester o Qc%%lfc gg%étg i I %%?ig Cﬁ}gg%IOI m%l nmet hyI Si I | cone)
ABI L[ err] V\/axa%o‘_i&methl(]eﬁéﬁmo @thlh pEEKARECVSC- 10M Car nauba Wax and Ross
Wax 5 100. The m&ﬁ@i d18khedddabil éegorpes S I8 GrE |disalesed O

Int. 38H Ester %)1 3 %%eé'ﬁ'ot“ft | ik495E§&§E§8r1Jg$|?e%(/n FQ 4:%91 ERET Corrpl ex

and Abi | wax 9801 ‘forrml at I ons i ncl ude
pol ystyreng w032 b59 to flginsen ef addi andc¥.dr Batanthdaugdnttsli.336he

indicated 10 @yoiSen et al., which include anhydrous mixtures of a
polymerizable hydrophilic hydroxy ester of acrylic acid
or methacrylic acid and a polyhydric alcohol, and a
water displaceable ester of boric acid and a

10 polyhydroxyl compound having preferably at least 3
hydroxyl groups. Polymerization of such compositions,
followed by displacement of the boric acid ester with
water, yields a hydrophilic contact lens. The mold
assembly of the present invention described herein may

15 be used to make hydrophobic or rigid contact lenses, but
the manufacture of hydrophilic lenses is preferred.

The polymerizable compositions preferably 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

oo diester or triester. Examples of representative cross
linking agents include: ethylene glycol diacrylate,
ethylene glycol dimethacrylate, 1,2-butylene
dimethacrylate, 1,3-butylene dimethacrylate, 1,4-
butylene dimethacrylate, propylene glycol diacrylate,

o5 propylene glycol dimethacrylate, diethylglycol
dimethacrylate, dipropylene glycol dimethacrylate,
diethylene glycol diacrylaté, dipropylene glycol
diacrylate, glycerine trimethacrylate, trimethylol
propane triacrylate, trimethylol propane

30 trimethacrylate, and the like. Typical cross-linking
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ADDI TI VE AMOUNT BY WEI GHT ABI LWAX 9801

0. 25% ABI LWAX 9801 : 1. 00% 15 FC
430 0.25% KANTSTI CK Q

0. 25% KANTSTI CK Q 1.50% SF
1080 0. 5% -34- SF 1080

0.25% 20 _ AXEL 33 P/ A : 0.25% AXEL
33 PIA 2. 50% AXEL 33-H

0. 25% agents AX¥GhlBH; tbut not necessarily, hae58 least two GE
1080 1080

0. 25% 1 ethylentﬁaé&%qué%§%@f§£ed double bogﬁs 0. 05%

CYASTAT LS The polymerizaplgpyompositions geneyabinmalsp

1. 00% 1nc1udeAa“@§fé- BAst, usually from about 0.88%o03% (w/w) 35

- 29- 0Si ti t he ent _inventi
utilized to r8pl ﬁcgr%‘?t’f'%‘%’e%r?]ofcaﬁéﬁlﬁs&t u \%ﬁ@ie?ﬁamp e%o‘?€sst‘§f:§bne or
polypropylqyecaSahpsﬂnJigcludé|kantoyhﬁperox¢de,shehzapblpexﬂxxﬂﬁ t he

conposi tion OESLBFQQ§?§§g§carbonate, azobisisobutyronitrile and known

redox systems such as the ammonium persulfate-sodium
metabisulfite combination and the like. Irradiation by
visible light, ultraviolet light, electron beam or a

10 radiocactive source may also be employed to catalyze the
polymerization reaction, optionally with the addition of
a polymerization initiator. Representative initiators
include camphorquinone, ethyl-4- (N,N-dimethyl-
amino)benzoate, and 4- (2-hydroxyethoxy)phenyl-2-

15 hydroxy1-2¥propy1 ketone.

Polymerization of the monomer or monomer mixture in
the mold assembly is preferably carried out by exposing
the composition to polymerization initiating conditions.
The preferred technique is to include in the

o0 composition, initiators which work upon exposure to
ultraviolet radiation; and exposing the.qomposition 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

25 preferably transparent to ultraviolet radiation. After
the procure step, the monomer is again exposed to
ultraviolet radiation in a cure step in which the
polymerization is permitted to proceed to completion.
The required duration of the remainder of the reaction

30
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I nvention is enployed to conprise a nold half of 5 separable two part

nol d assenbly utilized in the preparation of soft contact |enses. The
nold is conprised of at |east two pieces, a fenmale, concave pi ece
and a mal e convex piece, formng a cavity t her ebet ween, when such

pi eces are mated, with at |east 10 one flange thereabout. At |east one of
the pieces is conprised of the conpesstion of the present invention.
In other words, both nold halves or one nold half is conprised of the
conposi tion of the present invention. When only one nold half is

conprised of t¢an wnAsddint benagsestained pamamimantaddst 40F BR¥ ot her nol d

hal f is PRIyad 2abia B 3§p£§§ﬁ|c polyner that is normally used
to make nol% hal ves fqr Qontgé atenses descrlbegghereinbelomL It is
I

preferred that the#fadgdicat h%F?PkﬁpﬁxﬁﬁnF¥ﬂﬂf CcBHPBYFEi on of
t he present 2Qnimzmmﬁemnm1xture is degueiet edoawitd abeefitblying dEpicted in

Fi 3 t ' | d
i S vi ews of U SXopriRuEYe' nptQ RALE LEMfIGHG ¥ pehbheChzupbional | an
producti on Bf g28@ent afe 1reengrechderaussl pheifsadebetericngRiiass zabl e

conposi tion i A |yd1er12a€§§ﬁnb|dt1€é’m§d§e€§j qfnémalﬁgrruLeM ary front and
base nol d hal ve

t he nol d use in the
product i on of‘@ﬁﬁFﬁgttPeﬁ¥8§d ﬁﬁ HERTTARRER, 9 éh@as %ugéﬁﬁﬁdg ﬁﬂl%ﬁeare
i mredi at el y r oeapmer Wweaexpahtied nfxdmattheS(relativedy high pressure of

the pump line which supplies the fill nozzle, to
10 encounter the atmospheric or subatmospheric N, pressure
of the filling and assembly chambers.

The contact lens are prepared by various techniques
known to be skilled artisan, except at least one mold
half is comprised of a formulation of the present

15 invention. For example, they may be prepared by the
‘direct molding of hydrogel contact lenses, which is
disclosed in U.S. Patent Nos. 4,495,313 to Larsen,
4,565,348 to Larsen, 4,640,489 to Larsen et al.,
4,680,336 to Larsen et al., 4,889,664 to Larsen, et al.

20 and 5,039,459 to Larsen et al. Another method is
schematically depicted in Figures 1 and 2 as will be .
hereinafter described in detail. Also see U.S. Patent
No. 5,540,410 to Lust et al.

In the description hereinbelow, the procedure is

o5 described in which the backcurve mold is comprised of
the formulation of the present invention. This is just
‘exemplary as the front curve mold or both the backcurve
mold and the front curve mold may be comprised of the
instant formulation. '

30
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- 30- unswel | ed | enses can be nade which need to be swell ed 1

(hydrated) to be ready to wear. Al t hough as indicated above, the
front nold half 10 may be conprised of the present fornulation, it is
preferred that the front nold half 10 is forned of a 5 suitable

t her nopl astic polymer which is sufficieméy transparent to ultraviol et
light to allow irradiation therethrough with light to pronote the
subsequent pol ynmeri zati on of a soft contact |ens. Exanpl es of

suitabl e material sForcefifiicpahgyp) efdses cfucpeasation, and apclentimgrl hi gh
density pol eﬁ:ﬂé' ?QSntDQ W O:Pé(icf%d back & 'BSl&OQPéYrHE&é tdWieof ;

pol y- 4- met hyl pent ene; ystyrene. suitable materials are
pol yacet al injesthen 5@1@/4&% ﬁ%ﬂf@% B y&r 9F§Fﬁ§?e§u¥}f‘?ﬁ'\e € nyl on
6, nylon 66 alﬂﬂeﬂ’hﬁbpnaéﬂlc Txhwtrémmzaﬁdxc thel ¥esher senasdadd tins i ous

fluorinated materi als.such t eflurlnate g£ne
copol yners angomPﬁyf‘éeﬁ%n of FSETHY eREC g fé%?ﬁg%% o) e utilized.
Qt her ngt &si Rrovided mrtl'b% ﬁqutﬂ Die@eﬂ-d)ﬁtsherfpéﬁtl ¥ ofal f are

described in 9e§at£’@éfpthi\§h &r‘i@%&é&eamﬁlafﬁ%a@@ &gef eieggmt erial for

the front nmold half |s ol ystyrene or opyl e The front
nmol d hal f 10 ﬁlé”)ﬁe‘g“éhc%ﬁf Frygen a"gééggiﬁ %\" 'ﬂ‘%rf"%?ﬁﬁ@%ﬂrequal ity
concave surface 15In thlsyWeIihdmﬂc@yctheuinandciSCMJagmdlm parduaggy edge

14,25, oxtend! by PCEEARhn IR ELRY ABECIY, D 48 i ndil ar e

detail in Figure desi orm a uni formplastic
radi us parlo nasﬁ?%ba‘(%gﬁapﬁ%”rt Stanﬁélr?ruEb}éHu%ﬁtq‘yf%l‘%leotkﬁﬁq i&ont act

| ens. A gener ghl ¥onseqitdicd i needvey dibbaecaté tie SP@eedErddwm t he concave
30 surface 15,,200;80 AN 2328101700V aURLPEAG! {18795 1ens 35

mold parts may be directly collected by automated

robotic means for delivery to. the transport means. 1In

15 any given cycle, any number of mold parts may be
prepared but for convenience of handling, typically 8
lens mold parts of concave or convex configuration are
prepared in a given cycle and transferred by automated
robotic means to a pallet of aluminum or stainless steel_':J

20 in which they are received and supported in a regular - -
spatial array adapted for further operatidns

It should be understood that at most stages of the

continuous process, inspection means are operational to
effect rejection of parts against reference criteria;

25 hence, following injection molding, inspection,
generally visual, employing photoelectric means, for
example, for such defects as haze, mold defect as in
configuration due to improper material feed and the like
may lead to rejection of a bart and thus disposal. To

30. maintain the continuity and consistency in line
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-31-" 18 is formed extending radially outwardly fromthe 1 surfaces

15 and 16 in a plane nornal (perpendicular) to the axis (of rotation)
of the concave surface 15. The concave surface 15 has the di nensions of
the front curve (power curve) of a contact |lens to be produced by the
5 front nold half, and is sufficiently snooth such that t he surface of
a contact lens forned by polynerizatiomy. of a polynerizable conposition
in contact with the surface is of optically acceptable quality. The
front nold half is designed with a thinness (typically 0.8 mm 10 and

rigidity effepéraeidms tgemsrallhentwidler ebidoughle orrpgllikty aind to

W Ehst and PryLRg hO§S5ANIA 43 expelFR BLn Bhe"ELgk M1 G ( he ol d

assenbl y rin ures 4 an
respecti vel yd%%‘povqaf@%\mtdﬁﬁﬂt mdas:nrd@neu daps orob@ PEFFbodiFATR of a

second, or b@ﬁktl‘ié”;? £1 T8x 1 ézﬁitfaﬁoa qutaecba@uea@e Nlber £dwldsd S
desi gned with all t

h at i t d
her ei nabove Wt?la]r]eestp t-rfacﬁg.r{%gn% %“Fﬂ-&ﬁé’ 88?%75 mfﬁ%ngqqnee%l 028 The
back curves nutilwmirdg 3far scqulecfseraalpleysf.or ned of t he conposition of the

present inventiong anTlc%ré%%%us fo&“&%ﬁo@hﬁ Qﬁaftﬁ&%gf Ry adtral curved

section with conveX surface

gener.a
paral | el corfel® RaKYs oy é@adf FSnFPﬁetE%%B‘Rr‘?B“%"’ERSP dnel ééieysand an
annul ar essem&mnhﬁeanmnﬂ@xart@cefﬂvaﬁgethe mabd f pdres and endiupporadi al |y

outwardly fr&m n%irf 2} < O%Biimgﬁeé ﬁdgaf"’ﬁ%%ﬁor@ eq“:t Eg axis (of

rotation) of conv ace
di nensi on® oﬁeqlki'équ-‘eaftmtltrl\?@s(f\ﬁm of thstwgol@apaxtr B W nea of the eye) of

-a contact | efsriAdtaiNoGpeddtivg transport means.

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

i5 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
50 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

25 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 Figure 1,
the pallets containing concave and convex lens mold
sections are ordered into interleaved relation and

30 degassed when enclosed in feed conveyor such that
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35 - 32- t he base nold half,
and is sufficiently snooth such that 1 the surface of a contact |ens
formed by polynerization of a polynerizable conposition in contact with
t he surface is of optically acceptable quality. The base nol d hal f
is designed with a thinness (typically-3B6 nm 5 to transnt heat
therethrough rapidly and rigidity effective to withstand prying forces
applied to separate the nold half fromthe nold assenbly during

denol di ng. automatedhequipmertaimays effegt gheinecpewtiNey triangul ar

t abs 26, 37 |m;1ggf&llg é‘ﬁéﬁ@qﬁd@mmbcgepgeigﬁt from 10 one side of the
fl ange. The tab 37 ends to é ﬂ&gpt ti V\/m ch supplies
mol t en t her nopl asTli‘% foauen °1tnr9e cl?ﬁ’lv(?yoﬁn 2a?‘§‘6 S herein angled
(e.qg., 45[er n]n)erleawﬁatg st ions 422 188ehol osad odrid rg:eé.mm:lzad ofvetrhe

s undesi ra‘E)J([)lrg fé}%sttm%t Oaﬁv ggrteééé ”Q:I;]orf'&é}h opt :S,(S:al ity o

and ot her quality of
the ol d Hal Rityegenmp| dfhﬁalaﬁ@émfo°§Onltr°ﬁ¢%01%ié1‘?¢1ec@r‘ﬁd-lqalol A&ul ar

proj ecti ons 1851:396 gﬁwatblseertwellse agtt éﬁ@ﬁgh mit’ﬁh&)g‘éﬂ (i:lr%swx‘éCQ&S to

I mobilize s sofc t hat t. the
i nj ection 203”%?"%"5 g}"& ‘I‘ffé&?’%% M8 i xt ures
(pol yneri zabd:cmdlthzmwmemmn):ev!/hl ch‘mathe pmitymgarzenimne]i he nol d assenbly

conpri sed of g Gt P fidhb@g! BEhYEFof OPP! M 'Sreshly prepared
10 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

15 into complementary molding felation. The £illing 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

oo and filled molds to the procure zone. The f£illing 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

o5 construction.

As illustrated at 107 in Figure 1, the concave lens
mold sections are filled with degassed monomer
composition from step 108, and then transported to an
assembly module opticnally having a vacuum chamber

30 formed intermittently within the nitrogen tunnel in
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based on 2- hydroxyet hyl net hacrylate ("HEMA") and one or 25 nore conononers

such as 2-hydroxyethyl acrylate, nethyl acrylate, nethyl nethacryl ate,
vi nyl pyrrolidone, N vi nyl acrylam de, hydroxypropyl nethacryl ate,
I sobut yl nmet hacryl ate, styrene, ethoxyethyl nethacrylate, nethoxy

triethylene/glycol nethacrylate, glycidyy_nethacrylate, 30 diacetone
acryl am de, vinyl acetate, acrylam de, 35

- 33- hydr oxytri met hyl ene acryl ate, methoxyethyl methacryl ate, 1
acrylic aci d,whmh&armbmcaﬁbdve ol erpe md 1 dxetahrec eybaged withagonvex

dlnEthylan1nOcﬁkp% c%%oé %Stve¥t$&el %ﬁﬁ?ﬁ?%gegnaokﬁnﬁétf | & conpositions

are discl oded to Larsen - S. Patent No.
5 5, 039, 459 tmllaénlgam such| thapdthe Seaufrisie WoerSBmBgﬁltmnt’os Larsen et

al ., which ingly %d@BQ!QéQHStﬁéX&ﬁﬂfﬁhlﬁsd%facespaEYﬁBéIZébb@chyﬂéoph'|'C
hydr oxy ester o acr l.ic aci or thacr Lic aCLbLeg @hgol yhydric

al cohoi, and™gld P@Psd?gglﬁEéﬁﬂ%: A9 Y §PFR and a 10
pol yhydrox?l engepensdthafi tihe prafteirapledgst foemetl Eerlphhly@lbxyin groups.

Pol ymer | za '%chf %ugﬂecfgygsﬁéi&wgé ti onJ(ﬂlIQ“BQeQ¥nQ'S@ﬁécﬁﬂ@@&nOf t he

boric acid este yi act lens. The

e oé philic o&;l
mol d assé%F?lﬁﬁsﬁﬁe p?lé%’éntth%ﬁ@’rﬁqdoﬁ‘ Qs&ﬁ BegsRe, ERFOMEY 15 be used
to nmake hydr apltebyenotor tBé pterinststatiisms, aputintegral part of the

nitrogen tunnel. ‘
10 Following assembly of the mold parts, the incipient
lens monomer is precured at step 109 in the precure
module 60 of the'present invention. The process of the
procure involves clamping the mold halves in
registration and then precuring the monomer or monomer
15 mixture to a gel like state.
Following precure, the polymerization of the
monomer or monomer mixture is completed in curing tunnel
75 as indicated at step 110 with irradiation.
In the cure zone (75), the monomer/diluent mixture
o9 is then cured in a UV oven whereby polymerization is
completed in the monomer(s). This irradiation with
actinic visible or ultraviolet radiation produces a
polymer/solvent mixture in the shape of the final
desired hydrogel. In addition, the cure zone also has a
25 soufce of heat which is effective to raise the
temperature of the polymerizable composition to a
‘temperature sufficient to assist the propagation of the
polymerization and to counteract the tendency of the
polymerizable composition to shrink during the period
that it is exposed to the ultraviolet radiation.

30
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t he manufacture of hydrophilic lenses is preferred. The

pol yneri zabl e conpositions preferably contain a smal | anmount of a
cross-1linking agent, usually from 0. 05 to 2% and nost frequently from
0.05 to 1.0% of a 20 diester or triester. Exanples of representative
Cross | i nki ng agents i ncl ude: ethylggg_glycol di acryl at e, et hyl ene
gl ycol dinethacrylate, 1,2-butylene I met hacryl ate, 1, 3-butyl ene

di ret hacryl ate, 1, 4- butyl ene di net hacryl ate, propyl ene glycol
diacrylate, 25 propykeperfby58] i rBidady lgddeesdi ¢6N¥bibYEREd, the

di net hacryl ate, dlpropylene'glycol di net hacryl ate,. dleéhﬁéfﬂe%glycol

di acryl at e, 1dit¥PopsLu¥RE §EyERe mold frg SAparated guripged: ff 9yl ate,

trimethyl ol steprQpagengrtheryomtsct tldnetibhy khe fiepaner3front
trinmethacryl ate, and e lLike = Typical .cross-Linkj 35

- 34- aggﬁFgeu@8%P|9?i§u%°hd¥‘ﬁ%?ﬁg&%}ﬁﬁy}sh§9§gs %%% t wo 1
et hyl eni cal | yremoxedr at &t showld hpmentioned thatThbepbronerandppack

conposi ti ong gaReeahbYddhibves altdlUldilr rorCal @lingle HSYaLhY An@ntwdiout 0.05
to 1% (w w) ree radical catalyst. Typical exanples of such 5

., of f I
catal ysts incpﬁﬁgaFaﬁ?o9F PEFRBESE °Tyenzoyl peroxi de, i sopropyl
per car bonat e, azobHeasbhgtyhorbdck leraved lenswmold credbes systens such as

the a”noniu”‘8§E§Qkéﬁéféfqgkégﬂsion of the heated mold polymer

relative to the cooler lens polymer which shifts one

10 surface with respect to the other. The resultant shear
force breaks the polymerized lens/polymer mold adhesion
and assists in the separation of mold portions. The
greater the temperature gradient between the surfaces of
the mold portions, the greater the shearing force and

15 the easier the mold portions separate. This effect is
greatest when there is maximum thermal gradient. As
time continues, heat is lost through conduction from the
back mold portion into the lens polymer and the front
mold portion, and then collectively into the surrounding

oo environment. The heated back mold portion is,
therefore, promptly removed so that very little energy
is transferred to the polymer lens, avoiding the ‘
possibility of thermal decomposition of the lens. The
heating may be accomplished by techniques known to one

o5 skilled in the art such as by steam, laser and the like.
The process of laser demolding is described in U.S.
Patent No. 5,294,379 to Ross et al.

.If the heating step is hot air or steam, after the

heating step, the back curve is pried from the front

30 curve and mold in the mold assembly, as indicated at
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met abi sul fite conbination and the like. Irradiation by visible Iight,
ultraviolet light, electron beamor a 10 radi oactive source may al so be

enpl oyed to catal yze the pol ymeri zation reaction, optionally with the
addi tion of a polynerization initiator. Representative initiators

I ncl ude canphor qui none, ethyl-4-(N, N—dlnethyl am no) benzoate, and

4- ( 2- hydr oxyet hoxy) phenyl - 2- 15 hydroxy? 2-propyl ketone.

Pol ynmeri zation of the nononer or nononer m xture in the nold assenbly
i's preferabl r do h (o] o] rization
initiating cﬁnggtﬁggs HE Q% erre nféc%ﬁ% Hggﬁgﬁ?oﬂ?ﬁEYE%%Mgﬁ the 20

conposi t i ob, SFnAPEERERS Wm isporpes godut Bet Back cyry®avi ol et
radi ation; aaépaxaﬁésnspéﬁean@@imlﬂﬂdﬁntm fronUH:ﬂﬁveol et radiation of an

intensity and dur effectiv nit and to
allowit to ?% gﬁmo +HQfF%§Iﬁé%&%§ OFh §9h sggég 5 preferably
t ranspar ent apparatasl 90 eeachdhgtdimal 14f pay the bhekwm aquakdp, the

mononer i s aﬂéhi‘ SYPPS&H ¢ frond tcﬁﬁWeO %&fr i‘é'éfleé!chncéhﬁa{f@ step in
whi ch the 2 polynerlzatlon IS permt grocee to conpl eti on. The

requi red dur AeP8nmeidt ¥R PQY&&?ﬂi%Y'@FPPﬁé PéS t FERtagy lens’ 35

- 35- 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

' 10 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

15 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.

20 In the processes described hereinabove, when the
base mold does not contain the additive or wetting agent
therein, many lenses that were formed were unusable '
because they contained defects, such as chips or edge
teafs or holes, i.e., voids in the center of the cast

o5 lenses. Without wishing to be bound, these defects are
caused by two different mechanisms. The chips are
cauged during the demolding process and were noticed
when the base curve was separated from the front curve
using the prying mechanisms described hereinabove.

30 However, when the appropriate additive is present in the
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can readily be ascertained experinentally for any 1 pol ynerizable

conposi tion. As indicated at step 108 in Figure 1, the nononer

or nononer mxture is degassed prior to the filling of the front curve

mol d half in order to renove dissolved 5 gases. {err] is renoved because
of its deleterious effect on pol yneggdzati on. O her gases, including N2,
are renoved to avoid the fornmation of gas bubbl es when the nonomner

is expelled fromthe relatively high pressure of the punp |ine which

suppl i es t heback| cuove) ejenal dihgerisofardl ithtedt amd piiee ikaak «utyst nospheri c

N2 Pressure is nifeldfs iyl idihlel A85°H0LLsRIBM N Sre are qrearfye cONtact

| ens are epar e y various t ues san,
except at | ehedueprd ingtances |of fle|n§ ééf%BﬂPsé‘drbﬁgatff%r‘?ﬂﬂ%ﬁqW of the

present 15 igygp} i 0. wiidh e bk bhﬁe”ﬁ& b@p@faawa eﬂ:dw tiHee di rect

nmol di ng of -h dro el contact .lense c din US. Patent
Nos. 4,495, Y pnd the agé'g 3?&1?]8 f%?%%nln }%40%&5 to Larsen et
al . 6@0;1886 Wi thowde wishial. to4b88bo@dd, tit Lis el ievedaltha20 and
5,039, 459 totﬂ@raifdiﬁtv@m ! %QEk”EE}BGQ hSdifies HRIBdHealilon depicted in

Fi gures 1 and 2 as wll| be her el nafter described in detail. Al so see
U.S. Patent forcsg be\?‘@ﬁ? b denpyapdethg) base curve. | Forhe description

her ei nbel ow,estdwple, ocddin Polystyrdascalone ism wdadh ﬂmadmmlesuweynol dis
o 2o Slsvserle AP BAGRlc!  BEERE e MO nlicheid o]
front culloe Whaw they addigdiver iseaddedt e the polystyreme.nbgtion. 30
35 presence of the additive weakens the friction forces
between the polystyrene and the lens material, making it
easier to separate the back curve from the lens and the
front curve mold. Thus, there is less stress on the
15 lens surface during demolding, making it easier to
separate. Thus in a prying action between the lens mold
halves, as occurs during demolding, the lens will slip
more easily from the convex mold half. Consequently,
when the back curve is made up of the mold releasing
o0 formulation of the present invention, separating the
back curve from the front curve and the lens has become
facile. Consequently, less stringent conditions are
required for demolding than that used heretofore. 1In
fact, in certain embodiments such as with ABIL WAX 9801,
' 25 demolding occurs without the temperature gradient thus
eliminating the necessity of heat in the demolding step.
Thus, using the compositions of the present invention to
separate the back curve from the mold assembly, lenses
can be demolded in good yields right after the demold
30 tunnel at lower temperature, such as about 60 to 70°C,
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- 36- For efficiency, ease of operation and cycle tines, 1 the

front curve nold and back curve nold are nade using I njection nol di ng
devices. It is preferred that the thernoplastic material for the front
| ens and the conposition of the present invention for the back nold 5
Is provided in the formof pellets or particles of relatively high
surface area which have equilibrated -43fully with avail abl e oxygen
avai l abl e in the atnosphere. ' In this nethodol ogy the nold is

designed to oduce,., . fully fornmed |ens mold parts djrect t.hat |s
without 10 a cf"‘a‘géalgﬁﬁp'b}i‘%/t A& &k Ssg‘ﬁiftir #e?nt#erfeh %
consequence edfeeedate dhes@odzlaatngdmamalthef moid release calpehtpoltheer

mat eri al on | dj | &% Id Yh rectly
col | ected by ag? g é%otlc r%laens}q?or’ 53%5%% t%fet%ke transport
nmeans. In 15 any Uﬁ?@hn%yﬁﬂ@lt%zny’hﬁﬁhﬁéﬁeéf tepFhephens TRy be pr epar ed

but for conve?cgesg?%h@aﬁ@ﬂﬂmj dﬂ/rth@ahbdematefﬁﬂ:E rmmeg%tr:s offconcgvg
or convex confjguration are ed in a_gjven nd transferred by
aut omat ed 5 bgb?ﬁic AFEATR ]t‘bda‘rp%al%?‘@t aB'PaFE%‘ﬁﬁn?% p%‘f%c%ﬂ s steel 20 in
whi ch they atheraltkoxglhteltl suipesr bad theagqnageisary amwpeniwt array adapted
for further 88EbN*ON%and the steari?NBUfsDCUBERIBLHEldA at oSt stages

of the cont 1'’hugus process,, | nspection nmgans are operatlonal to ef f ect

rejection of part%&&Ry#HN th i shdmg éﬁ’c@ecbp%@r altois Retieved fhak n
i nj ecti on nmothéngrididle @¥olastyrenge ber pbllypvbpyméne engll dy(ing phot oel ectric

means, foy m& %utfhout %%1(113“ aFL *v% Elni @g%%?} qr?atse Cé 1Bw in

conflgurajtq)on du 0 I'nproper nateée nay |ead to
rej ection of eRe¥dy thetrraganeayiss purfpceThagingea nswahl tmtcm i9fui ty and

consi stency highidfergy area. For example, the mold surface when
composed of polystyrene has a mold surface free energy
of 42 dynes/cm. A heterogeneous polystyrene or
15 polypropylene mold surface with small portions of high
energy surface area caused local non-wetting and voids,
which in turn led to lens holés. The lens hole problem
was a problem of prior wetting between the reactive
monomer mix and the mold surface. |
20 When the wetting agent. is added to the mold
" surface, it significantly improved its wettability. The
surface became more homogenous and the high energy
surface area was significantly increased. As a result,
using the mold material wetting formulation of the
o5 pPresent invention instead of the typical formulation,
lens holes were reduced significantly. For example,
using zinc stearate, as the additive in a pblystyrene
back curve mold, the lens holes were reduced from the
typical 10 to 15% to less than 2%.

30
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35 - 37- operations generally

a whole nold cycle or pallet of 1 lens nold parts will be expelled from
the line foll ow ng di scovery of a defect in any one lens nold part.

Each of the pallets contain a unique bar code number for use in
pallet tracking and quality control praoggdures 5 utilizing bar code
scanners. The apparatus for renoving and transporting | ens

nold parts fromthe nold to the transport neans incl udes hand nmeans for

receiving the nol Ch&ﬁ’é\iér arich W@ﬁb&s, ev§ﬂbﬁ§§1€nﬂle’ tirAadipd aefiel i di ng

and pivotahl e npve ansfer . 1 he d rts to the
hori zont al Ily %%%?5ﬁ&§ X c?r wﬁr&é ra Weg';‘}sﬁ IE}S{JQJ( ré’gﬁd i n Figures
1 and 2 i nj ecadditing dshe remﬂ&nug#zonsaomemsgs drvel Pta Y02 in t he

flow di agh AR din HOHA S oqvltda&esr)eeéba@éyvéwrsutcurve and 15 back
curve lens nold parts or. sections; ocated in tandem as

shown in F|gLﬁ?P%?WﬁtQH§l§hGPF§ﬁW1t 'eﬁéﬁsﬁgéF??Ft¥ﬁP%ﬁ Fere still
further, theyinpsodsi yieldscat @dri exampbayovhen artee iountasec liengea

bifurcated %Hﬁﬂ I Rpe %:FH! r thereto in 20
t he sane pl ane werd %Ilelé h@‘?ﬂ'l%\iﬁ &%@Q 4 are t%’rxg"vél ?(gg&gdj acent the

mol d regi st rwwtmm#@ﬁt 13t a@mnSF%ra%%eas/l wetfdmdargerid convex
lens nolds, rfsRENMYeE %@d‘elnabbaé,Sf@lﬁé'fléhLﬂaiﬁlgﬂUdim%H leasasl ow oxygen

environment had significantly less holes. Lens puddles are also

10 significantly reduced. Concomitant therewith, however,
the amount of chips and tears were decreased, with lens
yield improving 7 to 9%. Although such result may
indicate that zinc stearate may also act as a mold
releasing agent, further experiments show that the zinc

15 stearate is not acting in that capacity. In a study
measuring demold forces at various terniperatures between
contact lens and the polystyrene mold, the results show
that there was little or no effect when zinc stearate |
was used. The major effect on lens demold (or lens

o0 release) was due to the higher temperature.
Observations of lens demold operation during production
did not show any de-mold difference between molds with
and without zinc stearate addition.

Similarly, a backcurve comprised of Abilwax, was

25 not wettable in accordance with the wetting test as
described hereinabove. It produced, as expected based
upon the teachings herein, contact lenses having
significantly less chips and tears. However, as shown
in Example 8, under the conditions therewith,

30
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25 at a high production cycle rate, as noted at step 105. In the
course of or follow ng conpl ete degassi ng of the lens nold sections as
indicated at 106 in Figure 1, the pallets containing concave and convex
| ens nol d sections are ordered into interleaved relation and 30 degassed
when encl osed in feed conveyor such that 35

- 38- aut omat ed equi pment may ef f ectd5their operative 1

i nt erengagenent into nolding relation. The sequenci ng conveyor 32

i ncludi ng the inter| eaving stati.on 40 i s encl osed a ressuri zed over
its enti ?e I eﬁﬁf‘ﬁ°WF‘?|n%fryi taghs lenses. NRene| 9r°g'écﬁ$$%§’erf'ﬁ ¢ anount

of nitrogem.ikohes.critical, it bei ng suitable to use just enough

ni trogen pressure 6§}ess fﬁ&fggéé&ﬂ€é_%P%l#ﬁgt%??Yatgﬂgpmgiéﬁdwgkﬂ t he

operating condrtrons experience bgén tunne
surroundi ng s¥gights mre ol ayut3pft gramseparymplepardera®’etens ol d bl anks

are degassed @g1édsli tdEchtald Y RhE0Gontrak§, FtBeI Bedecentages arelhe concave
lens nolds are.filled with the reactive nonomer conposition at step 107

and the cormta¥tVEAL/™ We BEHERS3H5Pds are placed into registry and
urged 15 into conpfeenprerentmdntengicsl isi vore Topedifidaigyand assenbly
zone 50 surroglds- ol iy ¥hePiEdiiowingY eY 1St Pitive examples. ]

However, it is to be understood that these examples are
only described to illustrate the invention, but not to
10 limit scope of the present invention.
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transport neans 32, which delivers to the zone pallets concave and

convex |lens nold sections, respectively, and at the termnus of the
zone carries pallets of paired 20 and filled nolds to the procure zone. The
filling and assenbly zone illustrated in Figure 2 at 50 is defined

by a geonetrically appropriate, transpapgnt enclosure, general ly of
rectangul ar cross-section, forned of any sui tabl e thernoplastic or

nmetal and thernoplastic 25 construction. As illustrated at 107 in

Figure 1, the concave | ens nol d secAiveys 1are filled with degassed
nmonomner conposition fromstep. 108, and then transported t n

assenbly mddul e o FFHF&IV?rﬁaWPEGeg Rt dﬁﬁﬁbé&sgﬁif%Fﬁ@dgpﬁternittently
Wi thin the nidandjelateufoeiulations ligfed hereinbelow in Table 2, in

- 39- V"‘Hc@axfdain'c‘édw‘ieﬂcg%i&%ﬁ&&&@é’%@é&i%%&ag@e%t h ggnvex 1 nold

sections in vertical alignme : In matin relation,_such that the
reacti ve nonG®ecribefoBrErdn. i and shewn b Fisarmesn the BRtiehl surfaces of

the respecki ]g:@nﬁaineal_d BaﬁﬁiﬁaﬁdaEanésI&@sx_ hitﬁ.ié:’sbi akkgngeal eﬁ b}y tEe I5
engagenent “of, t he _parting edge forne ri.phera in . _each.o e lens
nol d sectiongspFthaeghﬁ??l?he %Eﬁnﬂé#é) alves ye 588W9¥ﬁ%%? ? ep%%Ied nol d
i s passed t hvaggbus fomntiagkons cdedwridrest lregrednbeilow, and comeagtl part of

the lens were prepared in accordance with the procedure

"described herein.. ]

10 The frame parameters are presented in the following
Table.
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nitrogen tunnel. 10 Fol | owi ng assenbly of the nold parts, the .

i nci pi ent | ens nononer is precured at step 109 in the precure

nodul e 60 of the present invention. The process of the procure invol ves
cl anping the nold halves in regi stration and then precuring the nononer
or mononer 15 m xture to a gel |ike statgy. . Fol | owi ng precure, the
pol yneri zation of the nononmer or nononer mxture is conpleted in curing
t unnel 75 as indicated at step 110 with irradiation. In the cure
zone (75), the nmononer/diluent mxtura@aBLE 4 then cured in a UV oven

wher eby pol ynerization is conpleted in the nmononmer(s). This irradiation
wth act+nic visible or ultraviolet radiation produces a

pol yner/sol vent m xture in the shape giangnAlysy desired hydrogel. In
addition, the cure zone also has a 25 source of heat which is effective to
raise the - tenperature of the polynerizable conposition to a

t enperat ure suff|C|ent to aSSISt t he rbpagat i®d of t @6 poC#neri zati on

and to coungeract the‘ @ f t he pol ynmeri zabl e conposition to
shrink during the"g@qg_&? ped isS4EXPOSgQaf O t hg o) trav&%et

radi ati on. wv 0.857 4.576 4.368 I
FRAME #2 RADIUS 8.448 8.457 8.417 8.419
pPIv 0.891 3.742 4.5t 0.986
10
FRAME I3 RADIUS 8.449 8.461 8.448 3.402
PIV 0.958 4.250 2.581 8.84)
HUNTSMAN 202/PVDF (Polystyrene) |
FRAME.Z1 RADIUS .87 'a.asl 8.819 8.878
PV 0.633 0.557 0.595 0.65)
15 '
FRAME 12 RADIUS . 8.8719 8.883 8.887 8.
PIv 0.821 0.6)1 0.549 0.552
FRAME 23 RADIUS 8.859 8.316 8.879 8.8712
pv 0.54S 2.796 1.323 2.197
20 .
HUNTSMAN 202/0.2225% SF1080 (Silicone 0il)
FRAME F1 RADIUS 7.858 7.861 7.8 1.858
PV 0.561 0.677 0.396 0.859
FRAME 22 RADIUS  2.857 2.862 2869  7.884
~ PV 0.856 0.450 0.578 0.698
25
FRAME #3 RADIUS 1.855 7.861 1.870 7.858
PV 0.519 0.724 0.214 0.900
30
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After the polynerization process is conpleted, the 1 two hal ves of the
nol d are separated during a denvol ding step leaving the contact lens in
the first or front curve nmold half 10, fromwhich it is subsequently
renoved. It should be nentioned that the front and back 5 curve nold

hal ves are used for a single nolding af$-then di scarded or disposed of.
Heating the back curve Il ens nold creates differential expansion of the
heat ed nol d pol yner relative to the cooler |Iens polynmer which shifts
one 10 surface with respect to the other. The resultant shear force
breaks the; pol ynerized |ens/polymer nold adhesion and assists in the
separation of nold portions. The F‘Mwsﬁhe t enper at ure gradi ent

bet ween the surfaces of the nold portions, the greater the shearing
force and 15 the easier the nold pordjons sggarate.cghis efdgct is

greatest when there g ("3t310!$%ES @iadicone. 0At)  tine continues, heat
is lost through conduc?lon fromthe back nold paortjon i gathe | ens

pol ymer arfdl t he FrRamgtss rADWISA porti B8 and +HEn coltﬂ%ti ve §Zed nto the
surroundi ng 20 envi ronmet . The heaf-&¥ back®-+0! d poftion is, t her ef ore,
pronptly renoved so that very little energy is transferred to the

pol ymer |ens, avQidi possi bipld ty of gsoher ned.sstieconpdsd ti on of the

| ens. The heer?(\g%r}qnaw\g‘eusacconpl g:gﬁed byoaschni 88 kno®#? o one 25
skilled in the art such as by steam |aser and the |ike. The process of
| aser denolding is described in U S, Pat No. pget94, 34%si 0 Ross et al.
| f the heling SRRAMESX WS r or sé%%n af 5643 t he gsgheat iosys st ep, the
back curve is pried fro he front curve and nold in the nold assenbly,
as indicated at 35

15

20

LEGEND:
C-1 cavity ONE of the pallet

25 C-3 ‘cavity THREE of the pallet
C-6 cavity SIX of the pallet
C-8 cavity EIGHT of the pallet
P/V peak to valley roughness, an

interferometric measurement

PVDF polyvinylidene fluoride
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-41- Step 111. If on the other hand, the heating is by laser 1 or
infrared, no prying is used and the back curve separ at es spont aneously
fromthe front curve. The denvol di ng assenblies of the nold
separation apparatus 90 each physically pry the back curve nold 5 half
30 fromthe front curve half 10 of each,gantact | ens nold to physically
expose each contact |ens situated in the lens nold for conveyance to a
hydr ati on station for hydration of the | enses. The prying process
occurs under car efid lgamaenty,olpl/gd i goadibiughise ss anddiairet@nithe whaekiour ve

hal f 30 wil_l be separated fr.omthe frant curue | f i
destroyi ng % h%ejr%vfegﬁrrfl‘} <t tné getg?@n’ée?%]rtfr’ed #he t -é'elgekglg\,\%?g%
After the noltb adsemavidy Have Bramesepathatecthe) data w@ige pFepsn§edppar at us

90, each pal | &fieHddNiASikthevaibepshscurve nold hal ves with an exposed
pol yneri zed contact lens therein, is subsequently trapsported to a
dtnd= 13Pisn

hydration stati on #CH¥ Feadid¥ Begs Hhd rctPve I ens
nmol d, inspgptéxmldﬁyéspa@h&ginge additivedi aadlechentSFSNOB01%ads 20 In the
processes desgcrib her e na , ls contain the
additive or \Sk’g’t‘lﬁe%% alg(_a'(r?li?'1 e_gg\tfﬁér é\g%??}r'r‘gﬁ‘gla]lveeggéés etn%algn\%grgga?géxed wer e
unusabl e Heaars &halmeyinc dheapheendef ecthus s fdie datéhicpeastyeggew tears

or holes, i.&nhat/®Hds framtBeusenges Mbid horiasinidly lcaesaadaiviyBout wi shing
to be bound, these %@fects are caused by two different nmechani sns. The
chips are Hﬁﬂﬁiﬁf EPPREPERe1§RABP di ng process and were noticed  .when

t he base q@rve was separated fromthe front curve usi ng the prying
mechani snms descri bed herei nabove. 30 However, when the appropriate additive
is present in the
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35 -42- back curve, denol di ng
Is facilitated and the back curve 1 is nore easily renoved. As a result,
there are greatly reduced i nstances of |ens damage during the denvol di ng
step, in which the back curve is separated fromthe front curve and the
| ens, which stays-in the front 5 curve_. Wthout wshing to be bound, it is
believed that A= the additive in the back curve nodi fies the adhesion
forces between the | ens and the base curve. For exanpl e, when

pol ystyrene alone is used, it adheregxy@sye 2 strongly to the polyneric
material of the lens; however, 10 whep the addjtive j.s, added to the

pol ystyrend, the Frangsc8@@rufagturgd Lyon: Py éﬁgﬁt' € friction forces
bet ween t he pdpmsilatdemsapdusha tensrohf eindicatreakiimg tihe key &a@sier to

separate the k. curve fr | eps P o) ugye nol d. Thus,
there is Iesgegﬁfégg 8% thggkngﬁsgguFﬁgg%ééﬁﬁﬁr?l%igﬁgéﬁéng¥ making it
easier to maifactuge lsusepnia pegerdanes ivwithdhRe®XOCREUFENs nol d

hal ves, asOfdics-ibad 4 €8B0beLBEnt t SSedtfifcatiidn S| Mhe resubte aasily from
t he convex~nmol d hal f.. Conseguenily, when the back curve is nmade up of
the mol d rel EFSSFGES PBr%ﬁB;Fi n of the present invention, separating the
back curve fromthe front curve and the | ens has becone facile.
Consequent |y, less stringent conditi OfgpiH & required for denol di ng than
t hat used heretofore. In fact, in certain enbodi nents such as with ABIL
WAX 9801, 25 denol ding occurs without the tenperature gradient thus -
elimnatigg thg =32 it g

"¢ of Edge Defects TOTAL
CHIPS
CHIP TEAR | AND TEARS

I 44.50 1.90 | 46.40
II 20.40 1.10 |{21.50
15 III | 17.40 2.20 | 19.60
v 13.80 0.00 |13.80
v 14.10 2.20 |16.30

vI 11.50 6.30 | 17.80
20 vII 22.50 15.00 | 37.50
VIII 32.50 5.00 | 37.50
1X 5.00 15.00 | 20.00
X 10.00 10.00 | 20.00
XI 21.60 5.40 | 27.00
25 XII 27.50 t6.00 | 37.50
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Thus, using the conpositions of the present invention to Separate the

back curve fromthe nold assenbly, |enses can be denol ded in good yields
right after the denold 30 tunnel at |ower tenperature, such as about 60 to
700C, 35 -43- The

addi tives that are added to the nold matgrial that 1 effectuate those
changes are the nold rel ease agents the oils, soaps, waxes, and the

| i ke, describe herein. Wetting agents, when added to the lens nold
increase the wetting of the nold material. These 5 wetting agents include
the anti-static conpounds, i.e., t he al koxyl ated am nes and the

quat ernary amoni um conmpl exes and t he TABId i2c (§@NTs) descri bed herein.
Wt hout wishing to be bound, it is helieved that the original

pol ystyrene or pol yprlopyl engegol d (i].e., 10 the nold w Jhout additional
wetting agents) was ow ETeT gy [Meterogeneous surfage having a smal |
portion of hi gh efergy ared For [HUNRSAMAN 282 B8 d sfirface when

conposed of zpol ystyr f f er gy of 42 dynes/cm A
5 Y. 'ACRE 5¢T080

hce with snal

het er ogeneotus pol yst oHypropyteme ot oSt
portions of high 402532 GEc8F 1080, h-wetting and voi ds,
which in turn |l ed to}l ens ho&gs. Th 1L%@SAB9LﬁAfr§§%fn1

4.0% ABILWAX 9801 |

VI 0.25% 3M FC430 _i
10 VII 2.5% AXEL 33
VIII 0.25% AXEL 33 4 |
| 1x  [2.s% axevL 33

0.25% AXEL 38
15 1.50% KANTSTIK Q
0.25% KANTSTIK Q

20 As can be readily seen by the data in Table 2, the
total amount of edge defects (chips and tears) is lower
in all cases and significantly lower in many cases when

the additives is present.
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was a problemof prior wetting between the reactive nononer m x and the

-nold surface. 20 When the wetting agent 'is added to the nold
surface, it significantly inproved its wettability. The surface becane
nor e honogenous and the high energy surface area was significantly
increased. As a result, using the nalgg.material wetting formnulation of
the 25 present invention instead of the typical formulation, | ens hol es
were reduced significantly. For exanple, usi ng zinc stearate, as the
additive in a polystyrene back cCuEXBMPDEd3 the |ens holes were reduced
fromthe t I C % 2%

-44- yP a-‘l:n lt% sose eg‘g%;ﬁngggﬁ’ é?% vﬁer‘%glpuggﬁic 1.

material is a@ﬂ1&%§ﬂWﬁﬁ¢1QﬁqIﬂgmoédWthPﬁgdaﬁﬁﬁteQ# compeymds pdust Ae
resul ting cons@ghddLNSRL yatya-chat a@npbisa cur@@é\l rrum of holes or tears,

respectively but cqQncom t ntI her ew tact | enses have
i mproved yiel ds. Fore g‘ﬁi’rﬁﬁ a( ngﬁoﬁ?gﬂlf‘ erei/v?rrgcﬁlseﬁér ed
utilizing & hamhth\NK(MamMMLZedlab 11npoigsagwqrdannﬁjwm%hzthe Stearate as
the wetting L.13b e V, | t act

o tedyre Qi%s%‘?ﬁ?: et R-peh CL0RRY @aca.id.Prg 68 a0l

| enses I cant ess re al so
30 sec UV pre- cure under weight. They had additional

four minutes of UV cure without weight at 60° in the
simulated tunnel. The frames were kept thermostated in

10 an oven with hot air circulation z 1.5°C prior to
demold, transferred to an aluminum pallet kept at the
same temperature and demolded immediately after the WK
lab demolder mark 1 which simulates the movement of the
mark 1 demolder at present installed in the Maximize

15 pilot line at Vistakon.

No steam was applied.

Movement : 3.5 deg 0.5 sec fast
6.0 deg 3.0 sec slow
20 15 deg 4.4 sec slow (end fast)

One side was preyed apart. The frames were
insbected in a stereomicroscope at 10 x immediately
after demold. Broken BC flanges, lens lift, missing

25 lenses and tears were recorded. Results from this
demold inspection are shown in Table 3.

All lenses, except those with broken flanges, were
hydrated in simulated Maximize process: 5 mins at 70°C,
0.05% Tween 80 in Dl-water, followed by 3 mins in D1-

30 water + storage overnight in buffered saline.
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10 significantly reduced. Concomtant therew th, however, t he anmount of

chips and tears were decreased, with | ens yield inproving 7 to 9%

Al t hough ‘'such result may indicate that zinc stearate may al so act as a
nol d rel easing agent, further experinments show that the zinc 15 stearate
is not acting in that capacity. In a study measuring denold forces at
various tenperatures between contacf”fens and the pol ystyrene nold, the
results show that there was little or no effect when zinc stearate

was used. The mmj e o] n Q&m@&ﬁ( 0 e s due to

t he hi gher tenperg?ﬁrg;ﬁggs %%%V%%lons 0 f?ghgq%éﬁél8E§%§?gt%%ﬁgduring

productionl DIgi #sipg Shewistaken iiletdiline steadpedgeenTh®l ds with and

Wi t hout zinc ondakabasaddet ifdicated in TRDYeE &rly, a backcurve conprised of
Abi | wax, was 25 not wettable in accordance with the wetting test as

descri bed herei nabove. It produced, as expected based upon the teachings
herein, contact |enses having significantly |l ess chips and tears.
However, as shown in Exanple 8, undggghe conditions therewith, 30
35 - 45- conconm tantly, contact
| enses where p:EAQrgHﬁ?.d having |l ess 1 hol €S on + TR" s HO
Polystyrene 20 3
Polystyrene/GE 1080 0.5% ' 20 3
Polyatyrene/ABILWAX 9801, 13°° 8 2
Polystyrene/ABILWAX 9801, 4% 10 2
10

* Avg. valve of 3 runs
“® only 1 run was performed

Key

CH = Chips

HO = Holes
15 TR = Tears

20 As clearly shown by the data, a preferred
embodiment in this run is the mold of polystyrene with
ABILWAS, i.e., silicone wax which produced contact
lenses having significantly less chips and tears therein
than when the lenses were comprised of polystyrene

o5 alone. '
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Unless indicated to the contrary, the nolecul ar wei ghts are in units of

grans per nole. Moreover, unl ess indicated to the contrary, the
percentages are 5 given in weight percentages. The present
invention is nore specifically described by the following illustrative
exanpl es. However, it is to be undersggod that these exanples are
only described to illustrate the inventidhn, but not to 10 Iimt scope of
the present invention. 15 20 25 . 30

1 EXAMPLE 4

1% Zinc stearate (Znst) was mixed with polystyrene
to produce backcurve molds. The contact lenses were
prepared in accordance with the procedures described

5 herein. The amount of holeg and the overall yield were
measured and compared with a control wherein no additive
was added. Three trials were conducted, and the results
are indicated hereinbelow.

10

15

20
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35 -46-

EXAMPLE 1 1 Frames were nolded on a 60 -ton Nestal fromthe
candidate forrulations |isted hereinbelowin Table 2, in accordance with
t he procedure described herein. As descri bed herein, and shown in Figure
5, the pallet 5 contained 8 base nold halves (cavities) arranged as
depicted therein. The nold hal ves were e&hprised of the vari ous
formul ati-ons descri bed herei nbel ow and cont act | ens were prepared in
accor dance MﬁtF=LQ§=QLQ£§gU’P described herein 10 The frane
paraneters are pre§§&hgd i n{ t hgphelhgw Ng IBbES: 151pp 2
1
Control 23% 67%
t 1% ZnSt 2% 85%
added
5 Controll 23% 58%
2 1% ZnSt <2% 84%
Control 62% 35%
3 1% ZnSt 16% - 78%
10 As clearly shown, the back curve mold comprised of

polystyrene admixed with Zinc stearate showed
significant reduction of holes and significant increase
in lens yields compared to those of the control.

15

EXAMPLE 5

Various surface active anti-static agents indicated

hereinbelow were admixed with polystyrene to produce
20 backcurve molds. The contact lenses were prepared in

accordance with the procedure described herein and the
amount of holes measured and compared with the control
wherein no additive is used. The results are indicated
hereinbelow:

25

30
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25 30 -47-
TABLE 1 1 FRAME ANALYSI S
C1 C3 C. 6 C. [err] 5
(Pol ystyrene) FRAMVE #I RADI LS 8. 447 8. 447
8.461 8. 444 -Sé?-/ \/ 0. 857
4,576 4, 368 1.898 FRAME #2 RADI US
8. 448 8. 457 8.4.17 8.4.19 ‘ P/ V
0. 891 4 == RADI US
8.419 8.M61 8.4.18 3.402 BACKCURVE P/ VvV
0. 958 1 [ PBESTATIC AGENTS gn) MANUFACTURERgg3 COMPOUND | MOMD an | FCREPSNAN
202/ PVDF  (Hpl ystyrene ADDITIVE
- - - _ NONE 13.5-
17.2%
LAROSTAT 264A® PPG Soy Dimethyl 0.5% 5%
5 LARSTAT
Bthyl 264A
Ammonium
Etosulfate
LAROSTAT 2649 PPG Soy Dimethyl 1% 2.6-
. LARSTAT 3.6%
Ethyl 264A% .
10 Ammonium
Etosulfate
CYSTAT LN® CYTEC 3-Lauramido- 0.5% 2.3%
propyltri- LYSTAT LN®
methylul
ammonium
methylsulfate
15 CYSTAT LN® CYTEC 3-Lauramido- 1% 16.1-~
propyltri- CYSTAT LN® | 21.6%
methylul
ammonium : L
methylsulfate
ARMOSTAT 410% AK20- " Ethoxylated 0.5% 10.7%
" Tertiary ARMOSTAT
Amine 410
20 | armosTAT 410° AK20 Ethoxylated 1% 3.9%
Tertiary ARMOSTAT
Amine 410
ATMER 163°® ICI AMERICA | N, N-Bis(2- 0.5% 1.0- i
hydroxyethyl) | ATMER 1639 | 1.3%
alkylamine
ATMER 163°® ICI AMERICA | N, N-Bis(2- 1% 0.8%-
hydroxyethyl) | ATMER 163® | 1.3%
25 alkylamine
ZINC STERATE 8% SYNPRO ZINC STEARATE 1% ZINC 0.7-
STEARATE 7.5%
ZINC STERATE 8% SYNPRO ZINC STEARATE 2% ZINC 2.8%
L, STEARATE
30
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FRAME #1
P/ V
FRAMVE #2
P/ V

. FRAME #3
8.872
1.323

871
677
857
856
855
579

OCNONON

RADI US 8.872 8.881 8.879 8.875
0. 653 0. 557 0. 595 0. 653 15
RADI US . 8.879 8. 888 8. 887 8. 877
0. 821 0. 631 0. 549 0. 552
RADI US : 8. 859 8. 816 8.879
P/'Y -57- 0. 545 2.796
2. 297 HUNTSMVAN 202/ 0. 2225% SF1080 (Silicone
FRAMVE #1 RADI US B e 7. 855 7.861
7.858 . EXAMBLE, 6 0.561
1 0. 396 Following3Ghe procedures BRAEkamRlefRADIAN®l 5, the
7 ggg% i %:g% gx §§4t35 ke the backcurves a%/dv
bokging matpniass were ysig toTmake the bacsRE #5 RADI US
1tlg1lenses weregmyoduced jngggcordance with the P/ V
Seddfiption Hbrdlih. The Pe8lfts ar8lindicatedd
5 hereinbelow. :
Hole Counts of Lenses Made using Various Backcurve Material
Visual Audits | Tunnel Audits |
Backcurve Material used
to Produce the Lenses
10
HCC202H1Y* (base resin; 9.8 2.4 15.7 4.5
production)
HCC204HON® (base resin) 8.6 2.3 7.0 3.1
0.25% CYASTAT LS/HCC204HON 0.7 0.5 1.7 1.6
0.5% CYASTAT LS/HCC204HON 0.2 0.4 0.7 1.0
15 |} 13 znsts/mcc204m0N 0.3 0.5 2.0 1.7
DOW666D° (base resin, production) 6.2 1.3 6.5 2.1
DOW666APRY (base resin, 4.3 1.7 5.2 2.7
production)
0.05% CYASTAT LS/DOW666APR - 0.5 0.6 1.7 1
0.25% éYASTAT LS/DdWGGGAPR 0.3 0.3 1.8 6
20 1% ZnSt8/DOW666APR 0.6 0.1 "
1% ZnSt8+0.05% LAROSTAT 0.7 0.7 0.3 0..7 ||
264A/DOW666APR
a P.olystyrene base resin manufactured by Hunstman Chemicals Coxp.
® Polystyrene base resin manufactured by Hunstman Chemicals Corp.
¢ Polystyrene base resin manufactured by Dow Chemicals.
25 4 polystyrene base resin manufactured by Dow Chemicals.
30
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- 48- FI NAL ANALYSI S
C | C 3 C.6 C1 HUNTSMAN 20210. 5% SF1080
(Silicone oil) 5 FRAME #1 RADI US 7.858  7.857 7.865
7.853 PIV 0.526  0.557  0.412  0.5[err] |
FRAME #2 RADI US 7.856  7.859 867  7.854

P/ V 0.621  0.428  0.335 ~¥.449 10 FRAME #3 RADI US
7.856  7.862  1.167  7.854 P/ V 0.539
0.552  0.388 0. 554 15  pxampfe 7

1

10

15

20

25

30

35

1% Zinc stearate was mixed with polystyrene to
produce backcurve molds. The contact lens were prepared

in accordance with the procedures described herein,

except the curing temperatures were modified. The %
yields are indicated hereinbelow.
Yields
Curing Tunnel 4300 | s4ac0) | 6200) | 69¢0C)
Zoae | Temperature normal
: operaling
condition
Production/Control 3% 36% % 30%
1% ZnSt sdded 71% % 68% 7%

As shown hereinabove, the lenses made using 1% zinc
stearate molds under the above wide température range
In addition, they gave
the zinc stearate modified molds

gave about the same high yields.
Thus,
allows a wide range of variations in curing conditions

low holes.

and do not affect the lens yields.



LEGEND: C-1 cavity ONE of the pallet 25 C3

cavity THREE of the pallet C-6 cavity SIX of the pallet
C-8 "cavity EIGHT of the pallet P/IV peak to valley
roughness, an interferonetric nmeasurenent

PVDF pol yvi nylidene fluoride 30 35

- 49- In table 1, P/IVis a roUﬁﬁhéss nmeasurenment, wherein 1 a

| ower nunber is a better result. The C-legend refers to the cavity in a

frame so that the data as presented EXAﬁ#%%}Qates cavity vari ations.

As can readily be seen fromthe data 1, in 5 al|l cases, when the
additive, quch as GRi1®8D sefs congactepenpast veredPxepPayed PR val ve were

si gni fi cant| yaccot@ifde Witth ithd hbodaSEPECeddRES ut 116 A4 sClbaakl y show
that the frames, using. a npld cont |n|ng the additive é@wxumed annother
| enses. 10 Mmold half made of either polystyrene or polystyrene an
additive as described hereinabove. After the mold
5 halves were pried apart, the percentage of holes in the
contact lens produced by that mold was determined. The

results are tabulated hereinabove.

10 Type of Material $ of Holes
1. Polystyrene 5.4
2. Polystyrene 3.8
3. Polystyrene 1.8
15 4. Polystyrene 3.2
S. Polystyrene + 1% 0.1
Abilwax 9801
6. Polystyrene + }% . 0.5
SF1080
20 7. Polystyrene + 3% 0.9
Axelwax 33 RD
8. Polystyrene + 1% 1.2
FC430
9. Polystyrene + 2.0% 0.4
25 Axelwax 38H
As readily shown under these conditions, there were less
holes in the contact lens when the back mold contained
an internal additive.
30
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-60-

The above preferred embodiments and examples are
given to illustrate the scope and spirit of the present
invention. The embodiments and examples described
herein will make apparent to those skilled in the art °
other embodiments and examples. These other embodiments
and examples are within the contemplation of the present
invention. Therefore, the present invention should be

limited only by the appended claims.



rames manufactured from sanpl e candi date formul ati ons

pl IHHIIIH'II"“ lcated in the key to Table 2, were prepared on the
Acuvuec Pt oth | ens+t o manuf acture | enses in accordance with the procedure
5 described in the present specification. The results are presented in
Tabl e 2. -61TABLE 2 10

1 of Edge Defects TOTAL SET *

CH PS - ' CH P TEAR  AND TEARS

I WHRT SIS CLAIMED I$:90  46. 40 I 20. 40
%Vlo 21950 15 4 A hha m8t861a11c33§é¥£ut1ng a mcAd?Ba1£12c80 14. 10

2. 20 16:myse in the prgduction of contaaf) lenses, sajdgmold sy go 20'

VI | mate¥iai0 comprisingSaOthermoptdbtic polyme¥ bhd a 32.50
5. 00 37.5 20. 00

X (%qﬁfﬁﬁﬁl_addltlvﬁowsth b%.{é?regnated 1%§0X%a1d 21. 60
5.40 2750¢-hEgmoplastir| material and wiyidp is present(ippamogrtsgQ 30

ranging from about 0.05% to about 5% by weight, said
thermoplastic material being polystyrene or
polypropylene and said additive being a polyethylene or
‘polypropylene wax having a molecular weight ranging from

10 about 5000 to about 200,000, an amide wax of the formula
R,CONH,, wherein R, is a hydrocarbyl group, and the amide
wax has a molecular weight of about 200-2000, silicone
having a molecular weight ranging from about 2000 to
about 100,000, Montan wax, oxidized wax, fatty acid

15 having a molecular weight of about 200 to about 2000, a
complex ester or a combination thereof.

2. A mold material comstituting a mold half for
use in the production of contact-lenses, said mold
material comprising polystyrene and an wetting effective

20 amount of a wetting agent admixed therewith, the wetting
force of said mold material being described by the
equation:

F = 2y, pcos 6
where F is the wetting force of the mold half
25 Y. 1s the surface tension of distilled water
p is the perimeter of the mold material at the
- meniscus when the mold half is partially immersed in the
water and '
6 is dynamic contact angle, wherein the contact
30 angle of said mold material is less than 100°.
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TABLE 2 ( CONT.)

35 R o
J ||u|mmsw 202 ps 152 ! L

0. 5%°GE. SF1080

1V 1. 0% ABI LWAX 9801 V 4. 0% ABI LWAX 9801
Y 0. 25% 3M FC430 10 VI | 2. 5% AXEL 33

VI 0. 25% AXEL 33 -62-| X - 2,5% AXEL 33

X 0. 25% AXEL 38 15 X 1. 50% KANTSTI K Q

Xl 0. 25% KANTSTI K 20 As can be readil en by the data
inTable 2, the %ot aI'I'%ErTB'G‘Prfj Brtenrl of «haln c’-hllﬁs"%ﬂ&%t EBRS) is | ower
in all caseg amidd guix iigaat Fatbgeeid nadidy wases when the additives is
present.. 25 4. The mold material of claim 1 wherein the
thermoplastic polymer is polystyrene.
5. - The mold material of claim 1 wherein the
5 thermoplastic polymer is polypropylene.
6. The mold material of claim 1 wherein the
additive is present in amounts ranging from about 0.1 to
about 2.5% by weight. | o .
7. The mold mater1a1 of clalm 1 wherein the

. - 10 additive is silicone. :
8. The mold mater1a1 of clalm 2 whereln the

additive is an anti- statlc _agent. or lubrlcant.

9. The mold material of cle;m 2 in which the
wetting agent is an ethoxylated amine, hydroxy alkyl .

15 tertiary amine or quaternary'ammopium'sulfate{ stearic |
acid or salt thereof. : _

10. The mold mater1a1 of c1a1m 9 whereln the _
wetting agent is ethoxylated tertlary amlne, N,-N Bls(2— _
hydroxyethyl) alkylamine, zinc. stearate,;(3—~ -

20 'Lauramldopropyl) trlmethyul ammonlum methyl sulfate, or
| soy Dimethyl Ethyl Ammoniuin Ethosulfate.; _f_ -
S 11. A mold half useful in the productlon of a
_ contact lens by the polymerlzatlon of a polymerlzable
. | compos:.tlon in a mold assembly compr:l.sed of said mold
: 25 half and a second mold half said mold ‘half compr1s1ng
an integral article hav1ng a central curved section
defining a concave surface, a convex surface and a
circumferential edge, at 1east the central- -portion of at
least one of said concave surface and’ said convex
'30 surface having the dimensions of the back curve of the
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E?(AI\/PLE 3351 In this set of e”ullllmll“"""m"smldizvvas conduct ed to

eval uate the denol di ng of different*cofrpdunds plus a standard

pol ystyrene as base curves. The | enses (14 0 Acuvue fornul.ation)
were processed 5 on the WK Maxim ze |ag3tine in accordance with the
procedure described herein using vacuum deposition and 30 sec W
pre-cure under weight. They had additi onal four mnutes of UV cure

wi t hout wei gkibsab:edO[SWel].ednor henswe ket lcomsactuAgeE. tohke fREPRICSREr e kept

t her nost at ?’l sd aﬂoi’aeas%ﬁuﬂﬂ}hOatnd"”kfeﬁi%%lfQEbQEntiy5§n@étlQrarid)
denol d, transterr to an alum numpalle ne tenperature

and denol ded CPﬁﬁearstieﬁy 'ak%%rtl%%es‘wéace °4h S&é%oFBEFaﬁ’ér ie'is whi ch
si mul at es thfo&ﬁédnbytp@iyﬁéﬁazatiﬁﬁIbflsimdjbdéymarlpabkent installed in

the thinizec%%pg Qlon g é‘néﬁé%iQSEﬁ said surface is optically
5 acceptable, said article having an annular flange
integral width and surrounding said circular
circumferential edge and extending therefrom in a plane
normal to the axis of said concave surface, said article
also having a generally triangular tab situated in a
10 Plane normal to said axis and extending from said
flange, said article having a thinness and rigidity
effective to transmit heat therethrough and to withstand
prying forces.applied to separate said mold half from
said mold assembly, and said article being comprised the
15 mwold material comprised of a thermoplastic polymer
admixed with an additive or anti-wetting agent in

accordance with claim 1.
12. The mold half of claim 11 wherein the additive

is a fatty acid amide wax.
20 13. The mold half of claim 11 wherein the
thermoplastic polymer is polystyrene.
14. The mold half of claim 11 wherein the
thermoplastic polymer is polypropyleéne.
15. The mold half of claim 11 wherein the additive
25 is present in amounts ranging from about 0.1 to about

2.5% by weight.
16. The mold half of claim 11 wherein the additive

is 5111cone.
17. A mold half useful in the production of a

30 contact lens by the polymerization of a polymerizable
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No steam was appli ed. Movenent : 3.5 deg 0
6.0 deg 3.0 sec sl ow 20 15 deg HHIW’MJHw(end
fast) One side was preyed apart. The franes*mewen. | in a
stereom croscope at 10 x i mredi ately after denold. Broken BC fl anges,
lens lift, mssing 25 |l enses and tears wgfe recorded. Results fromthis
denol d i nspection are .shown in Table 3. Al'l | enses, except those

wi th broken flanges, were hydrated in sinmulated Maxi m ze process: 5 mns

at 70[err]C, comﬁoQBF/c_ia'meﬁm BGnold Bks@ib&y cbmprised &F shid mold D1- 30
-water + st Oiaﬂglgvgﬁtﬁlghéeégn&)%ol% %%l%al | ?&d mold ll'léi;’%f rttupr1s1n§ 1 DL2

- 53- Wer e 1 nspectéd Isua
~using the Vi seRkéntegrat 4¢¢ﬂskﬁahawamasa ¢ﬁgtra1 ewrved igratigre i ndi cated

in Table 3. defPning a concave surface, a convéfBtlrface and a
circumferential edge, at least the central portion of at
5 least one of said concavé surface and said convex
surface having the dimensions of the back curve of the
desired swelled or unswelled contact lens to be produced
in said mold assembly and being sufficiently smooth and
contoured so that the surface of said contact lens
10 formed by polymerization of said polymerizable |
composition in contact with said surface is optically
acceptable, sald article hav1ng an annular flange
integral width and surrounding said circular
circumferential edge and extending therefrom in a plane
15 normal to the axis of said concave surface, said article
also having a generally triangular tab situated in a '
plane normal to said axis and extending from said
flange, said article having a thinness and rigidity
effective to transmit heat therethrough and to withstand
o0 prying forces applied to separate said mold half from
said mold assembly, and said mold half being comprised
~of a mold material comprised of a polystyrene admixed
with a wetting agent in accordance with claim 2.
18. The mold half of claim 17 wherein the contact
25 angle of the mold material is less than or equal to_90°.
19. The mold half of claim 17 wherein the wetting
agent is an ethoxylated amine, hydroxy alkyl tertiary
amine, or quaternary ammonium sulfate, stearic acid or
salt thereof. '
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%TERl A 3 Pol ygt-l y:e-rll-eR/GE 1oéo 0. 5% " 237"1”[ ﬂmﬁ”m””m

3 Pol yst yrene/ ABI LWAX 9801, 1% 8

Pol yst yrene/ ABI LWAX 9801, 4% 10 2 10 Ayg valve
of 3 runs only 1 run was perforrred " Key CH = Chi ps

HO - Holes 15 TR - Teara 20 -6Rs clearly shown by the data, a
preferred. enbodi nment in this run |s t he nDId of polystyrene W th

Srani 11 cant |y 1 esA St gt CeRRa®: B2, SFAUR LY Rieraian, TRRCERHRNEE] o
conprised f andlstof dihe mgadamgnerlal 1s 189s than or equal to 75°.
21. The mold half of Claim 17 wherein the amount
of wetting agent present from 0.05% to 5% (w/w).
22. The mold half of Claim 21 wherein the amount
5 of wetting agent present range from 0.1% to 2.5% (w/w).
23. The mold half of claim 17 wherein the mold
material is ethoxylated tertiaryamine, N,N-Bis(2-
hydroxyethyl)alkylamine, zinc stearate, 3-
(Lauramidoptopyl) trimethylulammonium methyl sulfate, or .
10 soy dimethyl Ethyl Ammonium Ethosulfate. |
24. A mold assembly used in the productlon of a
contact lens by the polymerlzatlon of a polymerizable
composition in said mold assembly, said mold assembly
comprising a front mold half and a back mold half in
15 contact therewith thereby defining and enclosing a
cavity therebetween, and a polymerizable composition in
said cavity in contact with both mold halves, wherein
said front mold half comprises a first article of
thermoplastic polymer transparent to ultraviolet light,
20 said article having a central curved section with a
concave surface, a convex surface and a 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
o5 contact lens to be produced in said mold assembly, and
is sufficiently smooth so that the surface of a contact
lens formed by polymerization of said polymerizable
composition in contact with said surface is optically
acceptable;

30
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- 54- 1

EXANPLE“B!"MMJ!L llt’”wl nc stearate (Znst) was m xed with polystyrene
to pro | ds. The contact |enses were prepared in
accordance with the procedures described 5 herein. The amount of hol es

and the overall yield were measured ggyl conpared with a control wherein
no additive was added. Three trials were conducted, and the results

are i ndi cated herei nbel ow. 10 15 20
said first article having an annular flange

1 integral with and surrounding said circular
circumferential edge and extending therefrom in a plane
normal to the axis of said concave surface, and
generally triangular tab situated in-a plane normal to

5 said axis and extending from said flange;

said back mold comprised of an integral article
having a central curved section with a concave surface,
a convex surface and a circular circumferential edge,
wherein the portion of said convex surface in contact .

10 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 so that the
surface of a contact lens formed by polymerization of
said polymerization composition in contact with said

15 surface is optically acceptable; -

said second article having an annular flange
integral with and surrounding said circular
circumferential edge with and surrounding said circular
circumferential edge and extending therefrom in a plane

o0 normal to the axis of said convex surface, and a
generally triangular tab situated in a plane normal to
said axis and extending from said flange wherein the
convex surface of said back mold half contacts the
circumferential edge of said front mold half;

o5 . said back mold being comprised of a mold material
comprised of a thermoplastic polymer admixed with an
additive in accordance with claim 1.

25. The mold assemb1y of claim 24 in which the
additive is a fatty acid amide wax.

30
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23%
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Paoomive [ INMAKHIIINN N <o - o

2% 85%
Oontrol 23% 58% 5 2 1% ZnSt
84% Cagtrol 62% 35%
1% ZnSt 16% 78% 10 As clearly shown, the

back curve nold conprised of

26. The mold assembly of claim 24 wherein the

1 thermoplastic polymer is polystyrene.

10

15

20

25

30
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27. The mold assembly of claim 24 wherein the
thermoplastic polymer is polypropylene.

28. The mold assembly of claim 24 wherein the
additive or wetting agent is present in amounts ranging
from about 0.1 to about 2.5% by weight.

29. The mold assembly of claim 24 wherein the
additive is silicone. .

30. A mold assembly used in the production of a
contact lens by the polymérization of a polymerizable
composition in said mold assembly, said mold assembly
comprising a front mold half and a back mold half in
contact therewith thereby defining and enclosing a
cavity therebetween, and a polymerizable composition in
said cavity in contact with both mold halves, wherein

said front mold half comprises a first article of
thermoplastic polymer transparent to ultraviolet light,
said article having a central cufved section with a
concave surface, a convex surface and a 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 produced in said mold assembly, and
is sufficiently smooth so that the surface of a contact
lens formed by polymerization of said polymerizable
composition in contact with said surface is optically
acceptable;

said first artic¢le having an annular flange
integral with and surrounding said circular
circumferential edge and extending therefrom in a plane



pol ystyrene adm xed with Zinc stearate sh LRk flegi@nt reduction of
hol es and significant increase in | e.n*@ &I&"ﬂm* lm to those of the
H

= Various surface

control . 15

. active anti-static agents indicated her ei nbel ow were adm xed with
pol ystyrene to produce 20 backcurve nolLgg-. The contact-|lenses were
prepared in accordance with the procedure described herein and the
anount of hol es neasured and conmpared with the control wherein no
additive i s usathallhe theuhixisavf saidcadmerhve sherfeicehehodr 25 . 30
35 1 generally triangular tab situated in a plane normal to

said axis and extending from said flange;

said back mold comprised of an integral article

having a central curved section with .a concave surface,
5 a convex surface and a circular circumferential edge,

wherein the 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 so that the

10 surface of a contact lens formed by polymerization of
said polymerization composition in contact with said
surface is optically acceptable;

said second article having an annular flange
integral with and surrounding said circular

15 circumferential edge with and surrounding said circular
circumferential edge and extending therefrom in a plane
normal to the axis of said convex surface,_and a
generally triangular tab situated in a plane normal to
said axis and extending from said flange wherein the

20 convex surface of said back mold half contacts the
circumferential edge of said front mold half;:

said back mold being cbmprised of a mold material
comprised of a polystyrene admixed with an wetting agent

- in accordance with claim 2.

25 - 31. The mold assembly of claim 30 wherein the
contact angle is less than 90°.

32. The mold assembly of claim 30 wherein the
wetting agent is an ethoxylated amine hydroxy alkyl
tertiaryamine, quaternary ammonium sulfate, stearic acid

30 ©Or salt thereof. :
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Bi?:KCURVE ANTI STATI C AGENTS MANUFACTURER COVPQJNHIIII I"IHSI"" "lll " IIII
HOLES _ .. * WATERIMAL s =+
- ADDI Tl VE _ NONE

13. 5- -69- 17. 2% LAROSTAT

264A err ] PPG Soy Di net hyl 0. 5% 5% 5

LARSTAT ) Et hyl 264A
Anmoni um 33. The mold assembly of claim 30 wE%B%h?f%E%

LARCSTAT 26ft@vetting agent PBS ethoxylamedDiteitigky amine, 1¥f)N-Bis (2~ 6-

LARSTAT 3. 6% . . - Et hyl
264Alerr] 10 éydroxyethyl)alkylamlne, zinc stearate, ToNi UM

Etosul fate  (LaurgySiegremyl) rjrimethylulammeminm methygl | gigkkakeio-or

EYE?;T LN 2-%3@ dimethyl Ethyl Ammonium Ethosulfate. p:0pr|}ri'

err . e u
amoni um 5 34. The mold assembly of Claim 30h¥??@$¥ﬂﬂ¢%§(& 15
CYSTAT LN errontact angle Q& HE@ss thal bauequatioto about 175°. 16. 1-
propyltri- CYSTEY . LN rnlolcg]as@oé’mbly of Claim 30 wherein the
met hyl ul . . ] apmoni um
met hyl sul f at eWetting gemisT/er RrEFERty in amounts rangjag) from abqyh,oyy| at ed
0. 5% 100786% to 5% (w/w). _ Tertiary
ARMOSTAT . Anj . 410 20
ARMOSTAT Afp[err] 38- The mold gssembly of E%ﬁ%‘%y?sat"é%a&eem the o,
3.9% wetting agent is present in amounts ram@ing ffxom abARVOSTAT
Ami ne 0.#1%b about 2.5% (w/w).

37. In an improved process for forming a contact
lens from a mold assembly comprising a front mold half
15 and a back mold half in contact therewith thereby
defining and enclosing a cavity therebetween, and
containing in said cavity a polymerizable composition in
contact with said mold halves; -
said front mold half comprising a first article of
o0 thermoplastic polymer transparent to ultraviolet light,
said article having a central curved section with a
concave surface, a convex surface and a éircular
circumferential edge, wherein the portion of said
concave surface in contact with said polymerizable
25 composition has the curvature of the front curve of a
contact lens to be produced in said mold assembly and is
sufficiently smooth so that the surface of a contact
lens formed by polymerization of said polymerizable
composition in contact with said surface is optically
30 acceptable;

35



ATMER 163[err ] ICl AMERICA N, N Bis(2- 0. 5% 1.0-

Rﬂmﬂmm"ﬂlm +osl erlr]u 1A?l:/(I)E/ORI CA N, N-Bis(2- il%kyl amne

0. 8% hydr oxyet hyl ) ATMER
163[ err] 1.3% 25 -70- al kyl am ne

ZI NC STERATE 8[err] SYNPRO ZINC STEARATE 1% ZINC 0.7-
STEARATE 7.5% ZI NC STERATE 8[ err] SYNPRO ZI NC

STEARATE 2% ZI Ngaid back?m8%d4 half comprising a second article of

?g?ﬁRATE 1 %%ermoplast%g polymer transparenEXEﬂPEEt5av1q}et lJ,gh.t:I:,OI | owi ng

t he procedur esidf aErdapécbavinmgich Sentidad curvedf secoiwmgvitth exi al s were
used to make LHgabackaHENES, M %onvex surface and a circular
circumferential edge, wherein the portion of said convex
5 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 so that the surface of a contact lens formed by
polymerization of said polymerizable composition in

10 contact with said surface is optically acceptable,
wherein the convex surface of said back mold contacts
the circumferential edge of said front mold half;

and the front mold half is clamped against the back
mold half; :

15 and the polymerizable composition undergoes
polymerization under precuring and curing conditions
with ultraviolet light and the back curve is separated
from the front curve and the contact lens during a
demolding process and the front curve is subsequently

o0 separated from the contact lens, the improvement
comprising utilizing a back curve mold that is comprised
of the mold material of claim 1.

38. The process of claim 37 wherein the
thermoplastic polymer is polystyrene.

25 39. The process of claim 37 wherein the
thermoplastic polymer is polypropylene.

~ 40. The process of claim 37 wherein the additive
is present in amounts ranging from 0.1 to 2.5% by
weight.

30
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the | enses were pro I n accordance with the description herein.

The results are indﬂmﬁi u | ﬂl'éﬂil”)el oW. Hol e Counts of Lenses Made
- using Various Backcurd®@® ol

Visual Audits  Tunnel Audits Backcurve Material used

to Produce the Lenses % 95% CL % 95% 10

Hol es Hol es CL HCCZ'O'Q]HlY[ err] (base resin;

9.8 2.4 15.7 4.5 producti on)

HCC204HON[ err] (bage r ef%‘?mmf claim 37 wﬁegez}n thgbg%ditivg- 0

0. 25% CYASTAT _ 1.7
0.5%-EyabTigons/ HOC204HON 0.2 0.4 0.7

15 1% ZgSt 84i'|.CC(2%4|‘QN improved pcxi'octe_ss for f&rming 6a d¢brtact :29, 0
D06 err ase resin,  production . .
2.1 Lonb “EonR diiq a4 EoRRERAing a front Wold naif’,

: 5.2 and aZack mold half in contpcbdubérewmith therdhy5% CYASTAT

LS/ DONGGG6AP s . . A . 0. 25% CYASTAT
%& %y . d
LS/ DOAB66 AI£ defining and .cgosz.ng g gav:tty 1F erebe .gen an 1%

ZnSt 8/ DOWs66AFPRtaining in said cavitypagpolymepizable compogifigmgigt 05%
LARCSTAT contact with Gahd moldOh&lves;O. 3 0.7 264A DOWS66APR

- Pol yst b ' f act d_by. Hunst Chemi.cal :
[arr] Pol yitys ene HHb 750 MARUFARE U BBy S HMCE it M eRTs €
[err] Polyst yrhemwndpises trigs ipe Lymesf &rausparéyt Dow WHarACixlet lighterr )
Pol ystyregs Dasfs rHS b1 HEAGGULeEeRY rPPVCEPEE (St idkP with a

concave surface, a convex surface and a circular

il
~NUINO O R

circumferential edge, wherein the portion of said
concave surface in contact with said polymerizable
composition has the curvature of the front curve of a

15 contact lens to be produced in said mold assembly and is
sufficiently smooth so that the surface of a contact
lens formed by polymerization of said polymerizable
composition in contact with said surface is optically
acceptable;

20 - said back wmold half comprising a second article of
thermoplastic polymer transparent to ultraviolet light,

..said article having a central curved section with a

concave surface, a convex surface and a circular
circumferential edge, wherein the portion of said convex

25 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 sufficienﬁly
smooth so that the surface of a contact lens formed by
polymerization of said polymerizable composition in

30 contact with said surface is optically acceptable,

35



30 35 EXAMPLE 7 1 1%
Zinc stearate was mxed with poI ystk““lﬂ“ll““ll“‘l‘l)“u"uce backcurve nol ds.
~The contact | ens were prepare ‘i 'saceordarce sw t* he procedures

descri bed herein, except the curing tenperatures were nodified. The % 5
yi el ds are indi cat ed her ei nbel ow. -72- Curing Tunnel 43 ([err] O

54 ([err]C) 62([err]C) 69 ([err]Q Zone | Tenperature nomal
operati ng | 10 onn production/ Control 31% 36%
34% 30% whdPeZn $headierex sut¥aca@¥of said back mold cormd@mts 72% 15

ﬁesgg\g{jehﬁ et':l'i? bc?lvrecm{&%en@l%‘is egageofsgggd 1840 Gno1a HBaate nol ds under
and the front mold half is clamped against the back
mold half;
' and the polymerizable composition undergoes
5 polymerization under precuring and curing conditions
with ultraviolet light and the back curve is separated
from the front curve and the contact lens during a
demolding process and the front curve is subsequently
separated from the contact lens, the improvement
10 comprising utilizing a back curve mold that is comprised
of the mold material of claim 2.

43. The process of Claim 42 wherein the contact
angle is less than or equal to 90°.

44. The process of Claim 42 wherein the contact

15 angle is less than or equal to 75°.

45. The process of Claim 42 wherein the wetting
agent is present in amounts ranging from about 0.05% to
about 5% (w/w).

46. The process of Claim 42 wherein the wetting

oo agent is present in amounts ranging from about 0.1% to
about 2.5% (w/w).

47. The process of claim 42 wherein the anti-
wetting agent is an ethoxylated amine, hydroxy alkyl
‘tertiary amine, or quaternéry ammonium sulfate, or

25 stearic acid or salt thereof.

48. The process of claim 42 wherein the mold
material is ethoxylated tertiaryamine, N,N-Bis(2-
hydroxyethyl)alkylamine, zinc stearate, 3-
(Lauramidopropyl) trimethylulammonium methyl sulfate, or

30 8oy dimethyl Ethyl Ammonium Ethosulfate.

35



gave about the sanme high yields. In addition, | | es. Thus,
the zinc stearate nodified nol ds allows a w a‘u 3@'“'” mr i ons |n

curing conditions 20 and do not affect the |ens

35 - 59- _

EXAMPLE 8 1 Various soft contact lgenses were prepared in

accordance with the above procedures utilizing a back nol d hal f made of
ei t her pol ystyrene or polystyrene and additive as described herei nabove.

After the nold 5 palveshawicld matbrdpdr bf thaipercimtwigiciofthwl es in the
1 wetting agent is present in amounts ranging from abqut

0.05% to 5% (w/w).
50. The mold material of Claim 49 in which the

wetting agent is present in amounts ranging from 0.1% to

5 2.5% (w/w).

51. The mold material of Claim 2 in which the
dynamic contact angle is less than or equal to about
20°,

52. The mold material of Claim 51 in which the

10 dynamic contact angle is less than or equal to about
75¢° .,

15

20

25

30
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contact |ens produced by that nold was determ ned. The results are

t abul at ed herei nabove. 10 Type of Materi al %
of Hol es 1. Polystyrene : 5.4 2.
Pol ystyrene _ 3.3 3. Polystyrene

1.8 15 4. Pol ystyrene 3.2

Pol ystyrene + 1% T4 Abi'| wax 9801

6. Polystyrene + 1% 0.5 SF1080 20 7.
Pol ystyrene + 3% Axel wax 33 RD

8. Polystyrene + 1% ABé%ﬁ%gf.Z : FCA430 , 9.

Pol ystyrere + 2. 0%he present invention ¢sqdppected to MRS itdgn As
readily showgouBaes; 4658 tiidichic0Bs pbllfheo¥Plénd 6ssth athdleasti n the.
contact |ens when the back nol d gontal ned n_internal _.addjti.ve.. 30
35 0.05% (w/w) of an additgve or wettfng agent, tﬂ%‘%ﬁfi%ﬁe
of manufacture coﬁprised thereof, such as a mold for
5 making contact lenses and the mold assembly containing
said mold, and the use of such mold so to minimize

defects, such as holes, puddles, chips and tears in tﬁe

lens.

N .

35



The above preferred enbodi nents and exanples are
scope and spirit of the present
descri bed

i nventi on.

1 given to illustrate the

The enbodi nents and exanpl es

Hy.drale. Inspect
and Package

herein will make apparent to those skilled in the art ot her
enbodi ments and exanpl es. These ot her enbodinments 5 and exanples are
within the contenplation of the present I nvention. Therefore, the
present invention should be limted only by the appended cl ai ns. 10
20 25
Mold Front Cusve at Moid Back Curve at
High Temperature B High Temperature
and Pressure and Pressure
Injection Moid #1 Injection Mold #2
7 ]
lo ! Lra
High Speed Robatic
Transfer to Low "
Oxygen 108~
Environment
This Sheet Has Been Re DeGas inLow | —~/ 0 é.
Oxygen
' Environment
10¢
l /£
Deposit Monomer in
c.~1 Front Curve and
/07 Assemble Mold DeGas Monomer
Parts
Precure under q
Pressure inLow |— /4
Oxygen
Environment
- FIG. 21 l
Complete o
Polymerization - 'I
(Low Oxygen
Optional)
1
HeatBackCurve |~ 1
and DeMold
=
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CLAIMED IS: 1 1.
use in the production of cont
a thernoplastic polynmer and a®
into said 5 thernoplastic g
rangi ng from about 0.05%to

103,

A nmold materi al

8

| enses,
i nt ernal

-61- VWHAT | S
constituting a nold half for
said nold mat eri al conprising
addi tive which is inpregnated
and which is present in anounts
! sai d t her nopl astic
& ypropyl ene and said additive being a

mat eri al bei ng pol ystyrene [o
'Folyeagylgnetogooo tpoI;t/)pr;) Ay haV|ng a nnlegulﬁr relghf rangi ng
rom abou 0 abou an am de wax o e formul a
Rlerr] CONH err], wherein Rje hydr ocar byl group, and the am de
wax has a nol ecul ar wei ght [ 200- 2000, silicone havi ng a
nol ecul ar wei ght rangi ng frjg dut) 2000 to about 100, 000, Montan wax,
oxi di zed wax, fatty acid 19 [34vi pg @ nol ecul ar wei ght of about 200 to about
2000, a conpl ex ester ori Jz ohbi%rat i on t her eof . 2. A nold
material constituting a mol [ &hal { for N
< oS o ’
>
N [ HEE Y
EE( ~
- ‘Eo..
H
N 2
S’, z
o -
(3
g
= 3
2 | N
3= . L
%8 =
a8
= <
T3
'\ Q
\]
< :
(\ -
NL.g | o r
5 -,
529 \:.
58
[¥]
* :;—.,' :] o his Sheetlliiilfielnmeﬁiced



use in the production of contact |enses, said nold mat eri al conpri sing
pol ystyrene and an wetting effective 20 anount of a wetting agent adm xed

therewith, the wetting force of said nold naterial being described by
t he equati on: F = 2[err] pcos [err] where F is the
wetting force of the nDId hal f 25 [err] B, he?%d@face t ensi on of
distilled water is the perinmeter of the:nmold material at the

n the wat er and

meni scus when the nold half ially imrerse
Frain Angl e of said nold

[err] is. dynam c contact ang erein the cgnt

material is less than 100[err]. 35

-62- 3. el i al ﬁi clakm 1 e 1 am de
wax is a fatty acid a ) ) & | of claiml
wherein the t he i (S pol ystyrt 5. The nold
mat eri al of gbaim ‘ nopl astic polyne K | ypr opyl ene.
6. The nol g i\n the . additie esent in

16

30—
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7. The nold material of claim1 wherein the 10 additive is silicone.

8. The nold material of claim2 mherein t he additive is an
anti-static agent or |ubricant. 9 The nold material of claim2
in which the wetting agent |s an ethoxylated am ne, hydroxy al kyl 15
tertiary am ne or quatermhs F ate, stearic acid or salt

t her eof . of claim9 wherein the wetting
agent is ethoxylated tertl N—Bls(2- hydr oxyet hyl )

al kyl am ne, zinc stearate, 3 20 Lauranldopropyl) trimethyul ammoni um

met hyl sul fate, or soy Dinethyl Ethyl Ammoni um Et hosul f ate.

11. A nold half useful in the production of a contact |lens by the

pol ymeri zati on of a polynerizable conposition in a nold assenbly
conprised of said nold 25 half and a second nold half, said nold half

conpri sing an integral article having a central curved section

defining a concave surface, a convex surface and a circunferenti al

edge, at |least the central portion of at | east one of said concave
surface and said convex 30 surface having the dinensions of the back curve
of the 35 - - 63- - desired
swel | ed or unswelled contact |ens to be produced

| cavity / 5

Cavity / 1

Cavity / 2 Cavity / 6
Cavity / 3 Cavity / 7
Cavity / 4 ;Cavity / 8

Basae Curve Frame

FIc. 5



1 in said nold assenbly and being sufficiently snooth and contoured so
that the surface of said contact |ens formed by pol ynerization of said
pol ymeri zabl e conposition in contact with said surface is optically 5
acceptable, said article having an annul ar fl ange integral width and
surroundi ng said circular circunferential edge and extendi ng therefrom
in a plane normal to the axis of said concave surface, said article
al so having a generally triangular tab situated in a 10 plane normal to
said axis and extending fromsaid flange, said article having a
thinness and rigidity effective to transmt heat therethrough and to
wi t hst and prying forces applied to separate said nold half from
said nold assenbly, and said article being conprised the 15 nold nateri al
conprised of a thernoplastic polyner adm xed with an additive or
canti-wetting agent in accordance with claim 1. 12. The nold
hal f of claim 1l wherein the additive is a fatty acid am de wax. 20
13. The nold half of claim 11 wherein the t her mopl astic polymer is
pol ystyrene. : 14. The nold half of claim1l wherein,the

therﬁﬁpShﬁﬂﬂ@FﬂfﬁE d i s pol ypropyl ene. 15. The Mold hal f of

claim .additive 25 is present in anmounts Mg from about
0.1 ti % by wei ght . 16. The mol g¢rhalf of claim 11
wherein the additive is silicone. J/ 17. nold hal f useful in
the production of a 30 contact |lens by the p!Iyngp'zation of a
pol yneri zabl e 35 j

_//
A
_ < o)

ey, _ X”—

PRIOR ART

FIGURE 6



- 64- conposition in a nold assenbly conprised of said nold 1 half
and a second nold half, said nold half conprising an integral artiijge
having a central curved section defining a concave surface, a convex
surface and a circunferential edge, at |east the central portion of at

| east one of said concave surface and said convex surface having the

di rensi ons of the back curve of the desired swelled or unswel | ed
contact |lens to be produced in said nold assenbly and bei ng
sufficiently snmooth and contoured so that the surface of said contact

| ens 10 forned by pol ynerization of said polynerizable conposition in
contact with said surface is optically acceptabl e, said article having
an annul ar fl ange integral width and surrounding said circular
circunferential edge and extending therefromin a plane 15 normal to the
axi s of said concave surface, said article al so having a generally
triangular tab situated in a pl ane normal to said axis and extendi ng
fromsaid flange, said article having a thinness and rigidity

effective to transmt heat therethrough and to withstand 20 prying forces
applied to separate said nold half from said no ssenbly, and said
nol d hal f being conprised of-a nold material c Lsed of a pol ystyrene
adm xed with a wetting agent in accordance wit# claim?2. .
The nold half @f claim 17 wherein the contact 25 ‘angle of {he nold materi al
is less than of equal to 90[err]. 19. Ahe nold half of claim17
wherei'n the wefting agonNt TS arr et noxyrategq anrne, hydr pxy al kyl
tertiary amjne, or qq??é\nary annoniun1su|?ate, stearicfacid or salt
t hereof. 3@ : :

/
aod -

FIGURE 7
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35 _ - 65- 20. The nold
half of aim17 whetein the contact 1 angle of the nold material is |ess
than or equal to 75[err]. 21. The nold half of daim1l7 wherein

t he amount of wetting agent present fromO0.05%to 5% (wWw).

22. The nold half of Caim21 wherein the anount 5 of wetting agent
present range fromO0.1%to 2.5% (wWw). 23. The nold half of claim
17 wherein the nold material is ethoxylated tertiaryam ne, N, N-Bis(2-
hydr oxyet hyl ) al kyl am ne, zinc stearate, 3- (Laur am dopr opyl) '
trimet hyl ul ammoni um net hyl sulfate, or 10 soy di nethyl Ethyl Ammoni um

Et hosul f at e. 24. A nold assenbly used in the production of a
contact |lens by the polynerization of a polynerizable conposition in
said nold assenbly, said nold assenbly. conprising a front nold half and
a back mold half in 15 contact therewith thereby defining and enclosing a
cavity therebetween, and a pol yneri zabl e conposi-tion in said cavity in
contact with both nold hal ves, wherein . said front nold half
conprises a first article of t her nopl astic polyner transparent to
~ultraviolet light, 20 said article having a central curved section with a
concave surface, a convex surface and a circular circunferential edge,
wherein the portion of said - concave surface in contact with said

pol yneri zabl e conposition has the curvature of the front curve of a 25
contact lens to be produced in said nold assenbly, and is sufficiently
snooth so that the surface of a contact

Qr
/\/_ ls.-)[

v

Wetting Force

FIGURE 8
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| ens formed by polynerization of said polynerizable conposition in

contact with said surface is optically acceptable; 30 35
- 66- said first article having an annul ar flange 1l integra
wi th and surrounding said circular circunferential edge and extendi ng
therefromin a plane normal to the axis of said concave surface, and
generally triangular tab situated in a plane normal to 5 said axis and
extending fromsaid fl ange; sai d back nold conprised of an
integral article having a central curved section with a concave
surface, a convex surface and a circular circunferential edge,
wherein the portion of said convex surface in contact 10-with said
pol ynmeri zabl e conposition has the curvature of t he back curve of a
contact lens to be produced in said nol d assenbly and is sufficiently
snmooth so that the surface of a contact |lens forned by pol ynerization
of sai d polynerization conposition in contact-wth said 15 surface is
optically acceptabl e; said second article having an annul ar fl ange
integra?sVAth and surrounding said circular circunferential edge wiih
and surYouddi ng sai 8 circul at ! ' i '
0Fr .
-50 -
-~-100 | -
—-150 -
—-200 |- -
Optical Region
—-250 { 1 | 1 § i
-8 0 5 10 18 20 25 . 30

Distance (mm)

FIGURE 9
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ci{cun‘f erential edge and extendl ng therefromin a pl ahe 20 normal to the

‘axi s of said convex surface, and a general ly trlangu ar tab situated in
a plane normal to sai d axis and extendi ng fron1sa|d fil ange whebiers Fhe
convex surface G %é"éq _d,'back rmld hal f contacts the circunferential edge
of said front nold ﬁa, C o isaid ba nol d bei ng corrprlsed of a nold

mat eri al canpri sed ‘._Q t her propl asti ¢ pol yner adni xed with an

additive in accordance with claim 1. 25. The nold assenbly of.
claim24 in which the additive is a fatty acid am de wax. 30 35
- 67- 26. MOLDeMATHRIAR SABH HTH OADD r@ipg 24 wherein the 1

thernopl astic polymer is polystyrene. —— 27. The nol d assenbly of
claim 24 wherein the t her m)pl astic polyner is polypropyl ene.

28. The nol d assenbly of cI aim 24 vvhglgg e '5 addi tive or wetting agent

is present in anounts ran om .apou to about 2.5% by weight.

29. The noHd assentiSy P&e €F‘ i FrPYﬁnG\Hé‘f‘er éwétedé%fﬂlac iQRIRASIGicAC one.
30. A-npld assemignisingd polysbgrenedortpolymiopyldhe aniitictat deasity t he

pol ymeri zati on %E%a(a9b¥ngg'£ﬁb£§d1t1ve or wetting agent, the article
of manufacture comprised thereof, such as a mold for
5 making contact lenses and the mold assembly containing
said mold, and the use of such mold so to minimize
defects, such as holes, puddles, chips and tears in the
‘lens.
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conp05|t|on in said-nold assenbly, said nold assenbly conprising a

front mold hal f "a&nd a back mold half in contact therewith thereby
defining and enclosing a cavity therebetween, and a polynerizable
conposition in 15 said cavity in contact wth both nol d hal ves, wherein
said front nold half conprises a first article of thernDpIastic pol ymer
transparent to ultraviolet |ight,. saijd article having a central curved
section with a concave surface, a convex surface and a circular 20
circunferential edge, wherein the portion of said concave surface in
contact with said polynerizable conposition has the curvature of the
front curve of a eeohtact—ens to be producgd—h—satd—+ohd assenbly, and
is sufficiently sngokéldEontChasatt he surface of jamemEaacturdt|lens formed by
pol ynmeri zati on of g¢aitigh ﬂ’r' zhble . conp sm»qfohmma'e(fnt act with said
surface is optically t apl e; 'rgw rtfi cl e having an
annul ar fl ange '?%ﬂ%a‘gﬁﬁth and syrroundi amgﬁfﬁ 8?F€ular 30
circunferential ed e'aﬁd extendi ng therfefromin a plahe 35
- 68- normal &% 't he axis of said oncave su(féte and 1 generally
triangular tab situated ina pl gne"nor el ~ said axis and extending
fromsaid fl ange; . sai d Hﬂ%ﬁsm’?fm ;_‘sed of an integral article
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hawving a central curved section with a concave surface, 5 a convex surface
and a circular 'circunferential edge, wherein the portion of said convex
'surface in contact wi th said polynerizabl e conposition has the
curvature of t he back curve of a contact |lens to be produced in said
nol d assenbly and is sufficiently snooth so that the 10 surface of a
contact |lens fornmed by pol ynmerization ofg sai d polynerization
conposition in contact with said sufface is optically acceptabl e;

sai d second article having an anddf®r fl ange integral with and
surrounding said circular 15 circunferential edge with and surroundi ng said
circul ar circunferential ed @ tending therefromin a plane

normal to the axis of said cony ite, and a general ly triangul ar
tab situated in a plane normal |t #4i d axis and extending fromsaid

fl ange wherein the 20 convex syr sai d back nold half contacts the
circunferential edge of said frd hal f; sai d back nol d being
conprised of a nold materi al fibrgsed of a pol ystyrene admi xed with an
wetting agent in accordanCﬁ chaim 2. 25 31. The nold
assenbly of claim 30 wherein t c@tact angle is less than 90[err].

32. The nold assenbly of claim 'ﬁr in the wetting agent is an

et hoxyl at ed am ne hydroxy al kyl tertiaryam ne, gggternary amoni um
sulfate, stearic acid 30 or salft{2{FE} eof . 35
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- 697 33. .The nol d assenbly of claim 30 wherein th
agent is ethoxylated tertiary am ne, N, N Bis(2-

e 1 wetting

(Laur ami dopifo
.soy di met hyl Ethy

hydr oxyet hyl ) al kyl am ne, zinc stearate, 3-
tri met hyl ul ammoni um net hyl sulfate, or
Et hosul fate. 5 34.

contact angle is I ess than or equal to aBout 75[err].
wetting agent

rredit

assenbly of C aim 30 wherein the
rangi ng from about 0.05%to 5% (ww. 10
Cl aim 35 wherein the wetting agent is presdnt

IS presgn

about 0.1 to about 2. 5@6(m/m0 37. In-an |nprov
form ng a contact | ens fr | d assenbly LRY a
hal f 15 and a back nold half i c tact therewth [yhe eby
enclosing a cavity therebetween, and cont d

with
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pol ymeri zabl e conpositi gx
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-70- 7 said back nold half conprising a second article of 1
thernnplastlc .pol ynmer transparent to ultraviolet |ight, said article

« having a central curved secti.on with a concave surface, a convex
surface and a circul ar circunferential edge, wherein the portion of
sai d convex 5 surface in contact with said polynerizabl e conposition

has the curvature of the back curve of ga contact lens to be produced in
.said nold assenbly and is sufficiently™ snooth so that the surface of a
contact |ens fornmed by pol yneri zation of said polynerizable conposition
-in 10 contact with said surface is optically acceptable, wherein the
convex surface of said back nold contacts the circunferential edge of
said front nold half; and the front nold half is clanped agai nst

t he back nold hal f; 15 " and the polynerizable conposition undergoes
pol ymeri zation under precuring and curing conditions wi th ultraviol et

| i ght and the back curve is separated fromthe front curve and the
contact lens during a . denol di ng process and the front curve is
subsequently 20 separated fromthe contact |ens, the inprovenent

conprising utilizing a back curve nold that is conprised of the nold
material of claiml. 38. The process of claim 37 wherein the

t her nopl astic polymer is pol » The process of claim 37
wherein the thernDpIastlu polyner (S polypro- | ene. 40. The

- process of clgm 37 where 6 S [ esent |n ajrount s ranglng
from0.1 to 2%5'1 /rvie - ' Cavit /mg

Cavity / 2 jCavity / 6

Cavity / 3 Cavity / 7

Cévity / 4 §Cavity / 8
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35 ' . -, -71- 41. The process
of claim 37 wherein the additive 1 is silicone. 42. In an

i nproved process for formng a contact | ens froma nold assenbly
conprising a front nold half and a back nold half in contact therewith
thereby 5 defining and enclosing a cavity therebetween, and cont ai ni ng
in said cavity a polynerizable conpositiog in contact with said nold
hal ves; _ said front nold half comprising a first article of

t her mopl astic polymer transparent to ultraviolet light, 10 said article ~
having a central curved section wth a concave surface, a convex .
surface and a circul ar circunferential edge, wherein the portion of

sai d concave surface in contact with said polynerizable conposition
has the curvature of the front curve of a contact |lens to be produced
in said nold assenbly and is sufficiently snmooth so that the surface of
a cont act | ens formed by pol ynerization of said polynerizable
conposition in contact with said surface i's optically accept abl e; 20
sai d back nold half conprising a second article of t her | astic
pol ymer transparent to ultraviolet |ight, said article Egeing a central
curved section with a concave surface, a convex surfgee a circul ar
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4

circunferential edge,®wherein the portion of said convex 25 surface in
cohtact with said polynerizabl e conposition has the curvature of the
back curve of a contact lens to be produced in said nold assenbly and
is sufficiently snmooth so that the surface of a contact |ens forned by
pol yneri zation of said polynerizable conposition in 30 contact with said
surface is optically acceptable, 356

-72- wherein the convex surface of said back nold contacts 1 the |
circunferential edge of said front nold half; and the front nold
hal f is clanped agai nst the back nmol d hal f; and the

pol yneri zabl e conposition undergoes 5 polynerization under precuring and
curing conditions with ultraviolet Iight and the back curve is

separ at ed fromthe front curve and the contact |lens during a

denol di ng process and the front curve is subsequently separated from
the contact lens, the inprovenent 10 conprising utilizing a back curve nold
that is conprised of the nold material of claim2. 43. The
process of Claim42 wherein the contact angle is less than or equal to
90[err]. 44. The process of Claim 42 wherein contact 15 angle
is less than or equal to 75[err]. °~ - 45.° The pnﬁ@ggs of Claim42

wherein the wetting

’
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9035 -
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-

agent 'is present in apounts ranging from about 0.05%to about 5% (W w).
46. The process of Claim42 wherein the wetting 20 agent is present in
anounts rangi ng fromabout 0.1%to about 2.5% (wWw).. 47. The
process of claim42 wherein the anti - wetting agent is an ethoxyl ated
am ne, hydroxy al kyl tertiary amne, or quaternary anmmoni um sul fate, or
25 stearic acid or salt thereof. 7 48. The process of claim42
wherein the nold material is ethoxylatred tertiaryam ne, N, N-Bi s(2-

hydr oxyet hyl ) al kyl am ne, zinc stearate, 3- (Laur am dopr opyl)

trimet hyl ul ammoni um net hyl sulfate, or 30 soy dinethyl Ethyl Ammonium

Et hosul f at e. 35 -73-

49. The nold material of Caim2 in which the | wetting agent is present
in anounts rangi ng from about 0.05%to 5% (W w). 50. The nold
material of Claim49 in which the wetting agent is present in amounts
ranging fromO0,1%to -5 2.5% (wWw). 51. "The nold material of
Claim 2 in which the dynam c contact angle is |l ess than or equal to
about 90[err].
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52, Thé nold material "ef Claimb51 in which the 10 dynami c contact angle is
| ess than or equal to about 75[err]. 15 20 25 30
35 _ _
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MOLD MATERIAL, MADE WITH ADDITIVES

- The present invention relates to a novel polymeric
formulation containing an internal mold release additive
which assists in the release of one mold component from
another or an internal mold wetting agent which enhances
the interfacial wetting between the reactive monomer mix
and the mold surfaces, thereby reducing the amount of
defects formed in the contact lens. The present
invention is also directed to the molds made from such
polymeric formulation as well as to a method of
preparing contact lenses from these molds. '

An extensivé'éfray of methods is currently utilized
in the manufacture of hydrophilic polymer articles, such
as soft contact lenses. A considerable variety of
techhiques have’ been employed, such as spin casting,
static cast molding, lathing, and a combination of
casting and lathing, and particularly through the use of
two part molds. Generally, such mold parts for
hydrophilic contact lenses consist of a curvilinear
(concave/convex) centér of front curve mold part adapted
to form, in cooperation with a mating base mold curve
part, a two part mold for the contact lenses. These
hydrophilic contact lenses are usually constituted from
a hydrophilic polymer, preferably a HEMA-based polymer
(hydroxy—ethylmethacrylate),'among numerous other
materials. y

The components of the mold within which the
hydrophilié polymer contact lenses are molded may
consist of suitable pallets, each including a plurality
of cavities receiving mold parts having female and/or
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MOLD MATERTAL MADE WITH ADDITIVES

ABSTRACT

The present invention is directed to a composition
comprising polystyrene or polypropylene with at least
0.05% (w/w) of an additive or wetting agent, the article
of manufaqture comprised thereof, such as a mold for
making contact lenses and the mold assembly containing
said mold, and the use of such mold so to minimize
defects, such as holes, puddles, chips and tears in the

lens.

Figure 1

REPLACEMENT SHEET




