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U S. Patent Nos. 5,080,839, 5,039,459, 4,889,664, and 4,495,313, 1
the entire disclosure of each of these patents being incorporated
herein by this,specdddt riehenenes. gdherPIpgessidss Has nimg wefduction

contact |enses as generally o
of ophthalmic lenses, and more specifically relates to systems

and methods that include demolding contact lens molds,
15 delensing silicone hydrogel contact lenses from separated lens
molds, and related devices of such systems and use of such

devices.

Background
20 As the ophthalmic lens industry has grown, it has become

desirable to supply contact lenses that are periodically and
frequently replaced to minimize the possibility of wuser
induced ceontamination. This has produced an opportunity for
manufacturers to strive for automated methods and apparatus

25 that are able to automatically produce high guality ophthalmic
lenses in a cost-effective and highly efficient manner.

It is current practice in the art of making ophthalmic
lenses, such as soft contact lenses of the hydrogel type, to
form a monomer or monomer mixture that may be polymerized in a

30 plastic mold. Details of typical direct mold processes for
forming soft hydrogel contact lenses can be found in U.S.

Patent Nos. 5,080,839, 5,039,459, 4,889,664, and 4,495,313,




described in the above-nentioned patents includes the steps of 5

di ssolving a nononer m xture in a non-aqueous, water displaceable

sol vent and pl aci ng the nononer/solvent mxture in a nold having the
shape of the final desired hydrogel |ens. Next, the nonomer/sol vent
m xture is subjected to conditions whereby the nonomner(s)

pol ynmeri ze, to thereby produce a 10 pol yner/solvent mxture in the
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polymerizable mixture are disclosed 1in U.S. Patent Nos.

5,094,609, 4,565,348, 4,640,489 and 4,121,896, the entire

disclosure of each of these patents being incorporated herein

by this specific reference. The mold disclosed in U.S. Patent

20 No. 4,640,489 is a two-piece mold with a female mold portion

having a generally concave lens surface, and a male mold

portion having a generally convex lens surface, both mold

portions preferably made of a thermoplastic material such as

polystyrene. As discussed in U.S. Patent No. 4,640,489,

25 polystyrene and copolymers therecf is a preferred mold

material because these materials do not crystallize during

cooling from the melt, and exhibit little or no shrinkage when

subject to the processing conditions regquired during the

direct molding process discussed above. Alternatively, molds

30 made of polypropylene or polyethylene, such as described in
U.3. Patent No. 4,121,896 may be used.

During the molding process, the monomer and monomer

mixture is supplied in excess to the female concave mold




| ens edge, the excess nmononer or nononmer mxture is expelled from
the nmold cavity and rests on or between flanges that 5 surround one
or both nold portions. Upon polynerization this excess materi al
forms an annular ring around the fornmed | ens between the fl ange
portions of the nolds. As discussed in the above-nentioned U.S.

Pat ent Nos. 5,039,459, 4,889,664, and 4,565,348, it is inportant
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| enses adiexesechapneabr| eweragé &he depsedetler w Op&t to&r (when the

15 ring of lens material present after polymerization.

Typical prior art processes for separating the mold
portions and removing the lens therefrom consist of a heating
stage, a prying stage and a lens removal stage. The heating
stage of the prior art lens removal process usually involves

20 applying heat to the back mold portion by applying a heated
air stream to¢ the mold. The differential expansion between
the heated mold polymer and the cooler lens polymer shifts one
surface with respect to the other. During the prying stage, a
side pry bar is jammed between the molds from one side, and

25 the back curve mold is pried to pivot the back curve mold
upwardly from one side. The prying force then breaks the
polymerized lens/polymer mold acdhesion and separates the mold
portions.

Martin et al., U.S. Pat. No. 5,935,492, which is

30 incorporated herein in its entirety by this specific
reference, discloses a method for demolding ophthalmic lenses
using mechanical leverage and a predetermined pattern of

motion to gradually pry lens mold sections apart from one




anot her. Anot her denol ding process is described in U S. Pat. No.
5,693, 268. It has been recogni zed, such as disclosed in U S. Patent
No. 5,850,107, which is incorporated herein inits entirety by 5
this reference, that when there exists a tenperature gradi ent between
the mold halves and the lens, there is |less of an adhesion force

exi sting between the lens and the nold surfaces. It has been

suggest ethdihal: .t hizmafeeClden® 10088 psbgassi tantevbeibéheis Ussa pat.
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15 Technigues have therefore been proposed that are directed

toward heating a mold section to create a temperature gradient

in order to facilitate the demolding prbcess.. For example,

U.S. Patent WNo. 5,850,107 describes a process including

applying hot steam to a back curve mold half to form such a
20 temperature gradient and prying the mold sections apart.

A conventional approach to removing a contact lens from a
mold section, or mold cup, of a newly separated mold assembly,
employs the use of a vacuum head. The wacuum head is placed
into contact with the exposed side of the contact lens and

25 wvacuum is drawn through a single hole therein. The vacuum
contacts a minor portion, that i1s less than 50%, of the area
of the surface facing the wvacuum head. Vacuum 1is often
applied using a motorized constant vacuum machine. Using such
a conventional vacuum system runs a substantial zrisk of

30 damaging the contact lens and allowing liguid from or in
contact with the lens to enter into the vacuum system, placing

an added burden on such system.




Caneron U.S. Patent 6,288,852 discloses a nethod and apparatus for
retaining a contact lens in a fixed position to allow coloring of
the I ens. The nounting assenbly disclosed in this patent includes a
surface on which the contact lens is 5 fixed with the assistance of a
vacuum created by a vacuum punp. The vacuum passes through the
nmounting assenbly and through a plurality of small capillaries in

t he surface. CHuiesonpatept degsnmot 6028E)85E arisslggest 4 enmtimgl aand
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for example, liguids. To illustrate, newly forged polymeric
contact lenses often contain unreacted monomers which are
removed by extracting the monomers from the lens with a liquid
medium, such as a non-agueous liguid medium. After the
extraction processing, the contact lens is contacted with an

20 agueous ligquid medium to hydrate the lens, for example, to
swell the lens with water.

During such fluid processing, the lenses can become
damaged, for example, by the fluid processing itself and/or as
the lenses are moved between processing steps. In addition,

25 since a large number of different contact lenses, for example,
contact lenses having one or more of different base curves,
different refractive powers, different overall diameters,
different cylinder corrections, if any, and the like
differences, are often processed at the same time, such lenses

30 can be misidentified after the processing. Such misidentified
lenses can result in added manufacturing costs, higher Ilens

discard rates, and even mislabeling of the final lens product




and/ or providing the wong lens to the ultinmte consunmer, the |ens
wearer. There is still a need for nore effective nethods and systens
for manufacturing nethods and systens that include 5 denvolding
contact |ens nolds, and del ensing contact |enses, especially silicone
hydrogel contact |enses, fromcontact lens nolds. Summary 10

Met hods and systens useful for manufacturing cast nolded ophthal mc

| enses, SHEh@S,8i4i00Re (avdregal qeRkagh teRSES tinAadke Re@0mer, the
i nvented. The present rethods and systens are effective in denolding

ophthaJrﬁQﬁﬂeﬂﬁﬁnﬁﬂ'ds, or separating ophthalmc l[ens nolds, _
conprising az@@r@e{éz%cii'ﬁgfa PLAdUCl 56, 15n3LE E‘éf%g,ieli% | Re Qg &NSLAY

pol yneri zed | ens products, renovi ng pol yneriz ens products,
from ophaysiarisc fens mlufacsectihondgietdrodsot And Carysdeast stloat ellawdnts

of the p ni. . et hods .an S hav. I in I
aspegt,4%%?%%%%%n%0?%ﬁaﬁt?%ﬁgréﬁgggét%%ike%%%%gﬂ%% égﬂkggﬁfégpgggﬁg
a sili cawmdnidiidgelsiddrbaet hiyénsge Focontex@nplen sddhe fproas enminteethédss
conprise curing a polymnerizable silicone hydrogel |ens precursor
conposi t'fO1F9'n a contact lens nold assenbly to forma pol ynerized
silicone hydrogel contact |ens product |located in a | ens shaped
cavity defined by a 25 first nold section and a second nold section
of the UMM |ens nold assenbly. The contact |ens nold assenbly is

denmojpded t0 MAVME ArveRafakad MRldu3eFIrOMEHMICtsrdgt Rest molded
pol yneri zed silicone hydrogel contact_ |ens product. The polynerized

si | i coneMydrdgelc danses |8 pddettirengehedsededo crpsarthéenses,
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contact lens product. In certain enbodinents of the present nethods,
the demfftiatgveonpri sesotdhnacrrhgheheicodsast neklds nobyd &sPaFBlLynge
ophthalmic lens molds, comprising a polymerized lens product,
15 are effective in delensing polymerized lens products, or
removing polymerized lens products, from ophthalmic lens mold
sections, or both. Components or elements of the present
methods and systems have also been invented.
In one aspect, the present invention relates to methods
20 of manufacturing a silicone hydrogel contact lens. For
example, the present methods comprise curing a polymerizable
silicone hydrogel lens precursor composition in a contact lens
mold assembly to form a polymerized silicone hydrogel contact
lens product located in a lens shaped cavity defined by a
25 first mold section and a second mold section of the contact
lens mold assembly. The contact lens mold assembly is
demolded to provide a separated mold section comprising the
polymerized silicone hydrogel contact lens product. The
polymerized silicone hydrogel contact lens product is delensed
30 from the separated mold section comprising the polymerized
silicone hydrogel contact lens product.
In certain embodiments of the present methods, the

demolding comprises contacting the contact lens meld assembly




conprising the polynerized silicone hydrogel contact |ens product
with a liquid. After the contact |ens nold assenbly contacts the
liquid, the nethod conprises directing a wedge device between a
portion of the first nold section and a 5 portion of the second nold
section so that the only one of the separated nold sections
conprises the polynerized silicone hydrogel contact |ens product.
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In another aspect of the present invention, silicone
hydrogel manufacturing systems are provided. The present
manufacturing systems comprise a demolding station and a
delensing station. The demolding station is effective in

20 demolding a contact lens mold assembly. The contact lens mold
assembly comprises a first mold section, a second mold
section, and a polymerized silicone hydrogel contact lens
product located in a lens shaped cavity defined by the first
mold section and the second mold section. The demolding

25 station provides a separated mold section comprising the
polymerized silicone hydrogel contact Ilens product. The
delensing station is effective in delensing the polymerized
silicone hydrogel contact lens product from the separated meld
section comprising the polymerized silicone hydrogel contact

30 lens product.

In certain embodiments, the demolding station comprises
(i) a contact lens mold assembly contact liquid; and (ii) a

wedge device structured to separate the first mold section and



7 the second nold section so that only one of the separated nold
sections conprises the polynerized silicone hydrogel contact |[ens
product. The wedge device is located to receive the contact |ens
nol d assenbly after contacting the nold assenbly 5 with the |iquid.
O, in these enbodinents of the present systens, the del ensing
station conprises (i) a polynerized silicone hydrogel contact |ens
product wRNisacbnli AUl setfeshiye innpredyciong afhyteategashtédoneld
hydrogel contact |ens product; and (i,i) a vacuum devi ce structured
to renovESEFPle WPBEALEs NS cwev%%&as opg PERECHHdBRRT#rom

the sepafat eghdm|d sectimn. wéa%@eataa&ae enigodi et &g ok ot hadqariesenthe
systens, the systens conprise both of the foregoing denol ding
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scope ofsystemspr édent dehesaihon shadiicdedcemiztisare fldat i epolwedodeed

in any nbi i are tu i isten i1
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assenbly thatincapebeadenodgiesiusd g t e mehhkodgrekehilie pyesens, the
i nvention, the nold assen‘ol% generally including a first nold
secti on SWAFER§ &cyBREFal PtRoRéalrdel dpsegnapaddsnptaéry atakedphaend

nol d segeilgplsg_%i pg. @ generally convex | ens shaped
15 Various embodiments and elements of the present methods
and systems are described herein. Any feature or combination
of features described herein are included within the scope of
the present invention provided that the features included in
any such combination are not mutually inconsistent as will be
20 apparent from the context, this specification, and the
knowledge of one of ordinary skill in the art. In addition,
any feature or combination of features may be specifically
excluded from any embodiment of the present invention.
Additional advantages and aspects of the present invention are
25 apparent in the following detailed description, drawings, and

claims.

Brief Description of the Drawings

Fig. 1 is a cross sectional view of a contact lens mold

30 assembly that can be demolded using the methods of the present
invention, the mold assembly generally including a first mold
section having a generally concave lens shaped surface, a

second mold section having a generally convex lens shaped



8 surface, and a polynerized, |ens shaped article disposed between

t he concave and the convex |ens shaped surfaces. Fig. 2 shows a flow
chart of a nethod for separating sections of an assenbled nold
assenbly, in accordance with 5 enbodi nents of the present invention.
Fig. 3is a top view of a decoupling assenbly in accordance with yet
anot her aspect of the present invention. Fig. 4 is a side view of

the decQupkhbpg, asseably $ha¥RerkBekl 9. 18ns 10k 4Arksclel OPi Mddded
view of a nold assenbly being separated by a separation device of
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generators o € rénovi ng apparatus shown in Fig. 5. 20 Fig. 6 is a
cross-sectiongligvi e dfs one ofpt heleracodim abotkesidfincheaseamiing in
apparatus shqown in Fi.g. preparing_to ,repove a contact, |lens.froma
ol o AEPAFABRERprLHY 5ot gt SRb b ot Ve h T O A S oh'

surface of therigacauia bodyishowbew NnoFi ghebded2buplng 8assebly shown
cross-sectional _view show ng the vacuum body shown in Fig. 6 having
pi cked &p FR8:18ns fromthe nolding cup. Fig. 9 is a cross-sectional

vi eypof the vaguun@pbogly showsp i ahi Ovidy Wolth 2 @eniacisdeams yatbahed
to the vacuum body, and 30 a contact |ens processing tray. Fig. 10
is a cr&sBagabefoRsl 2 ARG icRe de¥AGANPHOYe RYMFI T YR ODr ew

shown in Figpr@, hBeiuaguUUMROLY ROWiROWE one of the separators of
FIG. 4A.
Fig. 5 is a somewhat schematic illustration of one

15 embodiment of a removing apparatus of the present invention,
the removing apparatus including a plurality of vacuum
generators.

Fig. 5A is a schematic illustration of one of the vacuum
generators of the removing apparatus shown in Fig. 5.

20 Fig. 6 1is a cross-sectional view of one of the wvacuum
bodies of the removing apparatus shown in Fig. 5 preparing to
remove a contact lens from a female molding cup.

Fig. 7 is a plan view of the curved distal surface of the
vacuum body shown in Fig. 6.

25 Fig. 8 is a cross-sectional view showing the vacuum body
shown in Fig. 6 having picked up the lens from the molding
cup.

Fig. 9 is a cross-sectional view of the vacuum body shown
in Fig. 6 with a contact lens attached to the vacuum body, and

30 a contact lens processing tray.

Fig. 10 is a cross-sectional view of the wvacuum body
similar to the wview shown in Fig. 9, the wvacuum body now shown

being withdrawn from the contact lens processing tray after



being withdrawn fromthe contact | ens processing tray after 9 the
contact |ens has been rel eased fromthe vacuum body and placed into
the processing tray. Fig. 11 is a cross-sectional view of an
alternate enbodiment of a vacuum body in accordance with the present
5 invention preparing to renove a contact lens froma male nolding
part. Fig. 12 is a plan view of the distal end of the alternate
vacuum baody showtd NLEhg. hds bedn kRlleSsadCrass: soid i e0daluyiB¥ay and
showi ng the alternate 10 vacuum body hol ding a contact |ens and
prepar i iy aEPprace the PrefsssHish 1&Ws processing tray. Fig. 14 is a
cross-sectionaly vi gw of za furthetsesbodismnt Bfeiad wacuym bad¥eifate
accordance with the present invention. Fig. 15 is a plan view of the
di stal empPasHmeng faf t RervaciBmy RN bBdROSeaRANCA Migh 1dhe Fpgeseqt
s astop Rl ivie di-ng pPRAFALUS LBncaccondances i h angther
aspect gf teﬂ’g'll ?\lv\gg?lé%%rb% g. 179%2 a cr oss-lge%;?ona?l Vi e%\v&of t he

hol di ng maApharatrastshown in Fig. 16 taken along line 17-17. 20 Fig.
18 is a crosss.secti,onal _view of,the hol.ding .apparatu own.i.n_Fi

16 taken al o%ﬂ&gl‘irrll 18- TBPEﬁnglTﬁ ?ﬁ' 1{élhesi st evAt 5% \§/—'i eewa(J)' egnage
syst em fwarcuwnl dionly shophutal figy. of. contact | enses for facilitating
handl i ng and/ gr pr.ocessing of the | enses, in accordance w th_ _another
hopect of ‘25 Fiffe Hrbckne e LoGRET BRC LN Oy Eteh PROTH nEhe FROPAPPLS
of 1he REhEin G RPP VAU S gS ROWdNitAcEl A8ns1en#8prEbgsingd0to2p1a8d 28e
each shaow a portion of a tray, of the holding apparatus of the
present JSiferdty Gn}eRﬁgPéP‘ﬁe%%Jch djfraS"t'he trays includes a different
feature for fﬁg‘.' hlatisng c38s9LsténtnsNi Vit Ner t4 BhfheP tBeHiment

trays. Detailed Description .
of a wvacuum body in accordance with the present invention.

Fig. 15 is a plan view of the distal end of the further
15  wvacuum body shown 1in Fig. 14.
Fig. 16 is a top plan view of a holding apparatus in
accordance with another aspect of the invention.
Fig. 17 1is a cross-sectional view of the holding
apparatus shown in Fig. 16 taken along line 17-17.
20 Fig. 18 is a cross-sectional view of the holding
apparatus shown in Fig. 16 taken along line 18-18.
Fig. 19 is a side elevation view of a system for holding
a plurality of contact lenses for facilitating handling and/or
processing of the lenses, in accordance with another aspect of
25 the present invention, the system including a plurality of
the holding apparatus shown in Figs. 16-18.
Figs. 20, 21 and 22 each show a portion cof a tray of the
holding apparatus of the present invention, wherein each of
the trays includes a different feature for facilitating

30  distinguishing the tray from other trays.

Detailed Description
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10 The ophthal mi c | enses described herein are preferably cast nol ded
contact | enses, nolded between contact lens nold sections which are
t hensel ves nol ded articles. In a broad aspect of the present

i nvention, nmethods of 5 manufacturing silicone hydrogel contact

| enses are provided. The present methods include nethods of
denol di ng ophthalmc |ens nolds and del ensing ophthal mc | enses, for

exanpl e sil rpenedmd-088k: | e888Ss Idesarphelier i@ airbedienepie pdrddey
i nvention, the method generally conprises providing a nold 10

assenbl yagt §geReds qmERD| d caSeembImPLESEh Rt SR redya Kectdoh ot
Vi ew i ngBlgiohs JREHTLL agRaEYed A6TEE@ld Y dned udes a first mold

section 8 having a first lens defining surface 4, for exanple, a
general | y cohtave Broest sheprat sfir thee Prasens sievewmd iealr d medédaden &f

havi 90 §.366000uL 07 121086001 RGABUEL 2CRACALE JOHAMY Grd GEORI LAY
convex [ens” shaped” surtace. Thé nofd assenbly urther cohprises a
pol yner iThed prersergshapethaid | thelddeli mpbbeds betiwedeme g r gphthahsic

defining surface .4 and,th econd | en ef.ini_ng,surface t
requiregepgnn@gﬁd?roﬁ??he§%£%QF%§ﬁni?ﬁhy%glgﬁa SlESFeSQO ??ﬁalgggmple

processisngisbres hgddopatkagnsegs. Forit he gpakéeat-edi mubociimgnanef the

illustrative clarity, the  follow n etail ed.description will be
di r ect edPBFIHEPTt y Eh%‘gmﬂea‘ieﬁgng | ST mSieds %ﬁﬁv YhsPnd ot

ol dgd SiskbgeNy COHNt alukihngaby dfpgelmcaent agkehienges? f ahomsanphe, cidose
| enses 25 formed from a pol ynerizabl e conposition confrisin a
f or mul ate6R1IPBAR Ydifva PBI y&i9-oxanyl IRFetitdé yREFRMRLY | congenerally

MONONEr ;3 ,Qf e §OPDINALLORAE RAIMNILhOXAM Y idigTee hacF i al éns shéf Loney
nononer and a pol ydi net hyl sil oxane nethacryl ate derivative, The
speci f i gukéacar eb: ankPle PG cofdi ¥R 1130 FOHERIVBed 1 PAS spRRIReE

detai | herelLp.are ot,t %e@%nﬁogédlf!ier%‘c%iér{“ 6i nghdig,d he seepegofi1dhe
pr esent |nven?fon, are those i scovered to be favorable to the
mandf acderéndhgsidindeme 6, for example, a generally convex lens

shaped surface. The mold assembly 2 further comprises a

polymerized lens shaped article 8 disposed between the first

lens defining surface 4 and the second lens defining surface

6, that requires removal from the mold sections 3 and 5 for
20 final processing steps and packaging.

For the sake of simplicity and illustrative clarity, the
following detailed description will be directed primarily to
the demolding of lens molds and delensing of molded silicon-
containing hydrogel contact lenses for example, those lenses

25 formed from a polymerizable composition comprising a
formulation based on a polysiloxanyl dimethacrylate silicone
monomer, or a combination of pcolysiloxanyl dimethacrylate
silicone monomer and a polydimethylsiloxane methacrylate
derivative. The specific features and demolding conditions,

30 described in specific detail herein are not to be considered
limiting to the scope of the present invention, are those
discovered to be favorable to the manufacture of silicone

hydrogel lenses. The lens shaped article in the mold assembly

I1




hydrogel |enses. The | ens shaped article in the nold assenbly 11 may
be a silicon containing hydrogel ophthalmc | ens that has been

manuf actured using radiation initiated polynerization of a nononer
conposition, the radiation polynerization being in the form of
ultraviolet light, for exanple. 5 A preferred pol yneri zabl e

conposi tion for the manufacture of silicone hydrogel lenses that is

sui t abl enshorpdise M tidheoreshe s, h@@%@@uuepﬁl’aﬂammogén@f tMafi BHS
aspects of the present invention is described in PCT_Publication No.

W020060 35874 Pap iy s e Re VeB VY FeGEpoEared B irEREr BRE¥VPRIFREIGY Of

entirety dJheomd YEBRHZA &COMRAS FAQD0BYn | 561%&1%5129@%&@@%}9
as a tint conponent, a W bl ocker conponent, ~and/or the like

will be tspresmapédubyrpetakeis ldfahdndifear pxsrple.in the art that the
met hgds and gy ?:tr%'fﬁ EgdaEBE’%ﬁéPfﬁaMé 'T:Jr%o 13 et ltgg mBﬁ%%hQH{re
& modif1 cations thereto e

wi th appropria utiliz
denol di i ofilstdere tydesgell Aehded thehseés Eunheulérﬁﬂrouherw1th the

pol ymer i l e _co i rnul 9 d_all such nDdlfle
nethods%ggﬁééfétgggséé%ﬁh%on3|dere%hgogbégﬁnt rloPﬁe S 6%gn%quhethe
pr esent gresentti onnv2itPoeaf eriabl \Weddrelnml d assepdty Pubbhisatdon No.

enbodi I nve tlon (of0) I ses | asti.c materia

Chat 1 5 ap00R0a68 18, PHERD 07 SHERtt chitcPrptiins it BV asP GREETFRGhS . Er
exanpl e enttheel. d sectrihens goaffediidblreCOIAPESi v b ”ft{%ly pr egaedude
i nvention nmay conprise an ethylene vi nyl alcohol resin

( her ei n&FEPReREGalsUgD B0 . Pith nFoRP %o FHHY Eloﬁk?FoﬁP@ﬁaPFnFs
provi dednla@orl khestspte denol ding steps in accordance with

enbodi mrents of the invention. The denol ding net hods are directed
primarily a@ttH@J§{éﬁ% ﬁRB%#%%%FQ@lEénﬁ@éﬁﬁ@stm§lﬁﬂQ}QﬁE&Hﬁﬁ%ﬂ%cﬁn

the 30 p@ianta,af €XPOSLRY kBenbgss -sha t%e' Gl Q8GRI I nede

one of the nold sections in, order to ilitate | ater
15 invention, possibly with approprlate modifications thereto,

can be utilized in the demolding of other types of molded
lenses formed from other polymerizable composition
formulations, and &all such modified methods and systems are
considered to be within the scope of the present invention.

20 Preferably, the mold assembly 2 in some embodiments of
the invention comprises a molded plastic material that is at
least partially transparent to the ultraviolet light. For
example, the mold sections 3 and 5 in accordance with the
present invention may comprise an ethylene vinyl alcohol resin

25 {hereinafter, usually, EVOH).

Turning now to Fig. 2, a flow chart is provided to
illustrate demolding steps in accordance with embodiments of
the invention. The demolding methods are directed primarily
at the steps involved in demolding the mold assembly to the

30 point of exposing the lens shaped article on a predetermined
one of the mold sections in'! order to facilitate 1later

processing steps.

12



processi ng steps. 12 The denvol di ng nmet hods may be perforned in a
denol ding processing station or denolding station of a contact |ens
manuf acturing facility or a contact |ens manufacturing system The
nmet hods are directed at a stage in the manufacturing 5 process
sonetinmes referred to as the peel stage, that involves separating or
prying apart the first nold section fromthe second nold section so

as to physi caﬁlé/ %&%ﬁ?iﬁﬂg%r%t{fg{dszqga y C8Rt 5 ﬁﬁfe%dzhg’ge%] 5Lk & ng

situated in only one o sect1 ons. di ng
st age, thecerpoird |sdrsishaped IEreddicbe,statizimedfomn ownaﬁcthelens

nmol d sec conveyed. t.0._a dele i s i_0 ed for
ooyt romERlERL P Y SHEA S0P Y RO S hBLLORFLEUELHE SR, | etem.
and to aRfheextetdnidsonhbydrdidartest a&tom(mm’agehom) Hhecamedufacturing

downsiream of the de] ensing statiqgn refer t he | di n.

b bcebs. BEREPES LRSS UM DrARIS  Soot: BRI SHecaRaNT FLRGS: aEaF 1T paEves
expl ai nedepardetay | okelwingsoapdat the fainst: Fmd:.’dj seett96n 3 Aokl e
separated fromthe second nold section 5 wthout harning the

i nt egrit 7e6PPENBOLlAef8cEhaPedCarts e BYGHGRd Y AR S0t dpa%%f&%%ﬁd

2. 20 |1 n-BRea86PeEhsOknEPEa! a&%m&wnsﬂ:bgt@ae:s;ﬁnbn@t keds of naldido1d
steps directed at aring predeterm ned nold section, for

exanpl e, SERELPRP st ﬁﬁgﬁrsébﬁléﬁmO%@l$%c$¢@g%iethﬁe%%ﬁﬁ$Qﬁ1%ﬁn%kﬁﬁqﬁﬁé
shapggl aggkghfepyré@% c[?nsrg}led e oaolangehelsﬂébis 8&%&5}:&5‘%0 a

renoval e secon ection 25 therefrom More specitically,
i n order dedepsepar @Halteonpre‘de@@tlmenéd fioel dremevion, thse Aephodshaped

| not udes ,¢ooliDg gy PLEde! gpgideds oot thpeckhofenl Sgexaphe, ¢

applylng a cooling” "agent: a portion an’out ef surface
t her eof . ektracsid¢n/ helaiprecisataéd onhdhothehowo) | Agcstep downdtmrrmamt
30 optiopal st and naot be included in many enbodi ments of the
present Qﬁ%eﬁ?f%ﬁflngrggétlon

i5 Preferably, the demolding process occurs under carefully

controlled conditions, as will be explained in detail below,
so that the first mold section 3 will be separated from the
second mold section 5 without harming the integrity of the
lens shaped article 8 formed in the mold assembly 2.

20 In one aspect of the invention, the present methods
include steps directed at preparing the predetermined mold
section, for example, the first mold section, to facilitate
retention of the lens shaped article by the first mold section
and to enable efficient removal of the second mold section

25 therefrom. More specifically, in oxder to prepare the
predetermined mold section, the method includes cooling the
predetermined mold section, for example, by applying a cooling
agent to at least a portion of an outer surface thereof, It
is to be appreciated that the cooling step is often an

30 optional step and may not be included in many embodiments of
the present invention.

After the optional cooling step, the demolding process

comprises placing the mold assembly in a fluid, for example, a

13



After the optional cooling step, the denol ding process conprises
placing the nmold assenbly in a fluid, for exanple, a 13 liquid at an
el evated tenperature, to facilitate defusing of bonded regions
between the nold sections. In some enbodinents, the step of placing
the nold assenbly in a fluid conprises applying heat to the nold
assenbly, for exanple, 5 imersing the nold assenmbly, at |east

partial lyquid ey | i dlePatdy of ehicdonized Wed efadil Brd€aPesplsi ey Nt
exceeding 1000 C. |t can be understood that- when the coollggastep is

not i ndoRded i nteHECHEt hBELVEPR plREI NV t heeFbt N BssenblP i nSORpe

fluid campRikiathlr sheSteRp0brapdanPhgi e PHOEES S ssdBb el el hedy i g
further conprises steps directed at physically separating, for

exanpl e CWP@?ﬁn@W@Q heedk edet el nealdnise i orf 3% oRTERRLE,
ot heg o |.d I h
5 ONG g g e r&ﬁ%% |cor¥0 %dlroge @%éﬂ% er 3 %EQ?M

article or the olynerlzed contact “lI'ens produ
retalne@a¢h Dﬁedben91shdpedtaﬁ stwézﬂﬂmmﬁraﬁugepmedeﬁscﬁﬁdedgan@° C.

section sha artjc t hereafter rean from
predeternlne nﬁe ngcﬁ%§ﬁ°35|%§agﬁlké e% echﬁ?aues kno |ﬁ%the

art, andndiedederns stiapedetiidd cl ehsubjlacied bd eta asiidnasashmbly in
hydrati n e as deS|red 20 A "predetermned pold section" refers
0 one. rgra TABLE 67° BRat™s LURaGEE Prof RRESIEISY MAGPSSct i on and
the 1gecond mekdmgeBbiiORurtBePecdiieridyl Se@ls on rhakdr ataphgsibelly

contact |ens shaped_article upon the separation of the first nold
sectlonsﬁﬁérﬁﬁéngeco?ﬁFrnﬂ&ﬁmgéétlcﬁP14q¥%ﬂ%é PPRGEL ridtSed PFsdeternined

enbodi MaRhLY, skheiphedebsr FhaedABLdoSEChEORNESMbIE EkEslof®! dn order
section 3, which is often hereinafter referred to as the "nold cup”

in thattPh@XH°ﬁ§ttﬁ@lde§écﬁﬂ@ﬁeﬁsaﬁﬁécﬂénﬂﬁetﬁﬁl@Oéé@?FéﬁedhéwihQO@%e
concavehlﬁ,agégémap@&%é aggn4- ﬂx%ci?'ic&h Yol Une. 4 higghl yp autionat eghaped

contact Fens™ 30 manufacturing facilities enﬁ?oylng t he present
met Héds suirfaics of the predetermined mold section. The lens shaped

article may thereafter be removed from the predetermined mold
section using suitable techniques known in the art, and the
lens shaped article subjected to extraction and hydration
steps as desired.

20 A "predetermined mold section" refers tc one mold section
that is selected from the first mold section and the second
mold section, to be the mold section that retains the contact
lens shaped article upon the separation of the first mold
section and the second mold séction. In the illustrated

25 embodiments, the predetermined mold section is the first mold
section 3, which is often hereinafter referred to as the "mold
cup” in that the first mold section is the female mold section
having the concave lens shaped surface 4.

In high volume, highly automated contact lens

30 manufacturing facilities employing the present methods, it is
desirable that the all of the contact lens mold assemblies are
democlded in a manner that will result in a high probability

that the contact lens shaped article will reliably adhere to,

14



desirable that the all of the contact |lens nold assenblies are
denol ded in a manner that wll result in a high probability that the
contact |ens shaped article will reliably adhere to, 14 or be
retained by, only one of either the first nold section or the second
nol d section. For purposes of the present description, though not to
be considered limting the scope of the present invention, the first

mol d sectiogel §eE¥Eh&§' F%, Ergﬁ(]ﬁ Bh@%f”‘éh@h@%c QN £ 1$SABLIARS section

referred to as the f section or cup, and the secon
mol d sece¥orkhies @mw 16t hee i -nol &csaecpu@posgamﬁ nmeke r efrsgead

to as thg 0 ln_a o mﬁ t

i nventi on, gaﬁg?sted tiﬁ%%@ %gglﬁﬁgb?géﬁ %gg&%%% +%g é;g%532§§ %l%ij
nol d secth@npmﬁerdawserelﬁtaoh'zen$htaofbestemalaizesledylylcbmas:dmlced:aidlyd the
secti

pon rati n of t d sec |ons I n this,enmhodipent
The S optBoR: AEPAT BLflof RORaTTIes Sfahe SR 18, 4 BpEdR-TE ora
cool i ng sagemn d10 mild easd, aammrth@meﬁodmenqmrcedﬁcafmmecb ot 8 1y
section. The a ication of the cool,in ent assists in. dra
heat froH??h@agféﬂ%ﬁ%r%ﬁ?E&Pqnﬂ%P@%E?ﬁgn FETEGOIPnGS &FEnt aﬁ%y%wld
conpri sesaayigli tabl e agent that can be readily applied to one of

the nold sections to cool or freeze the nold section, in sone
i nstances, witthoutMesaisPRECHRYC sRERPFT caht the dOBFNAGCDRS the &tFer of

one qf t@@oI@AgCi $RE11Q8s- d:dHll%a”PA@ prkRet6oRhBg Qe HBYrion to
conprise liquid nitrogen that is applied to an outer surface of the

predet er arwedl Hst dlenstiorbdyreainasbihy r’@bﬁwscoqlcﬁd é@@oilrﬁow@ctb@p iy
limted Lo, a"&'d}lg’oforth'e“ 1@1%%%%%95 dr?ﬂ?'@ﬂ c?fér?e{?% d step
t he nol coo y

spray. 25 Al'ternatively, section nay appl yi ng
one or nofecoblime i@tluﬁ@mgappﬂYimgnmmdagentroﬁorcaxbmplEdaomqmélng

F:“."g”’%&?&;,le’ el ‘theiF%Sfc“Qer io%oo'o%dg é¥e<§’éﬁ‘eemat9%% G2l

qui ds sol vent s, e form sSprays, rop

sui tdbl eseeaim .of appi|applbnstlmmcbmdhﬂge cooling agent assists in
drawing heat from the predetermined mold section. The cooling
agent may comprise any suitabie agent that can be readily
applied to one of the mold sections to cool or freeze the mold
section, in some instances, without causing any significant

20 cooling of the other one of the mold sections. For example,
the cooling agent may comprise liguid nitrogen that is applied
to an outer surface of the predetermined mold section by
suitable means, for example, but not limited to dipping, or in
the form of droplets, for example, a spray.

25 Alternatively, the mold section may be cooled by applying
one or more of the following to the mold section: caxbon
dioxide, diflourcethane, or other refrigerant, cooled air or
other gas, cool liqguids or solvents, in the form of sprays,
droplets, or other suitable means of applications, including

30 but not limited to dipping one or both of the mold sections

into the agent.
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30 but not limted to dipping one or both of the nold sections into
the agent. 15 Preferably, the step of cooling conprises cooling the
predeterm ned nold section to achieve a tenperature of the nold
section of between about 0C to about -200C. In other enbodi nents of
the invention, it is not the 5 predetermned nold section that is
cooled in the cooling step. For exanple, in other enbodi nents of the

invention, thessteRn19f ORI B SO | §60TRA | RYmbResEB! dddirisly MPAE
section, the second nold section or both nold sections depending, at
| east ipFeggtermdned haoclypesett innt efPaladieNki ch thaPeEasBse adl ofhe

10 ol d 266l QRE: 8k Co A J BRARPIOC BoPghSEN Ofo@valnary skill in

the art, using ‘routine experinentation techniques can deternine
whi ch one of Int hethmpt deseedinests oofnwhdiheinonhiofh, t H& nbsdnot the

ti . ' 1 [ I d
SeCt songyiefp-hEpkE, §9PL SR LR APV NE Do aaly od kesbobsand ol
made. The knanpddge igaidatad byemsuodireaier icfentlat | bmyveniegar di tige wat e
| d ti i t qft .al tajn.the | . | J
or 1 eoBing B F IR TSP OB i B LSBT0 "9 Aei PPTEI €T aprg

e rapi
aut omat igecpracessngeetibheokenses ablear stheicRd desenplnfig protesst
For exanple, in one aspect of the invention, the nmethod. co r%ﬁg?or

det er mi APnPAHicHPbf ERhetHBE d OLe tEHE ki 19T (EHFR 0§ of £RHF

nostioof &N .o ekaknohbhestensdyw.oduct when a specific one, or both of
the nold assenblies are cooled, for_ 25 exanple to a desired

tenper at ur e. EPHec3RBRLOf HRVFIAT| Ny MEANATACSEdd LprovitaPngTh, using
plurali f@é&hb%&}:b%&%&%s%gieﬂmfc}uesc%gral Ak PG deNtjcodn | 808 of

products, and cooling a specific one "of either the first nold
sect i on tied e sEstRggel Prsedidtdier gfotdl |offthhenpbil dSasSEedT i edre

and t hergafder coiR ac%c{]e%ﬁi'beve?’acﬂ@' GoSARd NS AR &L 88 Y coy L

t he nol& sections o
15 of material of which the lensas or mcold secltions are made.

The knowledge gained by such experimentation, regarding which

mold section will most often or always retain the lens upon

cooling or freezing of a known mold section can be used to

facilitate rapid automatic processing of the lenses after the
20 decoupling process.

For example, in one aspect of the invention, the method
comprises determining which of the mold sections will tend to
reliably and most often retain the lens product when a
specific one, or both of the mold assemblies are cooled, for

25 example to a desired temperature. The step of determining may
include providing a plurality of didentical mold assemblies
containing identical lens products, and cooling a specific one
of either the first mold section and the second mold section
of all of the mold assemblies, and thereafter separating the

30 mold sections to determine which of the mold sections of the
mold assemblies most often retains the lens after the
separation. Once this  determination is made, the

predetermined mold section will be known Ffor purposes of

16



nol d assenblies nost often retains the lens after the separation.
Once this determnation is nade, the predeterm ned nold section wll
be known for purposes of 16 facilitating denolding of a relatively

| arger nunber of these specific types of nold assenblies, for
exanpl e using high speed, and/or autonated denol ding processes
and/ or equi pnent. For exanple, sonme enbodi nents of the invention may

5 incl U%cﬁqqlthegngh%e&wa&ng%ﬁ geekh 8Ri{81 9T 8FglP SAWSEr L HE theBs
shaped article to be retained by the second nold Section. In yet
anot her sogsadimentyRest 9 i Aokht BGFemPhéchet WX €8APPISesisdad i Rgoh

both the fidst J0nld-SEGLER0 ADdid A 8GR ocHRL s SEEI /N d b ik .t O
(0]
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to be vilthi ¥othe S06GHE of PREHIRRNL 1T, o Ml'E 545Bnbl §Mis elior A0
the preseptpriBeBOd®HJIISngC Pfcacted Widsta hdlqui skdiJracind t ahe second
separation of the first nold section and the second nold section,
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in aof |l Withst TRy EXHM @0 MR SIHY ddWorP| fb RS SEED Yorl Ne@ Leeaid, ther
exanpl e an aqueous_liquid, for exanple, deionized water. Mre

speci f i d&iisy, sharedt aptbilecombert Fhg My Stndnides#raend ngole heerbrans

assenbl v, USi NG A ddQii d atapn ebevatfdsL eMherabil Sns 25050 hakbhhigbe
decoupling of the first nold section fromthe second nold section.

I n cert &iechogodenehreolting heaelirg stoap Fheeutes pingci oy hdid cveldd
o1 SERGY 5, ESLALI ) YAUBT M N W ent Bon®ooEhethohe
15 preduct on a predetermined one of the mold sections are
considered to be within the scope of the invention.

The mold assembly used in the present methods 1is
contacted with a liguid to facilitate separation of the first
mold section and the second meold section. Typically, the

20 contacting step involves placing the mold assembly in a fluid,
for example dimmersing the mold assembly in a liquid, for
example an agqueous liquid, for example, deionized water.
More specifically, the step of contacting may include heating
the mold assembly, using a liguid at an elevated temperature,

25 to facilitate decoupling of the first mold section from the
second mold section. ‘

In certain embodiments, the heating step includes placing
the cooled mold assembly in a relatively warm or heated fluid
for a period of time effective to reduce adhesion between the

30 lens shaped article and the lens shaped surface of the other

mold section, i.e. *the mold section that is not the

predetermined mold section. The meld assembly is left to
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30 I ens shaped article and the | ens shaped surface of the other nold
section, i.e. the nold section that is not the predeterm ned nold
section. The nold assenbly is left to 17 remain in the fluid for
about 1 second to about 10 seconds, for exanple, about 7 seconds.
The effectiveness of the heating step in separating the nold
sections may be enhanced by imersing the nold assenbly 5 in the

liquid, ‘keeigxamplad hendel orbZzeguhyat e, sebha Wol rasni CLENgegynds,
transmtted through the liquid. Therefore, sone enbodi nents of the
present TREt REASPEDNPRPIE | r=BFORCELi ng ul trasoni c energy through the

i qui d whi | erhbe o rRLY; 85880 ¥l $neMARESSd gt RAMR) Nin | Se@AABIIdD the
reduce the 10 amount of tinme the nold assenbly nmust remain in the
liquid fredd tieetdpep gRvhéa i srfansese of famgRALnTHE | febd oppeembly

energy .cau caui i on t Ld, r th nmat M of
nicrgbuﬁglegg%hagggggﬁét F%% d%%gﬁgﬁ%ngtﬁghesé ??gg%%icﬁzﬁgﬁg I's at
a frequedcyaebhict i veneyy 15ienhancensepdedt | obhodudthe fiiest hbigid.

assenbl y.fromthe second .mol.d assenbly,.for I I i
ener gy ﬁ&ﬁrﬁgorgpplsloé“ ATEBOT er%gKl—%}? Pef é)rr?t;ﬁ%)[l}},E t eeﬁ{blecaéjui é&lﬂépg%&a
t enper atwresof tupng onlhutsoplef en@higy ndirexteedneaglaboatl 300Ce Fone
exanple, the |iqui 20 may have a tenperature of petween abput 20C
and aboﬂ‘Pl§5C§S% Ynat v elSPereRe sj‘f}é%p%]fn’heé?i r?&otb emﬁ%l o‘%@%&nb‘%ﬁxe
nay 10COoRRBLEE BBPLYhEJthOtnslEadB dendlie reitd ragaenbliy, the Difeid for

means of heating the nold assenbly to acconpli;@lthe obj ectjve of
facilit&benFt@catipl FeREDITt he REI FILEEE 8RS, Af FEFFRPRLS BT IY

heati ng cblige80kdvassenbhVort BRe degphdi per mekhndl dRYLA&r t8Bhat N6d UsE
steps directed at splitting apart or physically separating the first

nol d s&écirehubbbes t Hialsa it bied AEerPERNI Wi | e the heating step
facilitates dggoupld NG ofi ot hgndidpt 40l gy SeCt kQRhERM t REFective to

15 enhance separation of the first mold assembly from the second
mold assembly, for example, the ultrasonic energy may be
applied at about 38KEH:z.

Preferably, the liquid is at a temperature of up to, but
preferably not exceeding about 100°C. For example, the liguid

20 may have a temperature of between about 20°C and about 95°C.

Alternatively, the step of heating the mold assembly may
comprise applying hot steam to the mold assembly, or other
means of heating the mold assembly to accomplish the objective
of facilitating decoupling of the mold sections.

25 After the step of heating the mold assembly, the
demolding method may further include steps directed at
splitting apart or physically separating the first mold
section from the section mold section. While the heating step
facilitates decoupling of the first mold section £from the

30 second mold section, it should be understood that in most
instances, the mold sections must also be subjected to a
process directed at causing physical splitting apart, for

example, peeling away, of the mold sections from each other.
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30 second nmold section, it should be understood that in nost

i nstances, the nold sections nust also be subjected to a process
directed at causing physical splitting apart, for exanple, peeling
away, of the nold sections fromeach other. 18 In accordance with
the present invention, the steps of physically separating are
directed at renmoving the other of the nold sections, for exanple,

the secand geLEr-886LL ONyifl OMnd hedRRMtshapednatbhe! ethwbi | eréhe | ens
shaped article remains 5 retained by the predeterm ned nold section
for exampveicahby BeEPsraibng s&6t i bire r3F nGeHBYARR pALt iITHSH 3%

the stepn@f BRYSiseakl ¥y SCRBLALKARLIOE FBbds886hE ORo14NEeBRLEh, from
assenbly after having been optionally cooled and subsequently heated

as descrihpedend Bérpedabovécleswphdeethenlanmobtiageparatiohe appadius
StrUgtuned i R PR0ANGA! LYo Rl hfif B LA 1RGO Ot {81 AL AL ¢ ! Nehe
| 5 th Ie,t%e secon %rom

| ens: i's éexa mol d Section, 1S ‘Separat
t he preddtretmoed setdisection to physically expose the |ens shaped

article retapned thereby. The nold. 15 separatji.on apparatus .
i ncl ude a deb?%%rﬂﬁwgn&%g éﬂftpﬁﬁgl%?%%ﬁngoah%ﬁ%rSgggiﬁﬁ epggeﬁfél%%e
mol d assembk¥tean haepasdlid osedt bei weehet wo ldc wddanglyr yahg el raehts,
for exanple two wedge shaped el enents, having._ tapered edges. The

1¥r e\ﬁé&(j‘e Hef!

t aper ed PE84Fe LR e defer §thpeRd 2 6 UEsERBRE feehiped
i nt quf agjon@spepbpler ak spordiizers ofin the fhesd nMekfasgeiédwn apfatiiens
second nmold section. The nold assean% is split bé,ﬁDVlng the nold
assenbl ptaLERETeRetAeBgERaBhERLHY ePBYERES, "PLBNSERELIPRI ROBIFBT RN

thick edge ofetdie  wedgershapedaghementshe Wacehnpausssa t hectabd, is
sections to be 25 pried apart and separated. Ot her neans for

decoupl isegarhtedolidogectionsraggtennineharpyel et igadi t9 oRBY pyChblY

a;hggzgggggaggh%ﬁihfgn?g%ﬁapgéagﬁkgcl%alfgﬁafﬁgg]ﬁ%é$é§§ﬁg lieako1d

15 separation apparatus may include a device having a cutting
element and/or prying element.

The mold assembly c¢an be positioned between two
cutting/prving elements, for example two wedge shaped elements
having tapered edges. The tapered edges of the wedge shaped

20 elements are wedged between interfacing peripheral portions of
the first mold section and the second mold section. The mold
assembly is split by moving the mold assembly along the wedge
shaped elements, from the thin edge to the thick edge of the
wedge shaped elements, which causes the mold sections to be

25 pried apart and separated.

Other means for decoupling the mold sections may
alternatively or additionally be utilized in this step. For
example, rather than utilizing linear wedge shaped elements to
pry the mold sections apart, 1t is contemplated that a

30 revolving element, for example, a spiral shaped element may be
employed for engaging edges of the mold assembly and opening
the assembly upon engaging and reveolving around the

circumference of the mold assembly. Other *alternative means
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pry the nold sections apart, it is contenplated that a 30 revol ving
el ement, for exanple, a spiral shaped el enent may be enployed for
engagi ng edges of the nold assenbly and opening the assenbly upon
engagi ng and revol ving around the circunference of the nold
assenbly. Ot her *alternative neans 19 of decoupling the nold
sections include, but are not limted to the use of |asers, infrared

light angt seakiuid i9ly e M sssedlsy idtagRl, m@ci sire | Aoteltal fed
enbodi nents, the nold assenbly and the wedge shaped el ements are

moved rél%tihRe 1% Phatsether I IHAR et mpd heodsing L5kt ymold
during tNQenMRVEMEBN acdbfc! BRIgShaPe] QUekiehe |SuRWnRhYS) Cally mold

exposed and rémains adhered to or retained on the |ens shaggd
sur f ace agfsembiy prnedether rierar nphaPesbceIotenh® | 419 UReTRE Pperbriekss ngo

stepg 1 n rf h Th t ne . Sect Lpps
IS ggnegfl y ?gggrdggaﬁgﬁzoﬁgggﬂﬁg cgﬁgehﬁél ac?%g?%ﬂgi ?gkgégg otﬁg
t he nowmcerepeséd | ens shaped article fromthe predeterm ned nol d

section | ens _shaped surface, the.present nethods na rthe 5
conpri se soal?i%ﬁg HE nd ﬁp%%ctairgﬁ%aﬁd & poséd Hq’é’rlsgc\sél%fellgea&p;orsgﬁdcl and
adher ed dearielso ddhedesoald ng: | Fepdithedr wontlaet 1éensshppedustr Lo act

liquid while the soaking liquid is.continuall ircul ated and

i1t er e RoTHREEREEE RO ared thg 55+ PBr HBU 1 n THT CHEANEF OPRATLN | PEePs
cauge a desigehdirdrakiornet-ebhe | eAs shapedorRl arft kekemoPaeterabbys
the soaking liquid is deionized water at a tenperature not higher

t han abéﬁtgfﬁﬁéﬁlﬁﬁrdbi%ﬁﬁﬁ%g-the soaking liquid may conprise

dei oni zed watrgr afqért aperatyee oof @aRauti t4%eC rdhess@t had Ry ahsR
conprise transmtting ultrasonic energy through the soaking liquid

duri ng EF@oP5dsodRPAg Sheped Sonet ke acti®h 4 hypdeaeitsanered hePéfs

Shened BeEhae MheOSHlpe SR I, Wilbite 30SKAS AlFPcarthe:
comprise soaking the mold section and exposed lens shaped
article adhered thereto in a soaking liguid or contact lens
product contact liquid while the soaking liquid is continually
circulated and filtered. This step may also be performed in a
manner that will cause a desired hydration of the lens shaped

20 article. Preferably the soaking liquid is deionized watexr at
a temperature not higher than about 100°C. For example, the
soaking liquid may comprise deionized water at a temperature
of about 75° C. The method may also comprise transmitting
ultrasonic energy through the soaking liquid during the

25 soaking step. Some extraction and hydration of the lens
shaped article may occur in conjunction with the scaking step.

Turning now to Figs. 3 and 4, optional methods and
apparatus'are provided for defusing fused regions between mold
sections of mold assemblies, for example, to facilitate the

30 decoupling and separating processes described hereinabove.

For example, a defusing assembly 410 useful for unfusing,
or cutting through, fused portions of the assembled mold

sections in oxder to facilitate the decoupling process can be
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apparatus-are provided for defusing fused regi ons between nold
sections of nold assenblies, for exanple, to facilitate the 30
decoupl i ng and separating processes descri bed herei nabove. For
exanpl e, a defusing assenbly 410 useful for unfusing, or cutting

t hrough, fused portions of the assenbled nold sections in order to
facilitate the decoupling process can be 20 provided as a conponent

of the pregentqdaavkdicigpshahioBs and pdesBheli AemdBNOdSst & Bfiey ably,
t he defu5|n&dprocess is at least partially automated.” The assenbly

410 maydenelddegnamidodser sBERfRAgPte FlSedTiTing BEQEHDF y 1Fn &F
fixed p@ég%hoBarﬁiQ? Saﬁéz{]m ST i QRS Ab1 YO o bhagdesntb it Qe thGans

fi xed nmol ding” asse y, a means for rotating the nblding assenbly
so as tforcagseirting dhe duseor exchidddes asgegbil vt Hnoughfined wepgekion,

regi ons f_t | di.ng. I a [ (o) 38 :
oot Tontodane Bar Lot ag CABTCREP ¥a 10 SRR SR P AR | O PR RS BBl
fused paetenbiyef ahlencant atdr |mrisstimiod thesenbtyng basenlypycad |35 tde

gerus| 10, 325UDLY 003, 0L ISIEL AL 12, LD AL RCEhLON 8 egions

exanpl e-#fi%a presen

inventi eff, the nwidiing assemyly 4@nds @asedskephpatiods dbl dee anold

nest 414 of the decoupling_ assenbly 410 whigch is structurgd %0 hol d
i

the nol 8PR§L888enbl y &0 LT EYY ARS§PLA e‘%r]?th | §2R1 R SIS ORC ot

nestopl athara:44§. f}EB@ddﬁBH%iBﬂs_ agsaifl YedhkQ oty &y therd i askeely,
structure for securing the nolding assenbly 40 in a |ongitudinally
fixed pByfttitywicpdly20 tBrassitasinge agseBhpYi A§essSeinIde two
conpri sg agdouaywardly extending arm 422 (Fig 11) which can be
automatically or nmanually noved toward the nest 414 and the nol di ng
assenbly 40FoThexdomhtar dhy aecosfdnag 4 zprenyeniiadingets of the

e PIheAEE MbnE e Rl il T anpag jo S8, mpd eaaungs e

t helheshopHatf amm 448 adAddt bé downwdeddypbixiends selakm 422 which is

structured to hold the molding assembly 40 securely in a

laterally fixed position on a nest platform 418. The defusing

assembly 410 may further include structure for securing the

molding assembly 40 in a longitudinally fixed position. For

20 example, the decoupling assembly 410 may comprise a downwardly

extending arm 422 (Fig 11) which can be automatically or

manually moved toward the nest 414 and the molding assembly

40. The downwardly extending arm 422 may include a mechanism

423 that contacts the molding assembly 40 and secures the

25 molding assembly 40 in a longitudinally fixed position between

the nest platform 418 and the downwardly extending arm 422,

Once the molding assembly 40 1is properly secured, it is

substantially fixed in position, and is non-rotatable with
respect to the nest 416 and downwardly extending arm 422.

30 The defusing assembly 410 further includes one or more

inwardly extending cutting assemblies 424 which may

automatically be moved toward the nest 416 and the molding

assembly 40 fixed thereto. Bach of the inwardly extending
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Once the nol ding assenbly 40 is properly secured, it is

substantially fixed in position, and is non-rotatable with respect
to the nest 416 and downwardly extending arm 422. 30 The def usi ng
assenbly 410 further includes one or nore inwardly extending cutting
assenblies 424 which nmay automatically be noved toward the nest 416
and the nolding assenbly 40 fixed thereto. Each of the inwardly

ext endi n cutt] enplje 44d clud§|§ti  CUt L enent 425,
for exgﬁﬁFg%qa%g%ﬁﬁg?% %rngégn%Pé?u%%%egted -$%§£ %%%@eﬁk a dista
end t hergefiplépoa hbadag Fomeexinplethe hwaded pledeeAdPngon cat di sl

mechani sm.engages t he fjxed nol di ng. y and i I n ;
bet ween eflﬁen%%?go T egiong of “YHE nﬁﬁ‘gggg%i o%g’.e I%l&%oeqﬁpaétgf%ﬁ are
decoupl icogtasgenbtyiadiOnshomged hihee filkade modBbnganesaubbyred ¢ cahdlyis

inserted into the nolding assenbly 40,, generally be en the nold

sect PongEREFEDS be‘?ﬂﬁeﬂeg%i %ga%%%e]ﬁ%%‘”gﬁoo# uﬁ%e@#%ﬁ?%‘ﬁ%ﬁons' In
structurge pArefEaCLEVEEOUPDLR iddembnesti1416hantd, mhdeassbatibty 406
therein, for exanple in the direction represented by arrows, 430 &@

Fig. 16re naphpRatheehhve Inge8tassetdty rbiait dOLHOE cRSERTPSE
tovar ds e 91 yORLERGBA M td1a beesho Lhosbosl d be appreci at ed

t hat ne 6 can rotate clockw se or_ counter 15 cl ockw se, depending
upon whi ch dPhect fefushes sheagerbadre 610 tHecHreie ingligesSngStTRgture

r ot gyl ng%%%%etés 98&5&?9%&6{{@’&&_4%@%{& eb1deleihnt ¢ 8bi ERe2BEN]
the nol d Sections at "the fused regions. The neans for Totating nmay
conpri seoaneaampatoin ataptddecirihrs trapaasead edo byoparevwehé3e| Appead -

nol di ng .assemhl y 20, in.an,appropriate di j O t 1 lewi
rotatin %ﬁntrgﬁ %égﬁéeénfﬁggﬁgt %F%dé?ﬂg %% ga?g€ ?o%%%ltﬁgoc ree
ul t r asonicsalrly wed dasbtjtoimt sibet weert ttigy melldmsett i onsit Théoultlt i by

oo e2eThta! IS E AU T UL L aCt e AN LIS oL
Fi 9.154Bc1aktkar sthe degsiding upon which direction the sharp face of
the blade is facing. The rotation causes the cutting element
inserted therein to slice apart the mold sections at the fused
regions. The means for rotating may comprise an actuator
adapted and structured to rotate the clamped molding assembly

20 in an appropriate direction such that the rotating motion
causes the hot blades 426 to cut through the ultrasonically
welded joints between the mold sections. The cutting elements
426 may then be automatically retracted and the molding
assembly removed from the nest 416.

25 Turning now to Fig. 4A and Flg. 4B, after the lens
precursor composition is polymerized and, optionally, the
defusing step, is performed, methods comprise a step of
separating the second mold section and the first mold section.
In certain embodiments, the separating comprises placing a

30 wedge or other separation device 610, as shown in FIG. 43,
between the first mold section and the second mold section.
This may be accomplished by moving a wedge relative to a fixed

mold section, or may be accomplished by moving the mold
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precursor conposition is polynerized and, optionally, the defusing
step, is perfornmed, nmethods conprise a step of separating the second
nol d section and the first nold section. |In certain enbodinents, the
separating conprises placing a 30 wedge or other separation device
610, as shown in FIG 4A, between the first nold section and the
second nold section. This nay be acconplished by noving a wedge

rel ativedQmil %@ atARbd 138 | OeLlydBR)e DE BECORBLE SHESE DY AW NEh
the nold 22 assenbly relative to a fixed wedge. In_enbodi nents in
whi ch toie wetidge i 35| itdagar . t HOnoVeTRsANY st YsyarpyllYi dé@earr dRom @
thin regi ; dgg.t ' (PRI YcT ey the . whkBge. I
enbodingﬁggl?%g%%?cﬁ@tggemg%g%érggg?ﬁédlar,.gg%ﬁkgsogegggk? gg?he "
novenentemimdibentisr dul arhisth tHze vedsewdge corcuherassawhl \as rot diek,
about: a .central axis_anpd,ca [ r S S '

o separaie o st 4B pEoURFRteE 4 s R el e Rt lEy
i n ot herrcandredi nghs:, d heentedde arals bend heatsss tiohd afitst abed second
separati o f the no sections. 10_Alternativel t he dge, may_be
o0 ed. TR (A PertodeRENEL Sy TEmroy 24| SORPAtiERERg CERFT Heree
- separ at 6 4 hihhddaded . SeGidwersr, ASnshenari BmbbimdA:sa oht dvasdsenhdy be
separation device in_accordance with an aspect of theginvention IS

i|lustrdddest Y% 6301 HHE tevi WP AT 1Cnpritseste i PetdseFaFAL GRS -

612qoands18ae§%%@e§ggara&@ 6428ge Thaaki I Ste Sepacatar, 612apapdiibgal
second separator 61 are spaced apart to forma nold assenbly track

6l4a. THELesIigeassemply eTPdoyard b2 Sfsv et di gy Fhete t FacReBaRAE§ nthde
directig@r@=ggg%igﬁ%pm/to separate the two 20 nold sections of the
nol d assenbly. The first separator 612a conprises a wedge 616a.
Sinmlarly, the sbovndisePafat 6, A2l EAady sapedgéiencgeviage in

SOl DBRERCH SO Sl 1A QTSR et egon Bl
sepdbat &xl0(.notThe device 610 comprises a first separator 612a and a
second separator 612b. The first sepaxator ¢6lZa and the
second separator 612b are spaced apart to form a mold assembly
track 614a. The mold assembly 710 can be moved along the
track 61l4a in the direction of the arrow to separate the two
20 mold sections of the mold assembly. The first separator 612a
comprises a wedge 6l6a. Similarly, the second separator 612b
comprises a wedge 616b. In addition, the second separator
612b comprises a second wedge 6l6c, and can be used to form a
side of a second track 61l4b with a third separator (not

25 shown).
2s shown in the side wview of FIG, 4B, the first wedge
6l6a is tapered along the length of the separator 612a. For
example, the wedge 616a has a small thickness, such as a knife
edge, at the first end 618 of the separator 612a, and a
30 relatively greater thickness at the second end 620 of the
separator 6l2a. The wedge progressively i1ncreases in
thickness along the length of the separator. In certain

embodiments, the thickness may remain constant (i.e., not
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25 shown). As shown in the side view of FIG 4B, the first wedge
616a is tapered along the length of the separator 612a. For exanple,
the wedge 616a has a small thickness, such as a knife edge, at the
first end 618 of the separator 612a, and a 30 relatively greater

t hi ckness at the second end 620 of the separator 612a. The wedge
progressively increases in thickness along the Iength of the

separ at pf eéébg‘?%&aia” Sbedi neat $het Redhi-gkpesedmYLieMBeBoganshant
(i.e., ROt~ 2 tapereés at a portion of the separator near the second
end 152820 Vedgessi@eobb bkl 6ndc Gbe subst aHPPERPYLaHbNt fEgPTERaL 10

structuggééé%mggqﬁhgéﬁgﬁdgg6§§parate the nold sections of the nold

assenbl y assenbly 710 contacts the wedges 616a and
616b bet weeTo t hepa wat enotie seetd oascoionhechvltiicamedblapsemid Ynolld

assenbly, 710 noves relativ th es.£16 616bsuntily thgp
sec&ﬂg ﬁ%?d iSﬁsﬁggigpgpgfego Fgﬁgghetﬁ%rgvgﬁgfh gggction due to
the strpstwsatSeitk bywd htold aggEsisineelof thd norlehsisupridivokndliee afoliche .
wedges. Alternatively, the separators ,coul d, be ved re iye t-he
mol d as@8RBMNLY 1 71Qebe ¥R 7% tSfé’c,eortd’aﬁ:é'ée M%q?easng@h%r a‘ansdp2éc]té£)of"bfochj’e:L

inventi Ps td&ondf €880 1dBERNLINONI § UrddRirapiavi gesm metheod$s i rsy s trerisl

and 15 cogfonents of such systens for rennvig%ﬁco tact_| enses Irgﬂl

mol ds ofedeiehsi Age cof? ackn® engbEeSHNCPH LS SThg h REAERTS VerY

lenges, ;{0r- £3aP! &nI8GRAL Y o#0l dad cqBlges. | ensgstetmatieelgontidud
of the present i1nvention, the del ensing nethods can be undeg@ ood to

be a compparatons gouidli deneudKRH ogelakbyk act J4'9 RSl fraRFralPLYi
nmet hod, . del ensi ng net hods can be separate nethods. The

ofk 1oe.
pr esent efen3|ng met hods, systens and apparatus are useful in
removi ng swelhabbeopdiyeerwitlboahather easpsctf f the invention, the

present invention further provides methods, systems and

15 components of such systems for removing contact lenses from
molds or delensing contact lenses, and processing such contact
lenses, for example, recently molded contact lenses. In the
context of the present invention, the delensing methods can be
understood to be a component of a silicone hydrogel contact

20 lens manufacturing method, or the delensing methods can be
separate methods.

The present delensing methods, systems and apparatus are
useful in removing swellable polymeric contact lenses, for
example, contact lenses comprising hydrophilic polymeric

25 materials, from mold sections or molding cups, and holding
such removed lenses during further processing steps. Such
contact lenses are often described as being swellable contact
lenses in that during use of such contact lenses the lenses
include sufficient amounts of water to be swelled by such

30 water. For example, such contact lenses often include about
10% or about 15% or about 20% to about 50% or about 60% or
about B80% by weight of water in an equilibrium state, for

example, when being worn on an eye. Such contact lenses are
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exanpl e, contact |enses conprising hydrophilic polymeric 25
materials, fromnold sections or nolding cups, and hol ding such
renoved | enses during further processing steps. Such contact |enses
are often described as being swellable contact |enses in that during
use of such contact |enses the I enses include sufficient amounts of
water to be swelled by such 30 water. For exanple, such contact

| enses ofdrem | Relrudecabowy a]s,O%s%rftabﬁEHré e 01 c AUt A% 1@n8BQUL o
50% or about 60% or about 80% by wei ght water in an equilibrium
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hydr ogel contact Ienses. In one particularly use di ment, e
cont act dosvigdaingcipedemaydeopatereats| i cBhe contathi Agnpefyaeei often
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nononeri ¢ nmaterials, tha rophiTi c nononers, Tor exanple,
t oget het’ny\drtophcumcomonmmerspt tffen: mmmpéles twlgied-hear evip:oi y:rresr | @edrdne

f ' th tact | As di d h
and sySCET 0 TR Rae reoris (57 VRMOVEAD Mot aEE FenShe, oPgract

exanpl e, lenseeent|ly fornmed contact |enses or polynerized 5|I|cone

hydr ogel contact | ens gr ducts, from nol di ng cups, such as a
denol ded ol &5set$01SSathe PERDYed W%%ségeﬁ%?tth@ﬁt%%dspﬁﬁﬁks§éﬁt?mﬁ

any 18ui tighedeangesndi’s eXaaPl@ncinkactdRfadd NEAsessSi Nbt OckEAPVE,
extractable material fromthe | enses, hydration groce55|n to

hydr at e HEFENFéHseLOTATE pHIHGiChHg, Jt%’isepﬁ ovPle PRéYRERAFCEoNBALICPRAS

product pfet-ogafie pdaetf q%tsv?;ro%@&s,m%oﬁr GRARMnSY LRSS ehudss o
apparatus (héreinafter wusual renovi ng apparatus”) effective to

rermve demgddedci rPidt e‘sercétrmml of Teent aeroYehs ekerfsesm melvdi hgereupss
for @gBl:%ssleH aﬁnef%]rgft I8t BﬁeefifnhﬁtlSPt f@f‘”eéxa%fi it L educed,

ri sk _of "damaging or rw se arnlng t | enses
15 processing to remove extractable material from the lenses,

hydration processing to hydrate the lenses, and packaging, to
provide the final contact lens product for safe and effective
wear. The present systems inciude apparatus (hereinafter
usually "removing apparatus") effective to remove or
20 facilitate removal of contact lenses from molding cups, for
example, in an effective and efficienf manner and with reduced
risk of damaging or otherwise harming the lenses.
In another aspect of the invention, apparatus are
provided for processing such recently formed lenses that have
25 been removed from mold cups. The present invention further
provides apparatus, (hereinafter usually "holding apparatus")
effective to hcld recently formed contact lenses during
preocessing steps such as extraction and hydration, for
example, during processing using fluids, for example, ligquids,
30 to remove extractable materials from contact 1lenses and
provide contact lenses which are safe and effective in use.
With reference to Fig. 5, a removing apparatus, shown as

810, in accordance with one aspect of the present invention,
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I n anot her aspect of the invention, apparatus are provided for
processi ng such recently fornmed | enses that have 25 been renoved
fromnold cups. The present invention further provides apparatus,
(hereinafter usually "hol ding apparatus”) effective to hold recently
formed contact |enses during processing steps such as extraction and
hydration, for exanple, during processing using fluids, for exanple,
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provi de contact | enses which are safe and effective in use.
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robot or other 10 operating/controlling mechani sm duri ng use of the
renovi ng® appREtHE 8@ PROYIIEn FHeA IR e ShowAPot endii RfFer

appag at Upe B0 A/ cASR] 18 ind CREERIEL 4PN Mirtihgd 188O0tar f Bhe eXdR) BN
robot of conventional design. The robot may be adapted, for exanple,
15 may BePrpraprodtEhmed or structured to respond to conmmands from a

human oper at @, 0 MRVEnd NEnbEHMMVANRY ARRA At HonSllhg aShpdeselsi Rad is
herein, to performthe functions of renoving contact | enses from

mol d cupsabhel phaciongusehiaet wiishs@s ¥ePdtensfopr ggessliag ar apbot| pf
one embggdi pent . noy | ppa u rrg;é %Q%Qife
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bechusemnay bdephepghdyramepst idn weructured to respond to commands £from

a human operator to move the removing apparatus 810, as
described herein, to perform the functions of removing contact
lenses from mold cups and placing contact lenses in lens
processing trays. In one embodiment, removing apparatus 810
20 may be adapted to be directly manually operable to function as
described herein. However, because of the highly repetitive
nature of the functions of removing apparatus 810 and the
relatively large number of contact lenses being produced and
processed, at least some degree of automation in the operation
25 of removing apparatus 10 is advantageous.

Fach of the wvacuum generators 822, 824, 826 and 828 can
be contrelled either manually or automatically, for example,
by the robot, to provide or withdraw wvacuum from the wvacuum
bodies 812, 814, 816 and 818, respectively, so as to allow

30 removing apparatus 810 to perform its functions.

Each of the wvacuum generators 822, 824, 826 and 828

advantageously involves a syringe-like assembly comprising,

for example, a movable plunger which can be appropriately
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nature of the functions of renoving apparatus 810 and the relatively
| ar ge nunmber of contact |enses being produced and processed, at

| east sonme degree of automation in the operation 25 of renoving
apparatus 10 is advantageous. Each of the vacuum generators 822, 824,
826 and 828 can be controlled either manually or automatically, for
exanple, by the robot, to provi de or wi thdraw vacuum fromthe vacuum

hodi es %%ed%gaglgia@% LESPEEthYelds §92a5gkQ alghew 30 sag,

renovi ng appar at u 0 to performits functions. Each of fhe vacuum
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control lably nove 10 syringe-like piston 82/ up and down (as shown in
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nunber rrve nean may be e oyed to nove piston 827 to
create @nltmnhdpamvﬁéaurtﬁafnnﬁdl I]f(w\lﬂsfp‘@cie wdd di33.15 Hacubatdokiabip,

as desired. tﬁ ?ﬁpl§% tr%%‘%dyﬂ%ﬁ8§§%wggﬂ £%F€?E”§§7N¥nd wa%l 833.

pneunmat PgaFFy 'l V€ neans powered by air or other gas
pressure; neshaningsdd yoAndimirvee| meénonitéal | yay dwchemsleyedugh theve

o AR X A TR A o
wel isknesudhi vedgeang, 825 aadired. For example, the piston 82? may
be operated pneumatically, that is drive means 825 powered by

air or other gas pressure; mechanically and/or electronically,

such as through the use of a drive means 25 comprising an
electrically driven motor, for example, a Servo motor and the

20 like; other conventional and well-known drive means 825 and
the like. In view of the conventional nature of many of the

useful drive means, such drive means are not described in

detail herein. For the sake of clarity, the drawings do not

show wires, pipes and/or other means used to power the

25 individual vacuum generators 822, 824, 826 and 828. However,

it is understood that such means are necessary 1in order to

allow removing apparatus B10 to function, as described herein.

Again with reference to Fig. 5A, when it is desired to

create a vacuum in hollow space 832 of vacuum body 812, drive

30 means B25 is activated to cause piston 827 to move upwardly in
space 831. When it is desired to withdraw the wvacuum in

hollow space 832, drive means 825 is activated to cause piston

827 to move downwardly in space 831. If it is desired to
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the like. In view of the conventional nature of many of the useful
drive neans, such drive neans are not described in detail herein.

For the sake of clarity, the draw ngs do not show wres, pipes
and/ or other nmeans used to power the 25 individual vacuum generators
822, 824, 826 and 828. However, it is understood that such neans are
necessary in order to allow renoving apparatus 810 to function, as

descrl bggok}gagl n, égggj_gh%t hi.ef 8Lencerd 0 FirG SAs WHEN L léré’@éifé%d

create a vacuumin | ow space 832 of vacuum body 812 drive
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831. Wh t
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in spac&283to m<bvetfuzstlﬂﬂsldo®dawa@d127lpr&wd@ @lpositive air pressure
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reference to Figs. to 10 eratlon of ving a 0
is descF’PBEHmm}’gﬂysgégl fich e?rq“é? g 2 ‘é/%’fﬁﬁﬂﬁdr?) ‘%l d tta}‘é#ou%be
be undeggkh@oflodB0¥EVEberdhiain ke AR gedomeﬁefra&t@:ﬂ oYL 814,
enpl oyed with vacuum bodi es 814, 816 and 818. In addition, it is

within A8 st6he8bt- t helR02PAYERPT ON IthatS eHaRNER (e vEEWAn BEdi g

812ao8lénvéﬁ§l@:@dt@a1§ ed®Y e Qperalednt f8atBers1ol SRY, be1opeiates
i ndependently, one fromthe other. Vacuum bodies 812, 814, 816 and

818 aremal| bst ropeuatatl teesthaml | 9r TANs bl Ppertiedniedependertly,

structur, of CE'J‘.‘én ody 812 apply equally to the structure of
each of ﬁen I’gldl es O8‘:}}%3'13816 and 818. The vacuum bodi es 812, 814, 816

and 818 areVacefer hbliyesnda2pf 84 4pol8ifer 2rd c APomerst anJorS‘emacrfW@d
one 1 orsTBHE BEELY CRROLYTECE: Lo LEL UL b B POV AT AP v
15 body 812 apply equally to the structure of each of lens bodies
814, 816 and 818. The wvacuum bodies 812, 814, 816 and 818
are preferably made of a polymeric component, for example, one
or more acetyl copolymers, other suitable polymers and/or
copolymers, for axample, polyethylene, polypropylene,
20 polytetrafluoroetﬁylene, pclyetheretherketone, and the like,
and mixtures thereof. Alternatively, a metallic construction
could be employed, for example, stainless steel, Hastelloy®,

and/or other corrosion-resistant alloys.
The distal curved surface 842 of vacuum body 812 1is
25 convex and is shown in plan in Fig. 7. Through holes 844
provide fluid communication between the hollow space 832 and
the curved surface 842. As shown in Fig. 7, vacuum body 812
includes nine {(9) through holes 844 in a circular array with a
central through hole 844. The through holes 844 extend
30 radially outward from the center of surface 842 so that an
effective portion, for example, at least about 10%, at least
about 25%, or at least about 50%, and in some embodiments, a

major portion, of the surface of the contact lens that is to
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20 pol ytetrafl uoroet hyl ene, pol yetheretherketone, and the |like, and
m xtures thereof. Alternatively, a netallic construction could be
enpl oyed, for exanple, stainless steel, Hastelloy(r), and/or other
corrosion-resi stant alloys. The distal curved surface 842 of vacuum
body 812 is 25 convex and is shown in plan in Fig. 7. Through hol es
844 provide fluid comunication between the holl ow space 832 and

the curyedsgpuntager842neASa2hoWN HddyFih dupddcdiumd bodyu8d2  irhcludes
nine (9) through holes 844 in a circul ar arraé with a central
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hole 844, at least at th f 2. This, feat t ly, 5
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a plurality of spaced;apart through holes 844 to the contact |ens,

advant ageousisy Fedtees dikesanvedvaniaospisdy, FRERFeRe Ther (pAPRYL of
hydr at evgaﬁéﬁ,f _Uklcé!mhxﬁéabgétﬁgmig%yd&seéd bhats pass asyditte ddd vl ct

space 8 ring operation o endvi ng apparatus "10.” Thi s reduced
amount bénswat shats pesseel dritee hal kv | et cABRy dardngt wredasyoremt

to the ennraly eebe 8L L RS Faabeie Rt PPl a st
i Nt hotébatSpacec 832 iéehicksathe $vat-tradcnshageierdieing22nly a
single through hole for the application of wvacuum to the
contact lens surface. Having a reduced amount of water pass
into hollow space 832 reduces the load on vacuum generator 822
and allows operation of system 810 with reduced maintenance

20  and down time and, ultimately with reduced costs.

As shown in Fig. 6, the vacuum body 812, included in orx
coupled to removing apparatus 810, 1is positioned directly
above female molding cup 850 carrying a newly formed, hydrated
hydrophilic polymeric contact lens 852. The female mold part

25 oxr molding cup 850 is part of the mold assembly in which the
jens 852 was formed. Thus, there can be some degree of
adhesion between the molding cup 8530 and lens 852 which needs
to be overcome if the lens is to be removed from the molding
cup 850.

30 The vacuum body 812 is moved into close proximity to the
molding cup 850 so that the convex distal surface B42 is close
to or in contact with the outwardly facing, concave surface

851 of contact lens 852. The convex distal surface 842 of

29



and all ows operation of system 810 with reduced mai ntenance 20 and
down time and, ultimtely with reduced costs. As shown in Fig. 6, the
vacuum body 812, included in or coupled to renoving apparatus 810,
is positioned directly above female nolding cup 850 carrying a newy
formed, hydrated hydrophilic polyneric contact |ens 852. The fenale
nmold part 25 or nolding cup 850 is part of the nold assenbly in which

the |egg.85¢ W% foéf[@dsugg\a'ﬁntlé‘ﬂﬁ %ﬁph_)@méﬁﬁ@ deareeaof aadherion
bet ween t he nDIdln cup 850 and | ens whi ch needs to be overcone
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t 2, Which tends b
of Chr oFiOR NGt 6LoBR4055 Eilr FRRe Ba110F  FLe PHBo “oMioaac i 1o R 15

enough rogoves come dderadhesden o2 EHigereant Bet vhensn 8520t thd hﬁ)nvex
nDIdlng cu 850 so that, as shown in , the contact |ens 852
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nold cup 850 with contact |ens 852 adhered to vacuum body 8

Vacuum b8y 3312 aghereghdredacsntabedyehk? 852 are t hen aned to be
directly aboyg. \&ns,REPCRIS Nhdra ﬁhé?@d (’ebgnﬁge‘é“ 1y %392 Qre then

preferred I ens processing tray is describ in 15 detail el sewhere
herei n mgvedothebeadpeettbf 2heveprbeentprésrasiticonreGeri®l 135 dhamn

B;ﬁff:ﬂ{i}g d%@?ﬁg?gzﬁ g#sé%qﬁ”e% 1GRILC e AL age 89 Whi i aly heast
15 detail elsewhere herein as another aspect of the present
invention. Generally, lens processing tray 860 includes a
concave surface 862 which at least partially defines a lens
cup 864. Vacuum body 812 is then moved so that contact lens
852 is in c¢lose proximity to or 1in contact with concave
20 surface.862. At this point, wvacuum generator 822 operates, as
described elsewhere herein, to withdraw the wvacuum in hollow
space 832. The absence of the vacuum causes lens 852 to fall

into lens cup 864.
Optionally, wvacuum generator 822 operates, as described
25 elsewhere herein, to apply a positive pressure to hollow space
832 and, via through holes 844, to lens 852. In effect, this
positive pressure forces lens 852 away from wvacuum body 812
and intoc lens cup 864. Once lens 852 is in lens cup 864,
vacuum body is withdrawn from processing tray 860, as shown in

30 Fig. 10.

Turning back now to Fig. 9, another advantageous feature
of the invention is shown for facilitating release of the lens

from the vacuum body 812. Specifically, Fig. 9 shows a shroud
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cup 864. Vacuum body 812 is then noved so that contact lens 852 is
in close proximty to or in contact wth concave 20 surface 862. At
this point, vacuum generator 822 operates, as described el sewhere
herein, to withdraw the vacuumin hollow space 832. The absence of
t he vacuum causes lens 852 to fall into lens cup 864. Optionally,
vacuum gener ator 822 operates, as described 25 elsewhere herein, to

apply a Lt v r@- Iy | 1 age n i r&&gh es
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around &he cFhrewder Bhte of tisdTreRsveTheo ampisfiredd 8B6 | sens  in

ef fecti i pt.al n i b Nt Y Pt e
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15 releaseénéeﬁs will fold, twist or slide along the wvacuum Head,
for example, due to surface tension of water on the lens.

Turning back to Fig. 10, once the lens 852 has been
veleased into tray 860, vacuum body 812 is now availlable to
remove an additional contact lens from a molding cup. This

20 operation can be repeated, as needed, with different contact
lenses.

It should be noted that the distal end surface of the
vacuum body 812 has a generally convex configuration. BLe
such, wvacuum body 812 is very useful for removing lenses from

25 a female portion of a mold, such as female mold cup 850.

In situations where the contact lens 1s located on and/or
adhered to a male mold cup, an alternate vacuum body 870,
shown in Fig. 11, may be employed. Except as expressly
described herein, alternate vacuum body 870 is structured and

30 functions in substantially the same manner as does vacuum body
812. Also, 1t should be noted that alternate vacuum body 870

may be used in conjunction with a series of such vacuum
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Turning back to Fig. 10, once the | ens 852 has been rel eased into
tray 860, vacuum body 812 is now available to renove an additional
contact lens froma nolding cup. This 20 operation can be repeated,
as needed, with different contact |I|enses. It should be noted that
the distal end surface of the vacuum body 812 has a generally convex
configuration. As such, vacuum body 812 is very useful for renoving
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with a8dPngle through hole 870 through the center of distal surface

8721010 As showrpbinFiigs.pibk andi 13,qahber nateruacdumaRed &y newn
be advantageously enployed to renove a partially hydrated
hydr ophinglyc bgolagivertageons bt t erekay Sy 8t r eAes e nbRatF kel Euphydratsnd ¢
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870 generalpaytcdiffl .enefivstaonvésnsubil/8cencdrgesf agomeitatdns Byging
surface 879 which is generally convex. Concave surface 872 of
15 alternate vacuum body 870 generally complements convex surface
879 of contact lens 878.

As shown in Fig. 11, vacuum body 870 is placed directly
above male molding part 880 carrying contact lens 878. Vacuum
body 870 is then moved so that surface 872 1is 1in close

20 proximity to or in contact with surface 879 of lens 878. At
this point, a vacuum generator, such as vacuum generator 822,
coupled to alternate wvacuum body 870, 1is operated, as
described elsewhere herein, to provide a wvacuum in hollow
space 876 and via through holes 874 to surface 872. Such

25 wvacuum is sufficient to overcome any adhesion and/or other
securement forces between the contact lens 878 to the male
mold part 8840. The contact lens 878 becomes adhered to the
vacuum body 870 and the vacuum body 870 together with contact
lens 878 are withdrawn from the mold part 880.

30 As specifically shown in Fig. 13, the vacuum body B870
with the contact lens 878 adhered thereto is moved and
positioned directly above a contact lens processing tray 82

which includes a convex surface 884. The vacuum body 870 is
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As shown in Fig. 11, vacuum body 870 is placed directly above nale
nol di ng part 880 carrying contact |lens 878. Vacuum body 870 is then
noved so that surface 872 is in close 20 proximty to or in contact
with surface 879 of lens 878. At this point, a vacuum generator,
such as vacuum generator 822, coupled to alternate vacuum body 870,
is operated, as described el sewhere herein, to provide a vacuumin

hol I ow gRAce s876napdeNbacths ough il 686874 49 %gyggcggﬁggmi@% 23¢

vacuumis sufficient to overconme any adhesion and/o
secur enEenf gre e rii@ake 6 thhes wdistcact88dens AB78ths t pelmipl etheroVacpamt

880. Th I 7 o d h vacuyu 70 d
e i O I T i T
from t halespitdbpdr £1880heB88 Asrspaei ftiocalilbhdghewthien FEauurl 3in t hellow

vacuum 8 with the contact, | ens 878 adhere ereto is ed
e Ele b e bE Ty L RO R SRR L Lo o I osEred BB¢ %5
whi ch i ndlatidesea acibpyexnsbetaeen 884e dhetyat uLen Hoglys 8484 | Bhe 32asnwed

so that the c act lens 878 is ih close proxinmity to or even in
cont act 3F%h @ﬂéfdﬁb gﬁﬁ?cﬁ@etﬁV§Pp5Lﬁt,l‘ﬁ% @g%uuﬂ?lb%ném§90rconvex

associ atse@rackh ggacuummods dilsh isoperat ek @isen dgsERdReh ef seynhere

herein, to withdraw the vacuumin hollow 5 space 876 and apply a
posi ti v&rgrestis e2P® HA | VR 5l 8¥8L sEULTREE 11 aliRedigw set Yeledi

thejgontiagkekersoR /Seiadd N YRAWIRY, Radys 8795 1 S QuEnfmeand the
lens 878 falls onto convex surface 884. The vacuum body 870 i s then

wi t hdrawn fr8nmFRRghey regb@Bmenid dfs thraidraseatl sempuinterrpeeaties is
renmove qQiher 10 depses; fropyother mpl el diing palfisg as, fdesegibed.

above. A further embodi ment of the present renoving apparatus is
shown i waFbys. bddy af@i0 182y Ike stemd d.rbelaceedft hhe factberbodbesudi 2,

bo0y SSRRYe 08 MIECAS, MLPSEALICMAUMLDH ESIEIR, 1 0 810 o
body5890 i ncFudesen diasbhalh swrdwmc89892dncludes a distal surface 892
which is generally concave. A single through hole 894
provides fluid communication between hollow space 96 and

distal surface 892.

Further wvacuum body 890 includes a ridge 89%8 which
20  extends radially outwardly from through hole 894 and partially
surrounds through hole 894, A central ridge 899 partially
defines through hcle 894 and partially surrounds through hole
894, Ridges 898 and 889 both extend to the distal surface 892
of further wvacuum body 890. The surface 892 includes an inner
25 edge 900. The combination of the inner .edge 900, ridges 898
and 899, and through hole 824 form two recessed channels 902
and 904 in further vacuum body B880. Channels 902 and 904,
which are in mutual £luid communication, are effective to
provide or transmit or receive a wvacuum generated in hollow
30 space 896 via through hole 894. In other words, the channels
902 and 904 are effective to diffuse the vacuum £from through
hole 89%4 over a relatively large portion of the area defined

by distal surface 892.
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which is generally concave. A single through hole 894 provides fluid
communi cati on between hol | ow space 96 and distal surface 892.

Furt her vacuum body 890 i ncludes a ridge 898 which 20 extends
radially outwardly fromthrough hole 894 and partially surrounds

t hrough hole 894. A central ridge 899 partially defines through hole
894 and partially surrounds through hole 894. Ri dges 898 and 899

bot h ext end ][é‘gjé{lhgrdl f @t sulf)zﬁgge B gcfcygﬁgermva%uugwg@lyn@%l

The surface |ncIu es an ge 900. The conbi nati on of the
i nner edgmigﬁﬂ mardges 898 ahheri8o% a'ﬁ@uutmr oogiy hdl'® 8924 f BeHeYHw 2

902" and BOAS  WhER AFENI R ROLTAT 1Y UH oty EAT O ar 2 ST ecrT Ve
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space 896 via throu hol e _8 th wor d t he chan 0 d
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33 Further vacuum body 890 functions in a subséfm(_‘318 Si m
t t

manner Fénal?eitﬁéPégba@@&ﬁl Foty 3 Aoy e’ I%’ns #%‘f’ﬁea

mal e Mokgepafdo A BraFe at NRa Nt 36t 16MS ofi N1 PEBEESSE N chibaYhe BSy
descri bed herein. However, instead 5 of using a series of through

hol es, samhved fhemugre sl lees T@24 PREtal ternate vacuum body 870,
f ur gfyer vacuythpode B395HSER1 ns SHRYI G B ORo 1N €4 B9 RAC el 5

902 'and 904 to dif e vacuumover a major portion of the
cont act shehsabethgser vaoved Hodimst W@aﬁsﬂl@eﬁbmrsam are cphegmplated

conf i quegti ans, of of br gual, heles,d s YAGUMM badiesy SUEh 8304d08¢  che

vacuum Bodi €s “deSeri erern, are contenplate are COI’ISI der ed
to be i pekaded imtdmindidhe scope of the pr esent i nvention. In another
aspect of thf péﬁé@ﬁér'é@ﬁ%ﬁ%‘% %E%Mﬁ&é%%ageqhventlon, newly formed,

15 swellable, polymeric contact lenses, for example, such lenses
containing a hydrophilic, silicon-containing polymeric
material, are now processed, typically using one or more
liquids, to prepare the lenses for packaging and shipment.
These lenses, which have been recently removed from molding

20 cups, for example using the removing apparatus 10 described
and shown elsewhere herein, include unreacted monomers, and
possibly other extractable material, which are to be removed
from the lenses before the lenses can be packaged for
shipment/sale.

25 Turning now to Fig. 16, each newly removed lens 1is
preferably placed in a holding apparatus 910 of the present
invention, and is held therein during such liquid processing
steps, for example, processing steps directed at extraction of
unreacted monomers and hydration of lenses. Thus, lens

30 processing tray 860 shown in Fig. 9, is preferably substituted
with holding apparatus 810 of the present invention.

Generally, a plurality of newly formed lenses are held

within the holding apparatus 910 while the lenses are
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15 swel | abl e, polyneric contact |enses, for exanple, such |enses
containing a hydrophilic, silicon-containing polyneric material, are
now processed, typically using one or nore |liquids, to prepare the

| enses for packagi ng and shipnent. These | enses, which have been
recently renoved from nol ding 20 cups, for exanple using the renoving
apparatus 10 described and shown el sewhere herein, include unreacted

MONOITET S, %Q@teﬁ%?‘cﬁ' }Sngggﬁom%%r 3GLabhe uR ggg%ﬂongﬂh&ﬁ@ g?é*@ep@l

removed  from t enses re the lenses e package
shi pnentstegkee. oZ5 phwasissgngow tTtheFigreseBit daelviman apraatdred $hsais
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i nventi o erein ring suc processi ng
for examyil ellgub@@ssjmgthéepsexmﬁeaactaed aadeamta@emmﬂ.mf pmmidactedst

nonopers and, h dratlo e hus n roceSS|ng tray 860
sho iﬁfgﬁﬁtl , ?%dp?ﬁézﬁ' r)Cy &56 PFPEtgg €V$t¥19ﬁﬁ<m ng appar at us
910 of the present ienvedtiment @fmﬁal hygldangl upp&ram@fgn@v\bymﬁmm
| enses are held wthin the hgldin aratus 910 %h the | enses
are 343comtatt 88E woPlR oieladingr & ﬁri%ﬁse@%‘?kél

stages k1Bl ogEsSHEYng ThRNBLESERY hQJdt@ﬂt@ﬂ@akﬂiuﬁn&ﬂﬁidﬁéi contact
structured to be effectlve to obtain significant mass transfer of

I|qU|dsl@@Sthe | enses and advant ageously provide cost 5 effective

andgf ficientpbreat ment,of the kengessedn §he %{H%Pd'}a%e“ho%om@learly

hol di ng apparatus 910 conprises a'tray set 912 i'ncluding a
ar r angemaderstoed| vsti9lsereersire dal |cx@§@ -seichgonahf vgavedot otlé%n’tl%aim

an i ndi yi,duaj, Zcogaersggol ens. 10 The strycture, fsg{a}él%etcfo%\?}%e@é be

nor e clearly un d with reference to cross-section ws of
the traplusefli®g?2 ofn Eirgys 171é&nd A8’ ,Theathaytsay PIZ,coFPél sesedng

plurality of . trays.d1f. Adp1a88endraodlds S24nbelfGs 014, o14r.
15 More specifically, each tray set 912 may comprise two ({2)
trays 914, 914’ for example, two (2) identical, or
substantially identical trays 914, 814’ stacked one on the
other. For the purposes of the instant description, trays 914
and 914’ are given different numerical indicators in Fig. 17

20 though they are identical in structure.

Bach tray 914, 914’ includes a plurality of spaced-apart
cell walls 922 and a plurality of spaced-apart cover walls
924. FEach cell 916 may be a contact lens shaped space defined
between an individual c¢ell wall 922 and a substantizlly

25 opposing individual cover wall 924.

Each cell wall 922 (for example, cell wall 922 of tray
914} is sized and adapted to at least partially define a
space, e.g. cell 916, to carry a contact lens to be processed.
Each cell wall 922 is structured to allow processing fluid to

30 pass through the space or cell 916 to contact the contact lens
located therein.

Similarly, each cover wall 924 (for example cover wall

916 of tray 914’) is sized and adapted to cover a
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structured to be couplable to another of the trays 914, 914'. 15 Mre
specifically, each tray set 912 may conprise two (2) trays 914, 914
for exanple, two (2) identical, or substantially identical trays
914, 914" stacked one on the other. For the purposes of the instant
description, trays 914 and 914" are given different nunerical
indicators in Fig. 17 20 though they are identical in structure.

Each tr 'y a rabity ¢of ced=ap h eWald s
922 andé%f‘b%#aﬂi}%%@y o%%%ﬁggd-%%iéjﬁt %%verg@mz/al%@ %‘azg. @Egcﬁﬁ%glle 916
may be arapnPaét bedstbhaged Spacendénened cobsewtedems iqadinviedudhn 2

cell wa 2_an tantiall 5 08hbRg.: LNGLYV] r
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si zed apdoeadapirer fimiat toeasisspahivicabhytief cakl a%l §pelven, wray el lis
916,.to cari%/)datr cq%t actg) | ens to be processed. Each cell wall 922 is
strubt uFBEPTS? af oW §édssing fluid to 30 pass through the space or
cell 916 to rentagimphe coadiacdsl ens ckdtawelllshepei mndSiadchardfy,the
each cover wall_ 924 (for exanple cover wall _ 916 of t i

SRR SRRy R SR L LR SR A RN oA RS e e A

of trayeRddacupl eshdun, tdadh 944" tRadcther eRy150900nfinde cdactorifaathe
lens carried in a space or cell 916. Each cover wall 924 is

st ruct uFedet o wvallllew % otRekRey A W blidl ifdssof hitdrghahe e - 918
whe ;;%%1019&,4 t8e Bnfolp! %1};% tg Ry c9f14t'lrie Foly £XAMPl &2 £achs of1 {hied

cel s 922 and each of t cover wa s 924 include at | east” one
t hr oughwhh e 980sulpsitarislaldibodliraed stidvn, téechafoudie hedlgs W30 of
922 and c t v.er [ i,ncl.u l Hro

ol can (B8 G Te Wil 1 SMCL I k59001 085 E6uB B UER iy POy oudh
al i gnedthmwtdhy drelsabsiFHnt aakl wety gaélesiivg tihe piwoudfndcofes 93@

of 1 hepggggsrsilnvaglf IleHZl% V@oe%e'fvreayacgcleélssi Sanccpuﬂlo%d éh%c;[urg@/ t%fle4ISpa-E%e or
15 cell 916 to contact the lens located therein. Such access is
highly advantageous to provide for mass transfer, for example,
extraction between the lens within such space or cell 916 and
the fluid passing through such space or cell 916.

In the embodiment shown, each of the cell walls 222 is
20 generally concave and each of the cover walls 924 is generally
convex. However, +the opposite arrangement may also be
employed. That 1is, each of the cell walls may be generally
convex and each of the cover walls may be generally concave.
When the trays 914 and 914’ are coupled together, each of the
25 cell walls 922 is located in a substantially opposing position
relative to a different one of the cover walls 924. In
addition, each of the trays 914 may include a series of
partitions 934 with each partition 934 providing means for
coupling and/or aligning the cell walls 922 of one tray 914
30 with the cover walls 924 of the other try 914’. Configuration

of the partitions 934 are also shown in detail in Fig. 18.
The number of cell walls 922 and cover walls 924 included

in each of the trays 914 may vary over a wide range. The
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t hrough hol es 930 are very effective in providing for the processing
fluid to have access and flow through the space or 15 cell 916 to
contact the lens |located therein. Such access is highly advantageous
to provide for mass transfer, for exanple, extraction between the

| ens within such space or cell 916 and the fluid passing through
such space or cell 916. In the enbodi ment shown, each of the cel

val s 9%2ihg oh general Lygoncaye %gs%a;rggrgélgﬁ COLPEUR! L5, 9241

generally convex osite ange
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914 may vary over a w de range. The 36 ce€ 916, for exanpl é at
| east parciladey depithedS byo capout idl (aeld2 wadd@ eoderbaat| 85 oba, aheyt

be apranged.i,A.ap,prLay or other specific pattern, for exanple, a
rectangular array as shown in Fig. 16. Alternative cell arrangements

may include a Bisqoatésarildy, obr they otdwy SUKt ablteigedsethhiec spaces

configu Q [1.a Qne_aspect 0 |nven |on ch of,.the
trays Qfﬁ% |ncI%)e§%%r%u%n§tF%é¥% ou?iiogq ﬁ Wal 158 anﬁ Q 091420 ?d
about 1@6d¢01&uah@tbseereibsaﬂﬁynmﬁm@h m&ayhéiﬂrayheﬁlﬂhelﬂnbuﬂesys
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15 that lens movement within each cell 916 is restricted during

processing to prevent the lenses in the cells 916 from folding

and/cr becoming damaged. As shown, the cells 916 are

perforated to allow fluid ingress and egress around a lens
located in the cell 916.

20 The tray design may include features that minimize the
transfer of processing fluid from one processing stage to
another. For example, multiple aperiures 918 between the
lens-holding cells 916 may be provided for enhancing drainage
of trapped fluids from the trays. Apertures 912 are provided

25 for facilitating automated handling of the tray 914.

Tray 914 and tray 914’ are structured identically. Thus
each reference to the structure of tray 914 applies equally to
tray 9147. In a preferred embodiment of the invention, tray
914 is manufactured so as to be substantially unaffected by

30 the conditions and materials used to process contact lenses
being carried in the cells of the trays. For example, the
tray 914 1s made of materials that render the tray 914

substantially resistant to dedgradation by frequent contact
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defined between individual cell walls of one tray 914 and i ndi vi dual
cover walls of another tray 914" when the two trays 914, 914' are
coupl ed together, are advantageously designed so 15 that |ens
novenent within each cell 916 is restricted during processing to
prevent the lenses in the cells 916 fromfolding and/or becom ng
damaged. As shown, the cells 916 are perforated to allow fluid

i ngress, apf £9L6§5: &' dfl&geatu lacahedsi ykhe ge}nlatﬁ&@ol ZOequol

tray design may Inclu es ‘that mnimze the " transfer
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nanufactured SO as to be substantjally unaffected b
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of materials that render the tray % substantially resistant to
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thereof. In one very useful enbodinent, the tray 9
subst anpfalthe r ésnstanused det haneh. plr@nceéﬁanme ﬁh@htra@yltguomwr

COMPI | SGofeROLY MBI Gy MBESLJ akaciﬂt&%@gmﬁgssp%'rmgex' Ylyeen the

honnpolyner an polynmeric materia or ot materi a
sui t abl éefsesusad nthe pabcelelinge. fjuidst handhecontay nPAg may be a

e ONERR gl 2BELdy 0N L bEVg Bifhd B 0 el derhgned g
durihg mbeddd Hlasidigrocessing of the contact |enses to faC|I|tate
agitation Turning now to Fig. 19, a system 1010 in accordance with
an embodiment of the invention, for containing a large number
of newly formed lenses during fluid processing 1s shown, in
which the system 1010 includes a tray set carrier 1012
20 configured to contain a plurality of the tray sets 912 in a
stacked configuraticn. The system 1010 in accordance with
this embodiment may include a plurality of tray sets 912, a
tray set carrier 1012, and a plurality of carried contact
lenses. For example, referring back briefly to Fig. 17, each
25 carried contact lens is located in a cell 916 between one cell
wall 922 of one of the trays 914 and one cover wall 924 of the
other of the trays 914’ of tray set 912. In one embodiment of
the invention, the system 1010 comprises plurality of
distinguishable tray sets, for example, mechanically or
30 visually distinguishable trays ox sets of trays, a tray set
carrier 1012, and a variety of different batches of contact

lenses, said each batch being distinguishable by its placement

within a distinguishable tray set.
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of the fluids used in such processing. Such agitation or novenent of
the fluid facilitates mass transfer between the |enses and the
processing fluids. The tray 914 may be a wunitary, single piece of
polymeric material, for exanple 15 nolded plastic. Turning nowto
Fig. 19, a system 1010 in accordance with an enbodi nent of the
invention, for containing a |arge nunber of newy forned | enses

during fluid assi L.S ! i ; O i-ggl S
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the traynoRhér.ofrybiagiset The tiupneceniadi-ment 10f12,t henliinyenbaosd

the system 1010 _conprises_plurality of distinguishable traé set s,
for examgltd NREEKaRPERFHyleRsSD Viss BHMPrges: ithgGPehabrers r 3 sory o

sets of yohaySdifdredk SBhocedEih@r 11Qk2asantha varigtyrod dlhfigaents
batches of contact |enses, said each batch being distinguishable by
its pladément withis aldi skd ngdvanbdyeous ajphabt .tisg FHatepay0det is
cargper g4 refera Whéﬁ&hﬁ% apd, contAct Lensssy
IS s?ruc%%%éaego %g pg%%%%%z. Fo exaggﬁéf suc trai %@% carrier

1012 i s ddiffedenndcanizptiedl ¢ns rogemsdakl pragasemafnc abing, epbodiments

robot i C%:fl Y gRved fremapl ace 1o, ». Pl agey f8£ra§i<é‘ uec’orr{a%%@ ONGachine
contact TensS processing $tagé to another. Typrcally, e tray se
carrier ha@d2inful Fyr| eadegle wobbthewhpnfidingdolfersey, detssubiiegr gety

0 COMIBLESLoON, B I {100 o0l RESEIEND LI Bt
10105i S1010 is designed %o enable robotic 1lifting and transport
between different stages of processing. For example, bars
1013 at the top of the carrier 1012 are structured to allow a
gantry-style robot to transport the carrier 1012 through the
extraction and hydration process typically comprising a series

20 of tanks containing solution.

The tray set carrier 1012 is preferably structured to
enhance lightness, strength and rigidity. For example, the
tray set carrier 1012 1is made of a stainless steel
construction. Even more specifically, the tray set carrier

25 1012 may be made of -electro-polished stainless steel, about
grade 316 or eguivalent. This material will not corrode in
either a solvent of deionized water environment.
Advantageously, the stainless steel construction of the tray
set carrier 1012 provided negative buoyancy to ensure that the

30 trays held therein are fully submerged in solution during the
treatment process steps.

In the embodiment shown, the tray set carrier 1012

includes a series of compartments 1015, each compartment being
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10 designed to enable easy lifting and transport between different
contact |ens processing stages. In sone enbodi nents of the

i nvention, features that enable automated, nachine handling, for
exanpl e robotic handling of tray sets 1012 may be provided. For
exanple, in the enbodi nent shown, the system 15 1010 is designed to
enabl e robotic lifting and transport between different stages of

br 0cesshige; FOL £XANNL g BALS ¢ 0133t ohhe top of. ot U 6AT LSla U

are struc OW a gantry-stylero ransport
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15 the tray set carrier 1012. Runners 1016 of brackets 1014
retain the tray sets 912, for example at a tolerance
sufficient to minimize separation or opening of a tray set 912
positioned in the compartment 1015, while still allowing the
tray set 912 to be easily slid into the compartment. Each
20 compartment is separated from each adjacent compartment by the
runners 1016 such that the extraction and hydration fluid, or
other processing fluid, can reach the top and bottom surfaces
of all the trays and all the lenses held therein, for example
when the filled tray set carrier 1012 is in the processing
25  fluid. The system 1010 1s structured and designed to allow
effective fluid transfer between the lenses. Typically, a gap
between each compartment measures about 1.0 to about 3.0 mm.
The gap between tray pairs is defined by the gauge (thickness)

of the stainless steel used for the runners 1016.
30 The tray set carrier 1012 may include a suitable
retention device 230 for preventing the trays 914 or tray sets
912 from sliding out of the compartments 1016 during movement

and handling of the carrier 1012, for example between
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1016 for holding each tray set 912 is a suspended position in 10 the
tray set carrier 1012. For exanple, a pair of spaced apart brackets
1014 are provided within each conpartnment. The brackets 1014 are
structured to engage peripheral edges of an individual tray set 912,
in a manner that |eaves the cells of the tray set 912 open to
exposure to processing fluids within 15 the tray set carrier 1012.
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for exanp inged strap 1 and a catc For coupling t
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in each series of trays 114.

For example, the distinctions between the different
series of trays 914 may be visually identifiable. For
example, the plurality of +trays may include different series

20 of trays 914 with each series of trays having a different
color. The distinction between the different series of trays

914 may be mechanical distinctions or structural distinctions.

For example, turning now to Figs. 20, 21 and 22, each
series of trays may have one or more of a differently shaped

25 notch, for example, a peripheral notch, one or more extra,
e.g., ralsed, portions, one or more extra holes or indents,
and the like mechanical/structural distinctions, and
combinations of such distinctions, More specifically, the
tray 9l4a in Fig. 20 includes a raised feature 940 which

30 provides a wvisually identifiable distinction of the tray 9%l4a
when the tray 914a is compared to another tray that does not

include such visually identifiable distinction.
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In Fig. 19, the strap 1032 is shown on the front viewin the center
of the carrier 1012, the strap 1032 being in an engaged 10 position
for securing the tray sets 912. In another aspect of the present
invention, the plurality of trays 914 includes different series of
trays, wth each series of trays being distinguishable fromthe
other series of trays. Such distinction my be enployed to 15

facilitate identifying,different co t |enses bheing.carried, in
each series oﬁnt ay’s 1ng For %&%ﬁp?i?gthﬁsdis ?Wﬂxiﬁ%ﬁg%befgﬁiﬁéﬁﬁuaa
differentisgserigesiabntiaysobd4 nay he vapaathyei dat i foabbarpbees of

exanple, the plurality of trays may include different ries 20 of
Craye oixiareh Baehiotifer’ of TR ayeohaviary Biai (revend IiConBFioeRg

di stinct heRchetueeirs headi ihetanti ssef i e5s10f1 1y aysst Bguimiie feature
mechani cal distinctions or structural distinctions. For exanple,
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one or Nk gt of @ HifdLret W e8hapedne 20805 Ch1 4 T 98y EX8MPLEvided which
peripheral notth, one or nore extra, e.g., raised,” portions, one or,

nore ext paehobéslopteddbarsin, apddt eirhkergecteasiicgirest tectogr afithin

di sti.nctiqnps, I nat. f. Lstinctio ; ;
specificgﬁgyfcgﬁg (%fgﬁﬁglggggéngiéigggtgﬁgfude%ﬁaggg%ggéﬁfegtngQ&fo
whi ch 30tpepvidesrayvistalhgy i denei bhablog dicstd meiswnllyf tdentifapble

914a,,when the tray 914a is caonpared to another tray._th e t
et Hie SOEhGPLEN e ARRE: dPep et POk BEONRbEry- Sk ey,
914b i s ghewmathiats.i ncludes a visually identifiable hole or

aperture 942 r_purposes of |, visual distinctiqn., In Fi 22,. the
TPy S14c | nct R ARe N (BlE ol SSATCHAPER | SSHIORTL hpy diffErent
di stinguishing dreat vees5 Of theiy ayr§lécucdAdigcanisuakbyi asthble to
mechani cal |y _distLQ%%{shing features of the trays 914 nay be

provi dedfdRt Ehtats edeat itvdfgd 2her 8RR, TEAY: WAT cP€ar @F coiRY erEP™ dhise

Wi thin other, different trays or sets of trays. The ability teo
identify or distinguish cne tray or tray set from another tray
oxr tray set reduces the risk that the contact lenses being
carried by any tray or tray set will be mischaracterized or
misidentified.

20
EXAMPLE
A tray of contact lens mold assemblies, each assembly
containing a newly cured silicone hydrogel contact lens
product, is received in a loading station. From the tray,
25 pairs of mold assemblies are removed and placed in a nest
located on a rotating disc. The pairs of mold assemblies are
moved between variocus processing stations while they remain in
the nest.
Each mold assembly is moved to a dipping station where
30 the mold assembly is placed into a liquid bath containing
deionized water at a temperature of 75° C. Ultrasound is
radiated through the liguid bath to facilitate decoupling of

the mold sections. The mold assembly is substantially
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the scope of the present invention. In addition, a single tray or
tray set may have one or nore visually identifiable 10 distinctions
and, separated, one or nore nmechanical/structural distinctions.
Advant ageously, the distinctions between the different trays and
sets of trays are automatically nonitorable to facilitate
identifying any one tray, or set of trays, fromthe 15 other,
different trays ar _sets .of t S,.The ability identify or
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After the 7 second bath, the mold assembly is removed
15 from the liquid and is transferred to a splitter assembly.
Although the welds between the mold sections have been
substantially or completely destroyed by the liquid bath, the
mold sections are still adhered to one another. Each pair of
melds is placed in a carrier which holds the molds without
20 clamping the molds. The splitting or separation of the mold
sections occurs by the splitter assembly prying the mold
sections apart from one another.
In particular, the carrier of the pair of mold assemblies
is located on a track. The splitter assembly includes a block
25 containing three blade assemblies (left, center, and right).
The left and right blade assemblies each comprise a single
wedge shaped blade and the center blade assembly comprises two
opposing wedge shaped blades. Thus, the three blade
assemblies define two channels, each channel configured to
30 receive a single mold in one of the carriers. Each of the
blades 1s wedge shaped in that the blade is very thin at the

front end and thicker at the rear end. It is tapered from end
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regi ons between the first nold section and the second nold section.
In addition, the dipping of the female nold section nmay facilitate
the I ens product adhering to the lens cup, 10 rather than the convex
| ens shaped surface of the male nold section. In addition, the heat
of the water can help release extractables fromthe | ens and/or
enhance lubricity of the lens. After the 7 second bath, the nold
assenbly, i s_renoved ron1t e i UId |s t sferre to a
spllttertasséﬁbljﬁh ]% Eﬁtfﬁ e etme JRE ¢ agﬁﬂ?d:sectlgﬁchEVé

been su@slemgthﬂdﬁlahbu¢omplEhehgsdestroyed by the liquid bath, the
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assenbl }brand thassesobaimeencld t heedwilah segitons.thas thengar diepoakd
nol d assenbl i es carrled t hereby are advanced toward the back of the
bl ade a§§§mﬁ en.

15 A robotic arm clasps the top mold section and discards

it.

The lower mold sections each containing a lens are then
immersed in a fluid bath. The £luid bath is 75 C deionized
water with opticonal ultrasound transmitted through the £luid.

20 The elevated temperature helps to control germ development and
gontamination of the lenses. The fluid causes the lens to be
released or uncoupled from the mold section, in part by
causing the lens to swell. The swelling or expansion of the
lens body essentially pops the lens off of the surface of the

25 lens cup. Other fluids that may be used to expand the lens to
release the lens from the molding surface include alcohol,
acetic acid, 20% IMS/80% water, change in pH, change in salt
concentration.

In this station, the fluid may become contaminated over

30 time with unpolymerized meonomers, although, this step is not a
true extraction of all unpolymerized monomers. Thus, the

fluid of this bath is filtered through a carbon filter, a
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the top nold section (the male nold section) is separated from the
bottom nold section (the female nold section) . Any residual nononer
m xture | ocated on the flange of the nold 10 sections, i.e. about the
edge of the contact lens, remains adhered to the top nold. section
and is renoved therewith. After the splitting process, the top nold
section is resting on the bottomnold section with the | ens disposed
t her ebet ween. .15 obotic arm cl.asps _the_t nol d_sect | and
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essent | %Lﬁwsa‘kgﬁitutsﬁgokgﬂéeﬂéér%ftﬁ}?e Sllérrﬂ‘sa%%FQf the 25 l'ens cup.

Q her fl ul y be used to expand the ens to release the |ens
from the nol dihen sgifmpedi ndthelemaldohedn necest i shaenah 20 IORSA0%

wat er, ch in_ pH, haEFg [ a cqnec QN s ALt hi s statjon
the fl ui:%e%rf'ge;q/: bg%oggk%on ar%l n{z}%‘%dh%{}%rq%ﬂcl{p%u%t#é&}]po %/emeri zed ®
nmononer sgoialg hooghhet kicgretép licsatobna tPueeextreadeidn dbraldxzample,

onpolYISgLded, ERAGTELS, Tifey e 1 01D S0 Do A58 b
fi | ter. ddwerkicer aha ai‘@qiz;éalssedr byt ha Mtp@@et@fy edusertont amirmants
and 11 polAHE TRt | Bs BV o CBEORARTY he VaPer aPFREecs T e
the | ensyedpddito the water bath. The lens slides forward just
of f-center of the |lens cup. , . .
A vacuum head, such as 1n accordance with the certain
15 aspects of the invention and described elsewhere herein, is
lowered to contact the lens and draw the lens onto the vacuum
head. The wvacuum head has a plurality of wvacuum ports. In
this step, four vacuum heads approach four lens cups at about
a 10 degree to about 15 degree angle so that the vacuum head
20 is substantially normal to the position of the concave surface
of the lens due to the tipping of the lens during liguid
dispense. An air shroud is ©provided along the outer
circumference of the wvacuum head to help keep the lens in a
desired position on the vacuum head during release. The
25 shroud is, in a sense, a cylinder of air coming down around
the wvacuum head. Without the shroud, the possibility for the
lens to fold invert or slide up the vacuum head due to surface
tension of water is greater when the lens is released from the
vacuum head.
30 The lens is removed from the vacuum head and placed into
a tray. The trays are color coded to contrast with the lens
8o the lens can be seen. The trays have wells with holes for

facilitating downstream extraction processes. Each tray
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When cl anped, the nold can pass through an optional reader to nake
sure the lens is properly identified and is going to the correct

| ocati on. Other readers, for exanple, 10 UPC synbols or other indicia
on the nold section may be provided and utilized for the purpose of
ensuring correct identification of |enses throughout various stages
of the process. A vacuum head, such as in accordance with the

certain ect i nvention ribed el sewhere h i
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15 methods can include one or more of the steps described herein.

A method of delensing a silicone hydrogel contact lens
product from a mold section of a mold assembly comprises
placing the silicone hydrogel contact lens product located on
a surface of the mold section in a heated liguid bkath, such as

20 a hot water bath, and removing the hydrated silicone hydrogel
contact lens product from the mold section using a wvacuum
device comprising a plurality of wvacuum ports on a lens
contacting surface of the device, and a gas shroud formation
device. Various embodiments of such delensing methods can

25 include one or more of the steps described herein.

& method of manufacturing a silicone hydrogel contact
lens can comprise the present demolding methods and the
present delensing methods in combination.

Systems for practicing the present methods are also

30 encompassed by the present invention.

In addition, system components are encompassed by the

present invention. For example, an embodiment of the present

invention relates to a vacuum device for removing a hydrated
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met hods, and system conponents used in the systens and nethods. For
exanple, a nmethod of denolding a contact lens nold assenbly
conprises placing a contact lens nold assenbly 10 conprising a

pol ymeri zed silicone hydrogel contact |ens product in a heated water
bat h, and separating a male nold section of the nold assenbly froma
femal e nold section by noving the nold assenbly relative to a

splitter_.cQ i_Si qnponent ri i en o]
denoldiﬁaﬁfggﬁgthggggggﬁeggﬁﬁﬁde one g?x%gfﬁgﬁiif%%Qgﬁggsgggs%%?gggg
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siliconéﬂﬁﬁﬁfﬁgeﬁ SHﬁQSPgIeHE nggucPrFSEQ edlBHgRélgﬁrfﬁgga ?Sthéo
mol d seatxtamcitioa heayedcbigtishhatd, pisuch ias; 2F achok watractbatd, to
and rempvi_ng the hydrated silicone hydrogel contact ]ens product
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conprise the present dénvolding nethods and the present del ensing
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system conponent's are énconpasse present i nvention
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relates Lo, @xpuaction L1.ays cOUBLESLOY AR VALY Qla Ytens ana
15 Methods for Producing Same"”, and having attorney deocket No. D-
4124; U.S. Pat. Application No. 11/200,648, entitled “Contact
Lens Mold Assemblies and Systems and Methods of Producing
Same", and having attorney docket No. D-4125; U.S. Patent
Application No. 11/200,644,, entitled “Systems and Methods for

20 Producing Contact Lenses from a Polymerizable Composition™,
and having attorney docket No. D-4126; U.S. Patent Application

No. 11/200,863,, entitled "Contact Lens Extraction/Hydration
Systems and Methods of Reprocessing Fluids Used Therein”, and
having attorney docket No. D-4128; U.S. Patent Application No.

25 11/200,862,, entitled "Contact Lens Package", and having
attorney docket ©No. D-4129; U.S5. Patent Application No.
60/707,029,, entitled "Compositions and Methods for Producing
Silicone Hydrogel Contact Lenses", and having attorney docket

No. D-4153P; and U.S. Patent Application Wo. 11/201,409,,

30 entitled "Systems and Methods for Producing Silicone Hydrogel

Contact ILenses", and having attorney docket No. D-4154.
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5 hold a hydrated silicone hydrogel contact |ens. Various

enbodi nents of such system conponents can include one or nore of the
features or elenents described herein. Certain aspects and advant ages
of the present invention my be nore clearly understood and/ or
appreciated with 10 reference to the follow ng comonly owned United
States Patent Applications, filed on even date herewith, the

di sclosure of &agh,of (Whigh1iis-kebng ideor pakahed herwi npkani tsited
entirety by this specific reference: U S. Pat. Application

11/ 200, Ba8einehove| edEachnpictheerfsi iasl ddidiPasy e eh P Wit Huds
for Produci " i ey, dogkset " 4124; U S.

pat. ApBPEEaTi SR D0 a8 Cer Tl B et o e d
Assenbl i es anditSyist ene saridvikbthodshes PeedudeagrilSadrevithngesRRGhg °
attorney docket No. D-4125; U S __Patent I Lon 11/ 2 6
enti IeéaréﬁgFengpﬁﬁﬁFN%tﬁ%igm or 2%%Broﬁﬁ§?§%ﬁ %?hc?PEeﬁ%ésqg?oééz
Pol yner wzablketEoaposat i oie , inaatk ravi hy adt ol et ebckeerale apdIEL
U. S. Patent pljcation, .11/ 200,.863,, entitled, "Co Leps
ExtractFBn/Hggrap?onva?%@H eﬂﬁf%%%ﬂﬁ%dsW&FEhEprg%%ssgégﬁélu?%s 2d
Ther ei nto18Bdinhayi fmat t orney docket No. D-4128; U.S. Patent
Application No. 25 11/200,862,, entitled "Contact Lens Package", and
having attorney docket No. D-4129; U S. Patent Application No.

60/ 707,029, , entitled "Conpositions and Met hods for Producing
Silicone Hydrogel Contact Lenses", and having attorney docket No.
D-4153P; and U.S. Patent Application No. 11/201,409,, 30 entitled
"Systenms and Methods for Producing Silicone Hydrogel Contact

Lenses”, and having attorney docket No. D 4154. 47 A nunber of
publ i cations and patents have been cited hereinabove. Each of the
cited publications and patents are hereby incorporated by reference
intheir entireties. Wiile this invention has been described with
respect to 5 various specific exanples and enbodi nents, it is to be
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understood that the invention is not limted thereto and that it can
be variously practiced within the scope of the followng clains. 48
What is clainmed is: 1. A nethod of manufacturing a silicone hydrogel
contact lens, conprising: 5 curing a polynerizable silicone hydrogel

| ens prdcdr der ctedpediison in a contact lens nold assenbly to form
a polynerized silicone hydrogel contact |ens product |ocated in a

| ens shaped cavity defined by a first nold section and a second nold
section of the contagktheas @l drass€rbtyrid® danvlsdingohbe boakagel
|l ens nold assenbly to provjde a separated nold section conprising
the pol y@reséd el pi corPT 15 di%gel contact |ens product; and

del epsi ng the pol ygerhgedasi ldoQnR Nvabagel £Lontanle | RAScfLdUCtens
fromthe separated nold section conprising the 15 polynerized

si | i con®UPFHregEl ceprractiPensnprogaetachhéeesnrehd depprdingto form

conprisgs £iy é?yg ti i c 1l els, LsLp

t he ponné&%f% s%%?bgﬁgJiﬂgﬁrggéﬁﬁ%%%tact1#%%2 %%%§H€%¥%f€ﬁp%béé 8a

| i quid; iand tieeseshtped Caivitdi defthad hywedférdevincédbeewedmn aand a

portion _qof e _firnrst 20, nold ctio n rtion of t second nol d
sectionsggo%ﬁa Oi%n#§0%ﬁﬁléyft%§ $6) gggtegeﬁglﬁos%c??%ﬁgﬁéﬁnprises

t hel0pol yneri zed déhmdrairey hyltk ogeht €ont bets | eosdpaedeebly otot beovide

del ensing conprises (i), contacting the polynerized silicone hydrogel
Cont act & SR PR MR RECCSE S S G o S BOLIBRT WETh SLLE RO
to produseiraghydeaheseisildeona-dav@drggehdcont act | ens product; and
(i1) renoving the hydrated silicone hydrogel contact |ens ﬁroduct

fromthe separat @l #iNEecbl oRCLERRE. 2oV atbibhtTeRti BEAT99eTheORERAB

of claimkhs WIRIRIR (AiglerRt disRardPeqOmR1ias 85 dtl dort 0BLRAGE I ithd Nehe
contact |ens nold assenbly
15 polymerized silicone hydrogel contact lens product, wherein

the demolding comprises (i) contacting the contact

lens mold assembly comprising the polymerized silicone

hydrogel contact lens product with a liguid: and thereafter

(ii) directing a wedge device between a portion of the first

20 mold section and a portion of the second mold section so that

only one of the separated mold sections comprises the
polymerized silicone hydrogel contact lens product; or

the delensing comprises (i) contacting the

polymerized silicone hydrogel contact lens product of the

25 separated mold section with a liquid to produce a hydrated

silicone hydrogel contact lens product; and (ii) removing the

hydrated silicone hydrogel contact lens product from the

separated mold section using a vacuum device.

2. The method of claim 1, wherein the demolding

30 comprises (i) <contacting the contact lens mold assembly

comprising the polymerized silicone hydrogel contact lens

product with a liquid; and thereafter (il) directing a wedge

device between a portion of the first mold section and a

portion of the second mold section so that the only one of the
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conprising the polynerized silicone hydrogel contact |ens product
with a liquid; and thereafter (ii) directing a wedge device between
a portion of the first nold section and a portion of the second nold
section so that the only one of the 49 separated nold sections
conprises the polynerized silicone hydrogel contact |ens product;
and the del ensing conprises (i) contacting the polynerized silicone
hydr ogekegapiosd h@Ns Beedushs ofcdperisepar ahed Jmlehes86tiions M fdbrie
liquid to produce 5 a hydrated silicone hydrogel contact |ens _

pr oduct BY8REIe} | FontaTo e O ated é?l?i §heN AT ogePPEbIRACHY)

| ens progduebce {fpmdhe ?%Q%ékggeavl £ BEIAON HRiIRgea VAcHURHeVISfs
3. The nmethod of " claim 1, wherein the denolding conprises contacting
t he conpaetutienat notel serwriiad wiald gectdohertield fi yuaeid4to Theoduce

met hed qf ' : rejin t Qﬁﬂgld'ggﬁj t L.Ses pl ying
uItrgso%igﬁéﬁggéé to %ﬁ%n%éggéi qui%. .&ghgg%%t%ggagkﬁélggﬁi1%J5
wher ei nreneving sthephgdrstetli o ldndnehédysieoged moindaséctlieors areedused
togethe%r 15 Qé ;@e qg;@gd QE_C|%%”]1’u¥h§reiQrQRFnIET%L gold

section ARH rhe TECH ST SeSroRCAr B HIR &t AT W hIOT ALty of

di screte fused refionspeteist t het defd dh NgL f urvhere donpthsesdemolding
directingﬁa bl ade through at | east one of .the fused regi ons rior to

cont act FRGPFHEEToRPREECFERE Al SRR y1GREN T SHFTRY dWi¥E Phe

met ppd abagt@imduid.urther conprising heating the blade. 8. The
met hod of claim11l, wherein the denolding further conprises cooling

at | east onefnol dhsedtsdwDooh e addntacthersinehle ndpgebssedbfyster
The net begspfs&d aigBilinthenei-isbhec! baety ofo i ndghersingusbep is a
heated |iquid. 10. 'The rethod of claim1,” wherein the del ensing
5. The method of c¢laim 1, wherein the first mold
section and the second mold section are fused together.

15 6. The method of claim 1, wherein the first mold
section and the second mold section are fused at a plurality
of discrete fused regions, and the demolding further comprises
directing a blade through at least one of the fused regions
prior to contacting the contact lens meld assembly with the

20 liguid.

7. The method of claim 6, further comprising heating
the blade.
8. The method of claim 1, wherein the demolding further

comprises cooling at least one mold section of the contact
25 lens mold assembly.
9. The method of claim 1, wherein the liquid of the
delensing step is & heated ligquid.
10. The method of <claim 1, wherein the delensing
comprises using a wvacuum device comprising a lens contacting
30 surface having a plurality of wvacuum ports effective in
delivering a vacuum to the hydrated silicone hydrogel contact
lens product to couple the hydrated contact lens product to

the lens contacting surface of the vacuum device.
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conprises using a vacuum device conprising a | ens contacting 30
surface having a plurality of vacuum ports effective in delivering a
vacuumto the hydrated silicone hydrogel contact |ens product to
coupl e the hydrated contact |ens product to the |ens contacting
surface of the vacuumdevice. 50 ---- ------ -- - --- - ----
------------------------------ ---- ------ 11. The nethod of claim

1, wherein the, de’bﬁ@%é‘ﬂucﬁd‘réf‘%laﬁ@@r'vﬁt%ﬁ:eﬁlna%hggd%ﬁ%né@ﬂ@vﬁgrther
hydr at ed S|I|cone gidrogel contact |ens product in a lens tray. 12.

The net keFPstsepai BLadinghetls n ¥¢OWdhacimgrasedonpiildesndi r REdT oL h
cyl i nder, gﬁag%SlQﬁQU§@£éFéﬂerJ%fgk%gC ~a@f the vacuumdevice to
a n

subst ant 'y preve renove hydrat ed silicone hydrogel cont act
| ens product 12ronThel dnaghodr o stdlagndurlilng rélezsie f riome t helyaoumm

devi s€. cl%i?ﬁﬁarls@ésb?t@ecgﬂngag C.thlg.d'egg e atqés’l CQJTD %’déog@rc rgtgef%?%%

cont act risirn ng st on € ivein
a cont aetf thes*wmdwumasd@wbwy ¢onp$mbstqptidmlmstpnetdntedﬂmmnremoved

P g PRI e el AR e Lyt G S R

mol d seet eniandng h@;ﬁﬁcg)rmamgé geohl One t@cwr@mm@e separ at ed
nol d secti on conprls g the yneri zed silicone rogel contact
EF e n’g‘”’st

| ens product F3and®a A A PEd PPy e @ |nsd FEREP ngPYfrecgel

pol yorer iczedask! L €Q8e &aﬁggggﬂngcontact | ens product fromthe 20
separated nol d secti on conpri si ng thﬁg% ﬁnerlzed silicone hydrogel
&

contact |ens proddcfenakdiEs e e 4Vet ali GATEOAPRY sesCeRaGt

cont act 1L@BS nJTB 3378 lxeo%@&t@%?l h0WHiGhs taRb1(d | Jedt 198 d@é’é&r?d
structured to separate the first nold section and the second 25 nol

sect i onmeddt kartophy amé af pehwnewivachtsdd Lvong sycrrend cenrpel sb%ns
the pol yosplzed gbhigane hydrneggl SOMACJd8RS defined by the first

15 mold section and the second mold section, to provide a
separated wmold section comprising the polymerized silicone
hydrogel contact lens product; and

a delensing station effective in delensing the
polymerized silicone hydrogel contact lens product from the

20 separated mold section comprising the polymerized silicone
hydrogel contact lens product, wherein

the demelding station comprises (i) a contact lens
mold assembly contact ligquid; and (ii) a wedge device
structured to separate the first mold section and the second

25 meold section so that only one of the separated mold sections
comprises the polymerized silicone hydrogel contact lens
product, the wedge device being located to receive the contact
lens mold assembly after contacting the mold assembly with the
liquid; or

30 the delensing statlon comprises (i) a polymerized
silicone hydrogel contact lens product contact liguid
effective in producing a hydrated silicone hydrogel contact

lens product; and (ii) a vacuum device structured to remove
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product, the wedge device being located to receive the contact |ens
nol d assenbly after contacting the nold assenbly with the |[|iquid; or
30 the delensing station conprises (i) a polynerized silicone

hydr ogel contact |ens product contact liquid effective in producing
a hydrated silicone hydrogel contact |I|ens product; and (ii) a vacuum
device structured to remove 51 ---- ------ -------- ------ t he

hydr at ed:tsd |mmna:éwdgmeiormommodeenazqﬁmrhmt1ért3)npfdsmnctse;aﬁdszat €He
nol d secti on. t Eg sy %entof claim 13, the denol ding station
corrprlsefssp(airal 5 CBREACcEEFehe ol d assembly contact |iquid; and 5

(i) a wedge 1devi ghest systattedot 0 Separ aties t hecHd r sfenialidngeckianiand
the second nmgl d section so that_only one of the separated nol d

secti onSWETISESed 1t he FERyART | 288 it AReemiid sgotagtntd8bidensnd

prodyct , (itihe yedgeigdevise: hei BErhocated ttoo E86&F M6 T RReCOft An! Jn@mé
nmol d assenbly after contacting the 10 nold assenbly with the |iqui
and t he SFQERE s t?ﬁﬂoﬁec@%gpm@%%ss?¢§l%npéPyﬁ@ﬁtzéwhyIQQﬁnﬂi the

hydr ogelg e%;%rita%gd | O egct%t)scoatr@& ddOuicd.e e U%@ﬁmé/@zaa pLoducing

a hydrate silicone hydrogel contact ens pro a vacuum
devi ce éb%@@@@ﬂe@oﬂ@acén@eeStDQOﬁydtateueswhdq@néehydeogehng150cated

contact ¢ LNRiQUEhe! LOMINE SEPALAIGY I GuSROLIAR, $3,: T8, SYSLED
Feharer it Re Honbl B St

of claim1l erein enol at 1'on COormprises a
| i quPd et | assémichy t helthonthet liqumﬁ.nnbddasSBabhi&kensmmgbesphameﬂ.

16. Th t f cl 15 wh t he, de 20. st at
conprlge: % E%Lgceﬁﬂ?lg}tg %ﬁﬂﬁ%?%?ﬁer@?ltﬁﬁﬁﬁ :QHgGOQSlSéf&dﬁ%}t lens

ul trasomirederer gyohvathe heatiabl eflfequidebaid. pbdudiggsyat eAvatated
claim 13, ,wherei station further conprises at | east

| d
o bl agaIBERE! T ads T ocon Pt | ey BEAIEE | S261 bhD) f dsetisctim

region elevibe cotthaetudeRNSto remove the hydrated silicone hydrogel
15 contact lens product from the separated mold section.

15. The system of c¢laim 13, wherein the demolding
station comprises a heatable liquid bath in which the contact
lens mold assemblies can be placed.

le. The system of c¢laim 15, wherein the demolding

20 station comprises a source of ultrasonic energy positioned to
apply ultrasonic energy to the heatable liguid bath.

17. The system of claim 13, wherein the demolding
station further comprises at least one blade positioned to be
directed through at least one fused region of the contact lens

25 mold assembly prior to contacting the mold assembly with the
liquid.

18. The system of <claim 13, wherein the delensing
station <comprises a heatable liquid Dbath in which the
separated mold section comprising the polymerized silicone

30  hydrogel contact lens product can be placed.
19. The system of claim 13, wherein the vacuum device of

the delensing station comprises a lens contacting surface
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25 nol d assenbly prior to contacting the nold assenbly with the
liquid. 18. The systemof claim 13, wherein the delensing station
conprises a heatable liquid bath in which the separated nold section
conprising the polynerized silicone 30 hydrogel contact |ens product
can be placed. 19. The system of claim 13, wherein the vacuum devi ce
of the delensing station conprises a lens contacting surface 52
havi ng et 4 t ylefaMasuusd pesdsuef bects verfaceeld VeRi RELAve YEEHUR
to the hydrated silicone hydrogel K contact |ens product._ 20. The

syst em ofaUE ho1drenRErErFed Hel MEARFmi sy rgel FortRel t¥nprarasick -

shroud devi cecef f eabi W& dtRmPrOduel Ana 195 GHdRASr e 988Gk e8ESdce
toward the | ens contacting surface of the vacuum device. 21. The

syst em ofWIdiNETm 3IRFAGhe EOROUCsi #Ri ke eRdfeerhye t 47y cpepdiaing 2
hydr at ed. ;1N sydLodel « 600 atwd £PSthPT Qe J B EH of LATELDE of
separated nold section. 10 53 ---- ------------------ = Te ee e e -es
cee ---the wactuim device. - oo oo oo oo oo oo e e e e - -

tray to retain the hydrated silicone hydrogel contact lens

product removed from the separated mold section.
10
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