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The present invention is related to an inproved nethod for produci ng contact
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male and fernale halves of the mold are closed, the excess amount of the material is
expelled out into an overflow area adjacent to the mold cavity. The polymerizable or
crosslinkable material remaining within the mold is polymerized or cross-linked by means of
actinic radiation (e.g., UV irradiation, ionized radiation, microwave irradiation or by means of
heating. Both the starting material in the mold cavity and the excess material in the overflow
area are thereby hardened. After curing, the lens Is removed from the mold.

However, when the curing is completed, strong adherence betweeh the mold and the lens
occurs. In addition to this adhesion, the male and female mold halves are sealed tight as if a
vacuum is created in the mold. In order to remove the lens, both mold halves must be
separated.firsi by a mechanical force. Due to the presence seal between the male and
female mold halves after curing, an extra force is need to force separation of the mold
halves from each other. Such extra force may cause lens damages, such as, fracture, tear
etc. and thereby can have adverse impacis on the product yield and lens quality.

Therefore, it would be beneficial to provide an ii'nproved process in which minimat force is
required to separate mold halves so as to minimize lens damages resulted from the forced
separation of mold halves.
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provide a nethod for producing contact |enses. The nmethod conpri ses:
providing a nold Including a first nold half having a first nolding surface
and a sesmmoswbddo hal f having a second nol di ng sur frramrrwResseiin the first
and second nold halves are configured to receive each other such that a
nold cavity I's forned between the fRat and second nol di ng surfaces, wherein
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seal between the first and second nold halves so that the nol d-
wherein the feeding guide feeds continuously or on-demand a plurality of closed molds into

the mold-opening device, wherein each closed mold includes a first mold half having a first
molding surface and a second mold half having a second molding surfacse, wherein the first
and second mold halves are configured to receive each other such that @ mold cavily is
formed between the first and second molding surfaces, wherein one of the first and second
mold halves has a collar that encircles the other mold half to provide a seal between the two
mokd halves when the mold is closed, wherein each mold contains a molded lens within the
mold cavity, wherein the mold-pushing device pushes each mold into the mold-opening
device in a lock-in position where the mold-pushing device applies a small force directly onto
at least one area of the collar at an angle of less than about 50 degrees relative to the
normal direction of the coliar in the force-receiving area to cause a élight deformation,
thereby breaking vacuum seal between the first and second mold halves so that the mold-
opening device is capable of separating the first and second mold halves from each other
with a reduced force.

The present Invention provides the foregoing and other features, and the advantages of the
invention will become further apparent from the following detailed description of the presently



openi ng device is capable of separating the first and second nold hal ves
fromeach other wth a reduced force. The present |Invention provides the
foregoi ng and other features, and the advantages of the Invention wll
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in conjunction with the acconpanying_giLgures. The detailed description and
figures are nerely illustrative of the Invention and do not limt the scope
of the invention, which is defined by the appended clains and equival ents

t hereof . BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a cross-sectional view
of a rRiefarred embadiments, read ingosiunstion:with theraceompenying flgurese ThedletailsdG. 2
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illustrates an apparatus for performng a nethod of the Invention, FIG 3b

schematically illustrates actions of the nol d-opening device of the
apparatus shown In FIG 3a. DESCRI PTI ON OF PREFERRED EMBCDI MENTS Ref erence

now w | ' odi ments of the intention, one or nore
examlée@Egpgﬁ?ﬁ@gQ%ﬁ%%%@gm Each exanple is provided by way of
explanation of the invention, not Imtation of the Invention. In fact, it
wil | kL i at .vani qus .fications and
vari aﬁﬁ%‘ﬁgg?aﬁ%%%ggf‘ﬁﬁﬁ’tgﬁg!SWﬁ%‘ﬁ%WW ﬁmﬁ"%k’rﬁ%‘g%? g fromthe
scope imfentitre i nvention. For instance, features illustrated or described as

part of one enbodi nent, can be used on another enbodinment to yield a still
further enbodinent. Thus, it Is Intended that the present invention cover
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det ai |ggsbodigent oPtheQiventibn) S t 0 be understood by one of ordinary skill In the
FIG. 3a schematically illustrates an apparatus for performing a method of the invention.

FIG. 3b schematically illustrates actions of the mold-opening device of the apparatus shown
In F1G. 3a.

DESCRIPTION OF PREFERRED EMBODIMENTS

Reference now will be made in detall fo the embodiments of the inventlon, one or more
examples of which are set forth below. Each example is provided by way of explanation of
the invention, not limitation of the invention. In fact, it will be appearent to those skilled in the

art that vawious modifications and variations can be made in the present invention without
departing from the scope of the invention. For instance, features illustrated or

described as part of one embodiment, can be used on another embodiment to yield a still
further embodiment. Thus, it Is intended that the present invention cover such modificatior
and variations as come within the scope of the appended claims and their equivalents.
Other objects, features and aspects of the present invention are disclosed In or are obviou
from the following detailed description. 1t is to be understood by one of ordinary skill in the
art that the present discussion Is a description of exemplary embodiments only, and Is not
intended as limiting the broader aspecis of the present invention.



art that the present discussion is a description of exenplary enbodi nents
only, and Is not intended as limting the broader aspects of the present
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The female mold half 1 comprises a base 51, a substantially cylindrical body 15 which
extends upward from base 51, an anterior molding surface defining the anterior (convex)
surface of a molded contact lens, and a collar 4. The anterior molding surface recesses
downward from the top of the body 15. Collar 4 {(or up-protruding flange) is preferably '
integral part of the female mold half 1 and protrudes upward from the top of the body 15. A
circumferential groove (or recess) 11 is formed on top of the body 15 between the anterior
molding surface and functions as an overflow for any excess unpolymerized lens-forming

material.

The term “collar” as used herein refers to a peripheral circular part which protrude upward
from the top of body of one of the two mating mold halves. A collar can be attached to or
preferably integral part of that mold half and which can encircle the other mold half to provide
a tight seal between the two mold halves. It is understood that the collar can be provided on
either of the male and female mold halves.

The female mold half 1 and a male mold half 2 are configured to receive each other such
that a contact lens forming cavity 12 is formed between the anterior and posterior molding



a tight seal between the two nold halves. It is understood that the collar
can be provided on either of the nmale and fermal e nold hal ves. The fenal e
nold half | and a male nold half 2 are configured to receive each other such
that a conweabosweswef orm ng cavity 12 is fornmed between bb?nﬂﬂ&ﬁhhﬂﬁ;a”d
posterior nolding WO 20051090060 PCT/EP20 05 /0 03 1 1 1 -5 surfaces. The
collar 4 encircles the body 25 of the-mal e nold half 2 to provide a tight
seal 5 between the female and nmal e nold hal ves when the nold I's dosed.
Typically, there is no lens material In the seal. Preferably, the male nold
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irradiation (e.g., W radiation), at least in the region of the lens formng
cavity 12. For this purpose, at |east one of the nold halves |Is transparent

to the fedperation, mowl Kdhedt rd 2-can Y firdtiéotionimdieés froimh PW%mﬁaﬁf_the_

mol di ng surface. Thus, at least the polyne table |ens-tormng material in
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excess meapsrefa dispensing device and then the male mold half 2 is put on and the mold 100 is
. closed (FIG. 1). As the mold 100 closes, any excess unpolymerized lens-forming material is
pressed into an overflow 11 provided on the female mold half 1.

Subsequently, the closed mold 100 containing the polymerizable lens-forming material Is
subjectad to actinic irradiation (e.g., UV radiation), at least in the region of the lens forming
cavity 12. For this purpose, at lsast one of the mold halves is transparent to the actinic
radiation {e.g., UV light) at least in the region of the molding surfack. Thus, at least the
polymerizable lens-forming material in the lens forming cavity 12 is polymerized. it is also
possible for any polymerizable lens-forming material in the overflow 11 to be polymerized.
This Is advantageous in the respect that, when the moid Is opened, the excess polymerized
lens-forming material then remalns in the overflow 11 of the female mold half 1, while the
contact lens adhering to the male mold half 2 can be removed and further processed
together with male moid halif 2.

Before being opened, the mold together with the contact lens CL inside it is
placed while still closed in a tempeting oven for tempering and is tempered for a time at a
temperature of approximatsly 120°C, whereby any stresses In the material are relleved and
the polymerization is finally completed.



| ens-formng nmaterial then remains in the overflow 11 of the female nold
half 1, while the contact |ens adhering to the nale nold half 2 can be
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(e.g., a locking position) or while stopped by a stopper located on one side opposite to the

side onto which the small force is applied directly, by any mechanical means known to a

person skilled in the art. By breaking the seal between the two mold halves of a mold before

opening the mold, any vacuum effect, which is generated during polymerization of the

polymerizable lens-forming materiai in the mold, can be released and therefore the force

required to open the mold can be decreased. As such, lens damages occurred during mold
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opening can be minimized.

After breaking the seal between the mold halves, the mold is opened, the molded contact
tens CL adhering to the male mold half 2, while excess lens-forming material, on the other
hand, remains in the overflow 11 of the female mold half 1.

The molded contact lens CL adhering to the male mold half 2 is then passed to a hydration
device where the contact lens CL is detached from the male mold half 2 and hydrated. Any
hydration device can be used in the invention,

In another aspect, the invention provides an apparatus for demolding contact lenses from
molds, the apparatus comprising: a feeding guide, a mold-opening device, and a mold-



pol yneri zable I ens-formng material in the nold, can be rel eased and
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herein, the term “a reduced force” is intended to describe that a force required to open an
mold after breaking the seal between the two mold halves of the mold before opening the
mold is smaller than a force required to open an mold without breaking the seal between the

two mold halves of the mold before opening the mold. A person skilled in that art knows well
how to determine a force required to open a mold.

FIG. 3a schematicaliy illustrate a preferred apparatus for pérforming a method of the
_invention. Such apparétus can be implemented in a lens production environment, especially
in an automatic product process. Each closed mold 100 (sﬁown in Figures 1-2) witha
molded lens CL therein is loaded into a feeding guide 31 in which molds drop one by one to
the bottom of the feeding guide 31. A sharp edge pusher (or blade) 37 pushes each mold
into a jaw assembly (or mold-opening device) 35 in a proper position or iock-in position (i.e., ‘
sliding into the jaws and stopped by a stopper 40). The stopper preferably has a sharp edge
41 which is in contact with a small area of the collar of each closed mold 100 at an angle
normal to the collar in the small area. 1 is understood that the stopper 40 and/or pusher 37
can have any non-sharp edge. Once the mold is in proper position, the sharp edge pusher
{or blade) 37 applies a small force directly onto, for example, a small side area, opposite to
the stopper 40, of the collar of each closed mold at an angle of less than about 5 degrees
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manner
production floor. Under gravity, each mold will drop, preferably one by one, to the bottom of

the feeding guide. However, the feeding guide can also installed at any other desired angles
(to the production floor), for example, such as, 30 degrees, 45 degrees or 60 degrees, .
instead of 90 degrees shown in Figure 3. The feeding guide can also be installed horizontally
(in relation to the production floor). Under this circumstance, the feeding guide can have a
transporting means known to a person skilled in the art for transpotting each closed mold
into a mold-opening device.

It is also understood that the mold-opening device can have any configurations known to a
person skilled in the art for performing the function of separating two mold halves from each
other. :

It is further understood that methods of manufacturing mold halves for cast molding a
contact lens are generally well known to those of ordinary skill in the art. The process of the
present invention is not limited to any particular method of forming a mold half. In fact, any
method of forming a mold half can be used in the present Invention. However, for illustrative



separate the nold halves | and 2 as shown in FIG 3b. After nold opening,
the nol ded contact |lens CL preferably adhering to the male nold half 2 Is
t hen passed to a hydration device where the contact lens CL is detached
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in the absence of additional monomers and/or macromers. Exemplary hydrogels include, but

are not limited to, poly(vinyl alcohol) (PVA), modified polyvinylalcohol (e.g., as nelfllcon A),

poly(hydroxyethyl methacrylate), poly(viny! pyrrolidone), PVAs with polycarboxylic acids (e.g.,

carbopol), polyethylene glycol, polyacrylamide, polymethacrylamide, silicone-containing

hydrogels, polyurethane, polyurea, and the like. A hydrogel can be prepared according to

any methods known to a person skilled in the art.

Various embodiments are evident. Although one mold (FIG. 1) is illustrated, the invention is
in no way limited to this specific mold. A person skilled in the art can readily determine other
molds for which the invention has applicability.



macroners, or conbinations thereof. A lens-formng material can further

I ncl ude ot her conponents, such as a photoinitiator, a visibility tinting
agent, UV-bl ocking agent, photosensitizers, and the like. Preferably, a
pol ymeri zabl e | ens-form ng materi alipused in the present invention can form
a hydrogel material. A "hydrogel material" refers to a polyneric materi al
whi ch can absorb at |east 10 percent by weight of water when it is fully
hydr at edcidameeral |y, a hydrogel material is obtained by polynerization or
copol ynmeri zation of at |east one hydrophilic nononmer in the presence of or
I n the absence of additional nononers and/or macromers. Exenpl ary hydrogel s
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than about 50 dagrees relative to the normal direction of the collar in the force-
receiving area to distort the collar, thereby breaking the sea! between the two
mold halves; and

(H opening the mold.

2. The method of claim 1, wherein the small force is applied directly to at least one area
of the collar at an angle of less than about 30 degrees relative to the normat direction
of the coliar in the force-receiving area.

3. The method of claim 4, wherein the small force is applied to two opposite small areas
on the collar at an angle of ieas than about 50 degrees relative to the normal direction
of the collar in each force receiving area.

4. The method of claim 1, compriging pre-treating the first or second molding surface fo
render the molded contact lens preferentially adhered to the pre-treated molding
surface when opening the mokd.



(d) tenpering the dosed nold with the nolded contact tens therein In a

tenpering oven; (e) applying a small force directly to at | east one area of
the collar at an angle of |less than about 50 degrees relative to the normal
direction of the collar in the forceH-receiving area to distort the collar,
t hereby breaking the seal between the two nold halves; and (t) opening the

nold. 2. The nethod of claim]l, wherein the snall force S ’doplled directly
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force-receiving area. 3. The nmethod of claim1l, wherein the small force is

applied to two opp05|te small areas on the collar at an angle of |less than
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The nethod of claim1l, wherein the small force is applied directly to one
small area on one side of the collar while the nold being held in a | ocking
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the collar In the force-receiving small area. 8. An apparatus for denolding

contact lenses fromnmplds in a method according to claim 1, the apparatus
conprd: si My apparatusder drmelding, contact lenses from molds in a method according to

claim 1, the apparatus comprising:

a tempering oven,

a feeding guide,

a mold-opening davice, and

a mold-pushing device,

wherein the feeding guide feeds continuously or on-demand a pluraity of closed molds,
one by one, into the mold-cpening device, wherein each closed mold Inclides a first
mold half having a first molding surface and a second mald half having a second
molding surface, wherein the first and second mold halves are configured to receive
ezch other such that a mold cavity Is formed between the first and second molding
surfaces, wharein one of the first and second mold halves has a collar that encircles
the other mold half to provide a seal betwaen the two mold halves when the mold is
closed, wherein each maold containg a moided lens within the mold cavity, wherein the
moid-pushing device pushes aach moid into the mold-opaning device in a lock-in or
stop position where the mold-pushing devica applies a small force diractly onto an area
of the collar at an angle of less than about 50 dagrees relative to the normal direction
of the collar in the force-receiving area to cause a slight deformation, thereby breaking
vacuum sesl between the first and second mold halves so that the mold-opening
devics is capable of separating the first and second mold halves from each other with a
reduced force.



a feeding guide, a nold-opening device, and a nold-pushing device, wherein
the feeding guide feeds continuously or on-demand a plurality of closed
nol ds, one by one, into the nol d-opening device, wherein each closed nold
Includes a first nold half having a first nolding surface and a second nol d
hal f having a second nolding surfacesl2wherein the first and second nold
hal ves are configured to receive each other such that a nold cavity Is
formed between the first and second nol ding surfaces, wherein one of the
first and second nold hal ves has a collar That encircles the other nold
half to provide a seal between the two nold hal ves when the nold is closed,
wher ei 9. ealte appérdtus oh¢laim; whersirl the tholdemushing device islcapablel of apglyingp, wherei n t he
i Pse e SRR o mﬁ%@mam%@am%nmggoplgma,gag&%se ina
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| ock-in or  "stop |on no ushin evice applies a smal
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force-r in to, cau i ght .def or b ing vacuum
eal - bdbvelte e bt 8 8rdh e Bl R Gelelis Wy o 8P Bgent ng
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ot her mﬁthﬁ@mj; shufprce. -12 9. The apparatus of claim@8, wherein the

nol d- pushi Jévice I's capable of applying a snall force directly to at

| east one area of the collar at an angle of |ess than about 30 degrees
relative to the normal direction of the collar In the force-receiving area.
10. The apparatus of claim8, wherein the small force applied to the nold in
step (e) of the nmethod according to claiml is adjusted via cylinder

stroke, stopper position, and/or cylinder |ine pressure.



