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DEVICES AND PROCESSES FOR PERFORMING DEGASSING

OPERATIONS

Field of the Invention

The invention relates generally to contact lenses and other products that require
a substantially oxygen-free environment during manufacture. More particularly, the
invention relates to devices and processes for isolating mold pieces and other objects
used in the manufacture of such products from the ambient environment, so that the

objects can be rendered substantially free of oxygen.

Background of the Invention

Soft contact lenses are typically formed using a two-piece mold composed of a
front mold half and a back mold half. The front and back mold halves are positioned so
that they are spaced apart in a predetermined relationship. A monomeric material in
liquid form is introduced in the gap between the front and back mold halves. The
monomeric material, upon curing, forms the contact lens. The front and back mold
halves are configured to shape the lens in a particular manner, so that the lens possesses
optical properties that produce a desired vision correction in the end user.

The curing of the monomeric material is inhibited in the presence of oxygen.
Hence, soft contact lenses are typically manufactured in an environment that is
substantially free of oxygen. In addition, oxygen can permeate into the plastic material
from which the front and back curves are formed, if the front and back mold halves are

exposed to air. The oxygen needs to be removed from the front and back mold halves
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prior to use. The process by which the oxygen is removed is commonly known as
“degassing.”

Front and back mold halves are typically manufactured by injection molding.
The front and back mold halves ére usually produced in batches, or lots, with each lot
corresponding to a lens shape providing a particular vision correction. The lots may be
stored after manufacture, until needed in the production process.

The lots of front and back curves are usually exposed to the ambient
environment during storage. Hence, each lot needs to be degassed prior to use.
Degassing is commonly performed by placing the front and back mold halves in a
vacuum chamber, and subjecting the front and back curves to a relatively high vacuum,
such as one Torr or greater, for a prolonged period such as eight to twelve hours.

Degassing using a vacuum chamber can be disadvantageous because additional
lots cannot be placed in the vacuum chamber without interrupting any ongoing
degassing operations. Interrupting a degassing operation before completion usually
necessitates restarting the degassing operation from the beginning. Hence, multiple
vacuum chambers, each with attendant start-up and operating costs, may be needed to
conduct degassing operations on a substantially continuous basis.

The degassed front and back mold halves may be temporarily stored in nitrogen-
filled containers until needed on the production line. These containers typically lose
nitrogen through leakage and additional nitrogen may need to be supplied to each
container on a continuous basis. The nitrogen supply line associated with each
container is usually coupled to the container using relatively expensive fittings.
Moreover, it can be difficult or impossible to determine whether an adequate nitrogen

charge is being maintained in the container during storage.
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Consequently, a need exists for a device and a method for degassing front and
back mold halves on a substantially continuous basis, and for storing the degassed front
and back mold halves in a cost-effective manner that minimizes the potential for the

front and back mold halves to be exposed to oxygen.

Brief Description of the Drawings

In the drawings: | -

Fig. 1 1s a perspective view of a canister that can be used to degas and store
mold pieces;

Fig. 2 1s a cross sectional view of the area designated “B” in Fig. 1, taken along
the line “A-A” of Fig. 1;

Fig. 3 1s a magnified view of the area designated “C” in Fig. 2;

Fig. 4 1s an exploded perspective view of a lid, a membrane, and a plate of the
canister shown in Figs. 1-3;

Fig. 5 is a cross-sectional, assembled view of the lid, membrane, and plate
shown in Fig. 4, taken through the line “D-D” of Fig. 4 and showing a portion of a
needle injector being inserted through the lid, membrane, and plate;

Fig. 6 is a perspective view of a second end portion, and a first and second plate
of the canister shown in Figs. 1-3;
[0001] Fig. 7 is a cross-sectional view of the needle injector shown in Fig 5;
[0002] Fig. 8 is a top perspective view of a pallet that can be used in connection
with the canister shown in Figs. 1-6, with eight front or back mold halves placed
thereon in preparation for inserting the pallet and front or back mold halves into the

canister shown in Figs. 1-6;
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Fig. 9 is a bottom perspective view of the pallet and front or back mold halves

shown in Fig. 8;

Fig. 10 is a top perspective view of a glove box mated with two canisters of the
type shown in Figs. 1-6;

S Fig. 11 is a bottom perspective view of the glove box and canisters shown in
Fig. 10;

Fig. 12 is a side view of the canister shown in Figs. 1-6, depicting a stack of
pallets of the type shown in Figs. 8 and 9 being loaded into or removed from the
canister;

10 Fig. 13 is a front view of a preferred embodiment of a system for conducting
degassing operations using canisters of the type shown in Figs. 1-6 and 12;

Fig. 14 is a block diagram of electrical components of the system shown in Fig.
13:

Fig. 15 is a cross-sectional view of an alternative embodiment of the canister

15 shown in Figs. 1-6 and 12, from a perspective similar to that of Fig. 2; and

Fig. 16 is a cross-sectional view of a lower portion of the canister shown in Fig.

15.

Detailed Description of Preferred Embodiments
20 Processes and devices are provided for degassing an object using a canister
filled with a gaseous fluid such as nitrogen and, if desired, storing the object in the
gaseous fluid after degassing.
In one embodiment, processes for degassing a mold piece are provided
comprising, consisting essentially of and consisting of inserting the mold piece into an

25  1nternal volume within a canister, sealing the internal volume, drawing a vacuum in the
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internal volume, introducing a gaseous fluid into the internal volume, and maintaining
the gaseous fluid in the internal volume for a time period sufficient to degas the mold
piece.

In another embodiment, a canister for degassing a mold piece is provided
comprising, consisting essentially of and consisting of a substantially hollow body
defining an internal volume, and a first and a second end portion secured to opposing
ends of the body and further defining the internal volume. The first end portion has an
opening formed therein for providing access to the internal volume so that the mold
piece can be inserted into and removed from the internal volume.

In yet another embodiment, a canister comprises, consist essentially of, and
consists of a lid capable of being secured to the first end portion on a selective basis for
covering the opening, and at least one of a needle valve for allowing gaseous fluid to be
introduced into and evacuated from the internal volume, and a membrane in fluid
communication with the internal volume so that the membrane can provide an
indication of a pressure differential between the internal volume and an ambient
environment around the canister.

In still another embodiment, a device for degassing an object comprises, consist
essentially of, and consists of a substantially tubular first portion having an interior for
receiving the object, a second portion covering a first end of the first portion, and a
third portion covering a second end of the first portion. The third portion has an
opening formed therein for facilitating insertion and removal of the object into and out
of the interior of the first portion.

A further embodiment is a device comprising, consisting essentially of and

consisting of a valve for placing the interior of the first portion in fluid communication
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with at least one of a vacuum source and a source of gaseous fluid, and a pressure
indicator responsive to a pressure differential between the interior and an exterior of the
first portion.

In yet another embodiment a processes is provided comprising, consisting
essentially of and consisting of : (i) placing an object in an internal volume within a
canister; (ii) sealing the internal volume; (iii) drawing a vacuum in the internal volume
for a first time period; (iv) introducing a gaseous fluid suitable for degassing the object
into the internal volume and pressurizing the gaseous fluid for a second time period; (V)
drawing a vacuum in the internal volume for a third time period; (vi) introducing an
additional amount of the gaseous fluid into the internal volume and pressurizing the
additional amount of the gaseous fluid for a fourth time period; (vii) repeating steps (111)
through (v); and (viii) subsequently introducing another additional amount of the
gaseous fluid into the internal volume and pressurizing the another additional amount
of the gaseous fluid for a fifth time period.

Another embodiment provides a system for performing degassing operations
comprising, consisting essentially of, and consisting of a canister having an internal
volume for holding an object to be degassed. The internal volume is capable of being
sealed on a selective basis. The system also comprises a controller comprising a
processor. The system further comprises a valve communicatively coupled to the
controller for selectively placing the internal volume in fluid communication with at
least one of a source of a gaseous fluid suitable for use in degassing, and a vacuum

source, in response to an input from the controller.
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Figures 1-6 and 12 depict a preferred embodiment of a canister 10. The canister

10

15

20

10 can be used for degassing and storing mold pieces. The mold pieces can be, for
example, front and back curves 21 used in the manufacture of soft contact lenses. (The
term “mold piece,” as used in the specification and claims, is intended to encompass an
entire mold, as well as pieces of a mold.) The use of the canister 10 in connection with
the front and back curves 21 is disclosed for exemplary purposes only. The canister 10
can be adapted for use in degassing operations performed on other types of objects.

2% &¢

Directional terms such as “top,” “bottom,” “above,” “below,” etc. are
used with reference to the component orientations depicted in Figure 1. These terms
are used for illustrative purposes only, and are not meant to limit the scope of the
appended claims.

The canister 10 is composed of a body 12, a first end portion 14 secured to a
first end of the body 12, and a second end portion 16 secured to a second end of the
body 12. The body 12, first end portion 14, and second end portion 16 define a cavity,
or internal volume 20 (see Figures 2 and 3) .

The internal volume 20 accommodates the front and back mold halves 21. The
canister 10 1s sized so that the internal volume 20 accommodates one lot of either or
both front and back mold halves 21. Each lot can include four hundred front mold
halves 21, four hundred back mold halves 21, or some combination of front and back
mold halves 21 totaling four hundred. Alternative embodiments of the canister can be
sized so that the internal volume 20 accommodates more, or less than this number of
front and back mold halves 21.

The front and back mold halves 21 are supported on pallets 22. Each pallet 22

can accommodate eight of the front or back mold halves 21, as shown in Figure 8. Up
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to fifty of the pallets 22 can be stacked within the internal volume 20 during degassing
operations, as discussed below.

The body 12 is preferably formed, for example, from extruded aluminum that is
hard coated. The body 12 preferably includes ribs 25, as shown in Figures 2 and 3. The
ribs 25 are formed on inwardly-facing surfaces of the body 12, and thus project into the
internal volume 20. The ribs 25 extend in an axial direction of the body 12. The ribs
25 are sized to contact the pallets 22 when the pallets 22 are stacked within the internal
volume 20, so that the ribs 25 substantially center the pallets 22 within the internal
volume 20.

Handles 26 are preferably mounted on opposing sides of the body 12, to
facilitate lifting and handling of the canister 10. Each handle 26 is preferably disposed
in an external track 27 formed on the body 12, so that the position of the handle 26 1n
relation to the body 14 ca;l be adjusted.

The first and second end portions 14, 16 can be formed, for example, from
aluminum. The first and second end portions 14, 16 are secured to the body 12 by a
suitable means such as elongated fasteners 23 (see Figures 1-3). The fasteners 23
preferably extend between the first and second end portions 14, 16 by way of channels
24 formed in the body 12. In other words, the fasteners 23 preferably draw the first and
second end portions 14, 16 toward each other, so that the body 12 is secured
therebetween.

A seal 29 is disposed in a groove formed in an underside of the first end portion

14, to seal the interface between the first end portion 14 and the body 12 (see Figures 2

and 3).
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The first end portion 14 has an opening 30 formed therein to facilitate access to
the internal volume 20. The canister 10 includes a lid 28 for covering the opening 30.
The lid 18 28 is received in a recess 31 formed in the first end portion 14, as shown in
Figures 2 and 3. The lid 28 is supported by a lip 32 of the first end portion 14. A seal
33 18 disposed in a groove formed on an underside of the lid 28, to seal the interface
between the lid 28 and the first end portion 14. The lid 28 and the first end portion 14
further define the internal volume 20.

The lid 28 can be secured to the first end portion 14 by, for example, clamps, or
latches 34. Each latch 34 comprises a body 35, and an arm 36 (see Figures 2 and 3).
The arm 36 is preferably secured to an upper portion 35a of the body 35 by a
hexagonally-shaped nut 43.

The body 35 of each latch 34 is supported by a spacer 37, and a mounting plate
38. The spacer 37 and the mounting plate 38 are secured to the first end portion 14
using fasteners. A lower portion 35b of the body 35 is secured to the associated
mounting plate 38 by a nut 39 that threadably engages the lower portion 35b. The
lower portion 35b is rotatably coupled to the upper portion 35a of the body 35. This
arrangement permits the upper portion 35a of the body 35, and the associated arm 36 to
pivot in relation to the lower portion 35a, the spacer 37, the mounting plate 38, and the
first end portion 14. The upper portion 35a of the body 35 extends through an
associated opening 40 formed in the first end portion 14.

Each arm 36 (and the attached upper portion 35a of the body 35) can pivot
between a first position (shown in Figure 1) and a second position (not shown). Each

arm 36 engages a surface portion 41 of the lid 28 as the arm 36 pivots toward its first
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position. Interference between the arms 36 and the surface portions 41 secures the lid
28 to the first end portion 14.

The arms 36 pivot away from the lid 28 when the arms 26 are moved to their
second positions, so that the lid 28 can be removed from the first end portion 14 to
expose the opening 30. The first end portion 14 has cutouts 24 formed therein to
accommodate the arms 36 as the arms 36 move to their respective second positions (see
Figures 1 and 2). The arms 36 can be pivoted using a handle or other tool configured to
engage the nuts 43.

Each of the bodies 35 can be equipped with camming features (not shown) that
cause the body 35 to urge its associated arm 36 downward as the arm 36 approaches the
first position.

The first end portion 14 can be configured to securely mate with a nitrogen-
tilled container, such as a glove box 90, so that a sealed interface is formed between the
canister 10 and the glove box 90 (see Figures 10 and 11; portions of the glove box 90
are removed in these illustrations, for clarity). Once the canister 10 and the glove box
90 are mated, the Iid 28 can be removed so that the front and back curves 21 can be
unloaded from the canister 10 in a substantially oxygen-free environment. The front
and back curves 21 can subsequently be moved to a production area for use in
manufacturing soft contact lenses.

The l1id 28 has a through hole 44 formed therein to provide access to the internal
volume 20, as shown 1n Figures 2-5. A valve 46 is disposed in the through hole 44.
The valve 46 is preferably a needle valve, although other types of valves can be used in

the alternative. The valve 46 seals the through hole 44, while permitting gases to be
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introduced into, and evacuated from the internal volume 20 on a selective basis using a
needle injector 49 (see Figure 7).

The needle injector 49 can be attached to a handle 59, as depicted in Figure 7.
The handle 59 can be formed, for example, from rolled aluminum. The handle 59 can
be grasped by the user so that the user can insert the needle injector 49 into the valve
46. The handle 59 can also be used to facilitate connection of the needle injector 49 to
tubing 53 that supplies gaseous fluid to the needle injector 49, or draws a vacuum
through the needle injector 49.

A lip 45 is formed around the through hole 44, proximate the bottom thereof, as
shown in Figures 3, and 5. The lip 45 supports the valve 46.

A plate 47 is securely mounted on the lid 28, using a suitable means such as
fasteners (see Figures 1-5). The plate 47 helps to retain the valve 46 in the through hole
44. In particular, the plate 47 has a through hole 48 formed therein. The centerline of
the through hole 48 is substantially coincident with the centerline of the through hole 44
formed in the lid 28, as shown in Figure 5. The through hole 48 has a diameter smaller
than that of the valve 46 (but large enough to facilitate the access to the valve 46 by the
needle injector 49). This feature results in interference between the valve 46, and the
portion of the plate 47 proximate the through hole 48. The noted interference helps to
retain the valve 46 in the through hole 44.

The valve 46 is preferably formed as a piece of resilient material such as rubber.
The resilient material has a penetration formed therein for permitting the tip of the
injector 49 to pass through the valve 46, and into the internal volume 20. The resilience
of the material causes the penetration to remain sealed when the needle injector 49 is

not inserted therein. The resilience of the material also causes the valve 46 to self seal

11
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around the needle injector 49, when the needle injector 49 is inserted therein. The
valve 46 is preferably sized to fit snugly within the through hole 44, so that a seal is
established between the valve 46 and the periphery of the through hole 44.

Gases can be evacuated from, or infroduced into the internal volume 20 by way
of the needle injector 49, once the needle injector 49 1s inserted through the valve 46.
For example, air within the internal volume 20 can be evacuated through the needle
injector 49. Nitrogen gas can subsequently be introduced into the internal volume 20
by way of the needle injector 49. Preferably, the nitrogen gas is pressurized to a level
above the ambient air pressure, to inhibit inflow of ambient air into the internal volume
20. [0003] The nitrogen environment within the internal volume 20 can be
maintained for a predetermined period, to allow the front and back curves 21 to soak in
the nitrogen and thereby degas. The nitrogen, and oxygen that has migrated out of the
plastic material from which the front and back curves 21 are formed, can be evacuated
from the internal volume 20 by way of the injector needle 49 at the conclusion of the
soak period. If desired, additional nitrogen can be introduced to the internal volume by
way of the needle injector 39, and another soak period can be conducted to further
degas the front and back curves 21.

The use of nitrogen gas to perform the degassing operation 1s disclosed tfor
exemplary purposes only. Other gaseous fluids suitable for degassing the front and
back curves 21, including gaseous fluids comprising a blend of nitrogen and oxygen,
can be used in the alternative.

The needle injector 49 can remain inserted in the valve 46 during the soak
period. Alternatively the needle injector 49 can be removed after the nitrogen has been

introduced, and reinserted at the conclusion of the soak period to evacuate the nitrogen.

12
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The front and back mold halves 21 can be removed from the canister 10 at the
conclusion of the final soak period, using the glove box 90 or other suitable means to
isolate the front and back mold halves 21 from oxygen. Alternatively, the pressurized
nitrogen can remain in the canister 10, and the canister 10 and the front and back mold
halves 21 can be stored until the front and back mold halves 21 are needed for
production operations.

The canister 10 can be equipped with a membrane 52 for providing an
indication that the internal volume 20 is pressurized (see Figures 3-5). The membrane
52 is preferably formed from a resilient, flexible material such as rubber. The
membrane 52 is mounted on the lid 28. A through hole 54 is formed in the lid 28, to
place the underside of the membrane 52 in fluid communication with the interﬁal
volume 20.

The membrane 52 1s held on the lid 28 by the plate 47. More particularly, the
membrane 52 1s sandwiched between the plate 47 and the lid 28. (The portion of the
membrane 52 below the through hole 48 has a slit formed therein, to permit the needle
injector 49 to pass through the membrane 52.)

The plate 47 has a second, relatively large through hole 58 formed therein for
facilitating access to the membrane 52 (see Figures 1, 4, and 5). The centerline of the
through hole 58 is substantially coincident with the centerline of the through hole 54
formed in the plate 28.

A portion 52a of the membrane 52 is aligned with the through hole 58. The
underside of the portion 52a is in fluid communication with the internal volume 20 by
way of the through hole 54. The pressurized nitrogen within the internal volume 20

thus acts on the membrane portion 52a, by way of the through hole 54. This pressure,

13
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...................

in conjunction with the restraining effect of the plate 47 on the perimeter of the
membrane portion 52a, causes the membrane portion 52a to rise, or curve upward,
when the internal volume 20 is pressurized. In other words, the membrane portion 52a
can act as a pressure bubble when the internal volume 20 1s pressurized.

The upward curve of the membrane portion 52a can provide both a visual and a
tactile indication whether the internal volume 20 is charged with nitrogen (or another
gaseous fluid). This indication can be utilized as the internal volume 20 is being
charged in preparation for a soak period. The indication can also be used to verify that
the internal volume 20 remains charged during a soak period, or during storage.

The surface portion of the lid 28 located below the membrane portion 52a
preferably has a convex shape that forms an indentation 61, as shown in Figure 5. The
indentation 61 permits the user to push the membrane portion 52a down after the
internal volume 20 has been depressurized. This feature can be used if the membrane
portion 52a stretches and deforms, and no longer returns to its initial flat shape on its
OWI.

A seal 60 is disposed in a groove formed in an inwardly-facing surface of the
second end portion 16, to seal the interface between the second end portion 16 and the
body 12 (see Figure 0).

The canister 10 also includes a first plate 62 and a second plate 64 for
supporting the pallets 22 of front and back curves 21 within the internal volume 20.
The first plate 62 is preferably supported on the second end portion 16 by way of
springs 66, as shown in Figure 6. The second plate 64 rests on top of the first plate 62,

and is not secured to the first plate 62.

14
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The second plate 64 can be removed from the canister 10 so that the pallets 22
of front and back curves 21 can be loaded onto the second plate 64 outside of the
canister. More particularly, a rod 73 having a threaded end portion can be inserted into
the canister 10 by way of the opening 30 in the first end portion 14 (the rod 73 is
depicted in Figures 10-12). The rod 73 can be secured to the second plate 64 by way of
a threaded hole 74 formed in the second plate 64, proximate the center thereof (see
Figure 6). The rod 73 and the attached second plate 64 can then be lifted from the
internal volume of the canister 10.

One of the pallets 22 can be stacked directly on the second plate 64, as shown in
Figure 12. The pallets 22 have downwardly-facing cylindrical projections 22a formed
thereon, as shown in Figure 9. The second plate 64 has recesses 75 formed therein to
accommodate the front and back curves 21 disposed on the lowermost pallet 22 (see
Figure 6). The remaining pallets 22 can be stacked on top of the second plate 64 and
the lowermost pallet 22, as shown in Figure 12. Each pallet 22 has a through hole 22b
formed proximate a center thereof for pemﬁttin g the rod 73 to pass through the pallet
22 as the pallets 22 are stacked (see Figure 8). Moreover, the pallets 22 include
features 22c¢ that permit the pallets 22 to be stacked on top of each other.

The canister 10 is sized so that the internal volume accommodates up to fifty of
the pallets 22. A particular number of pallets 22 is specified for exemplary purposes
only. Alternative embodiments of the canister 10 can be sized to hold more, or less
than fifty pallets 22. Moreover, alternative embodiments can be configured for use with
other type of pallets, or without the use of any pallets whatsoever.

The second plate 64 and the stack of pallets 22 can be lifted by way of the rod

73, and lowered into the internal volume 20 through the opening 30 in the first end
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portion 14, as depicted in Figure 12. The rod 73 can subsequently be unthreaded and
removed from the second plate 64. The lid 28 can then be positioned in the opening 30,
and secured in place by turning the latches 34 to their respective first positions.

The springs 66 urge the first plate 62 upward, toward the first end portion 14.
The springs 66 thus exert an upward force on the stack of pallets 22, when the canister
10 is loaded. This force urges the uppermost pallet 22 against the lid 28, once the lid 28
is installed and secured. In other words, the springs 66 place a relatively low
compressive force on the stack of pallets 22. This feature can help the pallets 22 to
remain substantially stationary in relation to the canister 10 when the canister 10 is
bounced, dropped, knocked over, or otherwise moved.

The pallets 22 can be removed from the internal volume 20 after the conclusion
of degassing operations by removing the lid 28, threading the rod 73 to the second plate
64, and lifting the second plate 64 and the stacked pallets 22 by way of the rod (se
Figure 12).

Figure 13 and 14 depict a preferred embodiment of a system 100 for conducting
degassing operations using one or more of the canisters 10. The system 100 comprises
a controller 102, a console 103 for housing the controller 102, and a plurality, e.g.,
twenty, of the canisters 10. The system 100 also comprises a rack 104 for holding the
canisters 10 and the console 103.

The system 100 further includes a plurality of needle injectors such as the
needle injectors 49, a vacuum pump 118, a plurality of pressure transducers 110, and a
plurality of valves 111.

The pressure transducers 110 preferably have switching capability. The vacuum

pump 118, the valves 111, and the pressure transducers 110 are mounted on the rack

16



10

15

20

CA 02622252 2008-03-11

WO 2007/032934 PCT/US2006/034228

104. The pressure sensors 110 and the valves 111 are each communicatively coupled to
the controller 102.

Each needle injector 49 is associated with a corresponding one of the canisters
10. Each needle injector 49 is in fluid communication with the output of an associated
one of the valves 111 by way of tubing. An associated one of the pressure transducers
110 1s 1n fluid communication with the outlet of each valve 111 by way of a T-fitting
(or other suitable fitting) connected to the tubing.

‘The valves 111 are configured to accept two fluid inputs. In particular, each
valve 111 is in fluid communication with a source of pressurized nitrogen (not shown)
by way of a pressure regulator 117. Each valve 111 is also in fluid communication with
the vacuum pump 118.

The controller 102 comprises a processor 112, memory storage device 114
communicatively coupled to the processor 112, and a set of computer-executable
instructions 116 stored on the memory storage device 114 (see Figure 14). The
processor 112 can be a microprocessor or other suitable type of processor.

The controller 102 can generate electrical outputs that control the operation of
the valves 111. Each valve 111, in response to the output of the controller 102, can
open to place the associated canister 10 in fluid communication with the nitrogen
source, while continuing to isolate the canister 10 from the vacuum source.
Alternatively, the valve 111 can open to place the associated canister 10 in fluid
communication with the vacuum source, while continuing to isolate the canister 10
from the nitrogen source.

Degassing operations can be conducted using the system 100 as follows. Each

canister 10 can be loaded with a stack of the pallets 22 and sealed, in the above-
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discussed manner. The rack 104 can be equipped with a shelf 120 for supporting the
canister 10 during loading.

The loaded canister 10 can be placed on the rack 104. The rack 104 preferably
includes features that securely engage the first end portion 14, so that the canister 10 1s
suspending by way of the first end portion 14. An associated needle injector 49 can
subsequently be inserted into the internal volume 20 of the canister 10 by way of the
valve 46.

The console 103 can be equipped with an interface panel 105 that includes a
keypad, and various displays. The interface panel 105 can be used to activate the
controller 102 to commence the degassing operation on a particular one of the canisters
10.

The degassing operation can be conducted in two cycles. The first cycle purges
a substantial portion of the oxygen from the internal volume 20 and the front and back
curves 21, so that the second cycle can be conducted while the level of oxygen in the
internal volume is at a level, e.g., 0.5 percent or less, suitable for degassing operations.

The first cycle can be commenced by using the keypad of the interface panel
105 to select the particular canister 10 to be processed. The controller 102 subsequently
generates an output that causes the valve 111 associated with that canister 10 to open,
so that the internal volume 20 of the canister 10 is placed in fluid communication with
the nitrogen source by way of the needle injector 49. The controller 102 verifies that
the nitrogen is being directed to a sealed canister 10 by monitoring the back-pressure
registered by the pressure regulator 117. In particular, the controller 102 verifies that

the pressure of the nitrogen being directed to the canister 10 reaches a predetermined
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threshold, e.g., approximately 2.0 pounds per square inch (13.7 kPA ), as indicated by a
discrete output generated by the associated pressure transducer 110.

Once the controller 102 has verified that the nitrogen is being directed to a
sealed canister 10, the controller 102 generates an output that causes the valve 111
isolate the canister 10 from the nitrogen source, and place the canister 10 in fluid
communication with the vacuum pump 118. The internal volume 20 of the canister 10
is then maintained at a vacuum of approximately 22 inches of mercury (-75 kPA) or
greater, for approximately three minutes, as indicated by another discrete output
generated by the associated pressure transducer 110.

At the conclusion of the three-minute period, the controller 102 generates an
output that causes the valve 111 to isolate the canister 10 from the vacuum pump 118,
and place the canister 10 in fluid communication with the nitrogen source. The
nitrogen in the internal volume 20 of the canister 10 is then maintained at a pressure
between approximately 2.0 pounds per square inch (13.7 kPA ) and approximately 2.5
psi (17.2 kPA), for approximately five seconds.

At the conclusion of the five-second period, the controller 102 generates an
output that causes the valve 111 to isolate the canister 10 from the nitrogen source, and
place the canister 10 in fluid communicatfion with the vacuum pump 118. The internal
volume 20 of the canister 10 is again maintained at a vacuum of approximately 22
inches of mercury (- 75 kPA) or greater, for approximately three minutes.

At the conclusion of the three-minute period, the controller 102 generates an
output that causes the valve 111 to isolate the canister 10 from the vacuum pump 118,
and place the canister 10 in fluid communication with the nitrogen source. The

nitrogen in the internal volume 20 of the canister 10 is then maintained at a pressure
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between approximately 2.0 psig and approximately 2.5 psig for approximately two
hours.

The first cycle ends with the conclusion of the two-hour soak period. As noted
above, it is believed that the oxygen level within the internal volume 20 will be purged
to a level at or below approximately 0.5 percent at the conclusion of the first cycle.

The second cycle is subsequently performed in response to control inputs from
the controller 102. The second cycle is performed in a manner subsequently identical to
the first cycle, with the exception that a soak period of approximately six hours, rather
than two hours, is performed at the conclusion of the second cycle. In other words, the
nitrogen in the internal volume 20 of the canister 10 is maintained at a pressure between
approximately 2.0 psig and approximately 2.5 psig for approximately six hours during
the final portion of the second cycle, to further degas the front and back curves 21
within the canister 10.

Upon completion of the second cycle, the controller 102 causes the interface
panel 105 to generate an indication that the degassing operation is complete for that
particular canister 10. The system 10 will continue to maintain the nitrogen within the
canister at a pressure between approximately 2.0 psig and approximately 2.5 psig until
the needle injector 49 is removed, or until an input is given to the controller 102 via the
interface panel 105 to end the flow of nitrogen to the canister 10. The canister 10, and
the enclosed front and back curves 21, can thus be stored on the rack 104 while the
nitrogen charge within the canister 10 is automatically maintained by the system 100.

Alternatively, the canister can be removed from the rack 104 and stored at
another location until needed, so that the system 10 can be used on a substantially

continuous basis to degas other sets of front and back curves 21 in other canisters 10.
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The membrane 52 can be used during the off-rack storage period to provide an
indication that the nitrogen charge is being maintained within the canister 10.

The above-described degassing operation is described in detail for exemplary
purposes only. The system 100 can be used to conduct other types of degassing
operations, including operations that include more, or less than two cycles.

The use of the canisters 10 can facilitate degassing operations on a substantially
continﬁous basis, and in a cost-effective manner. For example, the use of an individual
canister 10 to degas a single lot of front and back mold halves 21 can obviate the need
to interrupt degassing operations to add additional front and back mold halves 21 to the
degassing operation, as may be required when relatively large vacuum chambers are
used to degas multiple lots of front and back mold halves. Thus, the potential for
interruption of production operations due to an inadequate supply of degassed front or
back mold halves 21 can be lowered by the use of the canisters 10 in lieu of a vacuum
chamber. Moreover, the costs and practical difficulties associated maintaining a
relatively high vacuum for a prolonged period can be eliminated by degassing the front
and back mold halves using a nitrogen blanket contained within the canisters 10.

The canisters 10 can be manufactured at a relatively low cost. For example the
use of a relatively inexpensive needle valve 46 can provide the canister 10 with a cost
advantage in relation to containers that use relatively expensive fittings for connecting
the canister to a nitrogen source.

The construction of the canisters 10, it is believed, reduces the potential for
leakage of the nitrogen charge. In addition, the relatively inexpensive membranes 52
can provide a reliable, easily-discernable indication that the canisters 10 are adequately

charged with nitrogen. Hence, that the canisters 10 can be stored oti-line, i1.e., without
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being connected to a nitrogen source, with minimal potential for the front and back
mold halves 21 to be contaminated by oxygen due to leakage of the nitrogen charge.
Moreover, the canister 10 is configured to mate directly with a nitrogen-filled glove box
90 or other device, further reducing the potential for contamination of the front can
back mold halves 21.

The use of the canisters 10 for both degassing and storage can eliminate the
time, effort, and risk of contamination associated with transferring the front and back
curves 21 from a degassing chamber to a suitable storage container. The canisters 10
are relatively compact and lightweight, and thus can be loaded, moved to and from a
storage area, and unloaded with relative ease. Moreover, the 1id 28 and the latches 34
can facilitate access to the internal volume 20 with relative ease. This feature can be
particularly helpful when the canister 10 is being loaded and unloaded in a container
such as the glove box 90.

The foregoing description is provided for the purpose of explanation and 1s not
to be construed as limiting the invention. While the invention has been described with
reference to preferred embodiments or preferred methods, it is understood that the
words which have been used herein are words of description and illustration, rather than
words of limitation. Furthermore, although the invention has been described herein
with reference to particular structure, methods, and embodiments, the invention 1s not
intended to be limited to the particulars disclosed herein, as the invention extends to all
structures, methods and uses that are within the scope of the appended claims. Those
skilled in the relevant art, having the benefit of the teachings of this specification, may

effect numerous modifications to the invention as described herein, and changes may be
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made without departing from the scope and spirit of the invention as defined by the
appended claims.

For example, Figures 15 and 16 depict an alternative embodiment of the canister
10 in the form of a canister 200. Components of the canister 200 and the canister 10
that are substantially identical are denoted using identical reference characters.

The canister 200 includes features that facilitate loading and unloading of the
pallets 22 on an automated basis. In particular, the canister 200 includes a retaining
member 202, a threaded rod 204, a jacket 203, an insert 206, and an acorn nut 208. The
jacket 205 is disposed over the rod 204, and is preferably formed from a relatively soft
material such as polyvinylchloride (PVC).

The treaded insert 206 is secured to a dummy pallet 212 by complementary
threads formed on the dummy pallet 212 and the treaded insert 206. A lower end of the
rod 204 engages the insert 206, by way of complementary threads formed on the insert
206 and the rod 204. The flexibilty of the jacket 205 permits the portion of the jacket
205 that covers the lower end of the rod 204 to deform and move upwardly in relation
to the rod 204, so that threads of the rod 204 can engage the complementary threads on
the insert 206.

The pallets 22 can be stacked on the dummy pallet 212, with the rod 204
extending through the respective through holes 22b in each pallet 22. Preferably, the
pallets 22 are stacked on the dummy pallet 212, and the rod 204 is subsequently
inserted through the through holes 22b. The relatively soft jacket 205 isolates the
pallets 22 from the rod 204, and thereby minimizes the potential for the pallets 22 to be

damaged by the insertion of the rod therethrough. (The pallets 22 are not depicted in
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Figures 15 or 16, for clarity.) The engagement of the dummy pallet 212, the insert 206,
and the rod 204 allows the stack of pallets 22 to be lifted by way of the rod 204.

The retaining member 202 and the acorn nut 208 can be threaded to the upper
end of the rod 204, as shown in Figure 16. The acorn nut 208 is preferably secured to

the rod 204 by a suitable thread adhesive. Preferably, the rod 204, retaining member

202, and acorn nut 206 are assembled before the rod 204 is inserted through the stack of

pallets 22. If desired, an automated device (not shown) can be used to grasp the
retaining member 202 or the acorn nut 208, lift and position the assembly so that the
rod 204 is substantially aligned with the through holes 22b of the stacked pallets 22,
and lower the rod 204 into the stack.

The stack of pallets 22 is trapped between the retaining member 202 and the
dummy pallet 212 once the rod 204 has been inserted through the stack of pallets 22.
The rod 204 can be secured to the insert 206 by rotating the retaining member 202 or
the acorn nut 208, once the threélds of the rods 204 and the insert 206 have engaged.

The retaining member 202 can be grasped and carried by an automated arm (not
shown) that engages the retaining member 202. This feature can be used to move the
stack of pallets 22 to a position above the internal volume 20, and to lower the stack
into the internal volume 20 during loading of the canister 200. The automated arm can
unload the canister 200 by grasping the retaining member 202 after the lid 28 has been
removed, and then lifting the stack of pallets from the internal volume 20.

The retaining member 202 or the acorn nut 208 can subsequently be grasped by
another automated device (not shown) and rotated, to unscrew the rod 204 from the
insert 206. The retaining member 202 or the acorn nut 208 can then be lifted to remove

the rod 204 from the stack.
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The dummy pallet 212 rests directly on an inwardly-facing surface of a second
end portion 14b of the canister 200 (see Figure 16). The canister 200 does not include a
first or a second end plate 62, 64, in contradistinction to the canister 10. Moreover, the

second end portion 14b of the canister 200 has a cutout 212 formed therein for

accommodating the dummy pallet 212.
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What is claimed is:

1. A process for degassing a mold piece, comprising:
inserting the mold piece into an internal volume within a canister;
sealing the internal volume;
drawing a vacuum in the internal volume;
introducing a gaseous fluid into the internal volume; and
maintaining the gaseous fluid in the internal volume for a time period

sufficient to degas the mold piece.

2. The process of claim 1, further comprising evacuating the gaseous fluid
from the internal volume, and subsequently introducing an additional amount of the

gaseous fluid into the internal volume.

3. The process of claim 1, wherein introducing a gaseous fluid into the
internal volume comprises introducing the gaseous fluid into the internal volume so that

the gaseous fluid is pressurized.

4. The process of claim 1, further comprising inserting a needle injector
through a needle valve on the canister and introducing the gaseous fluid into the

internal volume by way of the needle injector.

S. The process of claim 1, further comprising storing the canister and the

mold piece after introducing the gaseous fluid into the internal volume.
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6. The process of claim 4, wherein drawing a vacuum in the internal

volume comprises drawing the vacuum in the internal volume by way of the needle

injector.
d
7. The process of claim 1, wherein the gaseous fluid is nifrogen.
8. The process of claim 3, further comprising determining whether the

gaseous fluid is pressurized by monitoring a shape of a membrane in fluid

10 communication with the internal volume.

0. The process of claim 1, wherein:
inserting the mold piece into an internal volume within a canister
comprises inserting the mold piece into the internal volume by way of an opening
15 formed in an end portion of the canister; and
sealing the internal volume comprises placing a lid of the canister over

the opening and securing the lid to the end portion of the canister.

10.  The process of claim 1, further comprising mating the canister with a
20  container filled with a gaseous fluid of the same type as the gaseous fluid introduced
into the internal volume, unsealing the internal volume, and removing the mold piece

from the internal volume of the canister within the container.

11.  The process of claim 10, wherein the container is a glove box.
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12.  The process of claim 1, further comprising soaking the mold piece in the

gaseous fluid for a predetermined period.

S 13.  The process of claim 1, wherein inserting the mold piece into an internal
volume within a canister comprises inserting one lot of a predetermined quantity of the

mold pieces into the internal volume.

14.  The process of claim 1, further comprising stacking a plurality of pallets
10  each holding a plurality of the mold pieces, and inserting the plurality of pallets and the

plurality of mold pieces into the internal volume.

15. The process of claim 1, wherein inserting the plurality of pallets and the
plurality of mold pieces into the internal volume comprises lifting the pallets and the

15 mold pieces by exerting a force on a rod extending through and supporting the pallets.

16. A canister for 'degassing a mold piece; comprising:
a substantially hollow body defining an internal volume;
a first and a second end portion secured to opposing ends of the body
20  and further defining the internal volume, the first end portion having an opening formed
therein for providing access to the internal volume so that the mold piece can be
inserted into and removed from the internal volume;
a lid capable of being secured to the first end portion on a selective basis

for covering the opening; and
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at least one ot a needle valve for allowing gaseous fluid to be introduced
into and evacuated from the internal volume, and a membrane in fluid communication
with the internal volume so that the membrane can provide an indication of a pressure
differential between the internal volume and an ambient environment around the

canister.

17.  The canister of claim 16, wherein the needle valve is disposed in a

through hole formed in the lid.

18.  The canister of claim 16, wherein the needle valve has a penetration

formed therein for allowing a needle injector to be inserted into the internal volume.

19, The canister of claim 16, wherein an underside of the membrane faces a

through hole formed in the lid.

20. The canister of claim 19, wherein the membrane 1s sandwiched between

the lid, and a plate mounted on the lid.

21.  The canister of claim 20, wherein the plate has a through hole formed
therein and having a centerline substantially coincident with a centerline of the through

hole formed in the lid.
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22.  The canister of claim 16, further comprising a plate mounted on the
second end portion by way of a spring for supporting the piece of a mold and urging the

piece of a mold toward the first end portion.

23.  The canister of claim 16, wherein the body is formed from extruded

aluminum.

24,  The canister of claim 16, further comprising a first seal disposed in a
groove formed in the first end portion for sealing an interface between the first end
portion and the body, a second seal disposed in a groove formed in the second end
portion for sealing an interface between the second end portion and the body, and a
third seal disposed in a groove formed in the lid for sealing an interface between the lid

and the first end portion.
25.  The canister of claim 16, further comprising a fastener extending
between the first and second end portions for securing the first and second end portions

to the body.

26.  The canister of claim 17, wherein a lip is formed proximate a bottom of

the through hole for supporting the needle valve.

27.  The canister of claim 16, wherein the first portion comprises mating

features that permit the first portion to securely engage a glove box.
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2¥.  The canister of claim 16, further comprising a latch for securing the lid
to the first end potrtion.

29.  The canister of claim 28, wherein the latch comprises a body, and an arm
secured to the body for engaging the 1id on a selective basis, and the canister further
comprises a spacer secured to the first end portion, and a mounting plate secured to the

spacer for supporting the body.

30.  The canister of claim 16, further comprising a pallet for holding the
mold piece, a fitting engaging an underside of the pallet, a rod secured to the fitting and
extending through the pallet, and a retaining member coupled to the rod so that the

pallet can be lifted by way of the retaining arm, the rod, and the fitting.

31. A device for degassing an object, comprising:

a substantially tubular first portion having an interior for receiving the
object;

a second portion covering a first end of the first portion;

a third portion covering a second end of the first portion, the third
portion having an opening formed therein for facilitating insertion and removal of the
object into and out of the interior of the first portion;

a valve for placing the interior of the first portion in fluid
communication with at least one of a vacuum source and a source of gaseous fluid; and

a pressure indicator responsive to a pressure differential between the

interior and an exterior of the first portion.
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372. The device of claim 31, wherein the valve is a needle valve.

33.  The device of claim 31, further comprising a lid for covering the

5  opening.

34. A process, comprising:
(1) placing an object in an internal volume within a canister;
(11) sealing the internal volume;

10 (111) drawing a vacuum in the internal volume for a first time period;

(iv) 1ntroducing a gaseous fluid suitable for degassing the object into the
internal volume and pressurizing the gaseous fluid for a second time period,
(v) drawing a vacuum in the internal volume for a third time period,

15 (vi) introducing an additional amount of the gaseous fluid into the
internal volume and pressurizing the additional amount of the gaseous fluid for a fourth
time period;

(vi1) repeating steps (i11) through (v); and
(viii) subsequently introducing another additional amount of the gaseous
20  fluid into the internal volume and pressurizing the another additional amount of the

gaseous fluid for a fifth time period.

32



CA 02622252 2008-03-11

WO 2007/032934 PCT/US2006/034228

10

15

20

35.  The process of claim 34, further comprising determining whether the
internal volume is sealed by introducing the gaseous into the internal volume,

pressurizing the gaseous fluid, and monitoring a pressure of the gaseous fluid.

36.  The process of claim 35, wherein the first and third time periods are each
approximately three minutes, the second time period is approximately five seconds, the

fourth time period is approximately two hours, and the fifth time period is

approximately six hours.

37.  The process of claim 34, wherein pressurizing the gaseous fluid for a
second time period, pressurizing the gaseous fluid for a fourth time period, and
pressurizing the gaseous fluid for a fifth time period each comprise pressurizing the
gaseous fluid to a pressure between approximately 2.0 psig (13.7 kPA ) and

approximately 2.5 psig (17.2 kPA).

38.  The process of claim 34, wherein drawing a vacuum in the internal
volume for a first time period and drawing a vacuum in the internal volume for a third

time period each comprise drawing a vacuum of approximately 22 inches of mercury (-

75 kPA) or lower.

39.  The process of claim 34, wherein the gaseous fluid is nitrogen.
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40.  The process of claim 34, further comprising placing the internal volume
in fluid communication with a source of the gaseous fluid, and a vacuum source on a

selective basis.

41.  The process of claim 40, wherein placing the internal volume in fluid
communication with a source of the gaseous fluid, and a vacuum source on a selective
basis comprises placing the internal volume in fluid communication with the source of
the gaseous fluid, and the vacuum source by way of a needle injector inserted in a

needle valve of the canister.

42.  The process of claim 40, wherein placing the internal volume in fluid
communication with a source of the gaseous fluid, and a vacuum source on a selective
basis comprises placing the internal volume in fluid communication with the source of

the gaseous fluid, and the vacuum source by way of a valve controlled by a processor

on an automated basis.

43.  The process of claim 34, further comprising determining whether the
gaseous fluid 1s pressurized by monitoring a shape of a membrane of the canister in

fluid communication with the internal volume.

44,  The process of claim 34, wherein the object is a mold piece for

manufacturing contact lenses.

45. A system for performing degassing operations, comprising:
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a canister having an internal volume for holding an object to be
degassed, the internal volume capable of being sealed on a selective basis:

a controller comprising a processor; and

a valve communicatively coupled to the controller for selectively placing
the internal volume in fluid communication with at least one of a source of a gaseous
fluid suitable for use in degassing, and a vacuum source, in response to an input from

the controller.

46.  The system of claim 45, further comprising plurality of canisters, and a

rack for holding the canisters and the controller.

47.  The system of claim 45, further comprising a needle injector in fluid
communication with the valve, wherein the canister comprises a needle valve and the

needle injector can be placed in fluid communication with the internal volume by way

of the needle valve.

48.  The system of claim 45, wherein the controller further comprises a
memory;storage device communicatively coupled to the processor, and a set of

computer-executable instructions stored on the memory-storage device.
49, The system of claim 48, wherein the controller is programmed to direct

the valve to open and close on a selective basis to:

(1) draw a vacuum in the internal volume for a first time period;
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(i1) introduce the gaseous fluid suitable into the internal volume and
pressurize the gaseous fluid for a second time period;
(ii1) draw a vacuum in the internal volume for a third time period;
(iv) introduce the gaseous fluid into the internal volume and pressurize
S the gaseous fluid for a fourth time period;
(v) repeat steps (1) through (111); and
(vi) subsequently introduce the gaseous fluid into the internal volume and pressurize the

gaseous fluid for a fifth time period.
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