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An apparatus and a method for removing a liquid from a container having a bowl and a flange, the bowl holding the liquid and
containing a hydrophilic ophthalmic lens, wherelin there Is provided a nozzle with a central face and a shoulder around the
periphery of the face. The shoulder has a sealing means which Is sized to fit on the flange of the container, where it forms a sealed
volume above the container bowl, this volume Including the volume of the bowl itself. The central face has through it at least one
fluild entrance passage and at least one fluid exit passage arranged so that the flow Is distributed substantially symmetric about the
center axis of the lens so that when the purging fluid is introduced into the sealed volume, there Is no migration of the lens. There Is

connected to the entrance passage a source of purging fluid that has a pressure and flow sufficient to remove substantially all the
iguid through the exit passage.
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ABSTRACT

An apparatus and a method for removing a liquid from a
contalner having a bowl and a flange, the bowl holding the
ligquid and containing a hydrophilic ophthalmic lens,
wvherein there is provided a nozzle with a central face and
a shoulder around the periphery of the face. The shoulder
has a sealing means which is sized to fit on the flange of
the container, where 1t forms a sealed volume above the
container bowl, this volume including the wvolume of the
bowl itself. The central face has through it at least one
fluid entrance passage and at least one fluid exit passage
arranged so that the flow 1is distributed substantially
symmetric about the center axis of the lens so that when
the purging fluid is introduced into the sealed volume,
there is no migration of the lens. There is connected to
the entrance passade a source of purging f£luid that has a
pressure and flow sufficient to remove substantially all
the liguid through the exit passage.
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SOLUTION REMOVAL NOZZLE
BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for
removing processing liquid from a lens-bearing container
during manufacture of mnolded ophthalmic lenses. This
invention 1is suited to molded ophthalmic lenses such as
hydrogel contact lenses, although the method 1is also
suitable for other hydrophilic, high-precision ophthalmic
lenses such as intraocular lenses. In particular, this
method and apparatus are directed to the removal of
deionized water from an ophthalmic lens package after lens
inspection, and immediately prior to saline dosing and
package sealing.

As the ophthalmic lens industry has grown, and in
particular the industry related to supplying contact
lenses that are provided for 9periodic frequent
replacement; the number of lenses that need to be produced
has increased dramatically. This has reguired
manufacturers to strive for methods and apparatus that can
be adapted to automated practices and perform with
consistency.

Similarly, the promise of easier insertion of a
folded or rolled intraocular lenses through a smaller
incision has increased the interest in soft intraocular
lenses for patients undergoing cataract removal and lens

replacement.

Soft ophthalmic lenses for placement on the cornea or
within the eye, such as contact lenses or soft intraocular
lenses, can be made by a variety of techniques.
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Ophthalmic lenses can be made by spin casting a monomer
material in a rotating mold then polymerizing the material
so shaped. Another method used to manufacture both
contact lenses and intraocular lenses is precision lathing

of a piece of material which 1is then polished and used as
a lens.

Recently the molding of soft contact lenses and soft
intraocular lenses has come into favor. This technique
has the advantages of repeatability and speed that
compares favorably with the prior methods of manufacturing
lenses, such as by forming a monomer or monomer mixture in
a mold such as one made from polystyrene or polypropyvlene.

Techniques for successfully molding such lenses can
be found in J.S8. Patents 4,495,313 and 4,640,489 to Larsen
and 4,889,664; 4,680,336 and 5,032,459 to Larsen et.al.
These patents specifically described the use of a diluent,
a material which substitutes for water during the molding
process, and which 1s replaced with water after the
molding has been completed. The advantage of this
technique is that the optical properties, size and shape
of the lens thus made does not change as radically as with
methods that do not utilize such diluent.

It 1s further known in the art to wmold such
ophthalmic lenses by forming a monomer or monomer mixture
in a mold such as one made from polystyrene or
polypropylene.

An example of this art can be found in U.S. patent
4,565,348 to Larsen. In contrast to the above polystyrene

molds, another example is the use of polypropylene or
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polyethylene molds such as that described in U.S. Patent
4,121,896 to Shepherd.

A practical method and apparatus for mass production
of molded contact 1lenses using the above described
processes is given in U.S. Patents 5,094,609 and 5,080,839
both to Kindt-~Larsen. Although the method and apparatus
described therein are specifically directed to the removal
of the diluent from the polymerized lens after molding and
replacement with water, there is described in general the
process steps that must be undertaken subsequent to the
removal of the diluent and hydration of the lens.

In the 5,080,839 patent there is shown in Figure 1 at
elenment 130 a step described as deionized water removal.
This removal is shown as taking place in an inspection
carrier or final package. Subsequent steps are shown as
saline deposition and sealing of the package.

The méthod and apparatus described in the above
patents represents an improvement in the lens hydration
process in that only deionized water 1is used for
hydration, that is, release of the lens from the mold and
hydrolysis of the diluent, instead of the performing the
solution exchange operation with saline solution in a tank
batch process. While this method has the benefits of no
salt usage representing a cleaner and less corrosion prone

system and accelerating processing times due to the

deferment of meth-acrylic acid neutralization, it requires
that the lens be transferred from the deionized water to
a saline system so the lens can equilibrate to its final
properties. Further because the inspection process 1is
done in the primary package, it is necessary to exchange



10

15

20

25

30

VIN-65

CA 02119993 2004-06-28

-4 -

the deionized water with saline solution with the lens in
the package and without removing the lens.

In the '839 patent it is stated that the deionized
water 1s removed from the recesses of the inspection
carrier and replaced with a saline solution which has a pH
and osmolality compatible with the tears of the human eye.
It is stated that alternately an aliquot of concentrated
brine solution may be added to the deionized water such
that the final solution has the same pH and osmolality
mentioned above. Saline solution is used so that when the
user removes the lens from the package, ready to insert
the lens on the cornea of the eye, the pH and osmolality
of the lens will be balanced with that of the eye and the
lens will not irritate the eye when inserted. If the
material from which the 1lens 1is made has an 1ionic
characteristic, the salts in the saline solution will
neutralize that ionic species. The neutralization can be
done in the final package on the shelf outside the
remainder of the manufacturing process. It may also be
possible therefore to insert a small portion of solid
sodium chloride salt into the ionized water to allow this
stabilization to occur in the package after sealing.

Two considerations, however, make this approach
impractical; first, the overall process requires a high
degree of accuracy and repeatability. This 1is
particularly difficult due to the small volume of the
package cavity which is approximately 1 ml, and wherein
any deviation in the amount of water present can represent
a significant percentage in salinity. The direct addition
then of either concentrated saline solution or solid
sodium chloride salt would result in a significant
variation and in final solution concentration.
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The second problem with any attempt to partially
remove the deionized water and replace it with
concentrated saline is the handling of salt solution. As
is well known, sodium chloride is corrosive to many
materials and represents processing problems, such as salt
crystal build-up after evaporation causing faulty seals,
which is best avoided.

Great difficulties were encountered in achieving
conplete water removal by various nmethods, One such
method was the insertion of a needle into the 1lens
container to withdraw water. Experimentation with this
method resulted in a repeatability for the six sigma range
of 60 mg, which is approximately equal to a variability of
6% dilution of the final packing solution. Another method
was the tilting of the package to an angle to allow the
water to flow out of the package. In both instances, the
amount of water remaining in the package afterward was
variable and could not be relied upon to give the
appropriate salinity with the addition of concentrated
saline. A second problem with the tilting method is the
presence of water on the remainder of the package
interfering with f£inal package sealing. Other methods to
induce removal of the water in vapor form, such as
microwave-induced evaporation, are too slow.

It is an object therefore, of the present invention
to provide a method and apparatus that can guickly and
conpletely remove the deionized water from the lens
container.

It is a further object of the present invention to

perform such removal without damaging or altering the
final physical properties of the lens.
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It is another object of the present invention to
provide a method of establishing a final saline sclution
concentration that is highly accurate and repeatable so
that the lens equilibrates to the proper oslmality.

It is a final object of the invention to provide a
method and apparatus that achieves the above objects in
such a controlled manner that the 1ligquid is not
distributed elsewhere so that moisture interferes with the
subsequent sealing of the package.

SUMMARY OF THE INVENTION

The above objects are achieved and problems overcome
with an apparatus and a method for removing a ligquid from
a container having a bowl and a flange, the bowl holding
the ligquid and containing a hydrophilic ophthalmic lens,
wherein there is provided a nozzle with a central face and
a shoulder around the periphery of the face. The shoulder
has a sealing means which is sized to fit on the flange of
the container, where it forms a sealed volume above the
container bowl, this wvolume including the volume of the
bowl itself. When sealed in this way, the central face is
positioned above the lens within the bowl. The central
face has through it at least one fluid entrance passage
and at least one fluid exit passage. There 1is connected
to the entrance passage a source of purging f£luid that has

a pressure and flow sufficient to remove substantially all

the liquid through the exit passage. The entrance passage
and exit passages are arranged so that the flow is
distributed substantially symmetric about the center axis
of the lens so that when the purging fluid is introduced
into the sealed volume, there is no migration of the lens.
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In the preferred embodiment, the entrance passage is
located along the central cylindrical axis of the nozzle
with a plurality of exit passages located in symmetric
arrangement between the central axis and the shoulder.
The preferred purging fluid is filtered air.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional view of the apparatus
of the present invention and shows as well the container
which holds the liquid and ophthalmic lens.

Figure 2 is a bottom plan view showing the removal
apparatus of Figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figure 1, there is shown the
apparatus of the present invention 10 along with container
12 and container pallet 14. Solution exchange apparatus

comprises solution exchange nozzle 16 having a central
face 18 and shoulder 20. The nozzle also includes an
entrance passage 24 and exit passages 26, while shoulder
20 has sealing means such as a silicon gasket 22,

While face 18 of the nozzle is shown as being flat,
other shapes are acceptable, such as a tip in the center

of the face which 1includes the entrance passage 24.

Although this embodiment 1is acceptable and has certain
advantages in retaining the lens in the container 12, it
is not preferred because of positioning criticality and
the possibility of snagging the lens.
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Container 12 is generally comprised of a bowl portion
28 and a flange portion 30.

Because it is desirable to process more than one
10 container at a time, nozzle 16 is located within assembly
32, to which it is secured by attachment means such as
screws 34. Multiple nozzles can be connected by a
manifold to connect like entrance passages 24 or like exit
passages 26 such as through a manifold 36. A manifold for

15 the entrance passage 24 1is not shown.

The entrance passage 1is connected to a source of
purging fluid such as a gas (purified air) or saline
solution.

20
In order to prevent the solution removal apparatus 10

from having the package 12 adhere to the apparatus after
liquid removal, a bias means, such as spring plunger 37,
is provided to supply a separation force between the two.

25
Turning now to Figure 2, nozzle 16 is depicted in a
bottom plan view showing the surface of central face 18.
Also shown is sealing means such as a silicon gasket 22
and the body of nozzle 16. The gasket 22 conforms to the
30 shape of the package surface, but preferably the gasket
contacts from its interior edge first, in order to prevent
liquid from contacting the package sealing area of the
flange. Holes 38 and 39 are shown indicating the location
where attachment means 34 and spring plunger 37 are

VIN-65
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provided to attach the nozzle to the body of assembly 32,
and provide separation force, respectively.

Directing attention to face 18, there is sghown
entrance passage 24 and four exit passages 26. As can now
be more readily seen and appreciated, the entrance passage
is located along the central axis of the nozzle 16 passing
through the center of face 18. In addition, exit passages
26 are located symmetrically around entrance passage 24
between the center of face 18 and shoulder/sealing means
22. In this way, purging fluid provided through entrance
passage 24 flows symmetrically through the sealed volume
25 and exiting through exit passages 26.

A specific embodiment achieving the objectives of
this invention is defined by passages having a 0.062 inch
diameter at the face. The entrance passage expands to
0.197 inches where it is connected to the purging fluid
source. The diameter across the bowl and likewise the

distance to the inner edges of sealing means 22, is 0.905
inches.

The central cylindrical axis of central passages 26
are located 0.310 inches from the center of the nozzle
face 18. The purging fluid may be purified air or may be
saline solution, which has the advantage of accomplishing
deionized water removal and saline insertion in one step.
The above described problems of handling a salt solution,
however, are still present.

Two methods of providing the purging fluid at the
proper pressure and flow rate are possible. The first is
the application of the fluid, preferably sterile air or
nitrogen, into the entrance passage at a relatively low
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pressure while sealing the nozzle by sealing means 22
against the flange 30 to create the sealed volume 25.
This pressurizes the sealed volume and forces the
deionized water out through the outlet holes as indicated
by arrows 40. The liquid and purging fluid continue up
passages 26 and exit through the manifold 36, as indicated
by arrows 42.

The lens (not shown) is held on the bottom center of
the cavity by the flow of purging fluid through the
entrance passage 24. The effluent is routed away from the
fixture by tubing connected to the manifold 36 to avoid
contact with the package flange. Surprisingly, the
lens/package system is extremely robust to this operation,
and in fact, actually sticks to the package bowl by the
surface tension of residual deionized water contained in
the lens.

After this operation, the saline may be injected
either through the same nozzle inlet port or in a separate
operation using a metering pump, although it is preferred
to provide the saline in a separate step to reduce the
potential for salt related problems.

The second method of accomplishing the above may be
to apply a vacuum to the manifold 36, rather than applying
pressure to entrance passage 24. The vacuum source may be
a Venturi type blower with a trap, or a pump. The sealed
volume 25 may be sealed or vented using one or more of the
exit passages 26 as vents.

In operation, lenses were processed using 30 psig
pressure on the above described entrance passage for five
seconds, then after the removal of the deionized water,
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dosed with 1 ml of saline solution. All 32 lenses were
found to have been retained in the package and after
dosing with the normal saline solution were allowed to
equilibrate for approximately 12 hours for osmolality.

It was found that two seconds of injection of
pressurized air at the above pressure and rate was found
not to be long enough to move visible water residue. Ten
seconds exposure to this process was found not to provide
a measurable increase in the amount of water that could be
removed.

These lenses were then inspected and found to have
suffered no deleterious effects from the solution removal
operation described above. 1In addition, prior to dosing
with the saline solution, the amount of residual water was
ascertained and found to be between 0.0110 and 0.0122

grams which corresponds to a 1.1 to 1.2 weight % dilution
in 1.0 ml1 of saline.

As 1is readily apparent, wvariations in the above
apparatus and method are possible without departing from

the invention which is precisely delineated by the claims
that follow.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An apparatus for removal of a liquid from a container having a bowl portion and a flange
portion, said bowl portion containing said liquid and containing a hydrophilic ophthalmic lens,

said apparatus comprising:

a nozzle having a central face defined by a circumferential periphery and a shoulder

about the circumferential periphery of said central face,

said central face having therethrough at least one fluid entrance passage and at least one

fluid exit passage,

said shoulder containing a sealing means, said shoulder and sealing means combination
sized to fit said sealing means on the flange portion of said container and to position said

central face above the lens within said bowl portion,

a source of purging fluid connected to said entrance passage and having a pressure and

flow sufficient to remove substantially all of said liquid,

said passages of said nozzle face located in an arrangement distributing the flow of said
purging fluid and liquid in a substantially symmetric manner about the center axis of the

lens.

2. The apparatus of claim 1 wherein said entrance passage is located along the central
cylindrical axis of said nozzle and said exit passage exist in plurality between said entrance

passage and said shoulder.

3. The apparatus of claim 1 wherein said nozzle further comprises a bias means for

supplying a separation force between the apparatus and the container.
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4, The apparatus of claim 1 wherein said purging fluid 1s a gas.
5. The apparatus of claim 1 wherein said purging fluid is saline solution.
6. A method of removing a liquid from a container having a bowl portion and a flange

portion, said bowl portion containing said liquid and containing a hydrophilic ophthalmic lens,

said method comprising:

forming a sealed volume above said container bowl, said volume comprising the volume

of the bowl itself,

introducing purging fluid through an entrance passage into said sealed volume In a
substantially symmetric manner about the center axis of the lens such that there 1s no

migration of the lens, at a pressure and with a flow sufficient to remove substantially all

of said liquid,

removing substantially all of said purging fluid and liquid from said sealed volume

through an exit passage.

7. The method of claim 6 wherein said purging fluid is introduced along the central axis of
said lens and said purging fluid and liquid are removed at a location between said the central axis

of said lens and the periphery of said sealed volume.

8. The method of claim 6 wherein said introduction of purging fluid is sufficiently rapid to

cause pressurization of said sealed volume.

i et At At N Sl gl A P A S0 o e S MR MDER I Thowh) FEL Wl MW Y AR - ARt 2 e e



CA 02119993 2004-06-28

14

9. The method of claim 6 wherein said forming of a sealed volume seals the liquid in the
bowl portion from the flange portion such that liquid is not deposited on the flange during said

introduction of said purging fluid or removal of said purging fluid and liquid.

10.  The method of claim 6 wherein said introduction of purging fluid and removal of liquid

and purging fluid is performed in less than 10 seconds.
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