
WO 2011/045382PCT/EP2010/065438 Method and Device for Maintaining a
Concentration of a Treatment Bath  FIELD [0001]The invention relates to a
method for maintaining a concentration of a liquid treatment bath within a
desired range. The invention also relates to a respective treatment station
for contact lenses. BACKGROUND [0002]It is well established in the art to
produce hard and soft contact lenses in an automated production process
with reusable moulds. Depending on the material from which the contact
lenses are made, and in accordance with the production method applied the
contact lenses must be immersed in various liquids, for example extraction
liquids or solutions, and/or rinsing liquids or solutions and/or coating
liquids or solutions in order to obtain the desired product which may be
worn in direct contact with the customer's eyes. During these process steps
it must be ascertained that the entire contact lens is sufficiently wetted
and treated with the respective liquid or solution and that the
concentration of the treatment liquid or solution in the bath remains
within a specified range in order to accomplish the desired tasks such as,
e.g., extract substances from the lens material, coat the lens, etc. For
example in extraction processes the extracted substances remain in the
extraction liquid or solution. With every lens that is immersed in an
extraction liquid more and more of the extracted substances enter the
liquid bath. Over a period of time this may lead to a decreasing efficiency
of the extraction process. In addition to this lingering contamination of
the extraction liquid bath, dilution of the treatment liquid or treatment
solution can become a problem. Prior to immersing the lenses in the
extraction liquid they are generally rinsed in a water bath. The rinsing of
the lenses in water prohibits or reduces soiling of the extraction liquid.
However, together with every lens a small amount of the water is spread
into the extraction liquid bath. The water is spread by transport
containers, in which the lenses are accommodated, and by the surfaces of
the lenses themselves. Thus, during the production of the lenses the
concentration of the extraction liquid bath is constantly reduced.  



WO 2011/045382PCT/EP2010/065438 [0003]When the concentration of an
extraction liquid bath, or more generally, a treatment liquid bath falls
below a critical value, the treatment liquid or treatment solution in the
bath must be changed. The changing of the bath, however, stands in contrast
to the object to maintain continuous production cycles. Any interruption
has a direct negative effect on the achievable output and thus on the
reliability of the production process. To make the volumes of the baths
larger only delays the dilution and contamination problem and does not
present an efficient solution. Even with larger volumes the baths will
eventually have to be changed, which then may lead to an even longer
interruption of the production process for the contact lenses. [0004]It is
to be noted that the dilution problem arises in any process in which the
lenses are immersed in a treatment liquid, with the lenses being rinsed in
water (or any liquid other than the treatment liquid) prior to their
treatment in the liquid. [0005]It is therefore an object of the present
invention to provide a method for maintaining the concentration of a
treatment liquid or treatment solution bath within a specified range,
thereby avoiding an interruption of a continuous production process for
contact lenses. The wording treatment "liquid" or treatment "solution" may
be used interchangeably herein. Contamination and dilution of the liquid or
solution bath shall be kept at a tolerable and low level, irrespective of
the amount of lenses treated in the liquid bath. The method shall be
compatible with the continuous production processes for contact lenses.
SUMMARY [0006]These and still further objects are met by a method for
maintaining the 



concentration of a treatment liquid bath in the production process for
contact lenses comprising the method steps that are listed in claim 1. The
objects are also met by a treatment station for contact lenses which
comprises the features listed in the respective independent device or
treatment station claim. Further improvements of the invention and
preferred embodiments are subject of the respective dependent claims.
[0007]In accordance with one embodiment of the present invention, a method
for maintaining the concentration of a treatment liquid bath in the
production process for contact lenses is disclosed. The method includes the
process steps of rinsing each lens in a water  WO
2011/045382PCT/EP2010/065438 bath immediately prior to immersing the lens
in a treatment liquid bath in a treatment station, for example to treat the
lenses by extraction and/or rinsing and/or coating thereof. Following the
rinsing in the water bath each contact lens is immersed in an arrangement
of two or more successive treatment liquid baths of the same kind. The
treatment liquids in the successive baths are continuously renewed and are
transported from one bath to the preceding bath in a direction which is
opposite to a transport direction of the contact lenses from bath to bath.
A metered volume of treatment liquid is continuously introduced into the
last bath of the arrangement of treatment liquid baths in dependency of a
measured concentration, and a specified volume of treatment liquid is
continuously removed from the first bath. [0008]By dividing a voluminous
batch bath with treatment liquid into an arrangement of successive baths
with the same kind of treatment liquid both problems, the lingering
contamination and the dilution of the treatments liquid with rinsing water,
are met. Surveys show, that already a transition from one large batch bath
to an arrangement of two successive baths with treatment liquid reduces the
problem of dilution of the treatment liquid bath considerably. The same
effect occurs with possible contaminations, which are concentrated
basically only in the first one of the arrangement of successive baths. The
treatment liquid is being continuously renewed and flows from the last one
of the arrangement of successive baths via any intermediate baths towards
the first bath. Consequently a specific volume of the treatment liquid is
continuously removed from the first bath. The flow direction of the
treatment liquid from bath to bath is opposite to the transport direction
of the contact lenses. Thus, the preceding baths are always replenished
with a treatment liquid which is less burdened e.g. with extraction
substances, and is less diluted with water. Being transported from bath to
bath the contact lenses are immersed in treatment liquids which are
burdened less and less e.g. with extraction substances and are less and
less diluted until they reach the last bath, in which the contact lenses
are confronted with an almost completely fresh treatment liquid. The amount
of fresh treatment liquid to be added to the last bath is determined from
concentration measurements in the last bath, which are performed in
accordance with a predetermined schedule or permanently in-line. With these
method steps it is possible to maintain the concentration of the treatment
liquid baths with in specified ranges which are required for the desired
treatment of the contact lenses.  



WO 2011/045382PCT/EP2010/065438 [0009]In order to maintain the
concentration of the treatment liquids in the baths within the specified
ranges the concentration of a specific substance in the treatment liquid
itself can be measured. Survey shows, that the concentration of the
treatment liquid in the baths can also be controlled by a measurement of
the water concentration. The measured dilution with water is a direct
indicator for the volume of fresh treatment liquid which must be added to
the last bath. Thus, in accordance with the measured water concentration
the flow rate of added treatment liquid is controlled. [0010]It proves
advantageous to measure the water concentration directly in the last bath
of the arrangement of successive baths. By controlling the dilution in the
last bath only, the dilution and thus the concentration of the treatment
liquid in the preceding baths is automatically controlled and may be kept
within specified ranges. [0011]The level of the treatment liquid in the
first bath may be controlled by flow control means and a respective suction
pump and like means. A very simple method to control the level of the
treatment liquid and keep the level essentially constant within the first
bath is to have excess treatment liquid flow out of the fist bath through a
liquid overflow. [0012]The transport of the treatment liquid from a bath to
the preceding bath is very simply accomplished via respective overflows.
Thereby the level of treatment liquid in the individual baths is
automatically controlled. 



[0013]In order to accomplish a thorough mixing of the original treatment
liquid in a bath with the added new or less diluted treatment liquid it is
advantageous to provide for an agitation of the treatment liquid. This can
be accomplished e.g. with an automatic stirrer. In an embodiment of the
invention the agitation of the treatment liquid in a bath may be achieved
by a respective motion of the containers in which the lenses are
individually accommodated when they are immersed in the treatment liquid.
[0014]The most of the water from the rinsing bath and, e.g. in case of an
extraction process, the highest amounts of extraction substances are added
to the treatment liquid contained in the first one of an arrangement of
successive baths. For a better control of the  WO
2011/045382PCT/EP2010/065438 dilution as well as of any contamination it
proves advantageous, to keep the volume of the treatment liquid in the
first bath rather low. Therefore, the first bath of the arrangement of
baths contains the smallest volume of treatment liquid. This could be
achieved e.g. by having a filling level in the first bath which is distinct
from that of the other baths and by correspondingly arranging the overflow
at a lower level of the bath. In order to maintain a simple transportation
of the contact lenses from bath to bath and across each bath, and in order
to ascertain a thorough immersion of the lenses in the treatment liquid,
though, it proves advantageous to keep the filling levels at an essentially
constant height in all baths. Therefore, the first bath is selected to be
of the smallest size of the arrangement of baths. [0015]In particular in
cases where the treatment of the lenses occurs at a temperature level above
that of room temperature it proves advantageous to control the temperatures
of the treatment liquid baths and to maintain the temperature at an
essentially constant level. 



[0016]While the transition from on large batch bath with treatment liquid
to an arrangement with two successive baths already brings considerable
improvements concerning contaminations and dilution, it proves advantageous
if the arrangement comprises at least three successive baths with treatment
liquid. In the first bath after the bath with rinsing water most of the
water is introduced and most of the contamination due e.g. to substances
extracted from the lenses occurs. In the second bath both, the
contamination and the dilution are already considerably reduced. Finally in
the third and last bath the treatment liquid is only slightly affected from
spread water and extracted substances. Further embodiments of the invention
comprise more than three successive baths with treatment liquid, such as,
e.g. three to nine baths. [0017]The method of maintaining the concentration
of treatment liquid baths within specified levels is particularly suited
for application in contact lens production processes, in which the contact
lenses must be extracted, and/or rinsed, and/or coated. Correspondingly the
treatment liquid is one of an extraction liquid, a rinsing liquid, and a
coating liquid. [0018]In accordance with another aspect of the present
invention, a treatment station for contact lenses is provided. The
treatment station may be used to provide treatments such  WO
2011/045382PCT/EP2010/065438 as, e.g., an extraction station, a special
rinsing station, in which the contact lenses are immersed in special
chemicals, a coating station, etc., comprises an arrangement of at least
three successive baths, wherein each bath contains the same treatment
liquid. The successively arranged baths are interconnected with each other
such, that excess treatment liquid may flow from one bath to a respective
preceding bath. In the last one of the successive baths a concentration
sensor is provided, which is connected with a control center for evaluating
the measured concentrations and for determining a required amount of fresh
treatment liquid. The control center then controls a continuous influx of
fresh treatment liquid into the last one of the arrangement of successive
baths. The first one of the arrangement of successive baths is provided
with an outlet for an excess amount of treatment liquid. The treatment
station in accordance with the invention allows a simple and effective
control and maintenance of the concentrations of the treatment liquids in
the respective baths within specified ranges. Excess treatment liquid flow
from one bath to the preceding bath. At the first one of the arrangement of
successive baths excess treatment liquid is removed through an outlet. This
design allows an effective control also of the liquid level in the
individual baths, which level preferably is kept essentially the same in
each bath. 



[0019]For a very simple and effective control the concentration sensor is
adapted for continuously or periodically measuring a water concentration in
the treatment liquid contained in the last bath. DETAILED DESCRIPTION
[0020]The method and the device for maintaining the concentration of a
treatment liquid or treatment solution bath and still further advantages
thereof will become apparent from the following description of an exemplary
arrangement in accordance with the invention, reference being made to the
schematic drawing in Figure 1. [0021]In Figure 1 a process stage in the
manufacture of contact lenses L is schematically depicted, which comprises
a rinsing station R and a treatment station S. The treatment station can
be, e.g., an extraction station, in which substances are extracted from the
lens material using specific treatment liquids, or a coating station, or
another rinsing station, in which the lenses are rinsed with specific
chemicals, etc. The rinsing station R  WO 2011/045382PCT/EP2010/065438 



basically is comprised of a rinsing bath 1 containing deionised water. The
water is continuously supplied by a feed line 11 and removed through an
outlet line 12. The outlet line 12 can be designed simply as a liquid
overflow, such that an essentially constant liquid level I may be
maintained in the rinsing bath 1. Immediately following the rinsing station
R there is arranged a treatment station S for the contact lenses L. The
treatment station S is comprised of a number of successive baths 2, 3, 4,
5, and 6, in which the same treatment liquid C is contained. The treatment
liquid C may be, e.g., an extraction liquid or solution, a rinsing liquid
or solution, a coating liquid or solution and the like. [0022]The contact
lenses L, coming from a preceding production stage are first dipped into
the rinsing bath 1, in which they are completely immersed. For the purpose
of dipping and immersing the contact lenses L in various baths, the lenses
L usually are accommodated individually in containers, which themselves are
held in carriers. The specific transport means are not subject of this
invention, and therefore it is abstained from providing a detailed
description thereof. From the rinsing bath 1 the contact lenses L are
transported to the first bath 2 of the treatment station S, e.g. an
extraction station. Water adhering to the surfaces of the contact lenses L
and still contained in the transport containers is spread into the
treatment liquid C which is contained in the first bath 2 and therefore
somewhat dilutes the treatment liquid. Having passed the full length of the
first bath 1, the contact lenses L are transported to the second bath 3 and
dipped into and immersed in the treatment liquid C contained therein.
Together with the contact lenses L in their transport containers a certain
amount of already diluted treatment liquid C from the first bath 1 is
spread into the treatment liquid contained in the second bath and dilutes
it. With the transport of the lenses L from bath to bath, a certain amount
of the diluted treatment liquid C is spread into the treatment liquid in
the successive bath, thus, altering the concentration of the treatment
liquid. [0023]In extraction stages a major portion of extracted substances
occurs already in the first bath 2. Thus, the treatment liquid in the first
bath 2 is "contaminated" with the largest amount of extracted substances.
From the first bath 2 the "contaminations" are transported, together with
the already diluted treatment liquid to the successive bath 3 and so on.
Thus, aside from spread water also a certain amount of extracted substances
is spread into the  WO 2011/045382PCT/EP2010/065438 successive baths and
may be even found in the treatment liquid C contained in last bath 6 of the
arrangement of successive baths 2 - 6 in the treatment station S.
[0024]While the transition from one single batch bath with treatment liquid
to an 



arrangement of successive baths 2 - 6 already reduces the problem of
dilution and "contamination", it has been found that the concentration of
the treatment liquid C contained in the respective baths 2 - 6 can be
controlled and maintained within specified ranges even better, if the
concentration of water is measured in the treatment liquid contained in the
last bath 6, and if, depending on the measured concentration values a
certain amount of fresh treatment liquid C is continuously added to that
contained in the last bath 6. For that purpose the last bath is equipped
with a concentration sensor 7 for water. The continuously or according to a
schedule periodically measured values are digitized and forwarded to a
control center 8, in which the necessary amount of fresh treatment liquid C
is determined. The control center 8 then controls the continuous flow of
fresh treatment liquid C which is added to the last bath 6 through an inlet
61. [0025]From the last bath 6, a certain amount of treatment liquid C
flows to the preceding baths, thus ensuring that the liquid levels I in the
individual baths 2, 3, 4, 5, 6 remain at essentially the same height in all
baths. The flow of the treatment liquid C from one bath to the preceding
bath is indicated in the Figure by the arrows 62, 52, 42, and 32,
respectively. Thus, the continuous flow F of the treatment liquid C occurs
a direction which is opposite to the direction of the transport T of the
contact lenses L through the successive baths 2 - 6. The transport of the
treatment liquid C from on bath to the preceding bath may be accomplished
with the aid of pumps. In a simple embodiment of the invention the excess
treatment liquid C of one bath flows into the preceding bath through a
liquid overflow. In order to maintain the liquid level I essentially
constant in all baths treatment liquid C is continuously removed through an
outlet 22 from the first bath 2 of the arrangement of successive treatment
baths 2 - 6. In a simple embodiment the outlet 22 of the first bath 2 may
also be designed as a liquid overflow. [0026]It has already been mentioned
above, that e.g. in extraction processes for contact lenses the major
portion of extracted substances arises in the first one 2 of the
arrangement of successive baths 2 - 6. Also, most of the water transported
by the lenses and  their containers is spread into the first bath 2. It
proves advantageous therefore, to make the first bath 2 smaller in volume
than the successive baths 3 - 6.  



WO 2011/045382PCT/EP2010/065438 Claims 1. Method for maintaining the
concentration of a treatment liquid bath in the production process for
contact lenses, comprising the steps of rinsing each lens (L) in a water
bath (1) immediately prior to immersing the lens (L) in a treatment liquid
bath in a treatment station, wherein following the rinsing in the water
bath (1) each contact lens (L) is immersed in an arrangement of two or more
successive treatment liquid baths (2 - 6) of the same kind, with the
treatment liquids in the successive baths (2 - 6) being continuously
renewed and being transported from one bath to the preceding bath in a
direction (F) opposite to a transport direction (T) of the contact lenses
(L) from bath to bath, a metered volume of treatment liquid being
continuously introduced into the last bath (6) of the arrangement of
treatment liquid baths (2 - 6) in dependency of a measured concentration,
and a specified volume of treatment liquid being continuously removed from
the first bath (2).. 2. Method according to claim 1, wherein the
concentration measured is the water concentration in the treatment liquid.
3. Method according to claim 2, wherein the water concentration is measured
in the last bath of the arrangement of successive baths. 4. Method
according to any one of the preceding claims, wherein the treatment liquid
is removed from the first bath through a liquid overflow. 5. Method
according to any one of the preceding claims, wherein the treatment liquid
is automatically transported from one bath to the preceding bath through
respective overflows. 6. Method according to any one of the preceding
claims, wherein the treatment liquids in the individual baths are agitated.
7Method according to any one of the preceding claims, wherein the first
bath of the 



arrangement of baths contains the smallest volume of treatment liquid.  WO
2011/045382PCT/EP2010/065438 8.Method according to any one of the preceding
claims, wherein the first bath is selected to be of the smallest size of
the arrangement of baths. 9Method according to any one of the preceding
claims, wherein the filling levels in the individual baths are kept at
essentially the same height. 10. Method according to any one of the
preceding claims, wherein the temperature of the treatment liquid baths is
controlled and preferably kept at an essentially constant level. 11. Method
according to any one of the preceding claims, wherein after rinsing in a
water bath the lenses are transported through an arrangement of at least
three succeeding baths with treatment liquid. 



12. Method according to any one of the preceding claims, wherein the
treatment liquid is selected from the group consisting of an extraction
liquid, a rinsing liquid, and a coating liquid. 13. Treatment station for
contact lenses comprising an arrangement of at least three successive
baths, each bath containing a treatment liquid of the same kind, which
successive baths are interconnected with each other such that excess
treatment liquid may flow from one bath to a respective preceding bath, a
concentration sensor provided in the last one of the arrangement of
successive baths containing the treatment liquid, which sensor is connected
with a control center for evaluating the measured concentrations and for
determining a required amount of fresh treatment liquid and for controlling
a continuous influx thereof into the last one of the arrangement of
successive baths, and the first one of the arrangement of successive baths
being provided with an outlet for an excess amount of treatment liquid. 14.
Treatment station for contact lenses according to claim 13, wherein the
concentration sensor is adapted for measuring a water concentration in the
treatment liquid contained in the last bath.  WO
2011/045382PCT/EP2010/065438 15. Treatment station for contact lenses
according to claim 13 or 14, wherein the concentration sensor is adapted
for continuously or periodically measuring the water concentration in the
treatment liquid contained in the last bath. 16. Treatment station for
contact lenses according to any one of claims 13 to 15, wherein the
treatment liquid is selected from the group consisting of an extraction
liquid, a rinsing liquid, and a coating liquid. 


