
WO 2006/061165 PCT/EP2005/012997  -1 Method of drying molds and apparatus
for supplying drying air The invention relates to a method of drying molds
or mold parts for the manufacture of  optical lenses and an apparatus for
supplying drying air according to the preamble of the  independent patent
claim. In the manufacture of so-called single-use contact lenses the molds
or mold parts, e.g. mold  halves, are re-used in the manufacturing process
after manufacture and demolding of a  contact lens. In this, a plurality of
male mold halves can be arranged in one half of a suitable  tool, for
example, and a corresponding number of female mold halves can be arranged in
the  other half of this tool. A cyclic manufacturing process for the
manufacture of such single-use  contact lenses is described, for example, in
WO-A-98/42497. Prior to a re-use in the next cycle the mold halves have to
be cleaned and dried, which is  performed such that they are sprayed with
water and subsequently exposed to dry  pressurized air, by way of example.
It has turned out, however, that with an increasing  number of re-uses of
the mold halves the contact lenses adhere more strongly to the mold  halves
and the automatic loosening of the contact lens from the mold half is
rendered more  difficult and may even affect the quality of the contact
lenses. On the other hand, these mold  halves are high precision components
and are also expensive components both from a  manufacturing point of view
and with regard to the costs, so that the edge life of the mold  halves must
be as long as ever possible. At the same time, a high quality of the contact
lenses must be ensured. According to the invention a method is suggested as
it is characterized by the features of the  respective independent method
claim, as well as an apparatus as it is characterized by the  features of
the independent apparatus claim. Advantageous variants of the method and
further embodiments of the apparatus can be gathered from the features of
the dependent  claims. In particular, in accordance with the invention it is
suggested that for the exposure of the  



mold or of the mold part (e.g. mold half) humid pressurized air is used as
drying air, so that  no complete drying of the surface of the respective
mold half occurs. Rather, droplets which  may originate from the cleaning
and which adhere to the surface of the mold half should be WO 2006/061165
PCT/EP2005/012997  -2 removed from the mold half. A slightly wetted surface
of the mold half positively affects both  the loosening of the manufactured
contact lenses from the respective surface of the mold  half as well as a
constant high quality of the contact lenses manufactured therewith. The
relative humidity of the humid pressurized air may be in the range of
45%-95%, more  particular in the range of 60% to 80%, and most particular in
the range of 65%-70%. This  does especially advantageously affect the edge
life and the quality of the contact lenses. In an advantageous variant of
the method according to the invention the humid pressurized  air is
generated such that a liquid, in particular water, is introduced into
essentially dry  pressurized air. Frequently, pressurized air supplied in
industrial facilities is dry pressurized  air (relative humidity is close to
zero or in the range of a few percent) which is then  humidified so that
generally the available technical pressurized air can be used and it is not
necessary to separately supply a second "type" of technical pressurized air
(namely humid  pressurized air). In accordance with a further development of
this variant of the method this may be  performed such that for the
introduction of the liquid into the essentially dry pressurized air  an
apparatus is used having a humidifying chamber, into which the essentially
dry  pressurized air is caused to flow, as well as two-component spraying
nozzles with which fine  liquid droplets are generated and introduced into
the essentially dry pressurized air that has  been caused to flow into the
humidifying chamber. Thus it is efficiently possible to generate  humid
pressurized air. It is important that the liquid droplets introduced are
fine droplets  (droplet size in the range of some Ism up to some ten m) so
that they can be absorbed well  by the air. It has turned out to be
advantageous, in accordance with one variant of the method  



according to the invention, to introduce the liquid droplets into the
essentially dry pressurized  air into the humidifying chamber in
counterflow. In a further variant of the method the volume of the
humidifying chamber is smaller than the  volume of pressurized air to be
humidified flowing through the humidifying chamber per  second. By this, an
expensive closed-loop control of the volumetric flow of pressurized air or
atomizing air can be dispensed with, an open-loop control is sufficient. In
case the water WO 2006/061165 PCT/EP2005/012997  -3 supply is continued
during an interruption of the manufacturing process or is stopped only
after some time, the relative humidity of the air in the humidifying chamber
then is about  100% and any additional water supplied can no longer be
absorbed by the saturated air  contained in the humidifying chamber and is
therefore drawn away through a drain for the  liquid. As the manufacturing
process is resumed again, the outlet for the drying air must only  be opened
for a short period of time. Because of the high volumetric flow the desired
relative  humidity is re-established within a very short time. In a further
advantageous variant of the method according to the invention the relative
humidity of the drying air is measured so as to be able to increase or
decrease the volume of  introduced water, if necessary. For this purpose, a
closed-loop control of the volume of water  must then be possible, while
only an open-loop control for the drying air is needed. Preferably, in
addition to the relative humidity also the temperature of the drying air is
measured. This is advantageous inasmuch as the absolute humidity depends on
the  temperature, so that e.g. at a lower temperature only less water can be
absorbed by the air.  A sensor which is able to measure both the relative
humidity and the temperature can be  used for this purpose. According to the
invention an apparatus is suggested for supplying (humid) drying air for the
drying of molds or molds parts for the manufacture of optical lenses,
particularly of  ophthalmic lenses and especially contact lenses, which
comprises an inlet for the inflow of  essentially dry pressurized air into a
humidifying chamber. In addition, the apparatus  



comprises means for introducing fine liquid droplets, particularly water
droplets, into the  essentially dry pressurized air introduced into the
humidifying chamber. Thus, the drying air  required as humid pressurized air
can be generated, which can then be provided through an  outlet of the
apparatus. In an embodiment of the apparatus according to the invention
two-component spray nozzles  are provided for introducing the liquid
droplets into the pressurized air introduced into the  humidifying chamber,
with the aid of which the desired fine droplets can be generated which  can
be especially well absorbed by the pressurized air (see above). WO
2006/061165 PCT/EP2005/012997  -4 An apparatus can be particularly suitable,
in which the inlet for the essentially dry  pressurized air, the
two-component spray nozzles for introducing the liquid droplets into the
pressurized air introduced into the humidifying chamber, and the outlet for
the drying air are  arranged such, that the liquid droplets are introduced
in counterflow, into the pressurized air  flowing in the through the
humidifying chamber, and the thus humidified pressurized air then  reaches
the outlet. Also, it can be particularly advantageous when the inlet for the
essentially dry pressurized air  is arranged at the lower end of the
humidifying chamber, and when the two-component  spray nozzles are arranged
such that they spray the liquid droplets in the downward direction  into the
upwardly flowing pressurized air. At the lower end of the humidifying
chamber a  drain for the liquid is provided. The atomized fine droplets
falling down can be absorbed by  the upwardly flowing dry pressurized air,
while coarse droplets fall down and reach the drain  for the liquid and can
be drawn away. According to a further embodiment of the apparatus according
to the invention an aerosol  trap can be arranged in the direction of the
flow after the means for introducing the liquid  droplets into the
essentially dry pressurized air or after the two-component spraying nozzles
respectively, in order to separate droplets which may still be present in
the pressurized air  since they have not been completely absorbed. 



As already mentioned upon explaining the method, according to a further
embodiment of the  apparatus according to the invention, the volume of the
humidifying chamber can be smaller  than the mean volume per second of
pressurized air to be humidified flowing through it. By  this, after an
interruption of the manufacture of the contact lenses even when the water
continues to flow into the humidifying chamber and the relative humidity is
about 100%, upon  resuming the manufacture of the contact lenses it is
rapidly possible to again provide drying  air having the desired relative
humidity (see above). Finally, a humidity sensor for measuring of the
relative humidity of the drying air can be  arranged close to the outlet for
the drying air, and in addition there may be provided a  temperature sensor
for measuring the temperature of the drying air, and in particular the
humidity sensor can also be executed as a temperature sensor. WO 2006/061165
PCT/EP2005/012997  -5 Further advantageous aspects of the method according
to the invention or of the apparatus  according to the invention become
clear from the following description of embodiments with  the aid of the
drawing, in which: Fig. 1 shows a side view of an embodiment of the
apparatus for supplying drying air  according to the invention Fig. 2 shows
a longitudinal cross-section through the embodiment of the apparatus of
Fig. 1 according to the invention Fig. 3 shows an embodiment of the water
supply to the two-component spray nozzles  (cross-section along line III-III
in Fig. 1) Fig. 4 shows a cross-section through a schematic representation
of an embodiment of a  two-component spray nozzle Fig. 5 shows a top view of
a cross-section through the nozzle plate of the apparatus of  Fig. 1, with a
pressurized air supply for the two-component spray nozzles, and  Fig. 6
shows a view of a longitudinal cross-section along line VI-VI through the
nozzle  plate of Fig. 5. 



In Fig. 1 and Fig. 2 an embodiment of an apparatus I for supplying humid
drying air Tin  accordance with the invention is shown in a side view and in
cross-section, respectively. In  particular, a pipe 2 can be seen in which a
humidifying chamber 20 is provided. At pipe 2 an  inlet 21 is arranged for
essentially dry pressurized air D which is introduced into the  humidifying
chamber 20 through the pressurized air inlet 21. The pressurized air inlet
21 is  arranged in the region of the lower end of pipe 2. The relative
humidity of the essentially dry  pressurized air 0 can be practically zero
or in the range of a few percent. The pressure with  which the pressurized
air D is introduced can be 1 bar, for example, however, it can be  supplied
with a different pressure, which may in particular be higher (especially
with respect  to the fact, that in industrial facilities pressurized air
frequently is supplied having a pressure  of 6 bar). WO 2006/061165
PCT/EP2005/012997  -6 Multiple water inlets 22 are further provided at pipe
2 through which a supply of two- component spraying nozzles 4 with water can
be performed (in the following for the sake of  simplicity called
"nozzles"), which are inserted into a nozzle plate 3. In addition to water,
atomizing air is supplied, too, to the nozzles 4 through channels 31
provided in nozzle plate  3. At the outlet of the nozzles very fine droplets
TR are introduced into the humidifying  chamber in counterflow to the
essentially dry pressurized air D. The droplets TR are  absorbed by the
pressurized air thus humidifying it and forming the humidified drying air T
which is then provided at the outlet 5 e.g. for the drying of mold halves in
the automatic  manufacture of contact lenses (as has been described further
above). A sensor 6, which is  designed as a humidity sensor for measuring
the relative humidity of the drying air T and  preferably also as a
temperature sensor, is arranged shortly before the outlet 5. Optionally,  an
aerosol filter can be arranged within the air stream before the sensor 6 for
separating  droplets that have not been completely absorbed but which have
nevertheless been carried  along by the air stream. Finally, at the lower
end of pipe 2 a base plate 60 is provided being  equipped at it with a drain
7 for water that has not been absorbed by the air stream. 



The relative humidity of the drying air Tat the outlet generally is between
45% and 95%, in  particular between 60% and 80%, and especially in the range
of 65% to 70%. This is  achieved through the adequate supply of essentially
dry pressurized air D and of the  required amount of water and atomizing air
to the nozzles 4. A more detailed description of  the working principle will
be given further below. Fig. 3 shows a cross-section through the apparatus
along the line III-III in Fig. 1. When  viewed together with Fig. 2 the
water supply to the individual nozzles 4 becomes obvious. A  ring conduit 30
having multiple T-pieces is supplied with water from a supply conduit 32.
The  T-pieces are connected to the individual water inlets 22 through supply
conduits 33, and  these in turn are connected to the nozzles 4 through
respective conduits (see Fig. 2). A general representation of an embodiment
of such a two-component spray nozzle 4 can be  seen in Fig. 4. It works in
accordance with the principle of a perfume atomizer. The water to  be
atomized (or in general a liquid to be atomized) is supplied through a water
channel 40.  At the outlet of water channel 40 the water is atomized by the
atomizing air emerging  perpendicular thereto from the end of an air channel
41 to form the fine droplets TR, which WO 2006/061165 PCT/EP2005/012997  -7
are then introduced in counterflow into the essentially dry pressurized air
D (see Fig. 2) and  are absorbed in the pressurized air D thus humidifying
it. In Fig. 5 a top view of a cross-section through the nozzle plate 3 of
the apparatus of Fig. 1  can be seen together with a supply of pressurized
air to the two-component spray nozzles.  The nozzle plate 3 can also be seen
in Fig. 6. A ring conduit 50 having multiple T-pieces is  supplied with
water through a supply conduit 52. The T-pieces are connected to the
individual atomizing air inlets 34 in the nozzle plate 3 through supply
conduits 53, and these  in turn are connected to the nozzles 4 through
channels 31 (see Fig. 2). For the humidification, essentially dry
pressurized air D (having a relative humidity of e.g. 1 %  to 2%) is
introduced through the pressurized air inlet 21 into the humidifying chamber
22, so  that the direction of the flow of the pressurized air D runs from
the bottom toward the top.  



The pressure of the pressurized air D may be about 1 bar and the introduced
volume of  pressurized air may be 39 m3/h. A volumetric flow of (pure) water
of e.g. 1.5 I/h to 2 I/h can  then be supplied to the nozzles 4. At the same
time, atomizing air having a pressure of e.g.  2.5 bar is supplied to the
nozzles through the atomizing air inlets 34 and the channels 31.  The
pressure of the atomizing air in general is about 0.5 bar to 3 bar above the
pressure of  the essentially dry pressurized air D which is introduced into
the humidifying chamber 22.  The volumetric flow of the atomizing air may be
about 1600 I/h, for example. The droplets TR generated by the nozzles 4 have
a mean droplet size of 15 gm and are  atomized in counterflow into the air
stream of the pressurized air D so that they are absorbed  therein. Droplets
of too large a size which are not absorbed by the air stream or which are
not carried along with the air stream can be drawn away through an outlet in
the base plate  60 and through drain 7 for the liquid. Droplets which are
carried along with the air stream but  which are not completely absorbed can
be separated by an aerosol trap (not shown), which  is arranged before the
sensor 6 and the outlet 5 for the drying air T, so that the drying air T  at
the outlet 5 no longer contains any droplets. Both the relative humidity and
the temperature of the drying air T are measured by the  sensor 6 close to
the outlet 5. This is advantageous inasmuch as only less water can be
absorbed by the air at a lower temperature of the air, of course. However,
if the volumetric  flow remained constant in such a case the relative
humidity would increase. WO 2006/061165 PCT/EP2005/012997 In particular, the
apparatus can be operated such that both the pressure and the volumetric
flow of the essentially dry pressurized air D as well as the pressure and
the volumetric flow  of the atomizing air can be open-loop controlled while
the pressure and the volumetric flow of  the supplied water is closed-loop
controlled. As a consequence, depending on the measured  relative humidity
and the temperature of the drying air Tat the outlet 5, the supply of water
can be closed-loop controlled such that the relative humidity of the drying
air T at the outlet 5  has the desired value. For example, during operation
about 80 m3/h of drying air T (norm  conditions) are taken out of the outlet
5. 



The volume of the humidifying chamber 22 may be some liters (e.g. 5 liters).
During an  interruption of the manufacture of contact lenses, as the water
supply is not immediately  stopped or is not stopped at all the relative
humidity of the air in the humidifying chamber  increases to 100%, and the
additional supplied water is drawn away through the outlet in the  base
plate 60 and through drain 7. As production of contact lenses is resumed,
for a short  instance only air having a relative humidity of 100% is
available. However, the desired  relative humidity of the drying air is
rapidly re-established again at outlet 5 because of the  high volumetric
flow flowing through the humidifying chamber 22 per second in relation to
the  humidifying chamber's volume. As already mentioned above, this is
possible using a simple open-loop control (no closed- loop control) of the
supply of the pressurized air and the atomizing air while only the supply
of water is closed-loop controlled. The technical expense for the open-loop
and closed-loop  controls can thus be kept small. -9- Claims 1. A method for
the manufacture of optical lenses, comprising the steps of:  removing
droplets adhered on molds or mold halves after cleaning the molds or mold
halves, while slightly wetting the surfaces of the molds or mold halves with
drying air,  wherein the drying air is humid pressurized air, wherein the
humid pressurized air is  generated by introducing a liquid into essentially
dry pressurized air, wherein the  introducing a liquid into the essentially
dry pressurized air using an apparatus  comprising a humidifying chamber,
into which the essentially dry pressurized air is  caused to flow; and
spraying nozzles, with which fine liquid droplets are generated  and
introduced into the essentially dry pressurized air which has been caused to
flow  into humidifying chamber. 2. A method according to claim 1, wherein
the relative humidity of the humid  pressurized air is in the range of 45%
to 95%. 3. A method according to claim 2, wherein the relative humidity of
the humid  



pressurized air is in the range of 60% to 80%. 4. A method according to
claim 3, wherein the relative humidity of the humid  pressurized air is in
the range of 65% to 70%. 5. A method according to claim 1, wherein the
liquid droplets are introduced in  counterflow into the essentially dry air
flowing into the humidifying chamber. 6. A method according to claim 1, in
which the volume of the humidifying  chamber is smaller than the volume of
pressurized air to be humidified flowing through  the humidifying chamber
per second. 7. A method according to claim 1, wherein the relative humidity
of the drying air  is measured. -10- 8. A method according to claim 7,
wherein the temperature of the drying air is  measured. 9. An apparatus for
supplying drying air for removing droplets adhered on  molds or mold halves
after cleaning the molds or mold halves, while slightly wetting  the
surfaces of the molds or mold halves for the manufacture of optical lenses
comprising: a humidifying chamber including an inlet for the introduction of
essentially  dry pressurized air into a humidifying chamber; equipped with a
means for generating  and dispensing fine liquid droplets into the
essentially dry pressurized air introduced in  the humidifying chamber so as
to generate humid pressurized drying air; and an outlet  for the drying air
thus generated. 10. An apparatus according to claim 9, wherein the means for
introducing the  liquid droplets into the pressurized air introduced into
the humidifying chamber are  spray nozzles. 11. An apparatus according to
claim 10, wherein the inlet for the essentially dry  pressurized air, the
spray nozzles for introducing the liquid droplets into the  pressurized air
introduced into the humidifying chamber, and the outlet for the drying  air
are arranged such that the liquid droplets are introduced into the
pressurized air in  



counterflow, and the thus humidified pressurized air then reaches the
outlet. 12. An apparatus according to claim 11, wherein the inlet for the
essentially dry  pressurized air is arranged at the lower end of the
humidifying chamber, and wherein  the spray nozzles are arranged such that
they spray the liquid droplets in the  downward direction into the upwardly
flowing pressurized air, and wherein further a  drain for the liquid is
provided at the lower end of the humidifying chamber. 13. An apparatus
according to claim 9, in which in the direction of the flow an  aerosol trap
is arranged after the means for introducing the liquid droplets into the
essentially dry pressurized air or after the two-component spraying nozzles,
respectively. -11- 14. An apparatus according to claim 9, wherein the volume
of the humidifying chamber is smaller than the mean volume per second of
pressurized air to be  humidified flowing through it. 15. An apparatus
according to claim 9, wherein close to the outlet for the  drying air there
is arranged a humidity sensor for measuring the relative humidity of  the
drying air. 16. An apparatus according to claim 15, wherein further a
temperature sensor  is arranged for measuring the temperature of the drying
air. 




