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DEVICE AND METHOD FOR LOADING A LIQUID WITH GAS

The invention relates to a device for loading an in particular higher-viscosity
liquid with a gas, in particular with air, wherein the device has a pressure vessel receiving
the liquid and the gas and wherein an agitator having a drive shaft vertically passing
through the pressure vessel at least in part is arranged in the pressure vessel. The
invention further relates to a method for loading an in particular higher-viscosity liquid
with a gas using a device according to the invention.

When higher-viscosity liquids such as polyurethane or silicone raw materials are
used to produce gaskets or the like, the pre-treatment of said viscous materials is of
great importance for the quality of the product produced thereafter. The raw materials
used are often one or two components of a multi-component system, which are
thoroughly mixed in a mixer and then chemically react with each other to produce a gas,
usually carbon dioxide, and then, after being ejected from the mixer and applied to a
substrate, they foam. This enables the production of Formed in Place-Foamed Gaskets,
“FiPFG”.

In particular when using silicone materials to produce said foamed gaskets or
coverings, the air content of the relatively highly-viscous starting material is of particular
importance in obtaining good foam quality. The materials used, in particular silicone
materials, must preferably be loaded with a precisely controlled amount of air before
being processed further, e.g. being mixed with a second component in a mixer, in other
words, with air dissolved in the liquid under increased liquid pressure, which forms
nuclei for the gas bubbles produced in the subsequent chemical reaction, to which the
gas produced in the chemical reaction can attach and thus form a foam of particularly
high quality.

The present invention proposes a method whereby a higher-viscosity silicone or
polyurethane material can be purposely loaded under pressure with air or another gas in
a controlled manner, so that the gas dissolves in the liquid at a determined
concentration, preferably until the material is saturated as far as possible with the gas
being used. However, the device and the method can also be applied in other fields that
involve dissolving a gas in a liquid.

For such purpose, generic devices comprise a pressure vessel receiving the liquid

and the gas, in which is arranged an agitator having a drive shaft passing through the
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pressure vessel at least in part, which ensures an exchange with the pressurised air
located above the liquid level by continually agitating the liquid in the vessel, so that,
after a more or less long period of agitation, the liquid is saturated with the gas. In known
devices, air is usually blown into a vessel from below (using a nozzle, ring, etc.), which
then disperses in the viscose liquid forming fine bubbles. Another known assembly
involves the use of an external recirculation pump, using which the viscous material is
removed from a tank and then conveyed back into the tank in a circuit, where it is then
discharged from the conveying line above a kind of hood and then flows along the hood
back into the liquid reservoir located below in the tank.

Apart from the fact that the known devices, in particular those with an external
recirculation pump, are very complex, the processing times when gassing with such
known devices is comparably long and, moreover, it is quite possible for larger bubbles to
form in the liquid, resulting in a partially two-phase material, which can cause problems
in the subsequent further processing.

The object of the invention is to provide a device and a method of the kind
specified above having a compact design and enabling the loading of liquids with gasses
until saturation in a reliable and, compared with the state of the art, fast manner,
without any bubbles of undissolved gas being formed in the liquid.

The device achieves this object by means of the drive shaft being arranged in a
conveying pipe and driving a conveying organ which transports the liquid through the
conveying pipe to at least one outlet and there being provided a running-off surface
underneath the outlet from the conveying pipe for the liquid flowing out of the outlet.

When carrying out the method according to the invention with the device
according to the invention, the liquid received by the pressure vessel can be agitated by
means of the agitator and conveyed inside the vessel through the conveying pipe to a
level above the liquid level and conveyed through at least one outlet onto the running-
off surface, on which it discharges in a thin layer and at the same time is loaded with the
pressurised gas located above the liquid level, wherein, at the same time, undissolved gas
contained in the liquid in the form of bubbles is released into the gas atmosphere. The
fact that the drive shaft of the agitator also drives the conveying organ, which pumps the
liqguid in the conveying pipe inside the pressure vessel upwards over the running-off
surface, results in a particularly compact design that requires little maintenance due to

one single drive being used for both the agitator and the conveying pump. While the
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agitator ensures an even dispersion of the gas in the liquid, it is also ensured that there is
a large exchange area between the gas and the liquid, resulting in the possibility for the
gas to be intermixed with and dissolved in the liquid after remaining in the vessel for
only a short period of time. This is achieved, in a simultaneous manner to the liquid being
agitated by the agitator, by means of the liquid being conveyed to the running-off surface,
on which it can discharge in a thin layer and thus come into contact with the pressured air
located above the liquid level.

The conveying organ is preferably formed by a screw conveyor arranged in the
conveying pipe being coupled in a torque-proof way to the drive shaft, wherein it has
proven advantageous for the screw conveyor to slightly protrude from the conveying
pipe at the lower end thereof. This ensures that, even when using highly-viscous, in
other words, thick materials, no stall occurs when sucking or pumping them into the
conveying pipe. The protrusion of the screw conveyor from the conveying pipe ensures
good suction performance and thus reliable conveying of the liquid even with highly-
viscous liquids. Equivalent to this solution is an embodiment in which the pipe wall has
indentations at the lower end of the conveying pipe distributed over the periphery,
through which the viscous material to be conveyed can flow into the screw conveyor.

The running-off surface is preferably formed by a conical or frusto-conical
surface, the diameter of which is preferably slightly smaller than the diameter of the
generally cylindrical pressure vessel. In the simplest case, the pressure vessel can, for
example, be a cask in which the liquid is delivered. An attachment completing the device
can be mounted in a pressure-tight manner on said cask after removing an upper lid, said
attachment holding the agitator, which is immersed in the liquid when mounting the
attachment, along with all the other components of the device according to the
invention.

It is possible for the angle of inclination of the running-off surface to be
preferably infinitely adjustable between a minimum and maximum value. By changing
the angle of inclination, the period of time the liquid that has been pumped onto the
running-off surface remains there can be adjusted along with the thickness of its layer.
When processing a liquid of lower viscosity, a smaller angle of inclination than for more
highly-viscous liquids will usually be preferred in order to prevent the liquid from

discharging rapidly.
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The pressure vessel can have at least one liquid inlet arranged above the
running-off surface, which is advantageous in particular in cases where the liquid is
loaded with gas not in the container the liquid was transported in but in a stationary
pressure vessel. The device according to the invention preferably comprises at least one
pressurised gas connection, wherein in a first embodiment of the invention the or a
pressurised gas connection leads into the pressure vessel above the liquid level. It is also
possible, in an alternative or supplementary manner, for a or the pressurised gas
connection to lead into the pressure vessel below the liquid level, wherein in this case it
preferably comprises a gas loading ring in the lower part of the vessel having a plurality
of gas outlets, from which the gas with which the liquid is to be loaded is directly blown
into the liquid. The gas bubbles that inevitably form in the liquid when using this
approach are neutralised by the gas-liquid mix being subsequently conveyed onto the
running-off surface on which the gas bubbles outgas and only gas dissolved in the liquid
remains.

A liquid discharge line is expediently connected to the pressure vessel below the
liquid level. The liquid discharge line can then be connected to a recirculation line, the
other end of which is connected to a liquid inlet into the vessel. The liquid saturated with
gas can be discharged out of the pressure vessel for further processing through the
discharge line and/or optionally flow back into the vessel through the recirculation line.
It is particularly advantageous if a gas load measuring device is attached below the liquid
level or the liquid discharge line, using which the level of saturation of the gas in the
liguid can be determined. Using said measuring device also enables the device to be
easily adjusted to a determined air loading value, by recirculating the material
discharged through the discharge line into the vessel until the value detected by the gas
load measuring device corresponds to a previously determined desired value, for
example a saturation value at a determined processing pressure. Possible parameters for
adjustment can be, for example, the initial pressure in the pressure vessel, the amount of
additional air blown in and/or the timing or speed of the agitator and therefore also the
volume of the amount of liquid conveyed by the screw conveyor.

In another preferred embodiment of the invention, at least one overflow opening
is arranged in the running-off surface, through which the air and/or the liquid can flow
upwardly from below. The overflow opening can be blocked against downward flows

from above by means of a valve member, preferably an elastic valve plate. By means of
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said overflow opening, an otherwise large displacement when immersing the
mechanism in the vessel and the subsequent rising of the liquid level can be avoided.
Having at least one overflow opening ensures that no gas bubble is allowed to form
underneath the running-off surface, which otherwise would complicate taking a correct
measurement of the filling level, which is required, for example, for refilling the pressure
vessel in a controlled manner.

A preferably vertical, in particular cylindrical, guide surface can connect to a
lower edge of the running-off surface, which preferably extends at least to the level of
the liquid level and from which the liquid can drain in a guided manner without forming
drops and dropping off the running-off surface.

The device and method can be designed in such manner that the pressure level
inside the vessel, the amount conveyed through the conveying pipe per unit of time
and/or the inclination of the running-off surface can be adjusted to optimally adapt the
gassing conditions to the conditions determined by the material being processed.

Further features and advantages of the invention can be seen from the following
description and drawing, which explain a preferred embodiment of the invention using
an example. The following is shown:

Figure 1  a vertical section of an embodiment of the device according to the
invention; and

Figure 2 a modified form of the device according to the invention shown in a
simplified and schematic manner.

In the drawing, reference sign 10 designates a device in its entirety used to load a
higher-viscosity liquid 11, for example a silicone material used to produce a foam gasket,
with air under superatmospheric pressure. When using such sealing material, the loading
with air has a considerable effect on the subsequent quality of the foam gasket, in
particular its surfaces and their pore structure. In general termes, it is intended to load the
liquid, in other words the raw sealing material, with air until reaching the saturation limit,
without any free air bubbles being present in the liquid. The device 10 according to the
invention achieves fast and even dissolution of the air in the liquid, resulting in excellent
foam quality when processing the material further at a later stage.

The device 10 has a pressure vessel 12 receiving the liquid 11, having a
pressurised air connection 14 arranged on its cover 13. An agitator 15 is provided inside

the vessel, having a drive shaft 16 vertically passing through the pressure vessel 12 being



10

15

20

25

30

rotatably mounted at the centre of the vessel cover 13. The end of the shaft protruding
upwardly from the vessel cover 13 is coupled — if need be, with interposition of a
transmission — to a drive motor, which is schematically shown in Figure 2 and designated
with number 17.

At its lower end, the drive shaft 16 of the agitator 15 supports a mixer 18, which
is fully immersed in the liquid 11. A conveying organ in the form of a screw conveyor 19
is coupled to the shaft 16 in a non-rotatable manner above the mixer 18 on the drive
shaft 16. The drive shaft 16 and the screw conveyor 19 arranged thereon are contained in
a conveying pipe 20 vertically passing through the pressure vessel and extending until
slightly above the lower end of the screw conveyor. At the upper end of the conveying
pipe 20, just below the bearing for the drive shaft 16, it is fitted with a plurality of drains
21 forming an outlet 22 for liquid 11, which is transported upwardly from below by the
screw conveyor through the conveying pipe 20 when rotating the drive shaft.

On the outside of the conveying pipe 20 below the outlet 22, a conically inclined
rotary discharge plate 23 is arranged having an adjoining guide cylinder 24 at its outer
and lower edge that extends downwards in a parallel way in relation to the axis of the
drive shaft 16. On its upper surface, the discharge plate 23 forms a running-off surface 25
for the liquid 11, which drains from the drains 21 und thus reaches the discharge plate
23, where it spreads in a thin layer on the upper running-off surface 25, the thickness of
said layer depending, on the one hand, on the viscosity of the material and, on the other
hand, the inclination of the upper frusto-conical surface of the discharge plate 23. The
liquid flows over the lower edge of the running-off surface 25 and subsequently further
along the outer cylindrical guide surface 26 of the guide cylinders 24 back into the liquid
reservoir located below in the pressure vessel 12 and being intermixed by the mixer 18.

By means of the pressurised air connection 14 provided on the cover 13 of the
pressure vessel 12, pressurised air can be introduced into the pressure vessel 12 and the
desired level of pressure in the vessel 12 can be adjusted. In the embodiment shown in
figure 1, the pressurised air connection 14 in the vessel cover 13 above the liquid level 28
is the only connection through which the gas to be dissolved in the liquid 11 is introduced
into the vessel 12. In contrast, in the embodiment according to figure 2, an additional
pressurised gas connection 29 is located below the liquid level 28 in the form of a gas
loading ring 30 arranged down in the vessel below the mixer 18, said gas loading ring 30

having a plurality of gas outlets 31 through which the pressurised air can be directly
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introduced into the liquid 11 in the form of air bubbles. In this embodiment, the upper
air connection 14 primarily serves as a regulating or controlling connection to maintain
the pressure in the pressure vessel 12 at the desired level.

A liquid discharge line 33 is connected to the vessel base 32 of the pressure
vessel 12, through which the material loaded with gas can be discharged from the vessel
by means of a conveying pump 34. A gas loading measuring device 36 connected to a
measuring point 35 before the conveying pump 34 determines the degree at which the
liqguid 11 is saturated with air, wherein this measurement can be used to adjust the
adjustable parameters of the device such as the pressure in the vessel 12, the speed of
the mixer 18 and the like, which is indicated here by the data line 37. A recirculation line
38 is connected to the discharge line 33 after the conveying pump 34 via a three-way
valve, which can also receive an actuating signal from the gas load measuring device, for
example when the detected degree of saturation has not (yet) reached the required
level and the material must therefore be circulated back into the pressure vessel 12 to
continue to be loaded with air. The recirculation line 38 leads into a liquid inlet 39,
through which unprocessed liquid, i.e. liquid not having been loaded with gas, can be
introduced into the pressure vessel 12.

By means of the device 10 depicted and described here, the gas, in particular air,
can be particularly finely spread and dissolved in the liquid 11, for example a viscous
silicone material, after only a short processing period. The mixer 18 of the agitator 15
ensures homogenisation of the material, which is pumped upwardly inside the conveying
pipe above the liquid level 28 by means of the conveyor screw 19, 20, where it reaches
the inclined running-off surface 25, on which it discharges back down in a thin layer.
There is a large exchange area between the liquid and the pressurised gas located above
the liquid level, through which the pressurised air can be dissolved in the liquid 11 and
through which, on the other hand, air bubbles having formed due to a local over-
concentration can outgas from the liquid in a particularly fast manner. The thin layer
gassing and degassing in the pressure vessel 12 results in particularly fast
homogenisation and dissolution of the gas in the liquid, which can then be discharged
for further processing through the discharge line.

In order to prevent a gas bubble from forming below the discharge plate 23
inside the guide cylinder 24 when the liquid level 28 rises above the lower edge of the

guide cylinder 24, overflow openings 40 are provided in the upper, conical discharge
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plate 23, which ensure an equalisation of pressure and thus an equally high liquid level
in and outside the guide cylinder. In order to be able to prevent liquid flowing over the
running-off surface 25 from passing through the overflow openings 40 from above, the
overflow openings 40 can be closed off against liquid passing through downwardly from
above by means of valve plates or other suitable valve members being elastically or
flexibly attached to the upper surface of the discharge plate.

The invention is not limited to the exemplary embodiment shown, instead
different changes and additions are possible, without departing from the scope of the
invention. As an example, it is also possible for the inclination of the running-off surface
25 to be variable in order to change the flow velocity and the layer thickness of the liquid
material flowing over the running-off surface 25. The device can be used to load a liquid
with gas in batches; however, it is also possible to operate it in a continuous manner,
introducing unloaded liquid and pressurised gas into the pressure vessel in equal
measures, wherein the material already loaded with gas is discharged at the lower end
of the vessel. The device is in particular suitable for processing silicone raw materials to
produce silicone foam gaskets; however, it is also suitable for other materials, such as

polyurethane resin and the like.
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CLAIMS

1. Device for loading an in particular higher-viscosity liquid with a gas, in particular
with air, having

- a pressure vessel (12) receiving the liquid (11) and the gas,

- an agitator (15) being arranged in said pressure vessel (12), said agitator having a
drive shaft (16) vertically passing through the pressure vessel (12) at least in part,

characterised in that

the drive shaft (16) is arranged in a conveying pipe (20) and drives a conveying
organ (19), which transports the liquid (11) through the conveying pipe (20) to at least one
outlet (22) and there is a running-off surface (25) below the outlet (22) from the conveying

pipe (20) for the liquid (11) flowing out of the outlet (22).

2. Device according to claim 1, characterised in that the conveying organ (19) is formed
by a screw conveyor arranged in the conveying pipe (20) being torque-proven coupled to

the drive shaft (16).

3. Device according to claim 2, characterised in that the screw conveyor (19)

slightly protrudes from the lower end of the conveying pipe (20).

4 Device according to any of claims 1 to 3, characterised in that the running-off
surface (25) is formed by a conical or frusto-conical surface being arranged around the

conveying pipe (20).

5 Device according to any of claims 1 to 4, characterised in that the angle of
inclination of the running-off surface (25) is preferably infinitely adjustable between a

minimum and a maximum value.

6 Device according to any of claims 1 to 5, characterised in that the pressure

vessel (12) has at least one liquid inlet (39) arranged above the outlet surface (25).

7 Device according to any of claims 1 to 6, characterised by at least one

pressurised gas connection (27; 29).
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8. Device according to claim 7, characterised in that the pressurised gas connection

(27) leads into the pressure vessel (12) above a liquid level (28).

9. Device according to claim 7 or 8, characterised in that the pressurised gas

connection (29) leads into the pressure vessel (12) below a liquid level (28).

10. Device according to claim 9, characterised in that the pressurised gas connection
(29) comprises a gas loading ring (30) having a plurality of gas outlets (31) arranged at the

base of the vessel (12).

11 Device according to any of claims 1 to 10, characterised by a liquid discharge
line (33) being connected to the pressure vessel (12) below the liquid level (28) and a
recirculation line (38) being connectable, on the one hand, to the liquid discharge line

(33) and, on the other hand, to at least one liquid inlet (39).

12 Device according to any of claims 1 to 11, characterised by a gas loading
measuring device (36) being connected to a measuring point (35) below the liquid level

(28) or to the liquid discharge line (33).

B Device according to any of claims 1 to 12, characterised in that at least one

overflow opening (40) is arranged in the running-off surface (25).

14 Device according to claim 13, characterised in that the overflow opening (40) is
closed off from downward flows from above by means of a valve member, preferably a

valve plate or the like.

15. Device according to any of claims 1 to 14, characterised in that a vertical, in
particular cylindrical, guide surface (26) is connected to the lower edge of the running-off

surface (25), it preferably extending at least to the level of the liquid level (28).

16. Method for loading an in particular higher-viscosity liquid with a gas, in particular
with air, wherein the liquid received by a pressure vessel (12) is agitated by means of an

agitator (15) and conveyed inside the vessel through a conveying pipe (20) to a level
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above the liquid level (28) and conveyed through an outlet (22) onto a running-off
surface (25), on which the liquid discharges in a thin layer and at the same time is loaded

with the pressurised gas located above the liquid level (28).

17. Method according to claim 16, characterised in that the pressure level inside
the vessel, the amount conveyed through the conveying pipe (20) per unit of time and/or

the inclination of the running-off surface are adjustable.



