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(57) Abrégé/Abstract:

The invention relates to a fluid distribution device for a gas-liquid contactor (1), said device having a first side (18), a second side
(19) and a plurality of through-holes (8) extending from the first side (18) to the second side (19), through which holes a first fluid
(4) can flow. The invention is characterised in that the fluid distribution device (7, 13) further comprises an interior, which is
delimited by the first side (18) and the second side (19) and which is sealed in a fluid-tight manner in relation to the through-holes
(8), a plurality of openings (10), which connect the interior to the second side (19), and a fluid connection (14, 15), through which a
second fluid (12) can be introduced into or evacuated from the interior. The invention also relates to a gas-liquid contactor having a
fluid distribution device of this type and to a method for adding a gas to a liquid.
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FIG 2

(57) Abstract: The invention relates to a fluid distribution device for a gas-liquid contactor (1), said device having a first side (18), a
second side (19) and a plurality of through-holes (8) extending from the first side (18) to the second side (19), through which holes a
first fluid (4) can flow. The invention is characterised in that the fluid distribution device (7, 13) further comprises an interior, which
is delimited by the first side (18) and the second side (19) and which is sealed in a fluid-tight manner in relation to the through-holes
(8), a plurality of openings (10), which connect the interior to the second side (19), and a fluid connection (14, 15), through which a
second fluid (12) can be introduced into or evacuated from the interior. The invention also relates to a gas-liquid contactor having a
fluid distribution device of this type and to a method for adding a gas to a liquid.

(57) Zusammenfassung:
[Fortsetzung auf der ndchsten Seite]
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Die Erfindung betriftt eine Fluidverteileinrichtung fiir einen Gas-Fliissigkeits-Kontaktor (1) mit einer ersten Seite (18) und einer
zweiten Seite (19) und einer Vielzahl von Durchbriichen (8), die sich von der ersten Seite (18) zur zweiten Seite (19) erstrecken
und durch die ein erstes Fluid (4) strémen kann. Die Erfindung zeichnet sich dadurch aus, dass die Fluidverteileinrichtung (7, 13)
ferner einen Innenraum, der von der ersten Seite (18) und von der zweiten Seite (19) begrenzt wird und der gegeniiber den
Durchbriichen (8) fluiddicht ausgestaltet ist, eine Vielzahl von Offaungen (10), die den Innenraum mit der zweiten Seite (19)
verbinden, und einen Fluidanschluss (14, 15), durch den ein zweites Fluid (12) in den Innenraum eingebracht oder aus dem
Innenraum ausgebracht werden kann, autweist. Die Erfindung betritft ferner einen Gas-Fliissigkeits-Kontaktor mit einer solchen
Fluidverteileinrichtung und ein Verfahren zum Versetzen einer Fliissigkeit mit einem Gas.



10

15

20

25

Fluid distribution device for a gas-liquid contactor, gas-liquid contactor, and method for

adding a gas to a liquid

Specification

Various fields of application in which it in necessary for a gas to be added to a liquid are known
from the prior art. For example, the ozonization (also referred to as ozonation) of drinking,
process, and waste water is performed for the purpose of oxidizing organic substances that are
not readily biodegradable, and for disinfection. Often, adding a gas to a liquid is performed by a
distribution of the gas in the form of fine bubbles in the liquid by means of a Venturi injector

system, gassing by a candle, gassing in columns, or by gassing by way of rotating mixers.

Bubble-free gassing systems in which membrane contactors are employed are also known from
the prior art. When respective operating conditions relating to pressure to be maintained are
adhered to, foaming which often results in the case of an introduction of gas with fine bubbles into
the liquid is avoided by membrane contactors of this type. Moreover, membrane contactors offer
the advantage that no liquid droplets and the substances that are dissolved therein are entrained
by gas bubbles. If membrane contactors are employed as gas-liquid contactors, the energy
requirement necessary for gassing drops since membrane contactors have a lower pressure loss
than other gas-liquid contactors such that less energy is required for conveying the liquid.
Moreover, membrane contactors have a substantially lower requirement in terms of space than
other gas-liquid contactors. The membrane that is employed in membrane contactors of this type,
when operated in a correspondingly bubble-free manner, serves as a transportation barrier for
substances contained in the liquid and for liquid vapor such that the exhaust phase is burdened
with less liquid and fewer contaminants than is the case with classic (dispersing) gas-liquid

contactors.

Date Regue/Date Received 2021-05-12
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fn most cases, membrane contactors are constructed from hollow fibers that are disposed so as
to be mutually parallel, wherein either the liquid to which gas is to be added flows in the interior
of the hollow fiber, and the gas flows about the hollow fiber, or else the liquid to which gas is to
be added flows about the hollow fibers, and the gas flows through the hollow fibers. When the
interior of the hollow fibers is perfused by a liquid to which gas is to be added, the issue of the
holiow fibers clogging up often arises, in particular in the case of liquids which are contaminated

with suspended solids (such as waste water, for instance).

By contrast, when the liquid flows through a membrane contactor on the outside of the hollow
fibers, the membrane contactors known from the prior art have unfavorable flow profiles for the

liquid phase.

European patent EP 1 485 193 B1, for example, thus describes a membrane contactor in which
the liquid to which gas is to be added is induced into the membrane contactor by way of a lateral
connector and is directed out of the membrane contactor again by way of ancther lateral
connector. On account thereof, more deficient perfusion in the peripheral zones of the
membrane contactor results, on the one hand, such that dead zones are formed. Moreover, a
complex interior design of the membrane contactor is necessary in order for the counter
pressure that is built up by the hollow fibers when the liquid is induced to be reduced. To this
end, the aforementioned European patent provides the use of spacers which are intended to
enable an improved inflow of the liquid to which gas is to be added into the membrane
contactor, at least in a region that is spatially proximal to the induction port. Spacers of this type
or other installations cause a higher pressure loss when conveying liquid through the moduie,

and do not solve the issue of the insufficiently perfused peripheral zones in the module.

A membrane contactor for degassing a liquid is known from US patent 6,402,818 B1. The liquid
to be degassed herein is introduced into a cavity between the individual hollow fibers of the
membrane contactor by way of a distribution tube that is centrically disposed in the membrane
contactor and is discharged from the membrane contactor in a manner perpendicular to the
hollow fibers. On account thereof, a radial flow of the liquid phase that is transverse to the
hollow fibers results, the latter per se being disposed parallel with the liquid distribution tube.
The result thereof is an overall reduced dwell time of the liquid in the membrane contactor and
thus a reduced contact time between the liquid phase and the gas phase. Moreover, the

pressure loss in the case of a transverse incident flow of the hollow fibers is substantially higher
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as compared to a parallel incident flow, such that the transportation of the liquid is associated with

a higher energy input.

A further issue that is unsolved in the prior art is the economy of a method for exposing water and
other liquids to ozone. Thus, when ozone or an ozone-containing gas is induced into a liquid, the
gas phase that flows out therefrom as an exhaust gas continues to contain large quantities of as
yet unutilized oxygen. However, about two thirds of the energy costs of such a method for
exposing a liquid to ozone pertain to the production of oxygen. Oxygen recovery is indeed already
proposed in US patent 4,132,637 A, but it has been demonstrated that the service life of an ozone
generator which is operated according to the method described in this US patent is comparatively
short.

The present invention is based on the object of overcoming the disadvantages that are known
from the prior art. In particular, a possibility for improving the flow conditions in a gas-liquid
contactor, in order for the efficiency of the gas-liquid contactor to be increased, is to be provided.
The present invention is thus based on the object of specifying a device and a method for

increasing the efficiency when gassing liquids.

This object is achieved by a fluid distribution device for a gas-liquid contactor, as described herein.
A fluid distribution device of this type has a first surface or a first side, respectively, and a second
surface or a second side, respectively. Furthermore, numerous through bores which extend from
the first side to the second side and through which a first fluid can flow are provided in the fluid
distribution device. This means that these through bores are permeable to the first fluid. These
through bores can typically be macroscopically visible through bores through which a liquid as a

first fluid can flow.

The fluid distribution device is distinguished in that said fluid distribution device has an interior
space which, on the one hand, is delimited by the first side and by the second side and, on the
other hand, is designed to be fluid-tight in relation to the through bores. The fluid distribution
device thus has a cavity-type design embodiment, wherein the cavity is populated with through
bores which however are not in fluid communication with the cavity. The first fluid which can flow
through the through bores can consequently not penetrate the interior space of the fluid

distribution device by way of the through bores.

Date Regue/Date Received 2021-05-12
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The fluid distribution device furthermore has numerous openings which connect the interior
space to the second side. This means that the interior space of the fluid distribution device is not
hermetically sealed but by way of the second side is in fluid communication with an external

region of the fluid distribution device.

The fluid distribution device finally has a fluid connector through which a second fluid can be
introduced into the interior space or be discharged from the interior space. The second fluid is
typically a gas. If the latter is introduced into the interior space of the fluid distribution device by
way of the fluid connector, said gas can subsequently flow out of the interior space of the fluid
distribution device. The fluid distribution device herein ensures that the first fluid and the second
fluid are not mixed with one another. Rather, in the intended operation of the fluid distribution
device, the first fluid exits the through bores on the second side of the fluid distribution device,
while the first fluid exits the interior space of the fluid distribution device on the second side of
the fluid distribution device. Contact of the first fluid with the second fluid can take place

subsequently, if and when desired.

The fluid distribution device is made from a material that is permeable to neither the first fluid
nor the second fluid. Metals and plastics are suitable materials for making the fluid distribution
device, wherein a design embodiment of the fluid distribution device that is inert to those fluids

that are intended to flow through the fluid distribution device is preferred.

In one variant, the first side and the second side of the fluid distribution device have a base area

of identical design. The enables a particularly simple production of the fluid distribution device.

In one further variant, the first side and the second side of the fluid distribution device each have
a circular-type base area. The term “circular-type” herein comprises both “circular’ as well as
‘oval”. Since the first side is spaced apart from the second side, the fluid distribution device in
this variant has a cylindrical overall design. This means that an encircling cylindrical sleeve is
configured between the first side and the second side. Depending on the spacing of the first
side from the second side (and thus depending on the height of the cylindrical sleeve), this
results in a variable volume of the interior space of the fluid distribution device. However, since
the fluid distribution device is not employed for storing fluid but for distributing fluid, it is not

necessary for said fluid distribution device to have a particularly large volume. Rather, said fluid
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distribution device can be designed to be relatively flat, as long as the space that is available to

the fluid that flows through the interior space can still ensure good flow conditions.

A circular-type base area has the advantage that a fluid distribution device designed in such a
manner can be readily attached to the end of a gas-liquid contactor that is designed as a
membrane contactor, since membrane contactors of this type typically likewise have a
cylindrical design and thus a circular-type or circular base area. The dimensions of the fluid
distribution device herein are preferably adapted to the dimensions of the membrane contactor
on which the fluid distribution device is intended to be employed. This means that the base area
of the first side and that of the second side of the fluid distribution device in each case
correspond substantially to the base area of the gas-liquid contactor on which the fluid

distribution device is to be employed.

In one variant, the through bores have a diameter which is larger than a diameter of the
openings. The through bores are thus particularly suitable for conducting a liquid, while the
openings are particularly suitable for conducting a gas. Both the through bores as well as the
openings of the fluid distribution device herein can have the same design. A circular-type design
embodiment of the through bores and of the openings is provided in particular. A circular-type,
in particular circular, design embodiment of this type can be particularly readily implemented in
terms of production technology, and significantly reduces the production complexity of the fluid

distribution device.

In one further variant, the fluid connector is disposed on a lateral circumference of the fluid
distribution device. When the fluid distribution device has a cylindrical design, the lateral |
circumference is a circular sleeve of the cylinder. On account thereof, the second fluid can be
introduced laterally into the fluid distribution device, while the first fluid can be introduced from
the first side frontally into the through bores of the fluid distribution device. In particular, the fluid
connector can be disposed in such a manner that a direction of longitudinal extent of the fluid
connector is disposed at an angle of approximately 90° (that is to say at an angle from 85° to
95°, in particular 88° to 92°) in relation to the first side, or to the second side, respectively. On
account thereof, the direction in which the second fluid flows into the fluid distribution device
would be approximately perpendicular to the direction in which the first fluid flows into the fluid
distribution device. By contrast, during the operation of the fluid distribution device, both fluids

flow out from the second side of the fluid distribution device in the same direction. Were the



10

15

20

25

30

CA 02970013 2017-06-06

6

fundamental flow directions of the two fluids during the operation of the fluid distribution device
to differ (counter-flow operation), the second fluid would flow into the fluid distribution device so
as to be exactly parallel and counter to the outflowing first fluid, and subsequently would flow
out of the fluid connector of the fluid distribution device in a manner approximately perpendicular
to the inflow direction of the first fluid into the through bores of the fluid distribution device.

As has already been explained, the fluid distribution device is provided and configured for being
connected to a gas-liquid contactor in order to ensure optimized flow conditions for the fluids
that flow through the gas-liquid contactor. The present invention therefore also relates to a gas-
liquid contactor having a housing in which a muttiplicity of holiow fibers are disposed and in
which a space that surrounds the hollow fibers is configured. The individual hollow fibers herein
are preferably aligned so as to be mutually parallel. The hollow fibers serve for enabling a gas
phase and a liquid phase to be placed in mutual contact in the gas-liquid contactor. For this
purpose, the hollow fibers are made from a water-repellant material such that the pores of the
holliow-fiber membrane are preferably filled by gas rather than water. Pressure that is
respectively applied to the gas and the water side likewise ensures that neither liquid ingresses
into the pores nor gas enters the liquid in the form of bubbles. In this way, a bubble-free
diffusing input of gas into a liquid that flows about the hollow fibers can be achieved when the

hollow fibers are perfused by a gas.

The gas-liquid contactor is distinguished in that said gas-liquid contactor has a fluid distribution
device according the preceding explanations. The flow conditions of the fluids that flow through
the gas-liquid contactor (specifically the liquid to which a gas is to be added, and the gas which
is to be added to the liquid) are optimized on account thereof. On account thereof, the energy
requirement of a gas-liquid contactor of this type is significantly reduced in comparison to
conventional gas-liquid contactors, and also in comparison to conventional membrane
contactors. A reduction in the counter pressure which the liquid to which gas is to be added has
to overcome when flowing in order to achieve a defined degree of enrichment by the gas is thus
achieved by optimizing the flow conditions. Consequently, the energy requirement that is
necessary for the transportation of the liquid is also less than in the case of a higher counter
pressure. Moreover, the efficiency of the gas input into the liquid to which the gas is to be added
increases since both the entire length of the hollow fibers as well as all of the hollow fibers are

placed into uniform contact with the flowing liquid to which the gas is to be added. This means
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that the membrane area of the hollow fibers that is available for the gas input into the liquid is

larger than in the case of membrane contactors that are not optimized in terms of flow.

In one variant, the gas-liquid contactor extends along a direction of longitudinal extent, from a
first end to a second end. The fluid distribution device herein is disposed on the first end or on
the second end of the gas-liquid contactor. In this way, it is particularly readily possible for the
fluids that are to be directed through the gas-liquid contactor to be induced into the contactor in
a way that is optimized in terms of flow technology already at the entry to the gas-liquid

contactor.,

In one further variant, the gas-liquid contactor has two fluid distribution devices, wherein the one
fluid distribution device is disposed on the first end and the other fluid distribution device is
disposed on the second end of the gas-liquid contactor. It is thus possible for the fluids that are
to be directed through the gas-liquid contactor to be induced into the gas-liquid contactor in a
way that is optimized in terms of flow technology, on the one hand, and for said fluids to also be
directed out of the gas-liquid contactor in the same way, on the other hand. A flow of the fluids
through the gas-liquid contactor that is overall optimized in terms of flow technology results on
account thereof, such that a particularly high efficiency of the contactor in terms of the energy
necessary for the operation and in terms of the membrane surface that is necessary for in input
of gas into the liquid is achieved. Moreover, it is readily possible for the flow direction in the

membrane contactor to be changed on demand.

In one variant, the gas-liquid contactor has two flanges which are disposed on the outboard
ends of the gas-liquid contactor such that a sandwich-type structure results on the ends of the
gas-liquid contactor. One flange herein is disposed so as to be extremely outboard, the fluid
distribution device and subsequently the housing of the gas-liquid contactor having the hollow
fibers following in succession. The two ends of the gas-liquid contactor herein are designed in
the same way. In other words, the flanges are in each case disposed on a side of the fluid
distribution device that in the direction of longitudinal extent of the gas-liquid contactor is
outboard. The flanges herein serve for connecting the gas-liquid contactor to a line system. By
way of flanges of this type it is possible for the gas-liquid contactor that is equipped with one or
with two fluid distribution devices to be particularly readily integrated in an existing line system.
On account thereof, the liquid to which the gas is to be added can flow through the gas-liquid

contactor without any deflection by deflector plates, hollow-fiber mats, or a transverse incident
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flow to the hollow fibers of the gas-liquid contractor. A pressure loss that would arise otherwise
is avoided in this way, and a risk of clogging of the gas-liquid contactor is reduced. A sufficiently
long contact time between the gas phase and the liquid phase is guaranteed by the parallel flow
of the liquid in relation to the hollow fibers of the gas-liquid contactor, such that a substantial
depletion of the gas phase takes place. In other words, the component parts of the gas phase
that are to be introduced into the liquid are actually introduced into the liquid at a high

proportion.

By means of the flanges that are disposed in the longitudinal direction of the gas-liquid contactor
a portion of an existing pipeline system can be readily replaced by the gas-liquid contactor
described herein, for example. The portion herein preferably has a length up to 3 meters, in
particular up tc 2.5 meters, in particular up to 2 meters, in particular up to 1.5 meters, in
particular up to 1 meter, in particular up to 0.8 meter, in particular up to 0.5 meter, and in
particular up to 0.3 meter. This means that the gas-liquid contactor has a length of 0.3 meter to
3 meters, for example, in particular 0.5 meter to 2.5 meters, in particular 0.8 meter to 2 meters,
and in particular 1 meter to 1.5 meters. It is thus not necessary for an additional flow path to be
provided for gassing of the liquid; rather, the already existing flow path in the pipeline system
can be utilized. On account thereof, an additional space allocation for the gas-liquid contactor is

also not required.

When a gas which is intended to subsequently initiate a chemical reaction in the liquid is
induced into the liquid, and the dwell time therefor in the membrane contactor is not sufficient, it
is advantageous for a pipe portion of the pipeline system that follows the gas-liquid contactor to
be made from a material that is resistant to the gas induced. For example, depending on the
type of the liquid into which the ozone is being induced, when ozone from an ozone-containing
gas is intended to be induced into a liquid, ozone that has not yet reacted can potentially flow
conjointly with the liquid through the pipeline system. It is then expedient for a pipeline portion
that follows the gas-liquid contactor to be made from an ozone-resistant material, in order for

damage to the pipeline system by the ozone to be avoided.

When the liquid to which the gas is to be added enters the gas-liquid contactor by way of a fluid
distribution device according to the explanations above, said liquid is distributed uniformly
across the entire cross section of the gas-liquid contactor and passes the contactor in the form

of a plug flow. A deficient flow distribution as arises in the case of the membrane contactors that
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are known from the prior art (formation of dead zones and short-circuiting flows) is avoided in
this way such that the interior volume of the gas-liquid contactor is utilized in the best possible

manner.

In one variant, the ratio of the length of the gas-liquid contactor to the diameter of the gas-liquid
contactor is more than 5:1, in particular more than 8:1, in particular more than 10:1, in particular
more than 12:1, in particular more than 15:1, and most particularly more than 20:1. In particular,
a ratio range of 8:1 to 20:1, in particular 10:1 to 18:1, and most particularly 12:1 to 15:1 is
provided herein. In this manner, a sufficiently long contact time between the gas phase and the
liquid phase is guaranteed. The efficiency of the gas input can moreover be increased when the
liquid flows through the gas-liquid contactor at a high overflow velocity. The overflow velocity
herein is preferably selected in such a manner that said overflow velocity is in the magnitude of
the flow velocities in the pipes of a line system in which the gas-liquid contactor is embedded.
For this purpose, the available cross section in the gas-liquid contactor preferably corresponds
to approximately the pipeline cross section of the pipeline system in which the gas-liquid
contactor is disposed. Consequently, the cross section of the gas-liquid contactor in this
instance is larger than the cross section of the preceding and/or of the succeeding pipe section
by such an amount that corresponds to the proportion of the hollow fibers in the gas-liquid
contactor (number of the hollow fibers multiplied by the cross section of the hollow fibers). An
additional pressure loss at the fluid distribution device is largely avoided by selecting an
available cross section in the gas-liquid contactor that is sufficiently large in such a manner,
such that the gas-liquid contactor can be integrated in a pre-existing plant in the best possible
way. The liquid in this instance can flow through the gas-liquid contactor at a velocity that is

comparable to that in the pipelines ahead of the gas-liquid contactor.

In one variant, the fluid distribution device is disposed in the gas-liquid contactor in such a
manner that the through bores of the fiuid distribution device are in fluid communication with
only the space that surrounds the hollow fibers, and that the openings of the fluid distribution
devices are in fluid communication with only an interior region of the hollow fibers. For this
purpose, the hollow fibers can be fixedly connected to the fluid distribution device. A fixed
connection of this type can be achieved by welding, adhesive bonding, or implanting, for
example. As a result, a liquid which enters the gas-liquid contactor by way of the through bores
of the fluid distribution device can flow only through the space which surrounds the hollow

fibers. However, the liquid can under no circumstances enter the interior region of the hollow
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fibers. By contrast, a gas that enters the gas-liquid contactor from the openings of the fluid
distribution device can flow only into the interior region of the hollow fibers, but not into the
space that surrounds the hollow fibers. In this way, a clear separation in terms of flow
technology is thus achieved between the liquid to which the gas is to be added, on the one
hand, and the gas that is used for adding to the liquid, on the other hand. The space which
surrounds the hollow fibers determines the internal volume of the gas-liquid contactor that is
available to the liquid that flows around the hollow fibers from the outside. As has been
explained above, this internal volume is preferably adapted to the pipeline cross section of a line

system in which the gas-liquid contactor is integrated.

In one variant, the arrangement of the hollow fibers in the gas-liquid contactor is adapted to the
arrangement of the openings and through bores of the fluid distribution device in such a manner
that the hollow fibers are disposed in a regular pattern about the through bores of the fluid
distribution devices. In this way, an optimized flow of the liquid to which the gas is to be added
through the gas-liquid contactor is achieved, on the one hand. Moreover, a best possible
transition of gas into the liquid to which the gas is to be added is also enabled, on the other
hand, since the surface of the hollow fibers that serves for exchanging gas is distributed

uniformly about the liquid in flow.

In one variant, the hollow fibers are distributed uniformly across the cross section of the entire

gas-liquid contactor. This simplifies the production of the gas-liquid contactor.

The hollow fibers preferably have an internal diameter of 0.05 to 20 mm, in particular 0.1 to

15 mm, in particular 0.5 to 12 mm, in particular 1 to 10 mm, and most particularly 2 to 8 mm.

The housing of the gas-liquid contactor can comprise, for example, polytetrafluoroethylene
(PTFE), polyvinylidené fluoride (PVDF), polyvinyl chloride (PVC), in particular rigid PVC (PVC-
U), and/or stainless steel, or be composed entirely of these materials or from mixtures of these
materials, respectively. The aforementioned materials are ozone-resistant materials such that a
gas-liquid contactor that is designed in such a manner is suitable for employment in the context

of the ozonization of a liquid.

In one variant, the hollow fibers have a membrane having a porous hydrophobic material. Said

hollow fibers are preferably composed entirely of a porous hydrophobic material of this type.
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Suitable porous hydrophobic materials have a pore diameter of 0.001 to 50 um, in particular
0.002 to 30 um, in particular 0.005 to 20 pm, in particular 0.01 to 10 ym, and most particularly
0.05 to 1pm. Suitable materials are PTFE, fluorinated ethylene propylene (FEP), and/or
perfluoroalkoxy alkane (PFA) or a mixture of these materials. In one variant, the membrane can
be composed entirely of the aforementioned materials or mixtures thereof. A gas input into the
liquid to which gas is to be added would in this instance be performed by a diffusion of gas

through the pores of the membrane.

A material is considered hydrophobic when said material has a contact angle with water of more
than 90°, in particular more than 95°, in particular more than 100°, in particular more than 110°,

and most particularly more than 120°.

In one alternative design embodiment, the hollow fibers have a membrane having a pore-free
and gas-permeable hydrophobic material. A material of this type is considered gas-permeable
when said material has a gas permeability to the respective gas of more than 100 Barrer, in
particular more than 200 Barrer, in particular more than 300 Barrer, in particular more than
400 Barrer, and most particularly more than 500 Barrer. The amorphous fluoropolymer that is
marketed by the DuPont corporation under the trade name of Teflon AF is a suitable gas-
permeable hydrophobic material, for example, in particular when the gas to be employed is
ozone. The materials Teflon AF 1600 and Teflon AF 2400 are particularly suitable herein, for

example.

The invention also relates to a method for adding a gas to a liquid, using a gas-liquid contactor
according to the preceding explanations. This method is distinguished by the steps explained
hereunder. First, a liquid to which gas is to be added is induced into a space which surrounds
hollow fibers of a gas-liquid contactor. This means that it is provided in the context of the
method presently described and claimed that the liquid to which the gas is to be added flows
about the hollow fibers of a membrane contact from the outside. A gas is furthermore induced
into the hollow fibers of the gas-liquid contactor. Now, both the gas as well as the liquid to which
the gas is to be added are allowed to flow through the gas-liquid contactor. On account thereof,
a gas exchange takes place across the membrane of the hollow fibers such that a liquid to

which gas has been added is ultimately obtained.
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In principle, the liquid and the gas herein can flow through the gas-liquid contactor in the same
flow direction. However, it is provided in one variant that the liquid to which the gas is to be
added and the gas flow through the gas-liquid contactor in a mutual counter flow. On account
thereof, particularly advantageous gradients which facilitate a transfer of the gas through the

hollow-fiber membrane into the liquid result in this instance.

In one variant, the method is the method is carried out in such a manner that a liquid pressure of
the liquid to which the gas is to be added is higher than a gas pressure of the gas. This variant
is applied in particular when the hollow fibers have a membrane having a porous hydrophobic

material.

In one further variant, the method is carried out in such a manner that the liquid pressure of the
liquid to which the gas is to be added is lower than a gas pressure of the gas which is to be
introduced into the liquid. This variant is particularly expedient when the hollow fibers have a

membrane having a pore-free and gas-permeable hydrophobic material.

In both cases, the gas by virtue of the partial pressure differential between the gas, on the one
hand, and the liquid to which the gas is to be added, on the other hand, diffuses through the
membrane. The gas input into the liquid herein is performed in a bubble-free manner, as is

generally usual in the case of membrane contactors.

The method presently described can be particularly preferably employed for adding ozone to a
liquid. This means that the liquid to which gas is to be added is preferably a liquid to be exposed
to ozone. Furthermore, the gas to be introduced into the liquid is preferably an ozone-containing
gas. An ozonization of a liquid is expedient for disinfecting water or for treating industrial or

domestic waste water.

The gas-liquid contactor described herein and the method described herein are particularly
suitable for the ozonization of mechanically and biologically pre-treated waste water, the
objective being the oxidation of refractory substances contained in the waste water and/or
disinfection, for the ozonization of phreatic water and surface water for the purpose of
purification of potable water, the objective being the disinfection and the oxidation of refractory
substances contained in the water, for the ozonization of process water, the objective being the

oxidation of organic substances, and for the ozonization in the context of the production of
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ultrapure water having very high quality requirements and highly concentrated bubble-free
ultrapure ozone water solutions which are set in the production of circuit boards or in the
pharmaceutical industry, for example. The water to be exposed to ozone herein can have a
solids content of up to 100 mg/l without clogging or other operational malfunctions of the gas-
liquid contactor that is employed arising. The solids content is in particular 50 mg/l maximum, in
particular 45 mg/l maximum, in particular 40 mg/l maximum, in particular 30 mg/t maximum, in
particular 25 mg/l maximum, and most particularly 20 mg/l maximum. This applies in the same

way to liquids to which other gases are to be added.

As has been mentioned at the outset, an ozone-containing gas which exits from the fluid
connector from the gas-liquid contactor often still has large quantities of non-utilized oxygen.
Therefore, in order for energy to be saved, it is advantageous for this oxygen after a
cerresponding treatment to be re-supplied to an ozone generator, so as to generate fresh
ozone-containing gas. Alternatively, the non-recycled oxygen can also be supplied to the
biological waste-water treatment pond of a waste water treatment plant, so as to improve the
supply of oxygen to the biomass. In the case of the latter application, no particular requirements
are to be set for the exhaust gas; the ozone content should merely be reduced to a minimum

amount or be set to zero by destroying residual quantities of ozone.

By contrast, if the oxygen-containing exhaust gas is intended to be re-supplied to an ozone
generator, attention should be paid to a respective exhaust gas treatment according to the prior
art in terms of the reduction of the content of water vapor and organic carbon, such that the
service life of the ozone generator is not compromised by a re-use of the oxygen-containing

exhaust gas.

The invention therefore also describes a suitable method according to the prior art for treating
the exhaust gas of an oxygen-containing gas that exits from a gas-liquid contactor, said method
comprising the steps as explained hereunder, wherein by contrast to the prior art a gas-liquid
contactor according to the explanations above can be employed, and some method parameters
can be modified as compared to known parameters. This method herein can be part of the
previously explained method for adding a gas to a liquid. This method herein is particularly
expedient when ozone has been added to a liquid (such as waste water) in the gas-liquid

contactor.
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In the context of the method, a destruction of residual ozone is carried out first by destroying
residual quantities of ozone in the oxygen-containing gas. This can be performed, for example,
by guiding the oxygen-containing gas across an electrically heated element or across an
aluminum catalytic convertor having manganese and/or copper doping. A reduction of the
concentration of hydrocarbons to less than 20 ppm, in particular to 0 to 18 ppm, in particular 1 to
17 ppm, in particular 2 to 16 ppm, in particular 3 to 15 ppm, in particular 4 to 14 ppm, in
particular 5 to 13 ppm, in particular 6 to 12 ppm, in particular 7 to 11 ppm, in particular 8 to
10 ppm is performed simultaneously with the destruction of residual quantities of ozone, or so
as to follow on from the destruction of residual quantities of ozone. This step is only required
when the oxygen-containing gas has a hydrocarbon concentration of more than 20 ppm, or of
more than the upper limits of the aforementioned preferred ranges. This reduction of the
hydrocarbon concentration can be performed for example by way of oxidation to CO, by means
of oxygen. For this purpose, the oxygen-containing exhaust gas can be guided across a heated

catalytic convertor,

A de-humidification of the oxygen-containing gas is performed upon the destruction of residual
quantities of ozone or upon the reduction of the hydrocarbon concentration. The de-
humidification herein is preferably carried out in such a manner that the dew point of the
resulting gas is lower than -80°C, in particular lower than -70°C, in particular lower than -60°C,
and most particularly lower than -50°C. In this way, the water content in the resulting gas can be
lowered to, for example, 1 to 10 ppm, in particular 2 to 9 ppm, in particular 3 to 8 ppm, in
particular 4 to 7 ppm, and most particularly 5 to 6 ppm.

The oxygen concentration in the gas that has been de-humidified in such a manner is
subsequently increased to at least 85 percent by volume (% by volume), in particular at least
90% by volume, in particular at least 91% by volume, in particular at least 92% by volume, in
particular at least 93% by volume, in particular at least 94% by volume, and most particularly at
least 95% by volume, as long as the oxygen-containing gas that results after the preceding
steps has an oxygen concentration of less than 85 percent by volume. A suitable range
comprises 85% by volume to 99% by volume, or any other range that is formed by the
aforementioned numbers. This oxygen re-concentration can be performed by way of CO,
absorption on molecular screens, for example. In particular for the purpose of a comparatively
high rate of ozone generation, the CO, content in the gas that is supplied to the ozone

generator should not exceed 10% by volume. In one variant, the oxygen re-concentration during
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the method is preferably performed in such a manner that the oxygen content (in % by volume)
is 85 to 89%, and most preferably 86 to 88%.

The gas that has been de-humidified and enriched with oxygen in this manner is then
transferred to an ozone generator where the gas is employed for generating ozone, such that an
ozone-containing gas results again. For this purpose, the gas resulting from the treatment
process is typically mixed with a further oxygen gas (which typically has a purity of more than
99%, that is to say an oxygen content of more than 99% by volume), such that an oxygen
concentration of at least 85% by volume is maintained at all times in the infeed to the ozone

generation unit.

Preferred and alternative design embodiments of the fluid distribution device described, of the
gas-liquid contactor described, of the method described for adding a gas to a liquid, and of the
method described for treating exhaust gas, are combinable with one another in an arbitrary
manner, and are capable of being transferred both from the devices to the methods, as well as
from the methods to the devices, and to the respective other devices and to the respective other

methods.

Further details of the present invention will be explained in more detail by means of exemplary
embodiments and the figures which are described hereunder. In the figures:

fig. 1 shows a graph of the transportation of ozone through a porous membrane and a

pore-free membrane;

fig. 2 shows a schematic illustration of an exemplary embodiment of a gas-liquid
contactor;
fig. 3A shows a schematic view of an upper side of an exemplary embodiment of a fluid

distribution device;

fig. 3B shows a schematic illustration of a lower side of the exemplary embodiment of the
fluid distribution device of figure 3A;
{
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fig. 4 shows a sectional view through the fluid distribution device of figures 3A and 3B:
and
fig. 5 shows a schematic flow diagram of an exemplary embodiment of a method for

treating exhaust gas.

Figure 1 shows a graph of the transportation of ozone, observed over a specific reaction time,
across a membrane in a hollow-fiber membrane contactor. Herein, a hydrophobic porous
membrane of PTFE/PFA (filled-in triangles), on the one hand, and a hydrophobic pore-free
membrane of Teflon AF 2400 (empty squares), on the other hand, were examined. As can be
seen from the illustration of figure 1, in almost all stages of the method the transportation of
ozone through the pore-free membrane is more than double that of the transportation of ozone‘
through the porous membrane. This shows that Teflon AF 2400 and other comparable pore-free
membranes are highly suitable as a material for producing hollow fibers for membrane
contactors. Depending on the gas to be transported through the membrane, various materials
can be particularly suitable for the construction of the hollow fibers of the membrane contactor

herein.

Figure 2 shows a schematic sectional view through a membrane contactor module 1, as an
exemplary embodiment of a gas-liquid contactor. The membrane contactor module 1 has a
housing 2, a multiplicity of holiow fibers 3 being distributed uniformly and in a mutually parallel

manner in the interior of said housing 2.

A liquid 4 to which a gas is to be added is induced into the membrane contactor module 1 on a
liquid inlet side 5 which represents a first end of the membrane contactor module 1. To this end,
the liquid 4 to which the gas is to be added first flows through a flange 6 and subsequently
through a gas distribution plate 7 which serves as a fluid distribution plate. For this purpose,
numerous through bores 8 of which only a few are provided with the respective reference sign
are configured in the gas distribution plate 7. The liquid 4 to which the gas is to be added enters
a cavity 9 by way of the through bores 8, said cavity 9 being configured between the individual
hollow fibers 4. That is to say that the liquid 4 flows about the hollow fibers 3 on the external
side of the latter.
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The liquid 11 to which the gas has been added then exits the membrane contactor module 1 on
a liquid outlet side 10 which corresponds to a second end of the membrane contactor module 1.
Moreover, a gas 12 is induced into the hollow fibers 3 of the membrane contactor module 1 on
the liquid outlet side 10, said gas 12 flowing in a counter flow to the liquid 4 toward the liquid
inlet side 5. The induction of the gas 12 herein is performed at a second gas distribution plate
13 which is constructed identically to the first gas distribution plate 7. The gas 12 by way of a
gas connector 14 thus flows into a cavity of the second gas distribution plate 13. Said gas 12
then flows out of this cavity, by way of openings which are in fluid communication with the
interior regions of the hollow fibers 3 and are sealed in a gas-tight manner in relation to the
interior space 9 of the membrane contactor module 1, into the interior regions of the hollow
fibers 3. The gas 12 subsequently flows onward through the hollow fibers 3 up to the first gas
distribution plate 7. Said gas 12 there enters a cavity of the first gas distribution plate 7, the gas
subsequently leaving said cavity through a gas outlet 15. The gas exiting the gas outlet 15 can

also be referred to as the exhaust gas 16.

In order for the membrane contactor module 1 to be able to be readily fitted into an existing
pipeline system, the former not only has a first flange 6 on the liquid inlet side 5 but also has a
second flange 17 on the liquid outlet side 10. By means of these flanges 8, 17, the membrane

contactor module 1 can be integrated in an existing pipeline system without any problems.

The first gas distribution plate 7 that is employed in the membrane contactor module 1 of figure
2 is shown in detailed illustrations in figures 3A and 3B. Figure 3A thus shows an upper side 18
of the gas distribution plate 7, said upper side 18 in the membrane contactor 1 of figure 2 being
oriented toward the first flange 6. Numerous through bores 8, each having a circular base area,
are configured in the upper side 18 which serves as the first side of the gas distribution plate 7.
These through bores 8 penetrate the gas distribution plate 7 completely.

Figure 3B shows a lower side 19 of the gas distribution plate 7. The through bores 8 can also be
seen on the lower side 19, since the former penetrate the gas distribution plate 7 completely. A
cavity which is in fiuid communication with comparatively small openings 20 is configured in the
interior of the gas distribution plate 7, between the upper side 18 and the lower side 19. These
openings 20, of which again only a few are provided with the respective reference sign, serve
for inducing the gas into hollow fibers that are connected to the openings 20, on the one hand,

and for receiving the gas that flows out from the hollow fibers and for directing said gas to a gas
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outlet 15 (cf. figure 2) of the gas distribution plate 7, on the other hand. The openings 20 thus

are assigned different tasks, depending on the flow direction of the gas.

Figure 4 shows a schematic cross-sectional illustration through the first gas distribution plate 7
of the exemplary embodiment of figure 2. It can herein be readily seen in this enlarged
illustration that the hollow fibers 3 are disposed only in such regions in which openings of the
first gas distribution plate 7 are located, said openings connecting the interior region of the
hollow fibers 3 to the interior space of the gas distribution plate 7. in this way, gas can flow
through the hollow fibers 3 into the interior space of the gas distribution plate 7, and then be
guided to the gas outiet 15. By contrast, the through bores 8 are sealed in a fluid-tight manner in
relation to the interior space of the gas distribution plate such that a liquid can pass through the
through bores 8 into the interior of the membrane contactor 1 (cf. figure 2) without coming into

direct contact with a gas that is being guided in the interior space of the gas distribution plate 7.

Figure 5 shows a schematic flow diagram of a method for treating exhaust gas according to the
prior art, said exhaust gas exiting from a gas-liquid contactor and containing oxygen. The
example of figure 5 herein relates to the recovery of oxygen-containing exhaust gas from a

method in which a liquid is exposed to ozone.

First, a liquid 21 that is to be exposed to ozone is introduced into an ozone gas-liquid contact
apparatus 22. Moreover, an ozone-containing gas 23 is introduced into this ozone gas-liquid
contact apparatus 22. A liquid phase 24 that has been exposed o ozone can now be removed
from the ozone gas-liquid contact apparatus 22. Moreover, however, exhaust gas 25 is also
produced, said exhaust gas 25 representing an oxygen-containing gas since not all of the
oxygen has transitioned from the ozone-containing gas 23 to the liquid phase in the ozone gas-
liquid contact apparatus 22. A residual-ozone destruction 26, that is to say a destruction of
residual quantities of ozone, is now carried out in the exhaust gas 25. A hydrocarbon elimination
27 by reducing the hydrocarbon concentration to less than 20 ppm of hydrocarbons in the
exhaust gas 25 is subsequently performed. Drying 28 of the exhaust gas is now carried out,
wherein water 29 is removed from the exhaust gas 25. An oxygen re-concentration 30 is
subsequently performed, wherein CO, 31 is precipitated. The re-concentration results in the
oxygen concentration being increased to 85% by volume. Now the exhaust gas that in this
manner has been purified, dried, and enriched with oxygen is supplied to a gas flow of pure

oxygen 32 and guided to an ozone generator 33. Ozone is generated therein such that ozone-
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containing gas 23 is re-created which can be employed for ozonization in the ozone gas-liquid

contact apparatus 22.

The ozone gas-liquid contact apparatus 22 is designed as a membrane contactor. The
membrane herein represents a barrier to water vapor and to organic substances which are
contained in the form of particulate or dissolved matter in the liquid 21 to which the ozone gas is
to be added. Increased purity of the exhaust gas 25 as compared to other gassing devices thus
results. Consequently, the subsequent treatment of exhaust gas can also be performed in a

more economical manner.

Significantly fewer deposits are formed on the electrodes of the ozone generator 33 on account
of the elimination of hydrocarbons, which is why the service life of this ozone generator 33 is
substantially increased. The precipitation of CO, in the step of oxygen re-concentration 30 also

contributes toward the latter.

* k k k %
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Claims

1. A method for adding a gas to a liquid, using a gas-liquid contactor having a housing in
which a multiplicity of hollow fibers are disposed and a space that surrounds the hollow

fibers is configured, said method comprising the following steps:

a) introducing a liquid to which the gas is to be added into the space which surrounds the

hollow fibers of the gas-liquid contactor,

b) introducing the gas into the hollow fibers of the gas-liquid contactor,

c) allowing the liquid to which the gas is to be added and the gas to flow in the gas-liquid

contactor, and

d) obtaining the liquid to which the gas has been added,

wherein

the liquid to which the gas is to be added and the gas flow through the gas-liquid contactor

in a counter flow and

the gas-liquid contactor comprises a fluid distribution device, wherein the distribution
device comprises a first side and a second side; a multiplicity of through bores which
extend from the first side to the second side and through which the liquid to which the gas
is to be added flows; an interior space which is delimited by the first side and by the second
side and which is designed to be fluid-tight in relation to the through bores; a multiplicity of
openings which connect the interior space to the second side, and a fluid connector
through which the gas is introduced into the interior space or discharged from the interior
space.

2. The method as claimed in claim 1, wherein the hollow fibers have a membrane having a

porous hydrophobic material.

3. The method as claimed in claim 2, wherein a liquid pressure of the liquid to which the gas
is to be added is higher than a gas pressure of the gas.

Date Regue/Date Received 2021-05-12
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4. The method as claimed in claim 1, wherein the hollow fibers have a membrane having a
pore-free and gas-permeable hydrophobic material.

5. The method as claimed in claim 4, wherein a liquid pressure of the liquid to which the gas

is to be added is lower than a gas pressure of the gas.

6. The method as claimed in any one of claims 1 to 5, wherein the liquid to which the gas is
to be added is a liquid to be exposed to ozone, and in that the gas is an ozone-containing
gas.

7. The method as claimed in claim 6, wherein the ozone-containing gas which exits from the
fluid connector from the gas-liquid contactor still comprises large quantities of non-utilized
oxygen is so that it is an oxygen-containing gas, wherein the oxygen-containing gas is

subject to an exhaust gas treatment comprising the following steps:

a) destroying residual quantities of the ozone in the oxygen-containing gas;

b) if and when the oxygen-containing gas has a hydrocarbon concentration of more than
20 ppm: reducing the concentration of hydrocarbons in the oxygen-containing gas to
less than 20 ppm;

c) de-humidifying the oxygen-containing gas;

d) increasing the oxygen concentration in the de-humidified oxygen-containing gas to at
least 85 percent by volume; and

e) transferring the gas that has been de-humidified and enriched with oxygen to an ozone
generator where the gas is employed for generating ozone, such that the ozone-

containing gas results again.

8. The method as claimed in any one of claims 1 to 7, wherein the first side and the second

side each have a circular-type base area.

9. The method as claimed in any one of claims 1 to 8, wherein the through bores have a
diameter which is larger than a diameter of the openings.

Date Regue/Date Received 2021-05-12
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10. The method as claimed in any one of claims 1 to 9, wherein the fluid connector is disposed
on a lateral circumference of the fluid distribution device.

11. The method as claimed in any one of claims 1 to 10, wherein the gas-liquid contactor
extends along a direction of longitudinal extent, from a first end to a second end, and the
fluid distribution device is disposed on the first end or on the second end of the gas-liquid

contactor.

12. The method as claimed in any one of claims 1 to 11, wherein the gas-liquid contactor has
two fluid distribution devices, wherein the one fluid distribution device is disposed on the
first end and the other fluid distribution device is disposed on the second end.

13. The method as claimed in any one of claims 1 to 12, wherein the gas-liquid contactor has
two flanges which are in each case disposed on a side of the fluid distribution device that
in the direction of longitudinal extent of the gas-liquid contactor is outboard and which
serve for connecting the gas-fluid contactor to a line system.

14. The method as claimed in any one of claims 1 to 13, wherein the fluid distribution device
is disposed in such a manner that the through bores of the fluid distribution device are in
fluid communication with the space that surrounds the hollow fibers, and in that the
openings of the fluid distribution device are in fluid communication with an interior region
of the hollow fibers.

Date Regue/Date Received 2021-05-12
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