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(57) Abstract: A device or apparatus for contacting a liquid with a gas is provided. The device or apparatus has at least one gas
inlet for introducing the gas into the liquid and a fibre housing with at least one liquid inlet and at least one liquid outlet. The fibre
housing is surrounding and defining an outer bound for a plurality of fibres extending longitudinally in the fibre housing, whereby
longitudinally extending interspaces are provided between the fibres. These interspaces thereby define a plurality of flow passages
for the liquid and gas. Preferably the at least one liquid inlet is arranged in an inlet end of the fibre housing, and the at least one liquid
outlet is arranged in an outlet end of the fibre housing, whereby the longitudinally extending interspaces between the fibres may be
at least partly extending in a direction from the inlet end to the outlet end of the fibre housing. At least part of the gas inlet(s) may be
arranged so that at least part of the gas can be introduced into the liquid at the inlet end of the fibrehousing or before the liquid enters
the inlet end of the fibre housing via said liquid inlet(s), whereby a flow of gas and liquid can be obtained from the inlet end to the
outlet end via the flow passages provided by said interspaces, said interspaces thereby providing a contact between the liquid and
the gas. The plurality of fibres may be closely packed at least one location along the length of the fibres within said fibre housing.
There is also provided a system and a method for contacting a liquid with a gas.
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A DEVICE AND A METHOD FOR CONTACTING A LIQUID WITH A GAS
FIELD OF THE INVENTION

The present invention relates to a device and a method for contacting a liquid with a
gas for interfacial interaction. More particularly the present invention concerns a
device and a method for contacting a liquid with a gas wherein a plurality of fibres
extend longitudinally in a fibre housing with longitudinally extending interspaces be-
ing provided between the fibres and defining flow passages for the liquid and the

gas.
BACKGROUND OF THE INVENTION

There are many processes in industry in which it is desirable to “react” (chemically
or physically) a liquid with a gas. Most of such processes may differ significantly in
detail, but many processes have in common the desire to provide intimate contact
between the gas and the liquid and at a rapid rate. A rapid intimate contact may re-

sult in effective reactions and a fast reaction rate, both being desirable goals.

US patent No. 6,004,386 discloses an apparatus for generating gas-liquid interfacial
contact conditions for highly efficient mass transfer between a gas and a liquid. The
disclosed apparatus includes a gas-liquid contactor assembly including: a hollow
porous tube surrounded by an outer jacket defining a gas plenum between the
jacket and the porous tube; a liquid feed assembly including a nozzle for injecting
liquid into the porous tube in a spiralling flow pattern around and along the porous
tube; a gas-liquid separator assembly at the first end of the porous tube including a
non-porous degassing tube coaxially aligned with and connected to the porous tube,
a gas outlet port coaxially aligned with the degassing tube to receive a first portion of
gas flowing from the degassing tube, a first gas duct coaxially aligned with and con-
nected to the gas outlet duct to convey the first portion of gas therefrom; and a liquid
collection assembly. A second gas discharge assembly to collect and convey gas

from the first end of the porous tube is also disclosed.

In US patent No. 5,405,497 is disclosed a method of chemically reacting a liquid

with a gas in a vortex. Here, a slurry or a liquid is introduced in a first end of a vor-

CONFIRMATION COPY
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tex, and a gas is introduced from exteriorly of the vortex into contact with the slurry
or liquid in the vortex, so that a reaction between the slurry or liquid and the gas
takes place. The treated slurry or liquid is removed from the second end of the vor-
tex while any residual or carrier gas is removed from the first end of the vortex. Gas
introduction may be accomplished through a porous surface of revolution (e.g. cylin-
drical or conical) wall surrounding the vortex, whereby the gas may be in minute

bubble form when it enters the slurry or liquid.

However, neither from US patent No. 6,004,386 or from US patent No. 6,004,386 is
it known to obtain an intimate contact between a gas and a liquid by the use of flow
passages obtained from longitudinally extending interspaces of fibres extending

longitudinally in a fibre housing.

The use of fibres extending longitudinally in the direction of a fluid flow and used for
filtration of such fluid has been described in the prior art. US patent No. 4,219,420
discloses an arrangement for filtering a contaminated fluid or medium. According to
the disclosure of this patent a plurality of fibre bundles are located on a support and
extend within a filter housing in direction between an inlet and an outlet of the hous-
ing. The fluid to be filtered is introduced through the inlet in a direction towards the
outlet. The contaminated particles become arrested among the fibres as it passes
through the plurality of fibre bundles. In order to improve the “depth effect” of the
fibre bundles, the fibres may have different lengths. Here the quality of the filtered
fluid depends on the density of the fibre bundles. However, in order to increase the
quality of the filtration process, the density of the fibres must be increased, which

requires more fibre bundles to be inserted into the filter housing.

An improvement to the filter of US patent No. 4,219,420 has been proposed in EP
0 280 052. Here a filter housing comprises a supporting means with a plurality of
fibre bundles attached to the supporting means and extending within the filter hous-
ing in direction between an inlet and an outlet. A flexible water-proof membrane is
provided within the filter housing to constitute a pressure chamber. When pressur-
ised during the filtration process, the membrane press the plurality of fibre bundles
to form a frustrum-like filter chamber, and the fluid becomes filtered as it passes

through the frustrum-like chamber. Here the density of the fibres and thus the quality
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of the filtration can be controlled by adjusting the pressure in the pressure chamber

whereby the compressing of the fibres is adjusted.

Another filter having fibres extending longitudinally in the direction of the fluid flow,
and wherein the density of the fibres is adjusted by compressing the fibres, is dis-
closed in WO 94/11088. Here the fibres are arranged within an opening defined by a
retaining member, and a displacement member comprising a conical-shaped part is
arranged in the centre of the fibres. By moving the displacement member in a direc-
tion along the fibres, the compressing of the fibres against the retaining member is
adjusted whereby the density of the fibres and the quality of the filtration is con-

trolled.

Thus, the principles of having a fluid filtration wherein a plurality of fibres extend
longitudinally in the direction of the fluid flow, and wherein the quality of the filtration
is controlled by adjusting the compression and thereby the density of the fibres is

known.

The filtering device of US patent No. 4,219,420 uses a pressure chamber in order to
compress the fibres, whereas the filtering device of WO 94/11088 has a conical-
shaped displacement member arranged in the centre of the fibres in order to com-
press the fibres against a retaining member. Both of these filtering devices are rela-

tively expensive to produce.

However, in none of the above mentioned references describing filtering devices
using fibres extending in the direction of the fluid flow has it been suggested to ob-
tain an intimate contact between a gas and a liquid by the use of the flow passages

formed between the fibres.

Thus, there remains a substantial need for an improved method of optimising gas-
liquid interfacial contact, and a need for an improved device in which optimal condi-

tions for gas-liquid interfacial contact can be economically created and controlled.
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According to a first aspect of the present invention, there is provided a device for
contacting a liquid with a gas, said device comprising:

- at least one gas inlet for introducing the gas into the liquid, and

- a fibre housing having at least one liquid inlet and at least one liquid outlet,

said fibre housing surrounding and defining an outer bound for a plurality of fibres
extending longitudinally in the fibre housing, longitudinally extending interspaces
being provided between the fibres thereby defining a plurality of flow passages for

the liquid and gas.

It is preferred that the at least one liquid inlet is arranged in an inlet end of the fibre
housing. It is also preferred that the at least one liquid outlet is arranged in an outlet
end of the fibre housing. Here, the longitudinally extending interspaces between the
fibres may be at least partly extending in a direction from the inlet end to the outlet
end of the fibre housing. In a preferred embodiment, at least part of the gas inlet(s)
are arranged so that at least part of the gas can be introduced into the liquid at the
inlet end of the fibre housing or before the liquid enters the inlet end of the fibre
housing via said liquid inlet(s), whereby a flow of gas and liquid can be obtained
from the inlet end to the outlet end via the flow passages provided by said inter-

spaces, said interspaces thereby providing a contact between the liquid and the gas.

According to an embodiment of the invention, the device may further comprise at
least one gas outlet, and the at least one gas outlet may be part of or connected to
the fibre housing. It is also within an embodiment of the invention that the device
may further comprise a gas-liquid separator. Here, the gas-liquid separator may be

connected to the at least one gas outlet.

According to an embodiment of the present invention, the plurality of fibres may be
closely packed at at least one location along the length of the fibres within said fibre
housing. It is also within an embodiment of the invention that the plurality of fibres
may be closely packed in a radial direction at at least one location along the length

of the fibres within said fibre housing.
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In a preferred embodiment, at least part of said fibre housing is formed of a flexible
membrane surrounding the fibres, and compressing means is provided for creating
a pressure on an outer surface of the flexible membrane thereby compressing the
fibres in a radial direction at at least one location along the length of the fibres to

thereby obtain a close packing of the fibres.

The fibre housing may have different forms, but it is preferred that the fibre housing
has the form of a tube-like member. It is also preferred that at least part of said fibre
housing has a cross sectional geometric shape which is substantially equal to a
shape selected from the group comprising: a circle, an oval, an ellipse, the shape of
a drop, and a polygon. Here, said polygon shape may be selected from the group
comprising: a triangle, a rectangle, a pentagon, a hexagon, a heptagon, and an oc-

tagon.

According to a preferred embodiment of the invention, the compressing means may
be adapted to create said pressure on a part or a portion of said outer surface of the
flexible membrane, said part or portion having a dimension or dimensions in the
longitudinally direction of the fibres being smaller than the total length of the fibres
within said fibre housing. Here, the dimension of said pressure part or portion in the
longitudinally direction of the fibres may be below 0.5 times the total length of the
fibres within said fibre housing, such as below 0.4 times, such as below 0.2 times, or

such as below 0.1 times.

In a preferred embodiment of the invention, said compressing means is a pressure
chamber, wherein an inner wall of said pressure chamber may be formed of at lest
part of the flexible membrane of the fibre housing. The pressure chamber may have

one or more inlet/outlets providing a pressurizing aperture and a release aperture.

It is within a preferred embodiment that the compressing means is adapted to create
said pressure on a part or a portion of said outer surface of the flexible membrane,
said part or portion at least partly covering an outer circumference of said mem-
brane or covering the hole circumference of said membrane. Here, the pressure part
or portion may preferably be partly covering an outer circumference of said mem-

brane, such as covering below 90% of an outer circumference of said membrane,
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such as below 80%, such as below 70%, such as below 60%, such as below 50%,

such as below 40%, such as below 30%, or such as below 20%.

The present invention also covers embodiments in which a pressure may be created
on the outer surface of the flexible membrane through one or more substantially

solid compressing member(s) being in contact with said outer surface.

According to an alternative embodiment of the invention, the fibre housing may be
formed by a solid retainer member surrounding the fibres, and compressing means
may be provided in the form of a compressing member being disposed inside the
plurality of fibres in the retainer member for compressing the fibres in a radial direc-
tion at at least one location along the length of the fibres to thereby obtain a close
packing of the fibres. Here, the retaining member may be a retaining ferrule, and the
compressing member may be a displacement member comprising a conical shaped
part being arranged at the centre of the fibres.

When the fibres are compressed it is preferred that the location at which the fibres

are compressed is a predetermined location. It is also preferred that the means for
compressing is adapted to vary the pressure created thereby, so as to thereby vary
the close packing of the fibres and the total cross-section of the flow passages at

said location.

It should be understood that according to the present invention, different means may
be used for compressing the fibres. Thus, it is within an embodiment of the invention
that the compressing means comprises a clamp. It is also within an embodiment of

the invention that the compressing means comprises at least two blocks being posi-
tioned on opposite sides of the flexible membrane, so as to compress the fibres from

two sides.

In a preferred embodiment, the compressing means comprises hydraulic means for

creating a pressure.

When compressing the fibres according to the present invention, it is preferred that
the compressing means is adapted to compress the plurality of fibres in a radial di-

rection with a pressure of between 5-20 bar.
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of a flexible membrane in substantially all its length.

When having a fibre housing with at least part of said fibre housing being formed of
a flexible membrane, it is preferred that the fibre housing or at least part of the fibre
housing is made of a material selected from a group comprising: PE (polyethylene),
softened PVC, nylon, Teflon, and EPDM-rubber.

It should be understood that different materials may be used for the fibre housing,
but it is preferred that the fibre housing is made of a watertight material.

In accordance with embodiments of the present invention, the fibre housing may be
arranged within a holding member. Here, the holding member may be made of a
substantially solid material, such as for example stainless steel. For fibre housing
wherein at least part of the housing is made of a flexible membrane, the holding
member may have one or more openings for allowing the compressing means to
create a pressure on the outer surface of said flexible membrane of the fibre hous-
ing. According to an embodiment of the invention the holding member may have two
openings for allowing the compressing means to create a pressure on the outer sur-
face of said flexible membrane. It is preferred that the holding member is formed as
a tube-like member. It is also preferred that the holding member has an inlet being
sealingly connected to the liquid inlet of the fibre housing, and an outlet end being
sealingly connected to the liquid outlet of the fibre housing.

It should be understood that different lengths of the distance from the inlet end to the
outlet end of the fibre housing may be used. However, it will be most convenient to
use a length defined by the length of commercially available fibres or bundles of
fibres. Thus, the distance between the at least one liquid inlet and the at least one
liquid outlet may be between 10 cm and 200 cm, such as between 30 cm and 150
cm, such as between 40 and 80 cm. If a bundle of fibres having a length of about 60
cm is used, a preferred distance between the at least one inlet and the at least one
outlet may be between 50 and 70 cm, or about 60 cm. The present invention also

covers embodiments wherein the distance between at least one liquid inlet and at
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least one liquid outlet is between 10 cm and 60 cm, such as between 20 cm and 40

cm, such as around 30 cm.

The distance between the at least one inlet and the location of close packing may be
selected accordingly. Thus, the distance between at least one liquid inlet and said
location of close packing may be between 5 cm and 100 cm, such as between 10
cm and 90 cm, such as between 20 and 80 cm, such as between 30 and 50 cm,
such as around 40 cm. The invention also covers embodiments wherein the dis-
tance between at least one liquid inlet and said location of close packing is between
5 cm and 80 cm, such as between 10 cm and 60 cm, such as between 15 and 30

cm, such as around 20 cm.

The present invention covers embodiments with different internal diameters of the
fibre housing. However, it will be most convenient to select a diameter, which will fit
to the diameter of commercially available bundle of fibres. Thus, the internal diame-
ter of the fibre housing may for example be between 1 cm and 20 cm, such as be-
tween 2 cm and 15 cm, such as between 3 cm and 10 cm, such as between 4 cm
and 8 cm, such as around 5 cm. For some purposes, which are also covered by the
present invention, it may be convenient that the contacting device of the invention

comprises means for maintaining a longitudinal tension in the fibres.

Different types of fibres may be used for the contacting device, where the types of
fibres may be selected in order to fulfil the requirements of a given contacting and/or
filtration process. Thus, the fibres may be porous or non-porous, the fibres may be
solid or hollow, and the fibres may comprise transparent fibres. When using hollow
fibres, it is preferred that the hollow fibres are closed at fibre ends arranged in the
same end of the fibre housing as a liquid inlet to the fibre housing. Different materi-
als may be used for the fibres, such as polyester or nylon, but other materials such

as glass materials or stone materials may be used for the fibres.

The cross-sectional dimension of the fibres may vary according to the process.
Thus, the fibres may have a substantially circular cross-section with a diameter of at
most 5 mm, such as at most 2 mm, such as in the range of 0.001-1 mm, such as in
the range of 0.01-0.5 mm. It is also within embodiments of the present invention that

the fibres have a substantially circular cross-section with a diameter of at most 250
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mm, such as at most 160 mm, such as at most 60 mm, such as at most 25 mm,

such as at most 16 mm, such as at most 6 mm, such as at most 2,5 mm.

Here it should be understood that dimensions of the fibres and the compression of
the fibres may be selected so that the cross-sectional dimension of the formed inter-
spaces have a size, which will generate bubbles or micro-bubbles of a desired dia-
meter, when the liquid and gas flow through the flow passages provided by said

interspaces.

When arranging the fibres in the fibre housing, it is preferred that the fibres at the
inlet end of the fibre housing are attached to an end part of the fibre housing. Here,
the fibres at the inlet end of the fibre housing may be glued to the end part or glued
to a holding member, which is arranged at the end part. The fibres may be glued by
means of epoxy. In a preferred embodiment, the fibres have free fibre ends at the
opposite end of the inlet end of the fibre housing. However, the present invention
also covers an embodiment in which the fibres, in their respective ends, are at-
tached to an end part of the fibre housing. Also here, the fibres may be glued to the

end parts or to holding members arranged at the end parts by means of epoxy.

The fibres may be arranged within the fibre housing as a bundle of fibres having the
length of the fibres. However, fibres may also be arranged as a bent bundle of fibres
so that a resulting length of the bent bundle of fibres is approximately between 1/3

and 2/3 of the length of the non-bent fibres. Preferably, the length of the bent bundle
of fibres may be about half the length of the non-bent bundle of fibres. The bent end
part of the bent bundle of fibres may be arranged in either the inlet end or the outlet

end of the fibre housing.

Although it may be preferred that the compressing means is adapted to compress

the fibres at a single location along the length of the fibres, it is also within the pres-
ent invention that the compression means is adapted to compress the fibres at sev-
eral locations along the length of the fibres. Here, the pressure may vary for the dif-

ferent locations of the compressed fibres.

It should be understood that the compression means may be realised in different

ways within the scope of the present invention. Thus, the compressing means may
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comprise one or more compressing members, which may have non-flexible and/or

flexible parts.

The embodiments of the device according to the first aspect of the invention may be
used for contacting a gas with a liquid and/or for filtering when arranged in a con-
tacting and/or filtering system. Thus, according to a second aspect of the invention,
there is provided a system for contacting a liquid with a gas and/or for filtering a
fluid, said system comprising: a contacting device selected from the devices ac-
cording to the first aspect of the invention, and means for passing a liquid and a gas
through the plurality of flow passages of the fibres. The system may further com-
prise means for maintaining the fibres in a compressed condition while passing the

liquid and the gas through the flow passages of the compressed fibres.

The system may further comprise means for releasing the pressure on the outer
surface of the flexible membrane thereby leaving the fibres in an uncompressed
condition, and means for passing a liquid and/or a gas through the uncompressed
fibres in a direction from the inlet towards the outlet or in an opposite direction, so as
to forward flush or backward flush the device. Here, the liquid to be passed through
the uncompressed fibres so as to flush the fibres may be liquid, which has not been
in contact with the gas. However, the liquid to be passed through the uncompressed
fibres so as to flush the fibres may also or alternatively be treated liquid, which has

been in contact with the gas.

In a preferred embodiment of the system of the second aspect of the invention, the
means for compressing the fibres, the means for releasing the pressure, the means
for passing a liquid and a gas through the compressed fibres for contacting the liquid
with the gas, and the means for passing a liquid and/or a gas through the uncom-

pressed fibres so as to flush the device are computer controlled.

It is also within the scope of the present invention to provide a method for contacting
a liquid with a gas. Thus, according to a third aspect of the present invention, there
is provided a method for contacting a liquid with a gas in a fibre housing having an
inlet end and an outlet end, said fibre housing surrounding and defining an outer
bound for a plurality of fibres extending longitudinally in the fibre housing, longitudi-
nally extending interspaces being provided between the fibres thereby defining a
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plurality of flow passages between the inlet end and the outlet end, said method
comprising:

- introducing a liquid and a gas at the inlet end of the fibre housing, and

- passing the liquid and the gas from the inlet end to the outlet end via said flow

passages provided by the interspaces.

It is preferred that the longitudinally extending interspaces between the fibres are at
least partly extending in a direction from the inlet end to the outlet end of the fibre

housing.

For the method of the third aspect of the invention it is preferred that the method
further comprises removing the liquid from the outlet end of the fibre housing. Here,
the liquid may be removed from the outlet end via one or more liquid outlets. Itis
also within an embodiment of the invention that the gas may be removed from the

outlet end of the fibre housing.

In order to pass the liquid and the gas from the inlet end to the outlet end, a liquid
pressure and a gas pressure may be provided at the inlet end to thereby obtain a
flow of the liquid and the gas from the inlet end to the outlet end via said flow pas-
sages. The liquid and the gas may be introduced separately at the inlet end, or the
liquid and the gas may be mixed before being introduced at the inlet end of the fibre
housing. It is preferred that the liquid-air mixture is provided at the inlet end of the
fibre housing with a pressure in the range of 2-7 bar, such as 3 bar, such as about

4 bar, such as about 5 bar, or such as about 6 bar.

When the gas and the liquid are introduced separately at the inlet end of the fibre
housing, it is preferred that the gas is introduced at the inlet end via one or more gas
inlets, and it is also preferred that the liquid is introduced at the inlet end via one or
more liquid inlets. Thus, the liquid and the gas may be introduced to the fibre hous-
ing via at least one separate gas inlet and at least one separate liquid inlet. Here, a
liquid pressure in the range of 2-7 bar, such as about 3 bar, such as about 4 bar,
such as bout 5 bar, or such as about 6 bar may be provided at the inlet end of the
fibre housing. It is also preferred that the gas is introduced at the inlet end of the
fibre housing with a gas pressure being higher than a liquid pressure at which the
liquid is introduced at the inlet end of the fibre housing. Here, the gas pressure at
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the inlet end may be about 0.5-2 bar higher than the liquid pressure at the inlet end
of the fibre housing.

The method of the third aspect of the invention also covers embodiments in which
the plurality of fibres are closely packed in a radial direction at at least one location
along the length of the fibres within said fibre housing. Thus, the method may further
comprise the steps of compressing the fibres in a radial direction at a location along
the length of the fibres, so as to reduce the cross-sectional area of the flow-passa-
ges, and maintaining the pressure on the fibres while passing the liquid and the gas
to be contacted through said flow passages. In order to compress the fibres, it is
preferred that at least part of the fibre housing is formed of a flexible membrane sur-
rounding the fibres. So, the step of compressing the fibres may comprise creating a
pressure on at least part of an outer surface of the flexible membrane surrounding
the fibres.

Some processes may benefit from the use of ultraviolet light. Thus, it is also within
the third aspect of the invention that the method further comprises the use of
ultraviolet light. Here, the fibres may be optical fibres and the ultraviolet light may be
transmitted through said fibres.

When contacting a gas with a liquid according to the third aspect of the invention,
micro-bubbles containing the introduced gas may be generated within the liquid
when the liquid and the gas is passed through the flow passages of the fibres, and
the dimension of said micro-bubbles may be a function of the diameter or cross-
sectional dimensions of the fibres and/or the cross-sectional dimension of the flow
passages provided by the interspaces. So, for a given diameter or cross-sectional
dimension of the fibres, the cross-sectional dimension of the flow passages may be
controlled by the close packing of the fibres, and the close packing of the fibres may
be controlled by the compression of the fibres in the radial direction. According to an
embodiment, the diameter of the fibres and the dimension of the flow passages may
be selected so that the generated micro-bubbles have a cross-sectional dimension,
which is at most 1 mm, such as in the range of 0.1-1 mm, such as in the range of

0.2-0.6 mm, such as about 0.4 mm.
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The third aspect of the invention also covers embodiments in which the diameter of
the fibres and/or the dimension of the flow passages may be selected so that the
introduced gas via the generated micro-bubbles are absorbed or at least partly ab-

sorbed into the introduced liquid.

It should be understood that for different gas-liquid contacting processes, different
gasses may be introduced for contacting the liquid. Thus, for some processes the
introduced gas may be air, while for other processed the introduced gas may be

ozone.

it is also within an embodiment of the third aspect of the invention that the intro-
duced gas is an oxygen containing gas, while in another embodiment the introduced
gas may be selected from the group consisting essentially of chlorine and chlorine

dioxide.

The fibre housing may be arranged in different orientations, but in a preferred em-
bodiment of the method of the invention, the fibre housing is vertically arranged with

the inlet end of the fibre housing at the bottom and the outlet end at the top.

When the fibres are closely packed at at least one location, the method of the third
aspect of the invention may further comprise a filtration process in which the liquid is
filtered when passing through said flow passages and the filtration process is con-

trolled by said close packing or compressing of the fibres.

For embodiments of the method of the invention in which the fibres are closely
packed at at least one location, the method may further comprise the steps of: re-
leasing the pressure on the fibres and passing a liquid or a gas through the uncom-
pressed fibres. Here, the liquid or gas may pass the uncompressed fibres in a direc-
tion from the inlet towards the outlet or in an opposite direction, so as to forward
flush or backward flush the device. The liquid to be passed through the uncom-
pressed fibres so as to flush the fibres may be liquid, which has not been in contact
with the gas, or it may be treated liquid, which has been in contact with the gas.
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It should be understood that the methods according to the third aspect of the inven-
tion may be performed by use of a device or a system selected from the devices and

systems according to the first and second aspects of the present invention.

Other objects, features and advantages of the present invention will be more readily
apparent from the detailed description of the preferred embodiments set forth below,

taken in conjunction wit the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal section view of a first embodiment of a device used for con-

tacting a liquid with a gas in accordance with the present invention,

Fig. 2 is a block diagram showing a first embodiment of a system for contacting a

liquid with a gas in accordance with an embodiment of the present invention,

Fig. 3 is a longitudinal section view of a second embodiment of a device used for

contacting a liquid with a gas in accordance with the present invention, and

Fig. 4 is a block diagram showing a second embodiment of a system for contacting

a liquid with a gas in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In Fig. 1 is shown a longitudinal section view of an embodiment of device, which
may be used for contacting a liquid with a gas according to the present invention.
The device of Fig. 1 comprises a fibre housing 1 having the form of a tube. Here, the
fibre housing 1 is made of a flexible, watertight material in all the housing length,
whereby the fibre housing is formed as a flexible membrane surrounding a bundle of
fibres 2. The bundle of fibres 2 comprises a plurality of fibres extending longitudi-

nally in the fibre housing 1.

In the illustrated embodiment the fibres are bent to thereby obtain a bundle of bent
or folded fibres 2 having a length being about half the length of the non-bent fibres.
The bent end of the fibres is arranged in an outlet end 3 of the fibre housing 1. Here
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the fibres may be bent around a cross 4 secured to the fibre housing 1 by gluing by
means of epoxy. The free ends of the fibres are arranged in an inlet end 5 of the
fibre housing 1. Here, it is preferred that the fibres are glued to the inlet end 5 by
means of epoxy resulting in a watertight end surface at the inlet end 5. The bundle
of fibres 2 should be substantially equally spaced when arranged in the epoxy of the
inlet end 5 in order to obtain a number of substantially equally sized interspaces
defining flow passages. A number of liquid or fluid inlets 6 are arranged in the side-
wall of the fibre housing 1 near the inlet end 5, whereby a liquid or a fluid can be
conducted into the fibre housing 1. The fibre housing 1 is open at the outlet end 3,
whereby the liquid or fluid can be discharged from the fibre housing 1. For the de-
vice of Fig. 1 there is no separate gas inlet, so in order to use this device for con-
tacting a liquid with a gas, the gas must be introduced into or mixed with the liquid
before the liquid mixed wit gas is entering the fluid or liquid inlets 6.

In the illustrated embodiment of Fig. 1, the fibre housing 1 is made of a flexible ma-
terial such as softened PVC or PVC-flexible, and the side-wall of the fibre housing
has a thickness of about 5 mm and the inner diameter of the fibre housing is about
50 mm, giving an outer diameter about 60 mm. The cross 4 is made of stainless
steel and has a diameter of 2 mm. The fibres may for example be hollow fibres of
Tynex® nylon (available from the DuPont Company) with an unfolded length of 600
mm and a diameter in about 0.15 mm. However, solid fibres may also be used.
Thus, the bent or folded length of the fibres in the bundle 2 will be about or a little
less than 300 mm. The length of the fibre housing will then be about or a little more
than 300 mm. It should be noted that the fibre housing 1 may also be made of a

rubber material such as EPDM-rubber.

When the fibres are in an uncompressed condition the interspaces between the fi-
bres are defined by the arrangement of the fibres at the inlet end 5 and the arrange-
ment of the fibres around the cross 4 at the outlet end 3. Due to the arrangement
around the cross 4, the size of the interspaces and thereby the flow passages may
vary slightly from the inlet end 5 to the outlet end 3. It is also within an embodiment
of the present invention to have the two members of the cross 4 separated from

each other with a distance around 20 mm.
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When a gas-liquid mixture is passed through the flow passages of the fibres of the
device of Fig. 1, bubbles or micro-bubbles containing the introduced gas may be
generated within the liquid, and the dimension of these bubbles or micro-bubbles
may be a function of the cross-sectional dimension of the flow passages provided by
the interspaces. The dimension of these flow passages may again be a function of
the diameter of the fibres and the packing density or close packing of the fibres.
Thus, the process of contacting a liquid with a gas when passing the flow passages
of the device of Fig. 1 may be controlled or regulated by the selection of types of
fibres (hollow or solid), the diameter of the fibres, and the close packing of the fibres.
Here, the close packing of the fibres may be controlled by a compression of the fi-

bres in the radial direction.

Besides being used for contacting a liquid with a gas, the device of Fig. 1 may also
be used for filtering a fluid or a liquid. The filtering process may be performed simul-
taneously with a liquid-gas contacting process. Also here, the minimum size of parti-
cles to be filtered from the fluid or liquid is a function of the diameter of the fibres
and the packing or cross-sectional density of the fibres. Thus, the filtered particle
size decreases with a decreasing fibre diameter. Although it is preferred to have a
relatively high density of fibres it is important that the cross-sectional area of the flow
passages is larger at a distance from the location of the compressed fibres than at

said location in order to avoid clogging.

In order to compress the fibres of the device of Fig.1, the flexible membrane sur-
rounding the fibre bundle 2 may be compressed at a radial direction at a location
along the housing 1. Hereby the total cross-sectional area of the interspaces be-
tween the fibres and thereby the cross-sectional area of the flow passages is re-
duced at said location with the cross-sectional areas of the flow-passages being
gradually decreased towards this location. Thus, the cross-sectional area of the flow
passages and thereby the contacting effect and/or filtering effect may be varied by

varying the external pressure on the flexible membrane.

In order to compress the fibres of the fibre bundle 2, the filtering device of Fig. 1
comprises compressing means in the form of a clamp having two curved jaws 73,
7b. Here the jaws 7a, 7b are made of stainless steel having a coating of softened
PVC on the surfaces for contacting the flexible membrane of the fibre housing 1.
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When the jaws 7a, 7b are pressed against the fibre housing 1, the fibres are com-
pressed and the filtering device can be used for filtration of the fluid. When the fluid
is conducted through the fibre housing the filtered particles will be deposited in the
inlet side of the fibre housing 1 between the inlets 6 and the location 8 of the com-

pressed fibres.

In order to obtain sufficient space for the deposited particles and in order to avoid an
early clogging of the filtering device, the jaws 7a, 7b and thereby the location of
compressing 8 are preferably arranged so that about 2/3 of the length of the fibre
housing is on the inlet side of the jaws 7a, 7b and about 1/3 of the length of the fibre
housing is on the outlet side of the jaws 7a, 7b. For the device of Fig. 1 the width of
the jaws 7a, 7b is about 25 mm. The contacting surfaces of the jaws 7a, 7b are
formed so that each surface covers about 1/3 of the outer diameter or circumference

of the uncompressed fibre housing 1.

The jaws or blocks 7a, 7b of the compressing means may be controlled manually or
by hydraulic means. When using hydraulic means the pressure of the compressing
means may be controlled electronically by use of for example a computer. For the
device of Fig. 1 processes have been carried out with a pressure around two tons

on the compressing means 7a, 7b, whereby the fibre bundle 2 is compressed.

In order to support or hold the fibre housing 1 of Fig. 1 a holding member 9 is pro-
vided. The holding member has the form of a tube with a fluid or liquid inlet end and
a fluid or liquid outlet end and with two oppositely arranged openings 10a, 10b al-
lowing the compressing means 7a, 7b to compress the flexible membrane of the
fibre housing 2. The holding member or pipe 9 has a first inner collar 11 at the inlet
end and a second inner collar 12 at the outlet end, with a first o-sealing ring 13 be-
ing arranged around the fibre housing 1 at the inlet end 5 and being in sealing en-
gagement with the first inner collar 11, and with a second o-sealing ring 14 being
arranged around the fibre housing 1 at the outlet end 3 and being in sealing en-
gagement with the second inner collar 12. In the embodiment shown in Fig. 1 there
is also formed an outer collar 15 at the inlet end 5 of the fibre housing 1, whereby
the first o-sealing ring 13 is placed between the outer collar 15 and the first inner
collar 11. The holding member or pipe 9 further has an inlet flange 16 arranged at
the fluid or liquid inlet end and an outlet flange 17 arranged at the fluid outlet end.
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The flanges 16,17 are secured to the holding member 9 with bolts 18 and corre-

sponding nuts 19.

The inlet flange 16 is dimensioned to fit a fluid inlet pipe, and the outlet flange 17 is

dimensioned to fit a fluid outlet pipe.

For the device of Fig. 1, the inlet and outlet pipes are % inches pipes, and the hold-
ing member or pipe 9 is made of stainless steel with an outer diameter of 100 mm

and a length around 360 mm.

When using softened PVC for the fibre housing 1, the stiffness of the housing 1 will
be large enough to ensure a sealing engagement between the inner collar 12 and
the o-sealing ring 14. This sealing engagement is further amplified by the pressure
of the fluid inside the fibre housing 1. However, if a rubber membrane is used for the
fibre housing 1 it may be necessary to reinforce the outlet end 3 of the fibre housing
1.

It should be noted that a device similar to the device of Fig. 1 but without the com-
pression means 7a, 7b may be used for contacting a liquid with a gas according to
embodiments of the present invention. Here, the cross-sectional area of the flow
passages may be a function of the types of fibres and the fibre diameter and the
density of the fibres within the fibre housing 1, but due to the lack of compression
means the cross-sectional area of the flow passages can not be changed without
changing the fibres, the number of fibres or the cross-sectional area of the fibre

housing 1.

It should be understood that a major advantage of a device according to the present
invention is the possibility of flushing the fibres when the pressure on the fibres is
released. This is especially an advantage when using the device for filtration. The
flushing process may be either a forward flushing or a backward flushing process.
This is illustrated in Fig. 2, which is a block diagram showing a system using a con-
tacting or filtering device according to the present invention. The device may pref-
erably be the device shown in Fig.1.
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The system of Fig. 2 comprises a device 41 according to the device of Fig. 1. The
device 41 has a fibre housing 42 within a holding member 43 having openings 44a,
44b for compressing means 45a, 45b, which compressing means can create a pres-
sure on a flexible membrane of the fibre housing 42. The filtering device 41 further
has a liquid or fluid inlet end 46 and a liquid or fluid outlet end 47 for connecting to

liquid or fluid inlet and outlet pipes 48, 49, respectively.

The system of Fig. 2 further comprises a container for unfiltered liquid or fluid 50,
with a pipe 51, which via a liquid valve 69 is connected to the inlet side of a pump 52
for providing a predetermined fluid or liquid pressure. According to a preferred em-
bodiment a gas-inlet valve is connected between the liquid valve 69 and the inlet
side of the pump 52. When the liquid valve 69 is open, the gas-inlet valve is open
and the pump 52 is on, a mixture of liquid and gas is provided at a certain pressure

at the outlet side of the pump 52.

From the outlet side of the pump 52 a pipe 53 is leading the fluid, liquid or mixture of
gas and liquid through a valve 55 to the fluid or liquid inlet pipe 48 having a pressure
gauge 54. Before the valve 55 a pipe 56 is connected to the pipe 53 via a valve 57,
with the other end of the pipe 56 being connected to the fluid or liquid outlet pipe 49.
The liquid or fluid inlet pipe 48 is connected to a pipe 58, which via a valve 59 leads
to a container 60 for containing filtered particles or deposit being removed from the
fibre housing 42 during a flushing process. The liquid or fluid outlet pipe 49 is further
connected to a pipe 61, which via a valve 62 leads to the deposit container 60. The
liquid or fluid outlet pipe 49 also has a pressure gauge 63, and after the connections
to pipes 56 and 61, the liquid or fluid outlet pipe 49 is connected to a pipe 64, which
via a valve 65 conducts the treated and/or filtered liquid or fluid to a container for
treated and/or filtered liquid or fluid 70.

In Fig. 2 is also shown an inlet 66 which is connected to the pipe 56 via a valve 67.
Furthermore a valve 68 is inserted in the pipe 56 before the connection to the liquid
or fluid outlet pipe 49. The inlet 66 may be used for injecting or conducting a liquid,
air or a gas into the system to be used for a flushing process. The liquid, air or gas

should have a pressure being high enough to flush the system.
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When the system of Fig. 2 is operating in a mode where the fibres are compressed,
the compression means 45a, 45b is providing a predetermined pressure on the fi-
bres within the fibre housing 42, the valves 69, 55, 65 and the gas-inlet valve are
open, the valves 57, 59, 62, 67 and 68 are closed, and the pump 52 is providing a
predetermined fluid or liquid inlet pressure. This pressure may for example be up to
20 bar, such as up to 10 bar, such as in the range of 5-10 bar. When the process
has been going on for some time, the fibre within the fibre housing 42 may need to
be flushed.

If a forward flushing using fluid is wanted, the pump 52 may be turned off, the valves
69, 55, 65 and the gas-inlet valve are closed while maintaining the valves 57, 59, 62,
67 and 68 in the closed position, the compression means 45a, 45b is released, then
the valves 62, 69 and 55 are opened and the pump 52 is turned on again. This will
conduct unfiltered and/or untreated fluid through the uncompressed fibres of the
fibre housing 42 and through the pipe 61 to the deposit container 60.

If a backward flushing using fluid is wanted, the pump 52 may be turned off, the
valves 69, 55, 65 and the gas-inlet valve are closed while maintaining the valves 57,
59, 62, 67 and 68 in the closed position, the compression means 45a, 45b is re-
leased, then the valves 69, 57, 68 and 59 are opened and the pump 52 is turned on
again. This will conduct unfiltered fluid through the pipe 56, backwards through the
uncompressed fibres of the fibre housing 42, and through the pipe 58 to the deposit

container 60.

If a forward flushing using inlet 66 is wanted, the pump 52 may be turned off, the
valves 69, 55, 65 and the gas-inlet valve are closed while maintaining the valves 57,
59, 62, 67 and 68 in the closed position, the compression means 45a, 45b is re-
leased, then the valves 62, 67, 57 and 55 are opened. This will conduct liquid, air or
gas from inlet 66 through the uncompressed fibres of the fibre housing 42 and
through the pipe 61 to the deposit container 60.

If a backward flushing using inlet 66 is wanted, the pump 52 may be turned off, the
valves 69, 55, 65 and the gas-inlet valve are closed while maintaining the valves 57,
59, 62, 67 and 68 in the closed position, the compression means 45a, 45b is re-
leased, then the valves 67, 68 and 59 are opened. This will conduct liquid, air or gas
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from inlet 66 through the pipe 56, backwards through the uncompressed fibres of
the fibre housing 42, and through the pipe 58 to the deposit container 60.

Usually, a backward flushing process is used in order to avoid any further contami-

nation of the system.

It should be understood that it is also within the present invention to provide a sys-
tem for contacting a liquid with a gas or for filtering a liquid or fluid, which system is
automatically operated by a computer, such as a programmable logic controller,
PLC. Here, the computer may be programmed to control the compressing and the
release of the pressure means by use of for example hydraulic means. Predeter-
mined pressures and time intervals may be programmed into the computer in order
to control such a process. The computer may further be programmed to control the
fluid pump 52 and the valves 55, 57, 59, 62, 65, 67, 68 and the gas-inlet valve to be

active and non-active at predetermined time intervals.

Fig. 3 is a longitudinal section view of a second embodiment of a device used for
contacting a liquid with a gas in accordance with the present invention. The device
of Fig. 3 comprises a fibre housing 301 having the form of a tube. Here, the fibre
housing 301 is made of a watertight material, which is solid in all the housing length
and surrounding a bundle of fibres 302. The bundle of fibres 302 comprises a plural-
ity of fibres extending longitudinally in the fibre housing 301. For this embodiment of
the invention, compression means 303 in the form of a compression membrane,
liner or bellow is arranged at a location inside the fibre housing 301 and surrounding
the fibres 302. The compression means 303 is made of a flexible material and seal-
ingly connected to the inner wall of the housing 301 by mounting and seal rings 304
and mounting bolts 305. A hydraulic inlet/outlet opening 306 is arranged in the
housing 303 for providing and/or controlling a hydraulic pressure whereby the com-
pression means 303 may be compressed against the bundle of fibres 302.

In the illustrated embodiment the fibre housing 301 has an inlet end 307 and an
outlet end 308, and the fibres 302 have free fibre ends at the outlet end 308. At the
inlet end 307 the fibres are secured to a fibre-head 309, and it is preferred that the
fibres 302 are glued to the fibre-head 309 by means of epoxy. The bundle of fibres
302 should be substantially equally spaced when arranged in the epoxy of the fibre-
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head 309 in order to obtain a number of substantially equally sized interspaces de-
fining flow passages. One or more liquid or fluid inlets may be arranged at or around
the inlet end 307 of the fibre housing 301, whereby a liquid or a fluid can be con-
ducted into the fibre housing 301. The fibre housing 301 has one or more liquid or
fluid outlets at the outlet end 308, whereby the liquid or fluid can be discharged from
the fibre housing 301. The fibre-head 309 is fastened to a fibre-head mounting 310,
which is secured to the fibre housing 301, and the liquid or fluid may pass from the
inlet(s) through the mounting 310, along the fibre-head 309, and then enter into the
bundle of fibres 302 along the outer side of the bundle 302. When a liquid is intro-
duced into the bundle of fibres 302, the fibres may be pressed against the fibre
housing 301 and the compression means 303, whereby the liquid will have to pass
through interspaces being provided between the fibres before leaving the fibre

housing 301 through the liquid outlet(s).

The fibre-head 309 may be secured to the mounting 310 via a head-bolt 311 having
a flush-nut 312 resting on a flush-ring 313. A free-space is provided around the
head-bolt 311 within the mounting 310, and a flush-space is provided between the
mounting 310 and the fibre-head 309. It is preferred that a ring 314 for providing a
turbulent liquid flow, such as for example during a flushing process, is arranged at

the inner wall of the housing 301.

For the device of Fig. 3 a gas inlet 315 may be provided at the inlet end 307. Here,
the gas inlet 315 may be part of the mounting 310, whereby the gas may be intro-
duced to the liquid at the free-space in front of the fibre-head 309. However, in a
preferred embodiment, there is no use of a separate gas inlet, and the gas is intro-
duced into or mixed with the liquid before the liquid mixed with gas is entering the

fluid or liquid inlets.

It is preferred that the flush-ring 313 has a variable thickness or height and that the
flush-nut 312 is dimensioned to fit to the variable height of the flush-ring. Thus, if the
fibre head 309 is turned or twisted during for example a flushing process, the fibre-
head 309 may be moved to and fro in the direction against the mounting 310. The
fibre-head 309 may be twisted due to a turbulent liquid flow, which may be provided
by the ring 314.
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For the illustrated embodiment of Fig. 3, the fibre housing 301and the mounting 310
may be made of stainless steel while the compression means 303 may be made of
a flexible material such as softened PVC or PVC-flexible or rubber. The inner dia-
meter of the fibre housing may in a preferred embodiment be about 100 mm, and
the diameter of the fibre-head 309 and the bundle of fibres 302 may be around 76
mm. In one embodiment the fibres are hollow fibres of nylon with a length around
400 mm and a fibre diameter of about 6 mm. The total length of the fibre housing
301 may be 500 mm. Solid fibres may also be used, and in one embodiment solid

fibres with a diameter of 2.5 mm are used.

When a gas-liquid mixture is passed through the flow passages of the fibres of the
device of Fig. 3, bubbles or micro-bubbles containing the introduced gas may be
generated within the liquid, see also the above discussion in connection with Fig. 1,
and the dimension of these bubbles or micro-bubbles may be a function of the
cross-sectional dimension of the flow passages provided by the interspaces. When
using hollow fibres of a diameter of 6 mm, it is preferred in one embodiment to use a
hydraulic pressure of about 5-10 bar on the compression liner in order to obtain a
very close packing of the fibres resulting in flow passages which may have a cross-
sectional dimension in the range of 0.4 mm. The mixture of liquid and gas may be
introduced at the inlet end of the fibre housing 301 at a pressure in the range of 4-6

bar.

Besides being used for contacting a liquid with a gas, the device of Fig. 3 may also
be used for filtering a fluid or a liquid. The filtering process may be performed si-
multaneously with a liquid-gas contacting process, see the above discussion in con-

nection with Fig. 1.

It should be noted that a device similar to the device of Fig. 3 but without the com-
pression liner 303 may be used for contacting a liquid with a gas according to em-
bodiments of the present invention. Here, the cross-sectional area of the flow pas-
sages may be a function of the types of fibres and the fibre diameter and the density
of the fibres within the fibre housing 301, but due to the lack of compression means
the cross-sectional area of the flow passages can not be changed without changing

the fibres, the number of fibres or the cross-sectional area of the fibre housing 301.
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It should be understood that a major advantage of a device according to the present
invention is the possibility of flushing the fibres when the pressure on the fibres is
released. This is especially an advantage when using the device for filtration. The
flushing process may be either a forward flushing or a backward flushing process. A
system capable of performing a forward flushing process is illustrated in Fig. 4,
which is a block diagram showing a system using a contacting or filtering device
according to the present invention. Thus, the system of Fig. 4 may be used for con-
tacting a liquid with a gas in accordance with one or more embodiments of the pres-

ent invention, but the system may also be used for a filtering process.

The system of Fig. 4 comprises a device 401, which is a device according to one or
more embodiments of the device of Fig. 3. The device 401 has a fibre housing 402
having a hydraulic inlet/outlet opening 403 leading to compressing means inside the
housing for compressing the fibre bundle inside the fibre housing 402. A fluid or gas
may be introduced at a certain pressure via the opening 403 in order to compress
the fibres. The device 401 further has a liquid or fluid inlet end 404 and a liquid or
fluid outlet end 405 for connecting to liquid or fluid inlet and outlet pipes 406, 407,

respectively.

The system of Fig. 4 further comprises a container for unfiltered liquid or fluid 408,
with a pipe 409, which via a liquid valve 410 is connected to the inlet side of a pump
411 for providing a predetermined fluid or liquid pressure. A gas-inlet valve 412 is
also connected at the inlet side of the pump 411. Furthermore, at re-circulation valve
413 is connected at the inlet side of the pump 411. When the liquid valve 410 is
open, the gas-inlet valve 412 is open, the re-circulation valve 413 is closed and the
pump 411 is on, a mixture of liquid and gas is provided at a certain pressure at the

outlet side of the pump 411.

From the outlet side of the pump 411 a pipe 414 is leading the fluid, liquid or mixture
of gas and liquid through a valve 415 to the fluid or liquid inlet pipe 406. Before the
valve 415 a pipe 416 is connected to the pipe 414 via a compression valve 417, with
the output of the valve 417 being connected to the opening 403. The opening 403 is
also connected to an external control pipe 418 via an external control valve 419 and
to a pipe 420 via a decompression valve 421. The pipe 420 is connected to an in-
jector 422.
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The output of the injector 422 leads to a container 423 for containing filtered parti-
cles or deposit being removed from the fibre housing 402 during a flushing process.
The liquid or fluid outlet pipe 407 is further connected to the injector 422 via a pipe
424 and a forward flush valve 425. The liquid or fluid outlet pipe 407 is connected to
a pipe 426, which via a valve 427 conducts the treated and/or filtered liquid or fluid
to a container 428 for treated and/or filtered liquid or fluid.

The compression of the fibres may be controlled externally by adjusting the hydrau-
lic pressure via the external control pipe and valve 419. When operating in this
mode, the valves 417 and 421 are closed. When decompressing the compressing
means, the decompressing may take place via the valve 419 or by opening the de-
compressing valve 421. However, it is preferred that the valve 419 is closed and that
the compression pressure is controlled via the compression valve 417. Here, valves
415, 412, 413, 419 and 421 are closed while valve 410 and 417 are open and un-
treated fluid or liquid is pumped by the pump 411 via pipe 416 into the compression
means via the opening 403. When a desired pressure has been obtained, valve 417

is closed, and the system may be used for normal operation.

During normal operation, valves 413, 417, 419, 421 and 424 are closed, while
valves 410, 412, 415 and 427 are open. Here, valve 412 may be closed if the fluid or
liquid is to be filtered or treated without the gas contact. The pump 411 is providing a
predetermined fluid or liquid inlet pressure. This pressure may for example be up to
20 bar, such as up to 10 bar, such as in the range of 5-10 bar, or such as in the
range of 4-6 bar. When the process has been going on for some time, the fibres
within the fibre housing 402 may need to be flushed.

If a forward flushing using fluid is wanted, the pump 411 may be turned off, the
valves 410, 412, 415 and 427 are closed, and valves 413, 417 and 419 are main-
tained closed, the decompression valve 421 and the forward flush valve 425 are
opened, then the valves 410, 415 are opened and the pump 411 is turned on again.
This will conduct unfiltered and/or untreated fluid forwards through the fibres while at
the same time decompressing the fibres by having the injector 422 removing the

compression fluid or liquid via the decompression valve 421. The flushing and com-
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pression liquid or fluid is conducted via the injector 422 to the waste or deposit con-
tainer 423.

It should be understood that it is also within the present invention to provide a sys-
tem according to Fig. 4 for contacting a liquid with a gas or for filtering a liquid or
fluid, which system is automatically operated by a computer, such as a programma-
ble logic controller, PLC. Here, the computer may be programmed to control the
pump 411 and the valves to be active and non-active at predetermined time inter-

vals.

It should be understood that devices and systems according to aspects of the pres-
ent invention can be used for a plurality of different processes. For many processes
the gas mixed with the liquid may be atmospheric air, which is taken in at atmos-

pheric pressure via a gas-inlet arranged before the pump 52, 411.

One example of a process according to the present invention is a separation proc-
ess in which oils or fats are separated from an aqueous solution. Here, as an exam-
ple, atmospheric air is used and mixed with the solution before entering the liquid
and gas contacting device of the invention, which may a device according to Fig. 3.
Here, the inner diameter of the fibre housing is about 100 mm, and the diameter of
the fibre-head 309 and the bundle of fibres 302 is around 76 mm. The fibres are
hollow fibres of nylon with a length around 400 mm and a fibre diameter of about 6
mm. A compression pressure of 10 bar is used in order to obtain a close packing of
the fibres and obtain fibre interspaces, which may be in the range of 0.4 mm,
whereby very fine micro-bubbles, which may be in the range of 0.4 mm, may be
formed. The mixed solution is introduced at a pressure around 5 bar. The dimen-
sions of the fibre housing and the fibre bundle are selected so that for this inlet pres-
sure, a fluid flow of about 1 cubic meter per hour is obtained. A separation process
of oils or fats from an aqueous solution may also be performed for this embodiment
of the device without using any compression of the compression means. Here, the
interspaces between the fibres will be much wider and the formed bubbles will have
a much larger diameter, and a fluid flow through the device in the range of 9.5 cubic

metres per hour can be obtained for a fluid inlet pressure of about 4 bar.
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Thus, separation processes may be performed for different compression of the fi-
bres, which results in different throughputs of the solution to be treated. However,
for some purposes it has been found that a compression of the compression means
against the fibres with a hydraulic pressure in the range of 5-10 bar may provide a

good solution.

The devices and methods of the present invention may also be used for a number of
other processes besides separation processes. Thus, according to the present in-
vention effective methods may be provided for reacting a gas with a liquid in which
the parameters of the process are controlled so that the introduced gas is wholly or

at least partly absorbed in the liquid.

According to the methods of the present invention there may also be provided effec-
tive methods for drive off of gasses from a solution such as for example ammonia,
hydrogen sulphide and solvents. Here, air may be introduced into the solution and

the gas be driven off from the solution by the generated bubbles.

It should be understood that methods of sterilization of a liquid or a solution may
also be obtained using the present invention. Here, a sterilizing gas such as ozone
may be introduced in order to react with the liquid or solution. The ozone may be
introduced via a separate gas-inlet directly at the inlet end of the fibre housing with a
pressure which is higher than the inlet pressure of the liquid or solution. The inlet
pressure of the ozone may be in the range of 0.5-2 bar higher than the inlet pres-

sure of the liquid, which may be in the range of 4-6 bar.

By using an oxygen containing gas as the gas, and waste water as the liquid, the
methods of the present invention may provide an effective process for reducing the
COD-number (Chemical Oxygen Demand) of the waste water, as an effective reac-
tion between the oxygen of the gas and the waste water can be obtained through

the formation of the bubbles or micro-bubbles.

While the invention has been particularly shown and described with reference to
particular embodiments, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the spirit
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and scope of the invention, and it is intended that such changes come within the

scope of the following claims.



WO 03/024582 PCT/DKO02/00288

10

15

20

25

30

35

29

CLAIMS

1. A device for contacting a liquid with a gas, said device comprising:

at least one gas inlet for introducing the gas into the liquid,

a fibre housing having at least one liquid inlet and at least one liquid outlet,

said fibre housing surrounding and defining an outer bound for a plurality of fibres
extending longitudinally in the fibre housing, longitudinally extending interspaces
being provided between the fibres thereby defining a plurality of flow passages for

the liquid and gas.

2. A device according to claim 1, said device further comprising at least one gas

outlet.

3. A device according to claim 1 or 2, said device further comprising a gas-liquid

separator.

4. A device according to claim 3, wherein the gas-liquid separator is connected to

the at least one gas outlet.

5. A device according to claim 2, wherein the at least one gas outlet is part of or

connected to the fibre housing.

6. A device according to any of the claims 1-5, wherein the at least one liquid inlet is

arranged in an inlet end of the fibre housing.

7. A device according to any of the claims 1-6, wherein the at least one liquid outlet

is arranged in an outlet end of the fibre housing.

8. A device according to claims 6 and 7, wherein the longitudinally extending inter-
spaces between the fibres are at least partly extending in a direction from the inlet

end to the outlet end of the fibre housing.
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9. A device according to any of the claims 6-8, wherein at least part of the gas in-
let(s) are arranged so that at least part of the gas can be introduced into the liquid at
the inlet end of the fibre housing or before the liquid enters the inlet end of the fibre
housing via said liquid inlet(s), whereby a flow of gas and liquid can be obtained
from the inlet end to the outlet end via the flow passages provided by said inter-

spaces, said interspaces thereby providing a contact between the liquid and the gas.

10. A device according to any of the claims 1-9, wherein the plurality of fibres are
closely packed at at least one location along the length of the fibres within said fibre

housing.

11. A device according to any of the claims 1-10, wherein the plurality of fibres are
closely packed in a radial direction at at least one location along the length of the

fibres within said fibre housing.

12. A device according to any of the claims 1-11, wherein at least part of said fibre
housing is formed of a flexible membrane surrounding the fibres, and compressing
means is provided for creating a pressure on an outer surface of the flexible mem-
brane thereby compressing the fibres in a radial direction at at least one location

along the length of the fibres to thereby obtain a close packing of the fibres.

13. A device according to any of the claims 1-12, wherein said fibre housing has the

form of a tube-like member.

14. A device according to any of the claim 1-13, wherein at least part of said fibre
housing has a cross sectional geometric shape which is substantially equal to a
shape selected from the group comprising: a circle, an oval, an ellipse, the shape of

a drop, and a polygon.

15. A device according to claim 14, wherein said polygon shape is selected from the
group comprising: a triangle, a rectangle, a pentagon, a hexagon, a heptagon, and

an octagon.

16. A device according to any of the claims 12-15, wherein said compressing means

is adapted to create said pressure on a part or a portion of said outer surface of the
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flexible membrane, said part or portion having a dimension or dimensions in the
longitudinally direction of the fibres being smaller than the total length of the fibres

within said fibre housing.

17. A device according to claim 16, wherein the dimension of said pressure part or
portion in the longitudinally direction of the fibres is below 0.5 times the total length
of the fibres within said fibre housing, such as below 0.4 times, such as below 0.2

times, or such as below 0.1 times.

18. A device according to any of the claims 12-17, wherein said compressing means

is a pressure chamber.

19. A device according to claim 18, wherein an inner wall of said pressure chamber

is formed of at lest part of the flexible membrane of the fibre housing.

20. A device according to claim 18 or 19, wherein said pressure chamber has one or

more inlet/outlets providing a pressurizing aperture and a release aperture.

21. A device according to any of the claims 12-20, wherein said compressing means
is adapted to create said pressure on a part or a portion of said outer surface of the
flexible membrane, said part or portion at least partly covering an outer circumfer-

ence of said membrane or covering the hole circumference of said membrane.

22. A device according to claim 21, wherein said pressure part or portion is partly

covering an outer circumference of said membrane.

23. A device according to claim 22, wherein said pressure part or portion is covering
below 90% of an outer circumference of said membrane, such as below 80%, such
as below 70%, such as below 60%, such as below 50%, such as below 40%, such

as below 30%, or such as below 20%.

24. A device according to any of the claims 12-17 or 21-23, wherein said pressure is
created on the outer surface of the flexible membrane through one or more substan-

tially solid compressing member(s) being in contact with said outer surface.
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25. A device according to any of the claims 1-11, wherein said fibre housing is
formed by a solid retainer member surrounding the fibres, and compressing means
is provided in the form of a compressing member being disposed inside the plurality
of fibres in the retainer member for compressing the fibres in a radial direction at at
least one location along the length of the fibres to thereby obtain a close packing of
the fibres.

26. A device according to claim 25, wherein the retaining member is a retaining fer-

rule.

27. A device according to claim 25 or 26, wherein the compressing member is a
displacement member comprising a conical shaped part being arranged at the cen-

tre of the fibres.

28. A device according to any of the claims 12-27, wherein the location at which the

fibres are compressed is a predetermined location.

29. A device according to any of the claims 12-28, wherein the means for compres-
sing is adapted to vary the pressure created thereby, so as to thereby vary the close
packing of the fibres and the total cross-section of the flow passages at said loca-

tion.

30. A device according to any of the claims 12-17 or 21-24 or 28-29, wherein the

compressing means comprises a clamp.

31. A device according to any of the claims 12-17 or 21-24 or 28-29, wherein the
compressing means comprises at least two blocks being positioned on opposite
sides of the flexible membrane, so as to compress the fibres from two sides.

32. A device according to any of the claims 12-31, wherein the compressing means

comprises hydraulic means for creating a pressure.

33. A device according to any of the claims 12-32, wherein the compressing means
is adapted to compress the plurality of fibres in a radial direction with a pressure of
between 5-20 bar.



WO 03/024582 PCT/DKO02/00288

10

15

20

25

30

35

33

34. A device according to any of the claims 1-24 or 28-33, wherein the fibre housing

is formed of a flexible membrane in substantially all its length.

35. A device according to any of the claims 1-24 or 28-34, wherein the fibre housing
is made of a material selected from a group comprising: PE (polyethylene), softened
PVC, nylon, Teflon, and EPDM-rubber.

36. A device according to any of the preceding claims, wherein the fibre housing is

arranged within a holding member.

37. A device according to claim 36, wherein the holding member is made of a sub-

stantially solid material.

38. A device according to claim 37, wherein the holding member is made of stain-

less steel.

39. A device according to claim 12 and any of the claims 36-38, wherein the holding
member has one or more openings for allowing the compressing means to create a
pressure on the outer surface of said flexible membrane of the fibre housing.

40. A device according to claim 39, wherein the holding member has two openings
for allowing the compressing means to create a pressure on the outer surface of

said flexible membrane.

41. A device according to any of the claims 36-40, wherein the holding member is

formed as a tube-like member.

42. A device according to any of the claims 36-41, wherein the holding member has
an inlet being sealingly connected to the liquid inlet of the fibre housing, and an out-

let end being sealingly connected to the liquid outlet of the fibre housing.

43. A device according to any of the preceding claims, wherein the distance be-
tween at least one liquid inlet and at least one liquid outlet is between 10 cm and
200 cm, such as between 30 cm and 150 cm, such as between 40 and 80 cm.
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44. A device according to any of the claims 1-42, wherein the distance between at
least one liquid inlet and at least one liquid outlet is between 10 cm and 60 cm, such

as between 20 cm and 40 cm, such as around 30 cm.

45. A device according to any of the preceding claims, further comprising means for

maintaining a longitudinal tension in the fibres.

46. A device according to any of the preceding claims, wherein the internal diameter
of the fibre housing is between 1 cm and 20 cm, such as between 2 cm and 15 cm,
such as between 3 cm and 10 cm, such as between 4 cm and 8 cm, such as around

5cm.

47. A device according to any of the preceding claims, wherein the fibres are non-

porous.

48. A device according to any of the preceding claims, wherein the fibres are solid.

49. A device according to any of claims 1-46, wherein the fibres are hollow and/or

porous.

50. A device according to claim 49, wherein the hollow fibres are closed at fibre
ends arranged in the same end of the fibre housing as a liquid inlet to the fibre

housing.

51. A device according to any of the preceding claims, wherein the fibres comprise

polyester fibres or nylon fibres.

52. A device according to any of the preceding claims, wherein the fibres comprise

transparent fibres.

53. A device according to any of the claims 10-52, wherein the distance between at
least one liquid inlet and said location of close packing is between 5 cm and 100 cm,
such as between 10 cm and 90 cm, such as between 20 and 80 cm, such as be-

tween 30 and 50 cm, such as around 40 cm.
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54. A device according to any of preceding claim 10-52, wherein the distance be-
tween at least one liquid inlet and said location of close packing is between & cm
and 80 cm, such as between 10 cm and 60 cm, such as between 15 and 30 cm,

such as around 20 cm.

55. A device according to any of the claims 6-54, wherein the fibres at the inlet end

of the fibre housing are attached to an end part of the fibre housing.

56. A device according to claim 55, wherein the fibres at the inlet end of the fibre

housing are glued to the end part by means of epoxy.

57. A device according to claim 55 or 56, wherein the fibres have free fibre ends at
the opposite end of the inlet end of the fibre housing.

58. A device according to any of the claims 7-24 or 28-53, wherein the fibres, in their

respective ends, are attached to an end part of the fibre housing.

59. A device according to claim 58, wherein the fibres are glued to the end parts by

means of epoxy.

60. A device according to any of claims 1-57, wherein the plurality of fibres comprise
a bundle of fibres being bent so that a resulting length of the bent bundie of fibres is
approximately between 1/3 and 2/3 of the length of the non-bent fibres.

61. A device according to claim 60, wherein the length of the bent bundle of fibres is
about half the length of the non-bent bundle of fibres.

62. A device according to claim 7 and 60 or 61, wherein the bent end part of the
bent bundle of fibres is arranged in the outlet end of the fibre housing.

63. A device according to any of the claims 12-24 or 28-62, wherein the compress-
ing means is adapted to compress the fibres at several locations along the length of
the fibres.
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64. A device according to any of the claims 12-63, wherein the compressing means
comprise(s) one or more compressing member(s) having non-flexible and/or flexible

part(s).

65. A device according to any of the preceding claims, wherein the fibre housing is

made of a watertight material.

66. A device according to any of the preceding claims, wherein the fibres have a
substantially circular cross-section with a diameter of at most 56 mm, such as at most

2 mm, such as in the range of 0.001-1 mm, such as in the range of 0.01-0.5 mm.

67. A device according to any of the preceding claims, wherein the fibres have a
substantially circular cross-section with a diameter of at most 250 mm, such as at
most 160 mm, such as at most 60 mm, such as at most 25 mm, such as at most 16

mm, such as at most 6 mm, such as at most 2,5 mm.

68. A system for contacting a liquid with a gas, said system comprising:
a contacting device selected from the devices according to claims 1-67, and
means for passing a liquid and a gas through the plurality of flow passages of the

fibres.

69. A system according to claim 68, said system further comprising means for
maintaining the fibres in a compressed condition while passing the liquid and the

gas through the flow passages of the compressed fibres.

70. A system according to claim 69, said system further comprising:

means for releasing the pressure on the outer surface of the flexible membrane
thereby leaving the fibres in an uncompressed condition,

means for passing a liquid and/or a gas through the uncompressed fibres in a direc-
tion from the inlet towards the outlet or in an opposite direction, so as to forward

flush or backward flush the device.

71. A system according to claim 70, wherein the liquid to be passed through the
uncompressed fibres so as to flush the fibres is liquid, which has not been in contact

with the gas.
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72. A system according to claim 70, wherein the liquid to be passed through the
uncompressed fibres so as to flush the fibres is treated liquid, which has been in

contact with the gas.

73. A system according to any of the claims 70-72, wherein the means for com-
pressing the fibres, the means for releasing the pressure, the means for passing a
liquid and a gas through the compressed fibres for contacting the liquid with the gas,
and the means for passing a liquid and/or a gas through the uncompressed fibres so

as to flush the device are computer controlled.

74. A method for contacting a liquid with a gas in a fibre housing having an inlet end
and an outlet end, said fibre housing surrounding and defining an outer bound for a
plurality of fibres extending longitudinally in the fibre housing, longitudinally extend-
ing interspaces being provided between the fibres thereby defining a plurality of flow

passages between the inlet end and the outlet end, said method comprising:
introducing a liquid and a gas at the inlet end of the fibre housing, and

passing the liquid and the gas from the inlet end to the outlet end via said flow pas-

sages provided by the interspaces.

75. A method according to claim 74, wherein the longitudinally extending inter-
spaces between the fibres are at least partly extending in a direction from the inlet

end to the outlet end of the fibre housing.

76. A method according to claim 74 or 75, said method further comprising removing

the liquid from the outlet end of the fibre housing.

77. A method according to claim 76, said method further comprising removing the

gas from the outlet end of the fibre housing.

78. A method according to any of the claims 74-77, wherein a liquid pressure and a
gas pressure is provided at the inlet end to thereby obtain a flow of the liquid and the

gas from the inlet end to the outlet end via said flow passages.
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79. A method according to any of the claims 74-78, wherein the liquid and the gas
are mixed before being introduced at the inlet end of the fibre housing.

80. A method according to claim 79, wherein a pressure in the range of 2-7 bar,
such as 3 bar, such as about 4 bar, such as about 5 bar, or such as about 6 bar, is

provided for the liquid-air mixture at the inlet end of the fibre housing.

81. A method according to any of the claims 74-78, wherein the gas is introduced at

the inlet end via one or more gas inlets.

82. A method according to any of the claims 74-78 or 81, wherein the liquid is intro-

duced at the inlet end via one or more liquid inlets.

83. A method according to any of the claims 74-78 or 81-82, wherein the liquid and
the gas are introduced to the fibre housing via at least one separate gas inlet and at

least one separate liquid inlet.

84. A method according to any of the claims 74-78 or 81-83, wherein a liquid pres-
sure in the range of 2-7 bar, such as about 3 bar, such as about 4 bar, such as bout

5 bar, or such as about 6 bar is provided at the inlet end of the fibre housing.

85. A method according to claim 83 or 84, wherein the gas is introduced at the inlet
end of the fibre housing with a gas pressure being higher than a liquid pressure at
which the liquid is introduced at the inlet end of the fibre housing.

86. A method according to claim 85, wherein the gas pressure at the inlet end is

about 0.5-2 bar higher than the liquid pressure at the inlet end of the fibre housing.

87. A method according to any of the claims 77-86, wherein the liquid is removed

from the outlet end via one or more liquid outlets.

88. A method according to claims 74-87, wherein the plurality of fibres are closely
packed in a radial direction at at least one location along the length of the fibres

within said fibre housing.
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89. A method according to any of the claims 74-88, said method further comprising
the steps of compressing the fibres in a radial direction at a location along the length
of the fibres, so as to reduce the cross-sectional area of the flow-passages, and
maintaining the pressure on the fibres while passing the liquid and the gas to be

contacted through said flow passages.

90. A method according to any of the claims 74-89, wherein at least part of said fibre

housing is formed of a flexible membrane surrounding the fibres.

91. A method according to claim 89 and 90, wherein the step of compressing the
fibres comprises creating a pressure on at least part of an outer surface of the flexi-

ble membrane surrounding the fibres.

92. A method according to any of the claims 74-91, said method further comprising

the use of ultraviolet light.

93. A method according to claim 92, wherein the fibres are optical fibres and the
ultraviolet light is transmitted through said fibres.

94. A method according to any of the claims 74-93, wherein micro-bubbles contain-
ing the introduced gas are generated within the liquid, when the liquid and the gas is
passed through the flow passages of the fibres, the dimension of said micro-bubbles
being a function of the diameter or cross-sectional dimensions of the fibres and/or

the cross-sectional dimension of the flow passages provided by the interspaces.

95. A method according to any of the claims 88-94, wherein for a given diameter or
cross-sectional dimension of the fibres, the cross-sectional dimension of the flow

passages is controlled by the close packing of the fibres.

96. A method according to claims 89 and 95, wherein the close packing of the fibres

is controlled by the compression of the fibres in the radial direction.

97. A method according to any of the claims 94-96, wherein the diameter of the fi-

bres and/or the dimension of the flow passages are selected so that the introduced
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gas via the generated micro-bubbles are absorbed or at least partly absorbed into
the introduced liquid.

98. A method according to any of the claims 94-97, wherein the diameter of the fi-
bres and the dimension of the flow passages are selected so that the generated
micro-bubbles have a cross-sectional dimension, which is at most 1 mm, such as in

the range of 0.1-1 mm, such as in the range of 0.2-0.6 mm, such as about 0.4 mm.

99. A method according to any of the claims 74-98, wherein the introduced gas is

air.

100. A method according to any of the claims 74-98, wherein the introduced gas is

ozone.

101. A method according to any of the claims 74-98, wherein the introduced gas is

an oxygen containing gas.

102. A method according to any of the claims 74-98, wherein the introduced gas is a

gas selected from the group consisting essentially of chlorine and chlorine dioxide.

103. A method according to any of the claims 74-102, wherein the fibre housing is
vertically arranged with the inlet end of the fibre housing at the bottom and the outlet
end at the top.

104. A method according to any of the claims 88-103, said method further compris-
ing a filtration process in which the liquid is filtered when passing through said flow
passages and the filtration process is controlled by said close packing or com-

pressing of the fibres.

105. A method according to any of the claims 89-104, said method further compris

ing the steps of:

releasing the pressure on the fibres and passing a liquid or a gas through the un-

compressed fibres.
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106. A method according to claim 105, wherein the liquid or gas passes the uncom-
pressed fibres in a direction from the inlet towards the outlet or in an opposite direc-

tion, so as to forward flush or backward flush the device.

107. A method according to claim 106, wherein the liquid to be passed through the

uncompressed fibres so as to flush the fibres is liquid, which has not been in contact

with the gas.

108. A method according to claim 106, wherein the liquid to be passed through the
uncompressed fibres so as to flush the fibres is treated liquid, which has been in

contact with the gas.

109. A method according to any of the claims 74-108, wherein the contacting of the
liquid and the gas is performed by use of a device or a system selected from the

devices and systems according to claims 1-73.
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