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PULSED ELECTRIC FIELD CHAMBER

Field of the invention

The present invention relates to a PEF (pulsed electric field) chamber
with optimal electrode geometry for continuous flows.

Technical Background

There are existing PEF chambers. One such is disclosed in
WO 2017/184066 where there is described a PEF chamber comprising a PEF
treatment tube, a casing and at least two electrode units, wherein said at least
two electrode units are insertable to be fixated in the casing and into the PEF
treatment tube.

Furthermore, in WO 2016/171610 there is also disclosed a PEF
chamber with a geometrical narrowing.

The present invention refers to a PEF chamber which has a geometry
and especially an electrode arrangement which are beneficial for several
types of applications, such as e.g. for treating different form of food stuffs and
other pumpable materials, e.g. slurries or the like. As mentioned above, the
PEF chamber has an optimal electrode geometry for treatment of continuous
flows.

Summary of the invention

The purpose stated above is solved by a PEF (pulsed electric field)
chamber intended for treating a flow with electric field pulses, said PEF
chamber comprising a PEF treatment tube and opposite electrode units,
wherein said opposite electrode units each has one flow receiving end and
one flow exit end, wherein the PEF treatment tube comprises exit flow
portions arranged subsequent to the flow exit ends of the electrode units in
the intended flow direction, and thus functioning as an extension of the
opposite electrode units in the intended flow direction, wherein the exit flow
portions of the PEF treatment tube are arranged to provide a geometrical
narrowing subsequent to the flow exit ends.

In relation to the above it may be said that the word “tube” should not
be interpreted as limited to any specific geometry. Therefore, “tube” may in
this be regarded as any geometry defining a certain volume of which at least
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2
a part is intended for PEF treatment. As seen in the figures, the PEF chamber

according to the present invention is the entire system, which in turn
comprises a PEF treatment tube being the part in which there is a PEF
treatment volume where PEF treatment is intended. It is in this regard it
should be understood that the PEF treatment volume may have many
different types of geometry according to the present invention. As such, a
tube is not limited to a tube geometry according to the present invention.

To mention something about today known devices and systems , it
may be said that in US 5,662,031 there is disclosed treatment systems for
treating flowable food products using electrical pulses to inactivate microbes.
The systems described include one or more stages having flow-through
processors and the flow-through processors have first and second electrodes
being spaced across a treatment chamber in which an intense electrical field
is generated using bipolar electrical pulses.

Moreover, in US 2008/0279995 there is disclosed a process for
extracting useful substances from wine grapes, said process being achieved
by electroporation of the must produced from red and/or white grapes. The
device for carrying out must electroporation comprises a dielectric pipe, the
flow duct for the must, in whose wall are arranged two mutually spaced
electrodes to form a pulsed electric field between the electrodes.

US 5,662,031 and US 2008/0279995 do not disclose a PEF chamber
such as according to the present invention. One first important difference is
related to the exit flow portions provided according to the present invention,
which as such provides a geometrical narrowing of the tube or treatment
volume. Further differences may be clear when reading the below and
considering different features and embodiments of the present invention.

According to one embodiment of the present invention, the flow
receiving ends are rounded in an intended flow direction into the PEF
treatment tube. As notable from the embodiments shown in the drawings, the
rounded flow receiving ends of the electrodes may also be described as bent
ends. Furthermore, although a PEF chamber according to the present
invention may be implemented in many different ways, one suitable

alternative is as a vertical PEF chamber. Embodiments of such are shown in
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3
the drawings. In such a case, the flow receiving ends are positioned as lower

electrode ends. The flow to be treated is suitably pumped up through the PEF
chamber. This may be beneficial as a controlled needed pump pressure
diminishes the risk for air entering into the PEF chamber. It should be noted
that the PEF chamber according to the present invention may be placed in
any geometrical direction and position, and is not limited to a configuration
where the flow is pumped up through the chamber.

The PEF chamber according to the present invention provides several
advantages when being compared to existing PEF chambers. The present
PEF chamber provides a strong homogenous electric field (e-field) with
minimized volumes with low e-field and without so called hot spots with high
e-fields, which is beneficial since the volumes with low e-field reduces
efficiency and the hot spots cause volumes where the temperature increases
too much. Moreover, the PEF chamber according to the present invention
provides an effective flow profile where there is a low risk of a part of the flow
standing still. Such flow portions standing still are also a disadvantage for the
treatment efficiency and for the risk of high temperature volumes.

The PEF chamber according to the present invention preferably
comprises two flat parallel electrode units which expose two rectangular
surfaces. It should in this regard be said that also other types of
configurations and geometries are totally possible according to the present
invention. The advantage with two flat parallel electrodes is, however that the
electric field becomes very homogenous, but at the edges the electric field get
two disadvantages. One first such problem is that the electric field becomes
extremely high at the inflow side of the electrode units. As the PEF electrode
units according to the present invention are rounded a too high electric field is
prevented.

Other problems solved by and advantages provided by the PEF
chamber according to the present invention are presented below in relation to
the section of specific embodiments of the invention.

Specific embodiments of the invention

Below, some specific embodiment of the present invention are

provided and described further.
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4
According to one specific embodiment of the present invention, the

PEF treatment tube comprises exit flow portions arranged subsequent to the
flow exit ends of the electrode units in the intended flow direction, and thus
functioning as an extension of the opposite electrode units in the intended
flow direction, and wherein the exit flow portions are rounded in an intended
flow direction. This embodiment implies that the material that the last portions
of the electrode units meet is a rounded material on both sides, i.e. bent
portions. Also this implies that hot spots of the electric field are prevented.
Moreover, this type of geometry also provides a starting point for making sure
that the passing flow of material to be treated is not standing still in the
crossing between the electrode units and material subsequent to the
electrode units. As the edges of the isolating material subsequent to the
electrodes are rounded this also enables the provision of a homogenous
electric field. Also the geometrical narrowing is important for the provision of
both a homogenous electric field and a channel without positions where the
flow is standing still. Further embodiments and possible improvements, such
as geometrical narrowing(s), of the geometry are further explained below.

It may again be said that when considering the expression “PEF
treatment tube” it should be noted that the PEF treatment tube is not limited to
a certain geometry. The PEF treatment tube should be seen as the device
structure as such, i.e. part of the entire PEF chamber, and not only the
treatment volume. This may be clear when reviewing the figures.

According to yet another specific embodiment of the present invention,
each electrode unit is insertable into matching grooves of the PEF treatment
tube of the PEF chamber. Moreover, suitably the electrode units are both
insertable and detachable, for example arranged with screws to enable this
feature. One such alternative is shown in the figures. As the electrodes are
worn out and has to be replaced by new ones after a certain usage time, this
feature may be of interest to provide.

As is further explained below, according to one specific embodiment of
the present invention, the opposite electrode units are longitudinal.
Embodiments thereof are shown in the figures.
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According to one specific embodiment of the present invention, the

electrode units are arranged in the PEF treatment tube to provide a first
geometrical narrowing at the flow receiving ends. One such alternative is
shown in the figures. As hinted above, also this geometrical narrowing is of
relevance for the provision of a homogenous electric field without hot spots
and a through flow geometry where the risk of positions where the flow stands
still is diminished.

As may be seen in the alternative shown in the figures, the first
narrowing suitably is a lower geometrical narrowing as the flow is pumped
into the chamber from a bottom and upwards.

A geometrical narrowing according to the present invention implies that
the cross section area of the PEF tube is lowered in the geometrical
narrowing when compared with a point before the geometrical narrowing.

It should be noted that the PEF chamber shown in WO 2017/184066
may also be arranged to provide a geometrical narrowing. Moreover, and as
shown in fig. 4, the PEF chamber may be provided with two round electrodes
arranged to form semi-circular pulse surfaces within the tube at the
geometrical narrowing. In comparison, however, the present invention is
directed to longitudinal electrodes which ends as such provide the first
geometrical narrowing. This is an important difference when being compared
to the arrangement shown in fig. 4 of WO 2017/184066 where round
electrodes are arranged inside of the geometrical narrowing. It should be
noted that with longitudinal electrode units such as according to the present
invention, the volume where there are losses are reduced. The end positions
of the electrode units are the positions where there is an evident risk for
losses in relation to the electric field provided. A long PEF treatment chamber,
i.e. with longitudinal electrode units, provides a lower level of volume where
losses may exist. Moreover, the limitation of length is decided by the
maximum current in the PEF generator and the minimal cross section that the
pumped material can have.

To summarize the above, one problem that needs to be solved when
designing a PEF chamber is to get a uniform liquid flow through the chamber.
If the edges are rounded it solves the electric field problem so that hot spots
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are prevented, but then it creates zones with still standing or slow flowing

material. Simulations show that the problem with still standing zones is more
problematic when the cross section of the channel is widened compared to
when the cross section is narrowed. This is the reason why the
countermeasure for high electric field is handled in different ways at the
beginning and the end of the PEF chamber, as explained above. The
temperature will rise at the corners where the material is rounded due to
lower flow, but since the cross section is narrowed the problem is smaller and
this makes a big difference for the intended applications, such as PEF
treatment of pumpable foodstuffs. The shape of the chamber is an optimal
compromise of avoiding high electric fields and high temperature increases. If
the chamber is optimized for avoiding only high electric fields, then problems
with still standing zones, high temperatures and overtreatment arise. This will
create burning or sparks in the liquid when it becomes steam. If the chamber
is optimized for a uniform flow only, then problems with high electric field arise
which cause sparks.

To continue, according to yet another specific embodiment of the
present invention, the exit flow portions of the PEF treatment tube are
arranged to provide a second geometrical narrowing subsequent to the flow
exit ends. This second geometrical narrowing may then be seen as an upper
geometrical narrowing in the cases of embodiments as shown in the figures
where the flow is pumped from bottom up. Moreover, the second geometrical
narrowing is provided by the isolating material arranged subsequent to the
electrode units.

It should be noted that suitably the second geometrical narrowing has
a lower cross section area than the first geometrical narrowing. For example,
with parallel electrode units this is a given fact, such as seen in the figures,
however the electrode units do not have to be arranged this way according to
the present invention. Preferably, however, the second geometrical narrowing
has a lower cross section area than the first geometrical narrowing. In this
regard it may also be mentioned, as should be clear from above, that the
mechanical solutions of the first and second narrowings maty be of different

type.
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Also the actual measures of different parts of the PEF chamber

according to the present invention may be of importance for the provision of
an increased PEF treatment efficiency. According to one embodiment of the
present invention, a relationship of a gap distance (GE) between the opposite
electrode units in the PEF chamber to a length (LE) of each electrode unit has
a LE/GE ratio of at least 3, preferably at least 6, more preferably at least 8,
most preferably at least 10. This high ratio according to the present invention
ensures that the relative loss volume, as explained above, is kept a low level.
It should be noted that also LE/GE ratio values of at least 10, even above 15,
may be important for certain applications, such as e.g. when treating whey
protein or dairy products. Such values are possible to obtain according to the
present invention.

According to yet another embodiment, a length (LE) of each electrode
unit is at least 30 mm, preferably in a range of 30 — 600 mm, e.g. in a range of
50 — 600 mm, more preferably in a range of 30 — 300 mm, more preferably in
a range of 30 — 200 mm, and wherein a gap distance (GE) between the
opposite electrode units in the PEF chamber is at least 3 mm, preferably in a
range of 3 — 45 mm. This type of sizes and relationship between length of the
electrodes and the gap distance between the electrodes is suitable for the
intended applications, such as treatment of continuous feedstuff flows, and
suitable sizes of PEF generators.

Moreover, also the width of the electrode units may be of relevance.
According to one specific embodiment of the present invention, a width (WE)
of each electrode unit is at least 3 mm, preferably in the range of 3 —45 mm.
The width is especially of interest in relation to the gap distance between the
electrodes and length of electrodes. In line with this, according to one
embodiment of the present invention, a relationship of a gap distance (GE)
between the opposite electrode units in the PEF chamber, a length (LE) of
each electrode unit and a width (WE) of each electrode unit in the form of
GE:WE:LE is in a ratio of from 3:3:20 mm to 45:40:200 mm. The suitable
exact relationships depend on the intended industrial application, such as for
treating foodstuffs, and which type of them, e.g. juice or crushed fruit, or if it is
other types of materials, such as sewage sludge or the like.
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Furthermore, the relationship of the possible geometrical narrowings to

the gap distance between the electrodes may also be of relevance. In line
with this, according to one specific embodiment of the present invention, the
first geometrical narrowing is arranged as a gap distance (GE) between the
opposite electrode units, which (GE) is in the range of 40 — 80%, preferably in
the range of 45 — 64%, of a first tube distance arranged before the opposite
electrode units in the intended flow direction. The first tube distance is thus
the distance between the sides of the isolating material tube before the
electrodes. Again, suitable the gap distance (GE) is suitably constant as the
electrode units suitable are parallel, but this is not a must.

Moreover, according to yet another specific embodiment of the present
invention, the second geometrical narrowing is arranged with a second tube
distance which is in the range of 65 — 95%, preferably in the range of 70 —
80%, of a gap distance (GE) between the opposite electrode units. The
second tube distance is the thus the distance between the sides of the
isolating material tube subsequent to the electrodes.

Moreover, the actual rounded shape of the electrode units as well as
the isolating material subsequent to the electrode units may also be of
importance. According to one specific embodiment of the present invention,
the flow receiving ends are rounded with a radius to form an angle between a
material arranged before the opposite electrode units and the actual opposite
electrode units in a range of 70 — 110 degrees. As an example, angles around
90 degrees are very suitable. In line with this, the same type of angles is of
interest for the isolating material subsequent to the electrode units. Therefore,
according to one specific embodiment, the exit flow portions are rounded with
a radius to form an angle between the flow exit ends of the electrode units
and the actual exit flow portions in a range of 70 — 110 degrees. Also here
angles around 90 degrees are very suitable.

Furthermore, according to one specific embodiment of the present
invention, the PEF treatment tube comprises a turbulence unit, preferably a
helix unit, arranged before the flow receiving ends of the electrode units. The
turbulence unit is arranged before the electrodes in a flow direction. The
turbulence unit is arranged to provide turbulence in the flow before the enter



WO 2021/049997 PCT/SE2020/050853

10

15

20

25

30

9
of the flow between the electrode units. A turbulent flow is more randomized

which is preferable when treating a flow with electric pulses. Still standing
spots in the flow are inhibited, which are occurring in laminar flows. This is
preferable. As mentioned above, a helix is one possible type of unit which is
possible as the turbulence unit. In relation to a helix it may also be mentioned
that a helix may imply an increased flow velocity close to edges inside of the
treatment volume and tube. This may be accomplished by the provision of
rotation of the flow, which may be obtained by a helix. The helix may as such
provide a flow velocity which is more or less the same inside of the volume,
and not much higher in the middle of the treatment volume.

The PEF chamber and tube according to the present invention may
also instead or in addition comprise other types of units arranged to enable a
turbulence flow between the electrodes. Therefore, according to one specific
embodiment of the present invention, there is one or more wings arranged on
one or both chamber walls beside the opposite electrode units. On the sides
of the electrodes and inside of the PEF chamber there are tube walls which
do not constitute the electrodes. Here wings or other protruding units may be
provided to inhibit a laminar flow profile. Such wings may be arranged as a
standalone solution or in addition to a turbulence unit provided before the
electrode units.

According to yet another specific embodiment of the present invention,
a splitter is arranged at the end of a treatment volume of the PEF treatment
tube. A splitter according to the present invention may decrease the e-field at
the end of the electrodes. The high e-field spots are as such moved into the
middle of the treatment volume where the flow velocity is the highest. Such a
high e-field spot will then be provided at the beginning of the splitter. The
splitter may be rounded in shape in this beginning of the splitter. The
beginning of the splitter will also then have almost the highest flow velocity in
the treatment volume. Therefore, the present invention may also ensure that
an increased e-field is obtained where the flow velocity is high.

Moreover, as hinted above, the present invention is intended for
treatment of continuous flows, e.g. foodstuffs or waste water or the like.

Examples are orange juice, carrot juice, apple juice, waste water or sludge,
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crushed olives, crushed grapes for wine production, whey protein, dairy

products, egg treatment, etc. Therefore, the present invention also relates to
a method for treating a continuous flow, said method involving using a PEF
chamber according to the present invention.

As should be clear from above, the present invention provides many
advantages in comparison to known PEF chambers. To summarize some of
these advantages it may be mentioned that the present invention provides an
effective flow profile where there is a low risk of a part of the flow standing still
and deminishes the problem with hots spots where the electric field is very
high at the electrode units. Moroever, the present invention also ensures that
there is reduction of the chamber volume where there are losses.

Detailed description of the drawings

In fig. 1 there is shown a PEF chamber 1 according to one embodiment
of the present invention. The PEF chamber 1 comprises a PEF treatment
tube 2 and opposite electrode units 3, 4 which are insertable into the PEF
chamber 1. In this case it may be noted that the electrode units 3, 4 are
attachable and detachable by arranged screws.

Furthermore, the opposite electrode units 3, 4 each has one flow
receiving end 5a, 5b and one flow exit end 6a, 6b. As notable, in this case it is
intended that the flow to be treated is pumped into the bottom and up through
the PEF chamber 1 and PEF treatment tube 2. Moreover, as may be seen the
flow receiving ends 5a, 5b are rounded or bent in an intended flow direction
into the PEF treatment tube 2. Furthermore, also the width of the electrode
units (WE) is depicted in this embodiment.

In fig. 2 there is shown a similar embodiment as shown in fig. 1. In this
case it is also shown that the PEF treatment tube 2 comprises exit flow
portions 7a, 7b arranged subsequent to the flow exit ends 6a, 6b of the
electrode units 3, 4 in the intended flow direction. These exit flow portions 7a,
7b are part of the isolating material arranged subsequent to the electrode
units 3, 4, thus functioning as extensions of the opposite electrode units 3, 4
in the intended flow direction. Moreover, also these exit flow portions 7a, 7b

are rounded or bent in an intended flow direction.
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Furthermore, as seen in this embodiment, the electrode units 3, 4 are

arranged in the PEF treatment tube 2 to provide a first geometrical narrowing
10 at the flow receiving ends 5a, 5b. Moreover, the exit flow portions 7a, 7b of
the PEF treatment tube 2 are also arranged to provide a second geometrical
narrowing 20 subsequent to the flow exit ends 6a, 6b. This implies that two
geometrical narrowings are provided along the flow path from, in this case,
lower inflow side to the upper outflow side.

In fig. 3 there is shown the embodiment as shown in fig. 2, however
here both electrode units 3, 4 are put in in place into the PEF chamber.

In fig. 4 there is also shown an embodiment in line with the ones shown
in figs. 1-3. In this case, a gap distance GE between the opposite electrode
units 3, 4 in the PEF chamber and the length LE of the electrodes are also
depicted. Moreover, also a first tube distance 11 arranged before the opposite
electrode units 3, 4 in the intended flow direction is also depicted.
Furthermore, and in line with this, a second tube distance 21, which is the
tube diameter subsequent to the electrodes, is also shown in fig. 4.
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Claims

5 1. PEF (pulsed electric field) chamber (1) intended for treating a flow with
electric field pulses, said PEF chamber comprising a PEF treatment tube (2)
and opposite electrode units (3, 4), characterized in that said opposite
electrode units (3, 4) each has one flow receiving end (5a, 5b) and one flow
exit end (6a, 6b), wherein the PEF treatment tube (2) comprises exit flow

10  portions (7a, 7b) arranged subsequent to the flow exit ends (6a, 6b) of the
electrode units (3, 4) in the intended flow direction, and thus functioning as an
extension of the opposite electrode units (3, 4) in the intended flow direction,
wherein the exit flow portions (7a, 7b) of the PEF treatment tube (2) are
arranged to provide a geometrical narrowing (20) subsequent to the flow exit

15 ends (6a, 6b).

2. PEF chamber (1) according to claim 1, wherein the flow receiving ends (5a,

5b) are rounded in an intended flow direction into the PEF treatment tube (2).

20 3. PEF chamber (1) according to claim 1 or 2, wherein the exit flow portions
(7a, 7b) are rounded in an intended flow direction.

4. PEF chamber (1) according to any of claims 1-3, wherein each electrode
unit (3, 4) is insertable into matching grooves of the PEF treatment tube (2) of
25 the PEF chamber (2).

5. PEF chamber (1) according to any of claims 1-4, wherein the electrode
units (3, 4) are arranged in the PEF treatment tube (2) to provide a first
geometrical narrowing (10) at the flow receiving ends (5a, 5b).

30
6. PEF chamber (1) according to claim 5, wherein the exit flow portions (7a,
7b) of the PEF treatment tube (2) are arranged to provide a second
geometrical narrowing (20) subsequent to the flow exit ends (6a, 6b).
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7. PEF chamber (1) according to any of the preceding claims, wherein the

opposite electrode units (3, 4) are longitudinal.

8. PEF chamber (1) according to any of the preceding claims, wherein a
relationship of a gap distance (GE) between the opposite electrode units (3,
4) in the PEF chamber (2) to a length (LE) of each electrode unit (3, 4) has a
LE/GE ratio of at least 3, preferably at least 6, more preferably at least 8,

most preferably at least 10.

9. PEF chamber (1) according to any of the preceding claims, wherein a
length (LE) of each electrode unit (3, 4) is at least 30 mm, preferably in a
range of 30 — 600 mm, more preferably in a range of 30 — 300 mm, more
preferably in a range of 30 — 200 mm, and wherein a gap distance (GE)
between the opposite electrode units (3, 4) in the PEF chamber (2) is at least

3 mm, preferably in a range of 3 — 45 mm.

10. PEF chamber (1) according to any of the preceding claims, wherein a
width (WE) of each electrode unit (3, 4) is at least 3 mm, preferably in the

range of 3 —45 mm.

11. PEF chamber (1) according to any of the preceding claims, wherein a
relationship of a gap distance (GE) between the opposite electrode units (3,
4) in the PEF chamber (2), a length (LE) of each electrode unit (3, 4) and a
width (WE) of each electrode unit (3, 4) in the form of GE:WE:LE is in a ratio
of from 3:3:20 mm to 45:40:200 mm.

12. PEF chamber (1) according to any of claims 5-11, wherein the first
geometrical narrowing (10) is arranged as a gap distance (GE) between the
opposite electrode units (3, 4), which (GE) is in the range of 40 — 80%,
preferably in the range of 45 — 64%, of a first tube distance (11) arranged
before the opposite electrode units (3, 4) in the intended flow direction.
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13. PEF chamber (1) according to any of claims 6-12, wherein the second

geometrical narrowing (20) is arranged with a second tube distance (21)
which is in the range of 65 — 95%, preferably in the range of 70 — 80%, of a
gap distance (GE) between the opposite electrode units (3, 4).

14. PEF chamber (1) according to any of the preceding claims, wherein the
flow receiving ends (5a, 5b) are rounded with a radius to form an angle
between a material arranged before the opposite electrode units (3, 4) and
the actual opposite electrode units (3, 4) in a range of 70 — 110 degrees.

15. PEF chamber (1) according to any of the preceding claims, wherein the
exit flow portions (7a, 7b) are rounded with a radius to form an angle between
the flow exit ends (6a, 6b) of the electrode units (3, 4) and the actual exit flow

portions (7a, 7b) in a range of 70 — 110 degrees.

16. PEF chamber (1) according to any of the preceding claims, wherein the
PEF treatment tube (2) comprises a turbulence unit, preferably a helix unit,

arranged before the flow receiving ends (5a, 5b) of the electrode units (3, 4).

17. PEF chamber (1) according to any of the preceding claims, wherein there
is one or more wings arranged on one or both chamber walls beside the

opposite electrode units (3, 4).

18. PEF chamber (1) according to any of the preceding claims, wherein a
splitter is arranged at the end of a treatment volume of the PEF treatment
tube (2).

19. A method for treating a continuous flow, said method involving using a
PEF chamber (1) according to any of claims 1-18.
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