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Electron beam emitter

This invention relates to an electron beam emitter, in particular for sterilization of

packaging material, and to a sterilization device, in particular for packaging material.

Electron irradiation has been considered as a promising alternative for sterilizing
purposes for which wet chemistry involving hydrogen peroxide has been the traditional
technical platform. Known electron beam emitters use an electron generator for emitting
charge carriers, such as electrons. The electron generator comprises a cathode housing
and a filament. When an electrical current is set through the filament, an electrical
resistance of the filament causes the filament to be heated which causes the filament
further on to emit a cloud of electrons. The electrons leave the housing of the electron
beam emitter via an electron exit window. During sterilization, the electron exit window
heats up. Cooling methods or cooled electron exit windows are basically known from the
prior art, for example through DE 20 2012 103 519 U1 and EP 1 982 921 B1.

It is an object of the current invention to provide an electron beam emitter, in particular
for sterilization of packaging material, a sterilization device, in particular for packaging
material and an insert for an electron beam emitter, in particular for sterilization a
packaging material which provides an effective cooling of an electron exit window during

sterilization and a flexible application of different cooling mediums.

According to an aspect of the present invention, there is provided an electron beam

emitter, in particular for sterilization of packaging material, comprising a housing and an
Insert, wherein the housing comprises a first annular channel for guiding a medium, and
wherein the first annular channel at least partially surrounds the insert and is adapted to

provide the medium, characterized in that the first annular channel is at least partly

formed by the insert.

In some embodiments of the invention, there can be provided the electron beam emitter

described herein, wherein the insert is adapted to form part of an electron exit window.

In some embodiments of the invention, there can be provided the electron beam emitter

described herein, wherein the housing comprises a first body and a second body,

CA 23%41516 2017-06-21
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wherein the first body comprises a cathode housing and a filament, and wherein the
insert is arranged at the second body.

In some embodiments of the invention, there can be provided the electron beam emitter
described herein, wherein the insert comprises a support structure and a wall structure,

wherein the wall structure forms at least partly the first annular channel.

In some embodiments of the invention, there can be provided the electron beam emitter
described herein, wherein the insert comprises a support structure, wherein the electron
beam emitter comprises a foil element, and wherein the foil element is arranged to be

supported by the support structure.

In some embodiments of the invention, there can be provided the electron beam emitter
described herein, wherein the insert comprises a partition wall, wherein the partition wal

forms at least partly a second annular channel.

In some embodiments of the invention, there can be provided the electron beam emitter
described herein, wherein the insert comprises at least one opening, and wherein the at

least one opening is adapted to provide a connection between an internal space of the

housing and the second annular channel.

In some embodiments of the invention, there can be provided the electron beam emitter
described herein, wherein the foil element is arranged at a retainer, and wherein the

retainer is arranged at the housing.

In some embodiments of the invention, there can be provided the electron beam emitter
described herein, wherein the housing comprises at least one inlet channel and at least
one outlet channel which are in fluid connection with the first annular channel, and which
are adapted to supply the medium to the first annular channel, and wherein the housing
comprises at least one connection port for the inlet channel and at least one connection

port for the outlet channel, said connection ports being connected to a medium supply.

In some embodiments of the invention, there can be provided the electron beam emitter

described herein, wherein the housing comprises at least one cover plate. wherein the at

CA 2941516 2017-06-21
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least one cover plate is adapted to form an outer surface of the housing and to at least

partly form the inlet and outlet channel.

In some embodiments of the invention, there can be provided the electron beam emitter

described herein, wherein the housing comprises a tubular element, wherein the tubular

element and the insert form the first annular channel.

In some embodiments of the invention, there can be provided the electron beam emitter

described herein, wherein the inlet and outlet channels debouche at mutual opposite
positions in the first annular channel such that the medium, upon entering the first
annular channel from the inlet channel, will be divided into two flows one taking a

clockwise direction and the other a counterclockwise direction towards the outlet

channel.

In some embodiments of the invention, there can be provided the electron beam emitter

described herein, wherein the medium is water or other liquid coolant.

According to another aspect of the present invention, there is provided a sterilization
device, in particular for packaging material, comprising a power supply unit and at least
one electron beam emitter, wherein the electron beam emitter comprises a housing and
an insert, wherein the housing comprises a first annular channel, and wherein the first
annular channel surrounds the insert, wherein the first annular channel is adapted to

provide a medium, characterized in that the first annular channel is at least partly formed

by the insert.

CA 2941516 2017-06-21



10

15

20

20

30

CA 02941516 2016-09%-02

WO 2015/144425 PCT/EP2015/054814
2

According to the invention, an electron beam emitter, in particular for sterilization
of packaging material, comprises a housing and an insert, wherein the housing
comprises a first annular channel for guiding a medium, and wherein the first an-
nular channel at least partially surrounds the insert, wherein the first annular chan-
nel is adapted to provide the medium, characterized in that the first annular chan-

nel is at least partly formed by the insert.

According to one aspect of the invention, the insert is adapted to form part of an
electron exit window. In other words, the insert 1Is comprised In the electron exit
window together with a foil element. According to one or more embodiments, the
electron beam emitter is connected or connectable to a power supply unit. Gener-
ally, the power supply unit can also be connected {o more than one electron beam
emitters. The combination of the power supply unit and at least one electron beam
emitter is named sterilization device. According to one or more embodiments the
electron beam emitter comprises an electron generator for emitting charge carri-
ers, such as electrons, along a path. The electron generator is generally enclosed
in @ hermetically sealed vacuum chamber. This vacuum chamber is one part of the
aforementioned housing. The vacuum chamber is provided according to one or
more embodiments with the electron exit window. Furthermore, the electron gen-
erator comprises a cathode housing and a filament. In use, an electron beam is
generated by heating the filament. When an electrical current is set through the
filament, the electrical resistance of the filament causes the filament to be heated
to a temperature in the order of 2000 K. This heating causes the filament to emit a
cloud of electrons. The electrons are accelerated towards the electron exit window
by means of a high voltage potential between the cathode housing and the elec-
tron exit window. Subsequently, the electrons pass through the electron exit win-
dow and continue towards a target area, e. g. a part of the packaging material that
has to be sterilized. The high voltage potential is created by connecting the cath-
ode housing and the filament to the power supply unit and by connecting the vac-
uum chamber to ground. The voltage that Is supplied by the power supply unit lies,
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according to one or more embodiments, within a range of about 80 to 150 kV.

However, higher and lower values are also possible.

An electron beam emitter as described before can be used for sterilization of
packaging material, packages for packaging food or drugs, food, biological or
medical devices and so on. There are no limitations concerning the content of the
packaging maternal. Thus, the content can be e. g. liquid or solid. There are also
no limitations concerning the use of the sterilization device of the electron beam
emitter itself, respectively. Thus, the electron beam emitter or the sterilization de-
vice, respectively, can be used for inside and/or outside sterilization of e. g. pack-

aging material, such as packaging containers e. g. for food, liquids or drugs.

In use, In other words, during sterilization, the electron exit window and/or the in-
sert, respectively, heat up. However, the first annular channel is advantageously
adapted to provide the medium, in particular a cooling medium, such as for exam-
ple water or a specific coolant. The medium that is used to cool the insert can be
liquid or gaseous. In this context, it is an advantage that the first annular channel
that at least partially surrounds the insert is a closed annular channel. Thus, the
cooling medium is guided around the insert wherein the cooling medium absorbs
heat from the insert and wherein the cooling medium transfers the heat away from
the insert. There is no possibility that cooling medium could leave or drop out of
the first annular channel. As a consequence, there is no risk that material that has
to be sterilized is polluted or damaged by the cooling medium. The design of the
insert optimizes the heat transfer to the cooling medium as the first annular chan-
nel is at least partly formed by the insert itself. Thus, the cooling medium and the
element that has to be cooled, in this case the insert, are in direct contact. This
means, for example, that there are no walls in between that could e. g. interrupt

the heat transfer.

According to one or more embodiments, the insert is for example made of copper
which provides very high heat conductivity. It goes without saying that also other

materials, in particular metals or fibre reinforced materials, which provide high heat
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conductivity can be also used. A mass flow of the (liquid cooling) medium lies ac-
cording to one ore more embodiments within a range of about 3-5 I/min. A temper-
ature of the insert and in particular of the support structure lies expediently within a
range of about 150 to 230 °C.

According to one or more embodiments, the housing comprises a first body and a
second body, wherein the first body comprises the cathode housing and the fila-
ment and wherein the insert is arranged at the second body. Cross sections of the
two bodies are expediently round, in particular circular, wherein a diameter of the
first body is bigger than a diameter of the second body. According to one or more
embodiments the first body comprises the cathode housing and the filament. The
second body comprises the electron exit window. Expediently, the second body
has a longitudinal shape, such as a cylindrical shape, which allows an insertion

e. g. into a packaging container, such as a packaging container made of carton-
based packaging laminate or a solely polymeric material such as for instance PET.
The diameter of the first body is preferably bigger which minimizes the risk of cre-
ating electrical arcs inside the housing. The above mentioned vacuum chamber is
formed by the second body and at least partly by the first body. According to one
or more embodiments the first body is adapted to be connected to the power sup-
ply unit e. g. via a high voltage output connector of the at least one power supply
unit. In general, a plurality of sterilization devices is arranged at a movable or ro-
tatable carousel or carrier plate.

According to one or more embodiments, the insert comprises a support structure
and a wall structure, wherein the wall structure forms at least partly the first annu-
lar channel. Basically, the housing comprises walls or is, in other words, formed by
walls. According to one or more embodiments, the insert is arranged at and/or in
the housing. Expediently, the wall structure of the insert is adapted to continue a
design of the wall(s) of the housing. For that case, the insert and in particular the
wall structure of the insert comprises an end portion that is arranged or
arrangeable, respectively, at the housing. As a consequence, the form and design

of the housing or its walls can be continued by the insert. This means for example



10

15

20

20

30

CA 02941516 2016-09%-02

WO 2015/144425 PCT/EP2015/054814
S

that an inner surface of the housing is formed by the walls of the housing and by
the insert or the wall structure of the insert, respectively. On the other side, the

wall structure is adapted to form the first annular channel together with the hous-
Ing. Generally speaking, the insert or the wall structure of the insert, respectively,
is adapted to continue a cross section of that part of the wall of the housing, that

the end portion of the wall structure is arranged at.

Generally, the housing extends along a longitudinal axis. The longitudinal axis cor-
relates basically to a direction of the aforementioned electron path. The wall struc-
ture is according to one or more embodiments formed as a ring, wherein the ring
has an extension along the longitudinal axis. As a conseqguence, the first annular
channel has also an extension along the longitudinal axis. The first annular chan-
nel can be even higher as for example the wall structure. In this case, at least
parts of the first annular channel are only formed by the housing or by the walls of
the housing, respectively. According to one or more embodiments, the support
structure is formed as a disc-shaped grid. The support structure is basically orien-
tated with its centre axis aligned with the longitudinal axis of the electron beam
emitter, i.e. a plane corresponding to the disc surface is oriented perpendicular to
the wall structure. The wall structure is a round or circular element, wherein an
inner space of the ring is covered or filled with the support structure. Expediently,
the support structure forms an end portion of the housing when the insert is ar-
ranged at and/or in the housing. The main purpose of the support structure is to
form a support for the foil element.

According to one or more embodiments, the electron beam emitter comprises the
foil element, wherein the foil element is arranged at the insert. In other words, the
foil element is adapted to form a boundary of the housing or a boundary of the in-
ternal vacuum space of the housing, respectively. The foil element can be for ex-
ample made of aluminum, copper, titanium or zirconium or by a combination of at
least some of these materials. A thickness of the foil element (measured along the
longitudinal axis) lies within a range of about 8 to 12 um. Thus, due to these di-

mensions it is very difficult to fix the foil element at another element. Therefore, the
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Insert comprises the support structure that has, as already mentioned, advanta-
geously the form of a grid or a web. The support structure also comprises a plurali-
ty of openings or holes, such as round, oval, circular or polygonal openings. The
foil element is adapted to hold or keep the vacuum inside the housing, and at the
same time be transparent to electrons. The same is valid for the design of the
support structure. Thus, the support structure has the grid-like or web-like design
which provides on the one hand a big area of support for arranging the foil element
and on the other hand, due to the grid-like or web-like design, a very lean form that
allows the electrons to pass the support structure without hitting it. In addition, the
permeable or perforated design or form of the support structure allows a pulling or
drawing of the foil element via the vacuum that is inside the housing. Thus, a very
strong and durable arrangement can be achieved. According to one or more em-
bodiments the foil element is cooled down to a temperature that lies within a range
of about 150 to 200 °C.

According to one or more embodiments, the insert comprises a partition wall,
wherein the partition wall forms at least partly a second annular channel. Accord-
iINg to one aspect of the invention, the partition wall basically surrounds the wall
structure. The partition wall extends a distance in a radial direction and extends
along the perimeter of the wall structure. Thus, the partition wall extends basically
perpendicular to the wall structure. If the insert is arranged at and/or in the hous-
ing, the partition wall expediently extends from the wall structure to the housing, in
particular to an outer wall of the housing. Expediently, at least a second annular
channel can be formed partly by the partition wall. In other words, a plurality of
annular channels can be formed by providing an appropriate number of partition
walls oriented next to each other along the longitudinal axis of the housing, i.e. the
partition walls are oriented as rings one after the other along the axis forming
channels there between. Expediently, the partition walls comprise one or more
openings so that a connection can be realized between the different annular chan-
nels. According to one aspect of the invention, the different annular channels can
have different sizes and/or volumes. As a consequence, the cooling performance

can be adjusted via the volume of the annular channels.
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According to one or more embodiments, the insert comprises at least one opening,
wherein the at least one opening Is adapted to provide a connection between the
internal space of the housing and the second annular channel. As already men-
tioned, the housing or the second body, respectively, comprises the vacuum. Ad-
vantageously, due to the connection of the internal space to the second annular
channel, the vacuum can also be realized within the second annular channel.
Thus, a possible arrangement area for the foil element that works with the vacu-
um-effect as described before can be increased. It goes without saying that in this

case the partition wall should not comprise an opening to the first annular channel.

According to one or more embodiments, the foil element is arranged at a retainer,
wherein the retainer Is arrangeable or arranged at the housing and/or at the insert.
According to one or more embodiments, the retainer is formed like a round, in par-
ticular a circular, ring or frame, wherein the foil element is attached at the ring.
This allows a very secure handling of the sensitive foil element and in addition a
very easy arrangement at the housing and/or the insert.

According to one more embodiments, the housing comprises at least one inlet
channel and at least one outlet channel. The inlet channel is adapted to supply at
least the first annular channel with the medium, in particular the cooling medium
such as water or the coolant medium, whereas the outlet channel is adapted to
drain the medium from the first annular channel. The housing comprises at least
one connection port for the inlet channel, which port is connected to a medium
supply, and at least one connection port for the outlet channel, which port is con-
nected to a drain and/or pump. Expediently, the inlet and the outlet channel or
channels have the same design. As a consequence, an inlet channel can be also
used as outlet channel and vice versa. Thus a flow direction of the medium can be
easily changed. According to one aspect of the invention, the channels are orient-
ed basically along the longitudinal axis. They can extend parallel to the longitudinal
axis. However, also a curved form, e. g. a helical form, is possible. Expediently,

the design of the inlet channel as well as the outlet channel are continued by the
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first annular channel or fade to the first annular channel. Generally speaking, the
inlet channel and the outlet channel are connected to the first annular channel so
that the cooling medium can be provided. The inlet and outlet channels debouche
at mutual opposite positions in the first annular channel such that the medium, up-
on entering the first annular channel from the inlet channel, will be divided into two
flows one taking a clockwise direction and the other a counterclockwise direction
towards the outlet channel. Expediently, the housing comprises the connection
ports which enable a very simple and flexible supply of the cooling medium. Ac-
cording to one or more embodiments, the inlet and outlet channels are located
inside or within the walls of the housing. Thus, the channels can be realized by
appropriate bores or holes that are drilled e. g. along the longitudinal axis of the
housing. In this context, it has to be mentioned that the connection ports are expe-
diently positioned or arranged at the second body or at least near to the second
body. According to an aspect of the invention, the electron beam emitter and in
particular its end portion which comprises the electron exit window Is inserted into
a packaging container or vice versa. Thus, the bottom part of the housing should
be free of any connection ports etc. As a consequence, the medium supply has to
be realized from above e. g. via the inlet and outlet channels that are directed
along the longitudinal axis.

According to one or more embodiments, the housing comprises at least one cover
plate, wherein the at least one cover plate is adapted to form an outer surface of
the housing. In addition, the cover plate is adapted to form at least partly the inlet
and/or the outlet channel. Expediently, a profile or a contour can be milled along
the longitudinal axis on an outer surface of the housing. The profile or contour can
be covered by the appropriate designed cover plate so that the inlet channels and
outlet channels are formed. As the cover plates are adapted to form the outer sur-
face of the housing, the outer diameter of the housing is not changed. This can be
a much cheaper solution as €. g. drilling the inlet or outlet channels.

According to one or more embodiments, the housing comprises a tubular element,

wherein the tubular element and the insert form the first annular channel. The tub-
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ular element is arranged coaxially with the insert a distance outside of the perime-
ter of the insert. Similar to the cover plates, the tubular ring expediently forms an
outer surface of the housing. In particular, a seamless outer surface is formed by
the cover plates and the tubular element in combination with the housing itself.
The use of the tubular element allows a very cost effective construction of the
electron beam emitter as it can be easily pushed over the insert to form the at

least one annular channel.

According to the invention, a sterilization device, in particular for packaging mate-

rial, comprises a power supply unit and at least one electron beam emitter, where-

in the electron beam emitter comprises a housing and an insert, wherein the hous-
ing comprises a first annular channel and wherein the first annular channel sur-
rounds the insert, wherein the first annular channel is adapted to provide a medi-
um, characterized in that the first annular channel is at least partly formed by the

insert.

According to another aspect of the invention, an insert for an electron beam emit-
ter, in particular for sterilization of packaging material, comprises a support struc-
ture and a wall structure, wherein the support structure is adapted for an arrange-
ment of a foil element, characterized in that the wall structure and a partition wali

form at least partly a first annular channel.

The electron beam emitter according to the invention can include the features and

advantages of the sterilization device according to the invention and vice versa.

Additional aspects and features of the current invention are shown in the following
description of preferred embodiments of the current invention with reference to the
attached drawings. Single features or characteristics of respective embodiments
are explicitly allowed to be combined within the scope of the current invention.

CA 2941516 2018-09-06
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In one aspect, there is provided an electron beam emitter, comprising: a housing;
an electron exit window; and an insert, wherein the housing comprises a first
annular channel for guiding a medium; wherein the first annular channel at least
partially surrounds the insert and is adapted to provide the medium; wherein the

5  first annular channel is at least partly formed by the insert; wherein the insert is
adapted to form part of the electron exit window; wherein the housing comprises at
least one inlet channel and at least one outlet channel;, and wherein the outlet and
inlet channel is connected to the first annular channel.

10 Figure 1:  shows a principle scheme of an embodiment of an electron beam

emitter:

CA 2941516 2018-09-06
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Figure 2: shows a cross section of a second body of an electron beam emitter;
Figure 3:  shows an embodiment of an insert from an inside of a housing;
Figure 4:  shows an embodiment of an insert arranged at a housing;

Figure 5a: shows an intersection plane for the sectioning of Figure 5b;

Figure 5b:  shows the sectioning as indicated in Figure 5a;

Figure 6: shows a further embodiment of an electron beam emitter;

Figure 7: shows the arrangement of an insert at a housing;

Figure 8: shows a further embodiment of an insert and its arrangement at a
housing.

Referring now to Figure 1, an electron beam emitter 20 is shown wherein the elec-
tron beam emitter 20 comprises a housing 40. The housing 40 comprises a first
body 21 and a second body 22. Both bodies 21, 22 extend along a longitudinal
centre axis A. Cross sections of the first body 21 and the second body 22 are ba-
sically round, in particular circular, wherein a diameter of the first body is bigger
than a diameter of the second body 22. According to one or more embodiments,
the first body 21 comprises a cathode housing and a filament (not shown in Figure
1). Amongst others, the bigger diameter of the first body 21 which comprises the
above named components decreases the risk of electric arcs. According to one or
more embodiments, the first body 21 is connected or connectable, respectively, to
a power supply unit (not shown in Figure 1). The second body 22 and at least a
part of the first body 22 comprise a vacuum, i.e. form a vacuum chamber. The se-
cond body 22 comprises cover plates 44, a tubular element 46 and a retainer 29
that forms an end of the housing 40. A sectional view of the second body 22 that is

Indicated by the small arrows is explained in Figure 2.
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Figure 2 shows a lower part of the second body 22 of the housing 40. An insert 60
Is arranged at an end portion of the housing 40. In particular, an end portion 67 of
the insert 60 is arranged at a wall 50 of the housing 40. In other words, the shape
of the cross section of the wall 50 is continued by a wall structure 62 of the insert
60. Hence, the wall structure 62 is annular, i.e. formed as a sleeve or a shell with
an extension along longitudinal axis A. The insert 60 comprises also a disc-shaped
support structure 64 that has a radial extension being basically perpendicular to
the longitudinal axis A of the housing 40. The wall structure 62 of the insert 60
forms at least partly a first annular channel 41. The first annular channel 41 is also
formed by a tubular element 46 that is arranged at the wall 50. Cover plates 44
and the wall 50 of the housing 40 form inlet and outlet channels 52, 54 that extend
pbasically along the longitudinal axis A. The inlet and outlet channels 52, 54 are
connected to the first annular channel 41 at mutual opposite locations. The first
annular channel 41 is limited along the longitudinal axis A by a partition wall 66
that basically surrounds the perimeter of the wall structure 62. The partition wall 66
forms at least partly a second annular channel 42. The second annular channel 42
IS connected to an internal space 48 of the housing 40 via an opening 68 that is
arranged at and/or in the insert 60. The insert 60 or its wall structure 62, respec-
tively, forms a seamless inner surface 49. Due to the connection of the internal
space 48 to the second annular channel 42 via the opening 68 a vacuum that is
inside the housing 40 is also in the second annular channel 42. Therefore, a foil
element 28 and a retainer 29 can be optimally arranged at the support structure 62
and at the housing 40 or the tubular element 46, respectively. The foil is preferably
bonded to an outer surface of the retainer, e.g. by diffusion bonding. The outer
surface of the retainer 29 is arranged at a distance, along the longitudinal axis A,
from the outer surface of the support structure 62. Thereby, the bonding line of the
foil is formed on a plateau, i.e. elevated, compared to the outer surface of the sup-

port structure 62.
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Figure 3 shows an end portion of a housing 40. In particular, an insert 60 is shown
from an inside of the housing 40. The housing 40 is formed by a wall 50, wherein
inlet and outlet channels 52, 54 are formed by the wall 50 and appropriate cover
plates 44. The cover plates 44 and the wall 50 form an outer surface 47 of the
housing 40. In the same way, the outer surface 47 is continued by a tubular ele-
ment 46 that surrounds the insert 60. The insert 60 comprises a support structure
64 and a wall structure 62, wherein the wall structure 62 and the wall 50 form an
inner surface 49 of the housing 40. An internal space 48 of the housing 40 is con-
nected to a second annular channel (not visible) via at least one opening 68.

The tubular element 46 may be an integrated, i.e. in one piece formed, portion of

the rest of the housing 40.

Figure 4 shows an embodiment of an insert 60 that is arranged at the housing 40.
A tubular element 46 is arranged at the housing 40. However, the tubular element
46 is shown transparent so that a shape of an inlet channel 52 can be seen. The
outlet or inlet channel 52, 54 is connected to a first annular channel 41 that is
formed by the insert 60 and in particular by a wall structure 62 of the insert 60. The
outlet channel is not visible in Figure 4 since it is being located opposite the inlet
channel 52. The flow of the medium entering the first annular channel 41, from the
inlet channel 52, will be divided into two flows, one directed clockwise towards the
outlet channel and the other directed counterclockwise towards the outlet channel.
Arrows illustrate this. An end portion 67 continues the form and design of a wall 50
of the housing 40. The inlet or outlet channel 52, 54 is formed by the wall 50 of the
housing 40 and a cover plate 44. The cover plate 44 forms together with the wall
50 of the housing 40 an outer surface 47. The insert 60 comprises a partition wall
66 that is adapted to form at least partly a second annular channel 42 (see Figure
2), wherein a connection from an internal space of the housing 40 to the second
annular channel 42 can be realized by a plurality of openings 68. The insert 60
comprises a grid- or web-like support structure 64.

Figure 5a just shows an intersection plane of an embodiment of an electron beam

emitter 20 comprising a first body 21 and a second body 22, wherein the second
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body 22 comprises an electron exit window 26. The small arrow indicates a view-

iIng direction for the sectioning shown in Figure 5b.

Figure 5b shows a filament 24 that is arranged inside the first body 21 of a hous-
Ing 40. Two semicircular pockets are shown that merge to the already known
shape of the inlet and outlet channels 52, 54, as for example shown in Figure 4.
This allows a basically perpendicular deflection of a (cooling) medium flow from
connection ports 56 to the inlet and outlet channels 52, 54 respectively. The con-

nection ports 56 are indicated by the dotted lines.

Figure 6 shows a further embodiment of an electron beam emitter 20 comprising a
housing 40, wherein the housing 40 comprises a first body 21 and a second body
22. The housing 40 extends along a longitudinal axis A, wherein the second body
22 comprises an electron exit window 26 with a foil element 28 at its end portion.
Between the first body 21 and the second body 22 there is arranged a kind of
flange, wherein the flange comprises two connection ports 56 that are adapted to
supply a cooling medium. In addition, the flange comprises four openings or holes
that can be used to arrange the electron beam emitter for example at a movable or
rotatable carousel or carrier plate.

Figure 7 shows a principle scheme of an arrangement of an insert 60 at a housing
40. The housing 40 comprises a wall 50 (without cover plates). The insert 60 com-
prises a wall structure 62 and a support structure 64. A first annular channel 42 is
formed by the insert 60 and in particular by the wall structure 62 and by a partition
wall 66. The partition wall 66 forms furthermore a second annular channel 42 that
IS connected via an opening 68 to an internal space 48 of the housing 40. A foll
element 28 and a retainer 29 can be easily arranged at the insert 60 and the hous-
ing 40 e.g. moving it along the direction of the small arrow that extends along the

longitudinal axis A.

Figure 8 shows a further embodiment of an insert 60 that comprises a support

structure 64 and a wall structure 62. However, the arrangement at a housing 40
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that comprises inlet and outlet channels 52, 54 is different. In particular, the hous-
ing 40 forms a kind of flange, wherein the insert 60 can be arranged at the flange
via appropriate fixing material, e. g, indicated by the dashed lines. A foil element

and its arrangement are not shown in Figure 8.

The electron beam emitter may be connected to a conditioning system as de-
scribed in the Swedish Patent Application No. SE 1450217-3 filed by the applicant.
In such system the cooling medium is first used to cool a power supply unit con-
nected to the electron beam emitter. Hence, the flow direction of the medium is
directed from the power supply unit to the electron beam emitter. Generally, the
temperature level of the power supply unit is lower than a temperature level of the
electron beam emitter. This means that the medium flow that has already been
heated up during cooling of the power supply unit can still be used for cooling the
electron beam emitter and in particular its electron exit window. Further, it is an
advantage if the electron exit window is cooled with a medium flow that is warmer
than an ambient temperature of the electron exit window. In that way condensation

on the electron exit window may be avoided.

The electron beam emitter 20 according to the invention can be arranged in an
irradiation chamber in a filling machine. The filling machine comprises at least one
filling station for filling content into the packaging container and at least one station
for sealing the opening after filling. The electron beam emitter can for example be
applied in the application described in the international application No.
PCT/EP2013/076870 filed by the applicant. A plurality of emitters can be provided
on a carousel or the like which is adapted to rotate. The emitters may be arranged
in holes in the carousel. The packaging containers, which are transported for ex-
ample via a conveyor, reach the carousel and are engaged with one of the (rotat-
ing) emitters for interior surface sterilization. During at least a part of one rotation
of the carousel the interior sterilization takes place. During interior sterilization a
relative movement is created between the packaging container and the electron
beam emitter, in particular the packaging containers are lifted to surround the elec-
tron beam emitters such that the electron cloud emitted through the electron exit



CA 02941516 2016-09%-02

WO 2015/144425 PCT/EP2015/054814
13

window is inserted into the packaging container and can reach the interior surface
thereof. After sterilization the packaging container is removed from the emitter or
from the carousel, respectively. The packaging container is then subsequently

transported through an electron cloud provided in a gap between two emitters for

outside surface sterilization.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An electron beam emitter, comprising:

a housing;

an electron exit window; and

an insert;

wherein the housing comprises a first annular channel for guiding a medium;

wherein the first annular channel at least partially surrounds the insert and is
adapted to provide the medium;

wherein the first annular channel is at least partly formed by the insert;

wherein the insert is adapted to form part of the electron exit window;

wherein the housing comprises at least one inlet channel and at least one outlet

channel; and
wherein the outlet and inlet channel is connected to the first annular channel.

2. The electron beam emitter according to claim 1, wherein the emitter is used for
sterilization of packaging material.

3. The electron beam emitter according to claim 1 or 2,
wherein the housing comprises a first body and a second body;
wherein the first body comprises a cathode housing and a filament; and

wherein the insert is arranged at the second body.

4, The electron beam emitter according to any one of claims 1 to 3, wherein:
the insert comprises a support structure and a wall structure; and

the wall structure forms at least partly the first annular channel.

d. The electron beam emitter according to any one of claims 1 to 4, wherein the
insert comprises a support structure, wherein the electron beam emitter comprises a foil
element, and wherein the foil element is arranged to be supported by the support

structure.
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6. The electron beam emitter according to any one of claims 1 to 5, wherein:

the insert comprises a partition wall; and

the partition wall forms at least partly a second annular channel.

7. The electron beam emitter according to claim 6, wherein:
the insert comprises at least one opening; and
the at least one opening Is adapted to provide a connection between an internal

space of the housing and the second annular channel.

8. The electron beam emitter according to any one of claims 5 to 7, wherein:
the foil element is arranged at a retainer; and

the retainer is arranged at the housing.

9. The electron beam emitter according to any one of claims 1 to 8, wherein:

the housing comprises at least one inlet channel and at least one outlet channel
which are in fluid connection with the first annular channel, and which are adapted to
supply the medium to the first annular channel; and

the housing comprises at least one connection port for the inlet channel and at
least one connection port for the outlet channel, said connection ports being connected
to a medium supply.

10. The electron beam emitter according to any one of claims 1 to 9, wherein:
the housing comprises at least one cover plate; and

the at least one cover plate is adapted to form an outer surface of the housing

and to at least partly form the inlet and outlet channel.

11. The electron beam emitter according to any one of claims 1 to 10, wherein:
the housing comprises a tubular element; and

the tubular element and the insert form the first annular channel.
12. The electron beam emitter according to any one of claims 9 to 11, wherein the

inlet and outlet channels debouche at mutual opposite positions in the first annular

channel such that the medium, upon entering the first annular channel from the inlet
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channel, will be divided into two flows one taking a clockwise direction and the other a
counterclockwise direction towards the outlet channel.

13.  The electron beam emitter according to any one of claims 1 to 12, wherein the

medium is water or other liquid coolant.

14. A sterilization device, comprising a power supply unit and at least one electron
beam emitter as defined by any one of claims 1 to 13, wherein:

the electron beam emitter comprises a housing and an insert;

the housing comprises a first annular channel;

the first annular channel surrounds the insert;

the first annular channel is adapted to provide a medium;

the first annular channel is at least partly formed by the insert;

the insert is adapted to form part of an electron exit window and wherein the
housing comprises at least one inlet channel and at least one outlet channel; and

the outlet and inlet channel is connected to the first annular channel.

15.  The sterilization device according to claim 14, wherein the device is used for

packaging material.

CA 2941516 2018-09-06



CA 02941516 2016-09-02

WO 2015/144425 PCT/EP2015/054814
1/7




PCT/EP2015/054814

WO 2015/144425

2/7

2 4 !







WO 2015/144425 PCT/EP2015/054814
4/7




CA 02941516 2016-09-02

WO 2015/144425 PCT/EP2015/054814
5/7




CA 02941516 2016-09-02

WO 2015/144425 PCT/EP2015/054814
6/7




CA 02941516 2016-09-02

WO 2015/144425 PCT/EP2015/054814
7/7







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

