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(57)  Thepresentinventionrelatestoatoolforuseina
process of molding a product from a fibrous pulp slurry,
said tool comprising:

-a mold body having a three-dimensional forming side
comprising at least one bottom section, essentially ver-
tical sidewalls surrounding said bottom section, and a
flange extending horizontally from an upper portion of
said sidewalls; said mold body comprising a plurality of
suction channels evenly distributed across said forming

A TOOL FOR WET MOLDING A FIBER-BASED PRODUCT

side and arranged to generate a suction at the surface of
the forming side upon coupling the mold body to a va-
cuum suction source during use; wherein at least one of
said suction channels comprises a slit opening located at
the intersection between the essentially vertical sidewall
and the horizontal flange, such that said slit opening is
facing both said vertical sidewall and said horizontal
flange. The present invention also relates to a method
for producing a molded product.
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Description
Technical field

[0001] The present invention relates to a tool and a
method for molding a three-dimensional product from

pulp slurry.
Background

[0002] There is a growing interest for producing cellu-
lose-based articles and products, e.g. containers, packa-
ging applications, tableware, trays, technical products,
electronic equipment and/or consumer goods. Several
advantages are associated with the use of natural fibers
for manufacturing packages. Being a renewable re-
source, natural fibers provide a sustainable alternative
to other packaging materials such as aluminum and
plastics, and furthermore natural fibers are both recycl-
able and biodegradable allowing for composting. Natural
fibers include cellulose fibers of any natural origin, such
as derived from wood pulp and/or plants.

[0003] One way of producing items from fibers is by
molding pulp. For instance in wet forming, an aqueous
pulp suspension is applied onto a forming tool/drying
mold to form a fiber layer followed by compression-mold-
ing performed under elevated temperatures, resulting in
a dried fiber product having a shape complementary to
the shape ofthe forming mold. Typically, said molding tool
is perforated or porous so that water and steam can be
removed from the wet pulp during forming. During form-
ing procedure, a quick and efficient removal of water is
advantageous in order to achieve a competetive product
in terms of e.g. price and energy consumption.

[0004] An example of a molding tool is seen in
W02009/105027A1, describing a device and method
for compression molding a fiber tray of cellulose. Another
porous drying mold is seen in W0O2020/141208A1,
wherein a pair of molds, one being porous, presses a
layer of pulp to a three-dimensional product.

[0005] Itis a known problem in the field of molding pulp
that the porous tools become clogged upon use, i.e. that
fibers unintentionally enters the vacuum-passages and
prevents air from passing. Such clogging leads to the
need for frequent and time-consuming cleaning. In case
cleaning is neglected and the pores are plugged, the
result is poor suction function and this leads to uneven
and/or inferior fiber layer.

Object of the invention

[0006] Itis an object of the presentinvention to provide
a molding tool, preferably a wet molding tool, which
resolves or at least minimizes the above-mentioned pro-
blems, and enables increased productivity of qualitative
fiber articles and reduces number of interruptions caused
by clogged tooling equipment.
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Summary of the invention

[0007] Theobjectoftheinventionis obtained by means
of a tool according to the appended claims.

[0008] Inaccordance herewith, there is provided a tool
for use in a process of molding a product from a fibrous
pulp slurry, said tool comprising:

- amold body arranged with a three-dimensional form-
ing side, said forming side comprising at least one
bottom section, essentially vertical sidewalls at least
partially surrounding said bottom section, and a
flange extending horizontally from an upper portion
of said sidewalls, said mold body comprising a plur-
ality of suction channels evenly distributed across
said forming side and arranged to generate a suction
at the surface of the forming side upon coupling the
mold body to a vacuum suction source during use;

wherein atleast one of said suction channels comprises a
slit opening located at the intersection between the es-
sentially vertical sidewall and the horizontal flange of said
forming side, such that said slit opening comprises open
portions both in said vertical sidewall and in said hor-
izontal flange.

[0009] Thus, according to a preferred aspect of the
invention, the slit opening is located at the edge which
forms the intersection between said essentially vertical
sidewall and said horizontal flange, and hereby the slit
opening comprises portions facing both the vertical side-
wall of the mold as well as the horizontal flange of the
mold. Consequently, the suction flow generated through
said slit opening, upon coupling the mold body to a
vacuum suction source, will comprise both horizontal
and vertical flow directions via said same, common suc-
tion opening.

[0010] As will also be better understood from further
details later in this description, the at least one slit open-
ing is formed as an elongated cutout, also describable as
an elongated slot, at said circumferential edge of the
mold. The resulting suction channel will allow for a con-
tinuous vacuum flow with no interruptions across said
opening.

[0011] References herein to terms such as "vertical",
"horizontal", etc. are made by way of example, and not by
way of limitation, to establish a frame of reference. The
term "horizontal" as used herein is defined as a plane
parallel to a conventional plane, regardless of three-
dimensional spatial orientation. The terms "vertical" re-
fers to a direction in the frame of reference perpendicular
to the horizontal, as just defined.

[0012] According to one aspect of the invention, the
tool further comprises at least one water-permeable
mesh arranged to complement the three-dimensional
shape of said mold forming side, said mesh being ar-
ranged to retain pulp fibers. During production, the mesh
is placed on top of the forming side of the mold where-
upon the tool is immersed in an aqueous pulp slurry and
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vacuum is generated through the suction channels re-
sulting in that fibers are drawn onto the mesh forming a
fiber layer, while water is removed via said suction chan-
nels of the mold.

[0013] The outline of the mold and, in particular, the slit
opening located at the edge between the essentially
vertical sidewall and the horizontal flange of said mold
body, leads to several advantages associated with pro-
duction of molded fiber articles when using said mold.
[0014] Thanks to the new slit openings, an improved
suction flow with a more efficient vacuum distribution will
be generated at the sidewall sections as well as at the
edge section where said sidewalls meet the flange por-
tion of the mold. The slit openings are arranged to guide
the vacuum flow so that the flow field created in the
vicinity of their respective orifices is void of stagnation
points which would otherwise lead to thin and weak
accumulation of fibers. The invention leads to an even
and efficient vacuum suction force also at corners and
edges of the three-dimensional forming side of the mold,
resulting in an even fiber layer drawn from the slurry onto
the mesh, across the entire surface.

[0015] Another advantage relates to the maintenance
of the equipment. The slit openings have been proven to
allow for quick and efficient cleaning of the mold in
between use, meaning that clogged fibers that have
unintentionally entered the suction channel of said slit
can be washed away more easily compared to standard
molds.

[0016] This adapted design contributes to a strong and
efficient suction and therefore to quick and predictable
formation of fiber layer in the final product.

[0017] According to another aspect of the invention,
the mold body is made of cast metal, preferably alumi-
num. Preferably, the mold body is a solid metal body
comprising a plurality of boreholes forming said suction
channels. The boreholes extend through said solid metal
body, leading from the forming side of the mold to the
opposite back side thereof, allowing for the passage of
vacuum from said forming side to said back side. The
boreholes may be drilled boreholes, also sometimes
referred to as drilled through holes.

[0018] According to another aspect of the invention,
the mold body is manufactured by means of 3D printing.
[0019] According to another aspect of the invention,
the tool further comprises a cover plate arranged to set
the outer contour of the product to be formed.

[0020] The present invention also relates to a method
for producing a molded product from fiber-containing
pulp slurry comprising the steps of:

- providing a mold body having a three-dimensional
forming side comprising at least one bottom section,
essentially vertical sidewalls surrounding said bot-
tom section and a flange extending horizontally from
an upper portion of said sidewalls, said mold body
comprising a plurality of suction channels evenly
distributed across said forming side arranged to
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deliver a suction to the surface of the forming side
upon coupling the mold body to an activated vacuum
suction source during use; wherein at least one of
said suction channels is positioned so that its suction
opening is located at the intersection between the
essentially vertical sidewall and the horizontal flange
of said mold body, such that said suction opening is
facing both said vertical sidewall and said horizontal
flange;

- positioning a water-permeable mesh arranged to
retain pulp fibers and designed to complement the
three-dimensional shape of said forming side, adja-
cent to said forming side;

- positioning a cover plate on said mold body such that
the flange is at least partially covered, thereby ex-
posing at least the bottom section and essentially
vertical sidewalls;

- immersing at least the forming side into an aqueous
fiber-containing pulp slurry;

- activating the vacuum suction source so to that a
vacuum suction is generated at the forming side via
said suction channels, leading to that pulp fibers are
drawn onto said mesh forming a fiber layer with a
shape complementary to the shape of the mesh;

- withdrawing the tool from said pulp slurry and drying
said fiber layer to obtain a three-dimensional molded
fiber product.

[0021] In summary, the tool described in the invention
resists clogging, simplifies cleaning, and ensures an
even fiber layer across the entire end product. This re-
duces waste by significantly lowering the number of
discarded articles and enables the production of high-
quality molded fiber articles.

[0022] Further features and advantages obtained
thanks to the invention will be explained in the following.
[0023] The skilled person understands that many var-
iations of the invention are conceivable without departing
from the scope of the application.

Brief description of the figures

[0024] By way of non-limiting examples only, embodi-
ments of aspects of the present disclosure will now be
described with reference to the accompanying figures in
which:

Fig. 1a shows in a schematic way a perspective view
of a portion of a tool according to one example of the
invention;

Fig. 1b is a detailed view according to Ib in Fig. 1a;
and

Figs. 2a-d show cross sectional views of a slit open-
ing according to one embodiment of the invention.

Detailed description

[0025] The arrangement and method according to the
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invention will now be described with reference to the
appended figures.

[0026] Fig. 1ashows in a schematic way a perspective
view of a portion of a tool 1 according to the invention, and
Fig. 1b represents a detailed view according to Ib in Fig.
1a. As seen herein, the tool 1 comprises a mold body 10
having a three-dimensional forming side 2. The forming
side 2 comprises at least one bottom section 3, essen-
tially vertical sidewalls 4 surrounding said bottom section,
and a flange 5 extending horizontally from an upper
portion of said sidewalls. The mold body 10 comprises
a plurality of suction channels 6 evenly distributed across
said forming side 2 and arranged to generate a suction at
the surface of the forming side 2 upon coupling the mold
body 10 to a vacuum suction source during use. The
vacuum suction source is coupled to the back side of the
mold body which is opposite to said forming side 2. The
mold body 10 can be made of cast metal, such as cast
aluminum, and the suction channels can be created by
drilling boreholes through the solid mold body 10. The
drilled boreholes thus extend from the forming side 2 to
the opposite back side of the mold body 10. As seen
better in the close-up of Fig. 1b, according to the inven-
tion, at least one 60 of said suction channels 6 has a slit
opening 61 located at the intersection/edge 11 formed
between the essentially vertical sidewall 4 and the hor-
izontal flange 5 of said mold body 10. The slit opening 61
has an elongated cutout which opens towards both said
vertical sidewall 4 and said horizontal flange 5. Thus, the
at least one slit opening 61 has a multiple suction direc-
tion, meaning that when coupled with an activated va-
cuum source, the suction flow will follow a pattern along at
least both vertical and horizontal directions into the same
suction channel. This is also further explained in connec-
tion to Fig. 2d. In a preferred embodiment, the mold body
comprises a plurality of channels 60 having slit openings
61 arranged along said edge 11 of the forming surface 2.
Upon coupling the mold body 10 to an activated vacuum
suction source, the suction flow generated through the
slit opening/s 61 will be directed both vertically and
horizontally via the same slit suction opening/s.

[0027] The tool 1 further comprises a cover plate 8,
also referred to as forming plate or deckle plate. The
cover plate 8 is removably attached to the mold body 10
sothatthe flange 5 of the forming side 2 is atleast partially
covered, thereby exposing the bottom section 3 and
essentially vertical sidewalls 4 of the mold body 10, i.e.
exposing the forming side 2 of the tool 1. Hereby, the
cover plate 8 has the function of setting the outer contour
of the product to be formed.

[0028] Figs. 2a-c are cross sectional views of a mold
body 10 and a cover plate 8 showing the cross sectionofa
suction channel 60 with a slit opening 61 according to the
invention. The slit opening 61 opens toward the forming
side 2 of the mold and is arranged at the intersectio-
n/edge 11 between the sidewall 4 and the flange 5. As
seen e.g. in Fig. 2b, the slit opening 61 comprises an
upper top part 62 and alower base part 63. The width w of
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the slit opening 61 (see Fig. 2c) is preferably between
2-4mm, preferably between 2-3mm. The slit opening 61
leads to a rear suction channel 64 in the form of a bore-
hole which in its turn may be coupled to a vacuum source
(not shown). The height h of the slit opening 61 is in the
example of Figs. 2a-c essentially corresponding to the
height H of the sidewall 4 of the forming side 2 of the mold
body 10. According to a preferred embodiment of the
invention, the height h of the slit opening equals at least
50% of the height H of the sidewall 4. The specific design
ofthe suction channels 60 with slit openings 61 described
herein will lead to efficient suction force at the sidewalls 4
of the forming surface 2 and thereby to formation of
evenly distributed fiber layer at the sidewalls of the end
product.

[0029] Fig.2disaschematiccross section, seenfroma
sideview, of a suction channel 60 with a slit opening 61
according to the present invention. As seen herein, the
rear suction channel 64 connects the forming side 2 with
the backside 12 of the mold via said slit opening 61. The
backside 12 represents the vacuum side V of the tool 1.
The slit opening inlet 61 is configured so that it allows for
vacuum to pass without interruption along any direction
within an angle segment a which is defined by the lower
base part 63 and the vertical inner wall of the rear suction
channel 64. This leads to generation of an efficient suc-
tion force at the sidewalls of the forming side 2 of the mold
10 and thereby to forming of evenly distributed fiber layer.
[0030] The method for producing a molded product
from fiber-containing pulp slurry by means of a tool 1
according to the invention will now be described. A mold
body 10 as described above, and as schematically illu-
strated in Figs. 1a-b, is provided. A water-permeable
mesh (not shown) arranged to retain pulp fibers and
designed to complement the three-dimensional shape
of said forming side 2 is placed on top of said forming side
2. Next, acover plate 8 is positioned on said mold body 10
and mesh such that the flange 5 is at least partially
covered and said mesh is retained and locked in place
by said cover 8. Itis possible to use more than one mesh
superimposed on top of the mold body 10. The tool 1
according to the invention has now been assembled. The
tool 1 is then brought into an aqueous fiber-containing
pulp slurry such that at least said mesh-covered forming
side 2 is immersed. Activation of a vacuum suction
source leads to that a vacuum suction is generated at
the forming side 2 via said suction channels 6, 60, leading
to that pulp fibers are drawn onto said mesh forming a
fiber layer with a shape complementary to the shape of
the mesh. Once a fiber layer with desired thickness has
been accumulated, the tool 1 is withdrawn from said pulp
slurry and the fiber layer is dried to obtain a three-dimen-
sional molded fiber product.

[0031] The foregoing description of the preferred em-
bodiments of the present invention is provided for illus-
trative and descriptive purposes. It is not intended to be
exhaustive or to restrict the invention to the variants
described. Many modifications and variations will ob-
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viously be apparent to one skilled in the art. The embodi-
ments have been chosen and described in order best to
explain the principles of the invention and its practical
applications and hence make it possible for specialists to
understand the invention for various embodiments and
with the various modifications appropriate to the intended
use.

Claims

1. Atoolforuseinaprocess of molding a productfroma
fibrous pulp slurry, said tool comprising:

- a mold body (10) having a three-dimensional
forming side (2), said forming side comprising at
least one bottom section (3), essentially vertical
sidewalls (4) surrounding said bottom section,
and a flange (5) extending horizontally from an
upper portion of said sidewalls, and said mold
body (10) comprising a plurality of suction chan-
nels (6) evenly distributed across said forming
side (2) and arranged to generate a suction at
the surface of the forming side upon coupling the
mold body to a vacuum suction source during
use;

characterized in that at least one (60) of said suc-
tion channels comprises a slitopening (61) located at
the intersection between the essentially vertical
sidewall (4) and the horizontal flange (5), such that
said slit opening (61) is facing both said vertical
sidewall (4) and said horizontal flange (5).

2. The tool according to claim 1, wherein, upon cou-
pling the mold body (10) to a vacuum suction source,
the suction flow generated through said slit opening
(61) comprises both vertical and horizontal direction
via the same suction opening (61).

3. Thetool according to claim 1, wherein said slit open-
ing (61) has a base width (w) between 2-4mm, pre-
ferably between 2-3mm.

4. Thetool according to claim 1, wherein the mold body
(10) is a solid body made of cast metal, preferably
aluminum.

5. Thetool according to any one of the previous claims,
wherein said suction channels (6, 60) are boreholes.

6. Thearrangementaccording to any one of claims 1-3,
wherein the mold body (10) is manufactured by
means of 3D printing.

7. The tool according to claim 1, further comprising at
least one water-permeable mesh arranged to com-
plement the three-dimensional shape of said forming
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side (2), said mesh being arranged to retain pulp
fibers.

The tool according to claim 1, further comprising a
cover plate (8) positioned on said mold body (10)
such that the flange (5) is at least partially covered,
thereby exposing at least the bottom section (3) and
essentially vertical sidewalls (4).

A method for producing a molded product from fiber-
containing pulp slurry comprising the steps of:

- providing a mold body (10) having a three-
dimensional forming side (2) comprising at least
one bottom section (3), essentially vertical side-
walls (4) surrounding said bottom section and a
flange (5) extending horizontally from an upper
portion of said sidewalls, said mold body com-
prising a plurality of suction channels (6) evenly
distributed across said forming side (2) arranged
to deliver a suction to the surface of the forming
side upon coupling the mold body to a vacuum
suction source during use; wherein at least one
(60) of said suction channels comprises a slit
opening (61) located at the intersection between
the essentially vertical sidewall (4) and the hor-
izontal flange (5), such that said suction opening
(61) is facing both said vertical sidewall (4) and
said horizontal flange (5);

- placing a water-permeable mesh arranged to
retain pulp fibers and designed to complement
the three-dimensional shape of said forming
side (2), on top of said forming side (2);

- positioning a cover plate (8) on said mold body
(10) such that the flange (5) is at least partially
covered, thereby exposing at least the bottom
section (3) and essentially vertical sidewalls (4);
- immersing at least the forming side (2) into an
aqueous fiber-containing pulp slurry;

- activating the vacuum suction source so to that
a vacuum suction is generated at the forming
side (2) via said suction channels (2), leading to
that pulp fibers are drawn onto said mesh form-
ing a fiber layer with a shape complementary to
the shape of the mesh;

- withdrawing the tool from said pulp slurry and
drying said fiber layer to obtain a three-dimen-
sional molded fiber product.



EP 4 545 704 A1

Fig. 1a




Fig. 2a
62

—

7z \\\\\\\\\\\\\\







10

15

20

25

30

35

40

45

50

55

EP 4 545 704 A1

9

des

Europaisches
Patentamt

European
Patent Office

Office européen

brevets

EUROPEAN SEARCH REPORT

Application Number

EP 24 20 6729

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X JP 2022 136119 A (UNKNOWN) 1-7 INV.
15 September 2022 (2022-09-15) D21J3/10
A * the whole document * 8,9 D21J7/00
X US 2 829 568 A (CHAPLIN CHARLES J) 1-8
8 April 1958 (1958-04-08)
A * the whole document * 9
X CA 2 069 295 Al (VIESSMANN WERKE G.M.B.H. 1-9
& CO., GERMANY) 25 July 1991 (1991-07-25)
* pages 7-14; figure 4 *
A WO 2022/253491 Al (ROTTNEROS PACKAGING AB (1,7
[SE]) 8 December 2022 (2022-12-08)
* abstract; figure 2 *
TECHNICAL FIELDS
SEARCHED (IPC)
D21g
1 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
3 Munich 30 January 2025 von Mittelstaedt, A
(=]
; CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
pess E : earlier patent document, but published on, or
b4 X : particularly relevant if taken alone after the filing date
2 Y : particularly relevant if combined with another D : document cited in the application
bt document of the same category L : document cited for other reasons
z A technological background e et
Q O : non-written disclosure & : member of the same patent family, corresponding
o P : intermediate document document
a
w




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 545 704 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 24 20 6729

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

30-01-2025
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2022136119 A 15-09-2022 JP 7160444 B2 25-10-2022
JP 2021028172 A 25-02-2021
JP 2022136119 A 15-09-2022

US 2829568 A 08-04-1958 NONE

CA 2069295 Al 25-07-1991 AT E92125 T1 15-08-1993
CA 2069295 A1l 25-07-1991
DE 40019218 C1 04-04-1991
DK 0504311 T3 18-10-1993
EP 0504311 Al 23-09-1992
ES 2044722 T3 01-01-1994
WO 9111555 A1l 08-08-1991

WO 2022253491 Al 08-12-2022 BR 112023022814 A2 16-01-2024
EP 4098420 Al 07-12-2022
us 2024181683 Al 06-06-2024
WO 2022253491 Al 08-12-2022

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

10




EP 4 545 704 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 2009105027 A1 [0004] WO 2020141208 A1 [0004]

11



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

