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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to a method of manufacturing a cellulose product from
wood pulp, an apparatus for manufacturing such a cellulose product and a cellulose product.

BACKGROUND

[0002] There are many situations where it is desirable to provide two-dimensional (2D) or
three-dimensional (3D) shaped objects made of sustainable materials. One such situation
relates to packaging of sensitive goods, such as mechanical high precision items, electronic
equipment and other household and hardware items, that need protective packaging in order
to avoid damage of the sensitive goods, due to for example mechanical shock, vibrations or
compression during transport, storage, or other handling. Such packages typically require a
protective insert that has a shape adapted to the goods contained, and thus securely holds the
goods in the package. Such inserts are commonly made of expanded polystyrene (EPS), which
is a lightweight petroleum derived material and is not regarded as a sustainable material.

[0003] A low price material commonly used for packaging inserts is moulded pulp. Moulded
pulp has the advantage of being considered as a sustainable packaging material, since it is
produced from biomaterials and can be recycled after use. As a consequence moulded pulp
has been quickly increasing in popularity for both primary and secondary packaging
applications (packaging next to the article and assembly of such packages). Moulded pulp
articles are generally formed by immersing a suction mould into a pulp suspension, while
suction is applied, whereby a body of pulp is formed with the shape of the desired article by
fibre deposition. The suction mould is then withdrawn from the suspension and the suction is
generally continued to compact the deposited fibres while exhausting residual liquid.

[0004] A common disadvantage with all wet-forming techniques is the need for drying of the
moulded product, which is a time and energy consuming step. Another drawback is that strong
inter-fibre bonds, often explained as hydrogen bonds, are formed between the fibres in the
material, which restrict the flexibility of the material.

[0005] Moreover, many modern lean production lines require in-line on-demand package or
component manufacturing where a wet-forming process not is preferred.

[0006] Lately, new fibre-based materials have been developed with the purpose of enabling
dry forming of three-dimensional objects. One approach is disclosed by W0O2014142714A1.
WO02014142714A1 discloses a dry-laid composite web being an intermediate product for
thermoforming of three- dimensionally shaped objects, comprising 40-95 wt-% CTMP fibres, 5-
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50 wt-% thermoplastic material, and 0-10 wt-% additives, wherein the dry-laid composite web
has been impregnated with a dispersion, an emulsion, or a solution containing the
thermoplastic material, polymer, and dried, obtaining a density of 50-250 kg/m3, or, if
compressed by calendaring 400-1000 kg/m3. According to WO2014142714A1, bonding of the
polymer is activated by the higher temperature applied in the thermoforming process and
contributes to the final strength of the thermoformed object.

[0007] Although the polymer according to WO2014142714A1 may be contributing to the final
strength and enabling forming of dry-laid web, such thermoplastic ingredient will erase the
sustainable features of the cellulose since the composite will not be recyclable. This
disadvantage is applicable even if a renewable and compostable bio-plastic, e.g. polylactide
(PLA) is used as proposed by WO2014142714A1, since logistics for material recycling is not
available.

[0008] Recent findings and political decisions, e.g. Paris agreement on global warming 2015,
stipulates that the carbon footprint of consumed goods and packages, in so called life cycle
analysis (LCA), is highly influenced by the ability to recycle and reuse materials. Even
renewable materials like cellulose and PLA must be recycled in order to measure up with multi
recycled non-renewable materials like polyethylene terephthalate (PET).

[0009] Material recycling is slowly and gradually becoming more and more established in most
parts of the world. Europe has the global lead with approximately 30% recycling while United
States only has reached 10% and still many development countries has not yet started to
recycle. Common for all recycling efforts is a focus on the most frequently used materials such
as paper, card board, glass, aluminium, steel and PET. These recyclable fractions represent a
vast majority of wasted goods and it is not likely that other fractions, like bio-polymers, will be
established as public available recycle logistics in a foreseeable future.

[0010] The global demand for 3D formed packages, boxes, cups, plates, bowls, inserts and
covers in renewable and recyclable material with mechanical properties close to plastics, is
therefore huge.

[0011] ISBN 978-91-7501-518-7 (Helena Halonen, October, 2012) has studied one approach -
hydroxyethylcellulose (HEC) for creating a new all-cellulose composite material by
compression moulding of commercial chemical wood pulps processed with only water. The
objective was to study the structural changes during processing and the complexity of relating
the mechanical properties of the final bio composites to the nano scale structure.

[0012] The combination of high temperature (150 - 170 °C) and high pressure (45 MPa)
during compression moulding vields a remarkable increase in fibril aggregation, possibly
including cellulose-cellulose fusion bonds, i.e., fibril aggregation in the fibre-fibre bond region.
This fibril aggregation is resulting in a bio-composite with remarkable mechanical properties
including improved strength (289 MPa), modulus (12.5 GPa) and toughness (6%) to be
compared to e.g. PET-strength (75 MPa) and PET-modulus (PET 3GPa).
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[0013] Although WO2014142714A1 proposes non-recyclable thermoplastic ingredient and
ISBN 978-91-7501-518-7 presents scientific results for forming recyclable cellulose fibres, to
obtain good mechanical properties, no practical or industrial method has so far been invented
enabling commercial production, with reasonable cycle time, of packages and gods in cellulose
as replacement for plastics which are possible to recycle as cardboard.

[0014] The document US2003/029591 discloses a method using a mould with two negative
parts, wherein a thin flexible membrane is used to exert pressure on a cellulose blank against
the inside walls of the mould.

SUMMARY

[0015] An object of the present disclosure is to provide a method for manufacturing a cellulose
product, and a cellulose forming apparatus where the previously mentioned problems are
avoided. This object is at least partly achieved by the features of the independent claims. The
dependent claims contain further developments of the method for manufacturing a cellulose
product, the cellulose forming apparatus and the cellulose product.

[0016] There are many situations where it is desirable to provide objects made of sustainable
materials in flat or essentially non-flat shapes. A flat shape may refer to a generally two-
dimensional shape, such as for example the shape of a sheet material or blank, and essentially
non-flat shapes may refer to any suitable three-dimensional object shape. One such situation
relates to the packaging of liquids, dry materials and different types of goods, where the
packaging may be made in a three-dimensional shape or formed into a three-dimensional
shape from a two-dimensional sheet material.

[0017] The invention relates to a method of manufacturing a cellulose product having a non-
flat product shape by a pressure moulding apparatus comprising a forming mould, the forming
mould having a forming surface defining said product shape, comprising the steps of:

e arranging a cellulose blank containing less than 45 weight percent water in said forming
mould;

« heating said cellulose blank to a forming temperature in the range of 100°C to 200°C;
and

= pressing , said cellulose blank by means of said forming mould with a forming pressure
acting on the cellulose blank across said forming surface, said forming pressure being in
the range of 1 MPa to 100 MPa, wherein said forming mould comprises a massive
flexible membrane which is applying the forming pressure on the cellulose blank when
forming the cellulose product, wherein the massive flexible membrane is constructed
with a thick membrane structure or made of a homogeneous body of a flexible material.
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[0018] The forming pressure may be an isostatic pressure or a non-isostatic pressure.

[0019] The heating step and the pressing step may at least partly take place at the same time,
or the cellulose blank may be pre-heated and no additional heat supplied during pressing.

[0020] The cellulose product may for example be a container or a part of a container where
the cellulose product manufacturing using the method according to embodiments of the
present invention may, for example, replace plastic products that are more difficult to recycle.
Accordingly, cellulose products manufactured using the inventive method may, for example, be
packages, inserts for packages, boxes, bowls, plates, cups, trays, or covers.

[0021] By the term "isostatic" should be understood the volumetric pressure on the fibres, of
the heated bio-composite during the process of fibril aggregation, is substantially equal in all
geometrical locations of the final 3D object during production.

[0022] By the term "non-isostatic” should be understood the volumetric pressure on the fibres,
of the heated bio-composite during the process of fibril aggregation, is not equal in all
geometrical locations of the final 3D object during production. The cellulose blank may be
provided in various forms, for example as a web, a rug, felt, loose fibres, foam, sheets, etc.
The blank might contain minor substances (0-10%) of agents for increasing strength,
decreasing hygroscopy or making the final component hydrophobic, flameproof, colouring the
component or in other way alter the features of the final material. The amount of additives
should however not jeopardize the purpose of this invention to make the components
recyclable as cardboard.

[0023] The blank may be produced in a pulp converting plant as rug in rolls.

[0024] The present invention is based upon the realization that a non-flat cellulose product can
be made more homogeneous and with shorter cycle times using an isostatic pressure
moulding apparatus. In particular, the present inventors have found that, depending on the
desired shape of the cellulose product, an isostatic pressure acting on the cellulose blank may
provide for a remarkable decrease in the holding time needed to obtain the same mechanical
properties of the final product. The present inventors have also found that, depending on the
desired shape of the cellulose product, a non-isostatic pressure acting on the cellulose blank
may provide a suitable forming of the cellulose product obtaining desirable mechanical
properties of the final product.

[0025] In this context it should be noted that the required process time to obtain acceptable
mechanical properties of the final product is related to the humidity of the blank and a specific
temperature and a specific isostatic or non-isostatic pressure.

[0026] A temperature, preferable between 150 - 170°C, and a pressure, preferable between 3-
7 MPa, can generate different mechanical properties. For example, an isostatic temperature of
168 °C and an isostatic pressure of 4.8 MPa at an air humidity of 50% relative humidity will
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generate a hard and stiff component at a holding time of 10 seconds. Lower temperature and
pressure gives softer and more flexible components.

[0027] Also too much water in the blank will increase holding times a lot. ISBN 978-91-7501-
518-7 describes holding times of 20 minutes and uses essentially wet pulp for the research.
Experiments have shown that the optimum water content in the cellulose blank at the time of
processing should be in the range 0.5 -10% weight.

[0028] In severe cases, with large pressure variations, in the blank during bonding, parts of the
component will never be acceptable regardless any holding time.

[0029] Prior art describes pulp compressing devices using traditional presses with hydraulic
cylinders that converts hydraulic pressure, called the pressure media, to a force on a tool or a
mould via a piston of the cylinder. VWhen forming non-planar objects, like hollow 3D-objects, a
forming mould with positive and negative mould parts, with a cavity representing the desired
thickness and shape of the component in between, called mould cavity, which said mould is
compressed by the force from the piston. Such a shape defined compressing device will lead
to large variations in local pressure in the blank during heat processing, if no compensation to
the component thickness versus processing pressure is performed. Any shape defined
compressing device, without compensation for obtaining isostatic pressure, may thereby lead
to uneven component quality and, in most industrial cases, unacceptable cycle times for
production.

[0030] Moreover, the inventors have found that the required pressure level drastically can be
reduced if an isostatic pressure method is used. ISBN 978-91-7501-518-7 has used a hollow
hemisphere as reference object for the research using 45 MPa and 20 minutes in a shape
defined compressing device. The internal pressure of the blank in the mould cavity is extremely
high on top (by the pole) and close to zero at the bottom (adjacent to the equator). The
present inventors have now surprisingly found that, by using an isostatic pressure such an
object can be produced with one tenth of the used pressure at holding times counted in
seconds.

[0031] According to various embodiments of the present invention, the cellulose blank may
contain wood pulp. Although so-called mechanical pulp can be used for the cellulose blank, it
has been found that chemical wood pulp yields better material properties of the product.

[0032] In embodiments, the cellulose blank may comprise at least 90 weight percent wood
pulp and thus be almost exclusively made by easily recyclable material.

[0033] According to various embodiments, the pressure mould may advantageously comprise
a flexible membrane, and the pressure moulding apparatus further comprises a fluid control
device for controlling a fluid to exert an isostatic pressure on the cellulose blank via the fluid
impermeable membrane.
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[0034] In this context it should be noted that the term fluid encompasses both liquids and
gases.

[0035] In some embodiments, the moulding apparatus may contain the pressure fluid in an
enclosure partly bounded by the membrane. By increasing the amount of fluid in the enclosure
and/or reducing the size of the enclosure, the fluid pressure will increase. The increasing fluid
pressure will in turn result in an increased isostatic pressure acting on the cellulose blank.

[0036] Accordingly, the above-mentioned fluid control device may be an actuator compressing
the fluid or a fluid flow control device for controllable allowing pressurized fluid to enter a
pressure chamber having the flexible membrane as a portion of a wall thereof.

[0037] In some embodiments, the above-mentioned membrane may be an integral part of the
apparatus, and may be used during a large number of pressing operations.

[0038] In yet further embodiments, the above-mentioned membrane may be provided on the
cellulose blank.

[0039] According to a further aspect of the present invention, it is provided an isostatic
pressure moulding apparatus for manufacturing a cellulose product having a flat or non-flat
product shape starting from a cellulose blank, the isostatic pressure moulding apparatus
comprising a forming mould having a forming surface defining the product shape; and a fluid
control device for controlling a fluid to exert an isostatic pressure on the cellulose blank to
press the cellulose blank against the forming surface.

[0040] The forming mould may comprise a negative forming mould part and a positive
pressure mould part.

[0041] The invention also relates to a cellulose product manufactured by the described
method. The cellulose product is having an essentially non-flat shape.

[0042] According to embodiments not currently claimed, an isostatic pressure is obtained in
force defined compressing devices, wherein said compressing devices comprises a flexible
barrier or a membrane surrounding and separating the blank from the pressure media, e.g.
gas, hydraulic oil, water, beverages to be packed, elastomer or dilatant material.

[0043] A method and a device according to embodiments not currently claimed relates to blow
moulding of hollow 3D objects like bottles, milk packages, cans and jars. Classic cellulose
based packages for dairies and juice experience competition from blow moulded PET-bottles.
Despite the fact that cellulose and paper based packages are renewable and recyclable, the
mouldabillity of blow moulded PET has restrained the growth for folded paper packages.

[0044] According to said not currently claimed blow moulding embodiments, devices
comprising, at least two negative forming moulds surrounding said cellulose fibres and a single
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use film layer barrier, to become an integrated part of the final component, wherein said
cellulose fibres and said film layer barrier are provided to the cavity of the moulds in a tube
shape and wherein said film layer barrier will separate the pressure media, when filled into said
tube shape, from the cellulose fibres and wherein said pressure media will be pressurised to
create an isostatic pressure on every portion of said cellulose fibres towards said forming
moulds.

[0045] Embodiments not currently claimed provide a method, tube shaped blank, a blow
moulding device and renewable packages with similar properties as thermoplastics wherein
said packages are recyclable as paper and cardboard. Such a blow moulding device can
preferably constitute the filling equipment on site at a diary, brewery or juice factory by using
the beverage or liquid to be packed, as said pressure media.

[0046] According to other not currently claimed embodiments, an isostatic pressure is obtained
in shape defined compressing devices, comprising two rigid moulds, one positive and one
negative wherein the cavity between the closed moulds define the shape of the final three
dimensional object and wherein the thickness of said cavity or the thickness of said blank, is
designed to create an isostatic pressure on every portion of said cellulose fibres towards said
moulds.

BRIEF DESCRIPTION OF DRAWINGS

[0047] These and other aspects of the present invention will now be described in more detail,
with reference to the appended drawings in figures 8a-c and 9a-c, showing example
embodiments of the invention. The embodiments represented in figures 2a-b, 3a-b, 4a-d, 5a-b,
6a-c and 7a-b are not part of the currently claimed invention.

Fig. 1a-c
schematically show a conventional press method, compressing device and component;

Fig. 2a-b
schematically show an alternative configuration of the compressing device, using multi-
use membrane, shown initial stage (a) and compressed stage (b) according to an
example embodiment of the present invention;

Fig. 3a-b
schematically show an alternative configuration of the compressing device, comprising
single-use material integrated barrier, shown initial stage (a) and compressed stage (b)
according to an example embodiment of the present invention;

Fig. 4a-d
schematically show an alternative configuration of the compressing device and
component, using single-use material integrated barrier and blow moulding, shown initial
stage (a & b) and compressed stage (c¢) according to an example embodiment of the
present invention;

Fig. 5a-b
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schematically show an alternative configuration of the compressing device, using multi-
use membrane, shown initial stage (a) and compressed stage (b) according to an
example embodiment of the present invention;

Fig. 6a-c
schematically show an alternative configuration of the compressing, using cavity
compensating pressure control, shown initial stage (a & b) and compressed stage (c)
according to an example embodiment of the present invention;

Fig. 7a-b
schematically show an alternative configuration of the compressing device, using blank
thickness compensation, shown initial stage (a) and compressed stage (b) according to
an example embodiment of the present invention;

Fig. 8a-c
schematically show an alternative configuration of the compressing device, using a
massive flexible membrane; and

Fig. 9a-c
schematically show another alternative configuration of the compressing device, using a
massive flexible membrane.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0048] Various aspects of the disclosure will hereinafter be described in conjunction with the
appended drawings to illustrate and not to limit the disclosure, wherein like designations
denote like elements, and variations of the described aspects are not restricted to the
specifically shown embodiments, but are applicable on other variations of the disclosure.

[0049] In the present detailed description, a method for manufacturing a cellulose product, a
pressure moulding apparatus, and a cellulose product will be described.

[0050] Various embodiments of sheet materials or blanks according to the disclosure are
mainly discussed with reference to a cellulose blank placed in position for forming in a forming
mould, in a flat shape. It should be noted that this by no means limits the scope of the present
invention, which equally well includes, for example, a blank pre-shaped into a three-
dimensional object. For instance, the blank may be presented to the forming mould in a shape
similar to the desired final shape of the object. Another embodiment could comprise a cellulose
blank, which is supplied to the mould in a web on a roll.

[0051] A flat shape may refer to a generally two-dimensional (2D) shape, such as for example
the shape of a blank or a sheet material, and essentially non-flat shapes may refer to any
suitable three-dimensional (3D) shape. An object according to the disclosure may be made in a
two-dimensional shape, a three-dimensional shape, or formed into a three-dimensional shape
from a two-dimensional blank or sheet material.
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[0052] Moreover, by schematically showing a coherent sheet of cellulose fibres, this will by no
means limit the scope of present invention, which equally well includes, for example, blanks
with loose and separated fibres applied to the forming mould.

[0053] In the present detailed description, various embodiments of the three-dimensional
object to be formed and the mould to form the objects according to the present invention are
mainly discussed with reference to a hollow bowl, a hollow cup with mainly uniform thickness. It
should be noted that this by no means limits the scope of the present invention, which equally
well includes, for example, complex shapes with different thickness, non-hollow portions or
massive objects. For instance, the object can advantageously comprise stiffeners, creases,
holes, 3D shaped text, hinges, locks, threads, snaps, feet, handles or surface patterns.

[0054] Figs 1a-c illustrate a conventional press method, compressing device and a component
produced with non-isostatic pressure method and device.

[0055] Fig 1a is a schematic side view of a prior art compressing device in a non-compressed
state having a negative upper mould 102b and a positive lower forming mould 102a and a
sheet of cellulose fibres 101a.

[0056] Fig 1b is a schematic side view of a prior art compressing device in a compressed state
having a negative upper pressure mould 102b and a positive lower forming mould 102a and a
sheet of cellulose fibres 101a partly compressed by the force F forming the desired final shape
101b by using heat and pressure P.

[0057] As is customary, the thickness of the final component 101b is uniform and consequently
the thickness of the cavity t1 = rp - ry between the two moulds 102a and 102b is uniform. Since

conventional tools for compressing is made of stiff metal, or similar non-flexible material, and
since dry cellulose fibres not behave as a pressure equalising fluid, the pressure P in said
cavity will depend on the amount of present blank 101 and the local pressure generating
principle.

[0058] The local pressure generating principle at pressure P> and Ps is defined by the force F.
The local pressure generating principle at P4 is defined by the geometry of the cavity and the
amount of present blank 101. The local pressure P3 is determined by a combination of force

and shape defined pressure generating principle.

[0059] A shape defined pressure, like Py, is highly dependent of the actual present amount of

blank 101. Small and normally stochastic variations in the local material supply will drastically
affect the obtained local pressure. Force defined pressure has linear gain and is a far more
robust process for industrial usage.

[0060] Fig 1c illustrate a three dimensional object, component, a hemi sphere 101b produced
with above described conventional compression method. Since it is likely that some blank 101a
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will be stretched when the blank 101a bends over the lower mould 102a when the upper
pressure mould 102b closes the tool over the blank 101a, the mechanical properties is
different in location 101b P4 than in location 101b P> of the finished component 101b.

[0061] A force defined compressing device according to an example embodiment of the
present disclosure will now be described with reference to figures 2a-b. In figure 2a, a
schematic side view of a compressing device or pressure moulding apparatus, in the form of a
forming mould 3 for cellulose fibres using heat is shown in an open state. The compressing
device or forming mould may be constructed so that an isostatic pressure is applied when
forming the cellulose product. The pressure applied may also be non-isostatic so that different
pressure levels are applied in different parts of the forming mould 3 when forming the cellulose
product. The forming mould 3 comprises at least one forming surface defining said product
shape.

[0062] The forming mould 3 of this embodiment of the present disclosure uses one stiff
forming mould part 2a placed under a multi-use membrane 4. The membrane 4 constitutes a
seal for a pressure media or fluid 5, such as for example hydraulic oil, contained in a pressure
chamber, not shown in the figure. The membrane 4, also called diaphragm, can preferably be
made of rubber, silicon, elastomer or polyurethane.

[0063] Similar press devices are found in completely different industries like for example when
forming metal sheets for aircrafts or processing of metallic powder into homogeneous
materials. For instance, isostatic presses for conventional purposes normally uses very high
pressure, such as within the range 1000-2000 bar (100-200 MPa).

[0064] The cellulose blank 1a, mainly comprising cellulose fibres with some additives and
agents, has as shown in figure 2a been placed in a gap between the membrane 4 and the stiff
forming mould part 2a, which in figure 2a is arranged below the membrane 4. The cellulose
blank 1a may also contain an amount of water, which for example may depend on the humidity
of the surrounding atmosphere.

[0065] In order to form the cellulose product, or a part of a cellulose product, from the cellulose
blank 1a, the cellulose blank 1a, has to be heated to a forming temperature T, which may be
in the range 100°C to 200°C. The forming mould part 2a may be heated to a desired
temperature T so that heat is transferred to the cellulose blank 1a in order to achieve the
forming temperature T4 of the cellulose blank 1a. The forming mould 3 may for example be
pre-heated to a temperature of 150-170°C by pumping heated oil into internal channels 7 of
the forming mould part 2a. An alternative way to pre-heat the forming mould 3 is to use
integrated electrical resistors, not shown in the figure. The cellulose blank 1a can also be pre-
heated, for example by using infrared rays prior to tool entrance. Heating the pressure media 5
to a pressure media temperature T5 may also be a suitable alternative.

[0066] In figure 2b, the hydraulic oil 5 has been pressurized to a pressure of at least 1 MPa,
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and the membrane 4 has wrapped the heated forming mould 2a with the compressed material
1b forming the cellulose product in-between. A suitable pressure P when forming the cellulose

product may be within the range 1-100 MPa. By applying a suitable pressure P4, the cellulose
fibores are compressed. The applied pressure P4 may be uniform or isostatic in order to

compress the cellulose fibres evenly regardless of their relative position on the forming mould
2a and regardless of the actual local amount of fibres. In an alternative embodiment, the
pressure may instead be non-isostatic so that different pressure levels in different parts of the
forming mould 3 are used to form the cellulose product. This may for example be used if
different structural properties in different parts of the cellulose product are desired.

[0067] The compressing device may comprise a fluid control device (not shown in the figures)
and may be an actuator compressing the fluid 5 or a fluid flow control device for controllable
allowing pressurized fluid 5 to enter the pressure chamber having the flexible membrane 4 as
a portion of a wall thereof. The apparatus may comprise the fluid 5, or the fluid 5 may be air
taken from the surrounding atmosphere.

[0068] The present inventors has found that a pressure Py of 4 MPa (40 bar) at a temperature

of 160°C when forming the cellulose product gives a fibril aggregation in the cellulose fibres
that compares with many thermoplastics after 10 seconds of holding time.

[0069] In order to reduce the cycle time for industrial production of cellulose products from
compressed material 1b, the cooling of said compressed material 1b may for example be done
by pumping cooled oil into internal channels 7 arranged in the forming mould part 2a or into
the pressure chamber wherein the forming mould part 2a temperature T, and pressure media

5 temperature Tg quickly can be lowered after the fibril aggregation has completed in the

cellulose fibres.

[0070] The process and the device will return to its open state shown in fig 2a by lowering the
pressure media 5 to atmospheric pressure Py wherein said membrane 4 will retract to its more

or less flat initial state and wherein the finished cellulose product can be ejected and preferable
be cut free from unwanted residual compressed or un-compressed cellulose fibres.

[0071] The final thickness t1 of the cellulose product may vary slightly depending on the actual
local amount of cellulose fibres.

[0072] In an alternative embodiment, a stiff forming mould part may be used instead of the
flexible or pliable membrane 4, which may be suitable if different pressure levels are desired
when forming the cellulose product. The use of a flexible membrane 4 may provide an isostatic
compressing method resulting in a homogeneous cellulose product with high strength and
short production cycle time.

[0073] One difference between the inventive compressing method and device in fig 2a-b when
using isostatic pressure and the prior art method and device in fig. 1 a-b lies in the
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configuration using a flexible or pliable membrane 4 instead of the stiff upper mould 102b. An
isostatic compressing method and device results in a homogeneous component with high
strength and short production cycle time.

[0074] Above, one example embodiment of the isostatic compressing method and device was
described with reference to figs 2a-b. It should be understood that forming of three-
dimensional objects in all-cellulose composite using heated compression moulding of wood
pulp processed with only water can be obtained in other ways while still achieving isostatic
pressure.

[0075] Referring to figures 3a-b, the multi-use membrane 4 in figures 2a-b has been replaced
with a single-use membrane comprising a thin film barrier 6 wherein said barrier 6 may be pre-
applied to the cellulose blank 1a when the cellulose blank 1a was produced or wherein the film
barrier 6 is provided to the compressing device, for example from rolls, not shown in the
figures, and applied to the cellulose blank 1a during the isostatic compression of the cellulose
blank 1a .

[0076] Said thin film barrier 6 may be made of a thermoplastic material like PET or PLA, having
a thickness within the range 1- 700 ym.

[0077] Figure 3a schematically shows the method comprising a compressing device or forming
mould 3 in its initial open state, using the thin film barrier 6 applied to the cellulose fibres 1a,
comprising a lower negative forming mould part 2b preheated to temperature T, and a

pressure media or fluid 5, preferably gas or air at atmospheric pressure, contained in the
pressure chamber, not shown in the figure.

[0078] Fig 3b show the same device and cellulose blank 1a as shown in figure 3a in the
compressed state wherein said pressure media 5, preferably compressed air or a non-
contaminating liquid as water, has been pressurized to the pressure P4 and wherein the thin

film barrier 6 separates and seals the pressure media from the compressed material 1b of the
cellulose blank 1a and wherein said pressure media 5 and membrane 6 forming equal
pressure acting on the cellulose fibres across the heated forming surface, with a temperature
T5, of said forming mould part 2b.

[0079] By holding the equal pressure P4 at the temperature T4 for a certain period of time X,

the fibril aggregation in the cellulose fibres will create a bio-composite component of the
compressed material 1b with mechanical properties close to thermoplastics. If as an example,
the pressure P41 being 4 MPa (40 bar), the forming temperature T4 being 140°C, the

temperature To of the forming mould part 2b being 160°C, and the time period X being 10

seconds, the bio-composite component of the compressed material 1b with mechanical
properties close to thermoplastics can be achieved.

[0080] By removing the pressure media 5 and lower the pressure to atmosphere pressure Pg
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after the time period X the cellulose product formed by the compressed material 1b can be
ejected and if needed cut to its final shape.

[0081] One advantage with the method discussed in figures 3a-b is that the film barrier 6 also
can function as a barrier towards other media to be exposed to the component during usage.
For example, if the cellulose product provided with the film barrier 6 is a bowl for on-the-go
salads it is desired to have a barrier 6 to protect the cellulose fibres in the compressed material
1b from contact with the vegetables and to decrease the hygroscopic features of the bowl. This
method could also be used for producing bottles or containers for liquid goods, and the
cellulose product may thus be suitable for packaging different types of liquids or beverages,
including carbonated liquids.

[0082] Turning to figs 4a-d, the forming mould 3 comprises at least two openable and closable
negative forming surfaces or parts 2a, 2b, surrounding a tube shaped cellulose blank 1a
comprising a film barrier 6 wherein the outer layer is uncompressed cellulose 1a fibres and its
additives and the inner layer 6 a single-use membrane comprising a thin film barrier 6. The
blank can preferably be supplied to the compressing device in rolls, not shown in the figure, in
flat shape wherein the blank is formed into a tube shape, not shown in the figure, surrounding
a pressure media nozzle 8.

[0083] In figure 4a, the forming mould 3 with the forming surfaces or parts 2a, 2b are pre-
heated to the forming mould temperature T,, and are schematically shown in the open initial
stage of the forming process method. The tube shaped cellulose blank 1a with the film barrier
6 is supplied from the top surrounding the fixed pressure media nozzle 8, which means that the
tube shaped cellulose blank 1a with the film barrier 6 is supplied in a direction from above into
the forming surfaces 2a, 2b.

[0084] By closing the pre-heated forming mould 3 with a closing force F¢ which is higher than
an opening force created by the pressure P4 applied by the pressure media to the inside of the

forming mould 3 by the pressure media nozzle 8 shown in figure 4c. The closed state of the
forming mould 3 with the forming surfaces 2a, 2b is schematically shown in figures 4 b-c. The
closing force F and the design of the forming surfaces 2a, 2b adjacent to the top and bottom
of the cavity will seal the inner volume of the cellulose blank 1a from the outside atmospheric
pressure Pg. In an alternative embodiment, the cellulose blank may be cut by the forming

moulds from residual material when the forming mould 3 is closed.

[0085] Figure 4c shows the forming and fibril aggregation phase of a method, wherein said
inner volume of the blank has been filled with pressure media 9 from the pressure media
nozzle 8 and pressurized to the pressure P4 wherein the pressure media 9 and the single-use
membrane 6 forming equal pressure acting on the cellulose fibres across the heated forming
surface of said forming moulds 2a and 2b.

[0086] The filling process is taking place between the steps shown in figures 4b and 4c, and
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requires air channels 10 to enable the air outside the cellulose blank 1a with the film barrier 6
in the cavity of the forming mould 3 to be drained during the blank expansion process.

[0087] Figure 4d illustrates a three dimensional cellulose product in the form of a hollow object
made from the compressed material 1b and the film barrier 6, e.g. a bottle for beverages,
formed by the method described in fig 4a-c filled with said pressure media 9 wherein the film
barrier 6 separates the pressure media 9 from the compressed cellulose fibres 1b.

[0088] According to present disclosure the pressure media 9 is constituted by the beverage
that is intended to be filled into the cellulose product, such as e.g. milk, juice, water and
carbonated beverages.

[0089] The film barrier 6 can preferable be made of a thin thermoplastic material like PET or
PLA, having a thickness in the range of 1- 700 ym, wherein the film barrier 6, conventionally
applied in paper packages for beverages, also seal the cellulose fibres 1b from contact with the
beverage 9 during storage and usage of the cellulose product.

[0090] The cycle time for the process step shown in figure 4c can be reduced if the beverage 9
is cooled to a temperature Tg, for example in the range of 1-20 °C, and filled fast, preferably in

less than a second. If the forming mould 3 with the forming surfaces 2a, 2b is pre-heated to a
mould temperature T,, which for example is 200 °C and the blank is pre-heated to a

temperature T4, of for example 140 °C, the pressure media temperature Tg will enable release

of the filled bottle from the forming mould 3 in cycle times of seconds or even less.

[0091] Figure 5a-b schematically show another principle of the present disclosure, wherein the
compressing device comprises at least one positive forming mould part 2a, at least one
negative pressure mould part 2b and a multi-use pre-shaped membrane 4, wherein the
pressure media 5 is pressurized to the pressure P4 after the mould parts 2a and 2b,

surrounding the cellulose blank 1a, has been closed.

[0092] The final forming stage where fibril aggregation in the cellulose fibres of the cellulose
blank 1a takes place is shown in figure 5b. The enlarged cross section shown in figure 5b
illustrates how the pressure media 5 penetrates into the forming mould 3 between the upper
negative pressure mould part 2b and the membrane 4 wherein a pressure P4, uniformly will

compress the cellulose blank 1a towards the forming surface of the pre-heated lower positive
forming mould 2a. The penetration of pressure media 5 can be facilitated by minor
indentations, not shown in the figure, in the surface of the upper negative pressure mould part
2b acting as micro channels for the pressure media 5.

[0093] The embodiment of the compressing device according to figures 5a-b may be beneficial
compared to the method discussed in figures 2a-b, where shorter cycle times are preferred.
The membrane 4 does not have to deform to the same extent in the embodiment shown in
figures 5a-b.
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[0094] The above described examples of the compressing method, with reference to figures 2-
5, comprises a flexible membrane 4, which may be used to provide an isostatic pressure. It
should be understood that forming of three-dimensional objects in all-cellulose composite using
heated compression moulding of wood pulps processed with only water can be obtained using
conventional tools while still achieving isostatic pressure.

[0095] Referring to figures 6a-c, an upper pre-heated negative non-flexible pressure mould
part 2b and a lower pre-heated positive non-flexible forming mould part 2a, surrounds the
cellulose blank 1a wherein the cavity thickness t(P) between the lower pre-heated positive non-
flexible forming mould part 2a and the upper pre-heated negative non-flexible pressure mould
part 2b deviates from nominal even thickness where the deviation is theoretically and/or
practically established to create an isostatic pressure P4 on every portion of cellulose blank 1a

towards the mould parts 2a and 2b when the mould parts are pressed together with the force
F.

[0096] Figure 6a schematically shows the embodiment in an initial open state with the cellulose
blank in a flat state fed to the mould parts in a continuous web 1a. Figure 6¢c schematically
shows the embodiment in a closed state with the cellulose blank 1a in a compressed non-flat
state. Figure 6b schematically shows the embodiment in a state in-between the open and the
closed , in a non-compressed non-flat state.

[0097] Figures 6a-c show an example of a compressing device for a hollow bowl, where the
positive forming mould part 2a has a nominal, preferred, shape and where the negative
pressure mould part 2b has a compensated shape in order to obtain equal pressure Py.

[0098] As shown in figure 6b the blank is deformed by the two mould parts 2a, 2b wherein the
thickness t of the cellulose blank 1a varies due to friction and deformation restrain in the
cellulose blank 1a. In this schematic example, which can be altered in many ways, the cellulose
blank 1a will end up with a thinnest thickness tyi,, adjacent to the cavity entrance of the

pressure mould 2b and a thickest thickness tgx on the top of the forming mould 2a.

[0099] The cavity thickness, s, between the two mould parts 2a, 2b is therefore compensated
so the most narrow cavity thickness sm is situated adjacent to where the cellulose blank is

thinnest tmjn and the most wide cavity thickness smax is situated adjacent to where the un-
compressed cellulose blank 1a is thickest tnax, by means of the negative pressure mould 2b,

pressing the cellulose blank 1a against the forming positive mould 2a with a substantially equal
forming pressure Pq acting on the cellulose blank 1a across the forming surface.

[0100] Moreover, the relation between thickness of the cellulose blank, t, and the cavity
thickness, s, and the final cavity shape, is also related to the geometrical pressure generation
of the cavity. The force F determines the pressure P4 on top of the positive forming mould part

2a while the convexity, thickness and angel of the cavity adjacent to the most narrow cavity
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thickness sy, determines the final pressure P4.

[0101] The inventors of present invention have found that the final shape of the cavity is a
complex algorithm t(P) in order to obtain substantially isostatic pressure P4 where both

mathematical, preferably FEM-analysis, and empirical tests, preferably trial-and-error, is
required to obtain equal pressure all over the component.

[0102] According to another embodiment of the present disclosure, without flexible membrane,
the geometrically pressure compensated cavity in figures 6a-c can be substituted with
thickness compensation of the cellulose blank.

[0103] Figures 7a-b schematically show a traditional non-compensated pressure negative
forming mould part 2b and a non-compensated positive forming mould part 2a, with a
preferred equal and nominal cavity thickness, t, wherein the blank has a pressure
compensated thickness between tqin-tmax established with same theory and in the same

manner as described for the embodiment discussed in relation to figures 6a-c.

[0104] The preference for the method of creating isostatic pressure without flexible membrane,
presented in relation to figures 6a-c and 7a-b, relates to shorter cycle time and lower cost for
the compressing device. However, the development effort might be more costly for the method
using stiff moulds. The advantage for using the method described in relation to figures 7a-b
over the method described in relation to figures 6a-c is the achieved even thickness tq of the

final cellulose product. However, the blanks might be more costly to produce in the method
described in figures 7 a-b.

[0105] According to the invention, the forming mould 3 is arranged with a membrane
constructed as a massive flexible membrane structure. In figures 8a-c an alternative forming
mould 3 with a negative forming mould part 2b and a positive forming mould part 2a is
schematically shown. The positive forming mould part 2a is applying a forming pressure, F, on
a massive flexible membrane 4, which is applying an isostatic pressure on the cellulose blank
1a when forming the cellulose product. With massive flexible membrane is meant a flexible
structure, which has a similar ability to apply the isostatic pressure to the cellulose blank 1a, as
the membrane structures described in the embodiments above, but with a greater elastic
deformation zone compared to thinner membrane structures. The massive flexible membrane
4 is constructed with a thick membrane structure or made of a homogeneous body of a flexible
material. The flexible material may have properties that will make the material float out
between the forming mould parts when pressure is applied to the body. In the embodiment
shown in figures 8a-c, the massive flexible membrane 4 is constructed from a homogeneous
body of a flexible material.

[0106] In an alternative embodiment, the massive flexible membrane 4 may have a varied
thickness, where the massive flexible membrane is for example shaped or casted into a
structure with a varied thickness. The thinner and thicker areas of the massive flexible
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membrane with varied thickness may compensate for areas in the forming mould parts which
need smaller or bigger deformation of the membrane in order to equalize or even out the
pressure subjected to the cellulose blank 1a. By using a massive flexible membrane structure
the forming mould can be made cheaper and simpler in construction.

[0107] The massive flexible membrane 4 is constructed so that when the pressure, F, is
applied from the forming mould parts, the massive flexible membrane 4 deforms in order to
provide the isostatic pressure. The massive flexible membrane 4 may be made of a suitable
elastomeric material, such as for example rubber, silicone, polyurethane or other elastomer.
Due to the flexible properties of the massive flexible membrane 4, the massive flexible
membrane 4 applies an isostatic pressure to the cellulose blank 1a.

[0108] In figure 8a, the cellulose blank 1a is placed between the negative forming mould part
2b and the massive flexible membrane 4. The positive forming mould part 2a is pushing the
massive flexible membrane 4 and the cellulose blank 1a into the negative forming mould part
2b when the forming pressure, F, is applied to the forming mould parts, as shown in figures 8a-
b. When forming the cellulose product, the negative forming mould part 2b is heated to a
forming mould part temperature T2 and during the forming process, the cellulose blank 1a is

heated to a forming temperature T4, see figures 8a-c.

[0109] In figures 9a-c another mould 3 according to the invention with a negative forming
mould part 2b and a positive forming mould part 2a is schematically shown. The negative
forming mould part 2b is applying a forming pressure, F, on a massive flexible membrane 4,
which is applying an isostatic pressure on the cellulose blank 1a when forming the cellulose
product. The massive flexible membrane 4 is constructed so that when the pressure, F, is
applied from the forming mould parts, the massive flexible membrane 4 deforms in order to
provide the isostatic pressure. The massive flexible membrane 4 may be of the same
construction as described above in relation to the embodiment shown in figures 8a-c. In the
embodiment shown in figures 9a-c, the massive flexible membrane 4 has a varied thickness to
match the shape of the positive forming mould part 2a. Due to the flexible properties of the
massive flexible membrane 4, the massive flexible membrane 4 applies an isostatic pressure
to the cellulose blank 1a.

[0110] In figure 9a, the cellulose blank 1a is placed between the positive forming mould part 2a
and the massive flexible membrane 4. The positive forming mould part 2a is pushing the
cellulose blank 1a into the negative forming mould part 2b towards the massive flexible
membrane 4 when the forming pressure, F, is applied to the forming mould parts, as shown in
figures 9a-b. When forming the cellulose product, the positive forming mould part 2a is heated
to a forming mould part temperature T, and during the forming process, the cellulose blank 1a

is heated to a forming temperature T4, see figures 9a-c.

[0111] In the claims, the word "comprising” does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality. The mere fact that certain measures
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are recited in mutually different dependent claims does not indicate that a combination of these
measured cannot be used to advantage

[0112] It will be appreciated that the above description is merely exemplary in nature and is not
intended to limit the present disclosure, its application or uses. While specific examples have
been described in the specification and illustrated in the drawings, it will be understood by
those of ordinary skill in the art that various changes may be made and equivalents may be
substituted for elements thereof without departing from the scope of the present disclosure as
defined in the claims. Furthermore, modifications may be made to adapt a particular situation
or material to the teachings of the present disclosure without departing from the essential
scope thereof.

[0113] Therefore, it is intended that the present disclosure not be limited to the particular
examples illustrated by the drawings and described in the specification as the best mode
presently contemplated for carrying out the teachings of the present disclosure, but that the
scope of the present disclosure will include any embodiments falling within the scope of the
appended claims.

[0114] Reference signs mentioned in the claims should not be seen as limiting the extent of
the matter protected by the claims, and their sole function is to make claims easier to
understand.
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Patentkrav

1. Fremgangsmade til fremstilling af et celluloseprodukt med en ikke flad form
ved hjeelp af en pressestabeindretning omfattende en stgbeform (3), hvor stz-
beformen (3) har en formningsoverflade, der definerer produktformen, omfat-
tende de falgende trin:

at anbringe et celluloserdemne (1a), der indeholder mindre end 45 veegtpro-
cent vand, i stabeformen (3),

at opvarme celluloserdemnet (1a) til en formningstemperatur i omradet fra 100
°C til 200 °C; og

at presse celluloseraemnet (1a) ved hjeelp af stebeformen (3) med et form-
ningstryk, der indvirker pa celluloseraemnet (1a) hen over formningsoverfla-
den, hvor formningstrykket ligger i omradet 1 MPa til 100 MPa, hvor stabefor-
men (3) omfatter en massiv, fleksibel membran (4), som udaver formningstryk-
ket pa celluloseraemnet (1a) under formningen af celluloseproduktet, hvor den
massive, fleksible membran (4) er konstrueret med en tyk membranstruktur

eller fremstillet af et homogent legeme af et fleksibelt materiale.

2. Fremgangsmade ifalge krav 1, hvor formningstrykket er ca. 4 MPa, form-

ningstemperaturen er ca. 160°C, og pressetiden er ca. 10 sekunder.

3. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor cel-
luloseraemnet (1a) indeholder mindre end 25 veegtprocent vand, specifikt min-

dre end 15 vaegtprocent vand.

4. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor cel-

luloseraemnet (1a) omfatter treepulp, specifikt mindst 90 vaegtprocent treepulp.
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5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor trin-
net med opvarmning i det mindste delvist finder sted inden trinnet med pres-

ning.

6. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor sta-
beformen omfatter en stebeformdel (2a) og presseformdel (2b) og mindst en

af stebeformdelen og presseformdelen opvarmes inden trinnet med presning.

7. Fremgangsmade ifalge et hvilket som helst af de foregéende krav, hvor den
massive, fleksible membran (4) deformeres, nar formningstrykket paferes fra

stebeformdelene for at tilvejebringe et isostatisk tryk.

8. Fremgangsmade ifalge et hvilket som helst af de foregéende krav, hvor den
massive, fleksible membran (4) er fremstillet af et elastomert materiale, sasom

gummi, silikone, polyurethan eller en anden elastomer.

9. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor cel-

luloseréaemnet (1a), der anbringes i stebeformen (3), har l@se og adskilte fibre.

10. Pressestabeindretning til fremstilling af et celluloseprodukt med en ikke
flad produktform, der tager udgangspunkt i et celluloseraemne (1a), der om-
fatter:

en stabeform (3), der har en formningsoverflade, der definerer produktformen,
en opvarmningsindretning, der er indrettet til at opvarme celluloseraemnet (1a)
til en formningstemperatur i omradet af 100°C til 200°C,

hvor stabeformen (3) omfatter en stabeformdel (2a) og en presseformdel (2b),
der er indrettet til at tilvejebringe et formningstryk pa celluloserdemnet (1a) hen
over formningsoverfladen, hvor formningstrykket ligger i omradet 1 MPa til 100
MPa

hvor stgbeformen (3) omfatter en massiv, fleksibel membran (4), som udever

H

trykket pa celluloserédemnet (1a) under formningen af celluloseproduktet, hvor
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den massive, fleksible membran (4) er konstrueret med en tyk membranstruk-

tur eller fremstillet af et homogent legeme af et fleksibelt materiale.

11. Indretning ifalge krav 10, hvor den massive, fleksible membran (4) er ind-

rettet til at deformeres for at tilvejebringe et isostatisk tryk.

12. Indretning ifelge et hvilket som helst af de foregaende krav 10 eller 11,
hvor den massive, fleksible membran (4) er fremstillet af et elastomert materi-

ale, sdsom gummi, silikone, polyurethan eller en anden elastomer.

13. Indretning ifalge et hvilket som helst af kravene 10 til 12, hvor stabeformen

omfatter en negativ stebeformdel og en positiv presseformdel.
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DRAWINGS

(Prior art) Fig. 1¢
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Fig. 4a
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Fig. 4b
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Fig. 4d
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Fig. 5a

Fig. 5b
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Fig. 6¢
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Fig. 7a
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Fig. 8¢
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