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A METHOD TO PRODUCE A PAPERBOARD, A PAPERBOARD AND A
CORRUGATED BOARD

Technical field

The present invention relates to a method for producing a paperboard
wherein the paperboard Is produced by dewatering a furnish on a wire by
subjecting it to high pressure. The invention also relates to a paperboard and
a corrugated board comprising said paperboard.

Background
Paperboard is a very commonly used material for packages. Important

properties for a paperboard are strength, flexibility and ability to resist
moisture. One way to increase the strength of a paperboard is to increase the
density. However, increased density gives a much heavier paperboard which
both will increase the weight of the package and also increase the production
cost. There Is thus an incentive to increase the strength of a paperboard,
such as the bending resistance without increasing the density too much.

Paperboard can be both a single- and multiply product. When multiply
paperboard Is produced it Is important that the bond between the plies of the
paperboard Is good to prevent delamination problems. Example of multiply
paperboard products Is liquid packaging board, food service board, cup stock
and corrugated board.

Corrugated board is a fiber based material comprising a corrugated
medium (fluting) and at least one flat liner or linerboard attached onto a
surface of the fluted medium, thus forming a sandwich structure. The
corrugated medium, Is formed by using heat, moisture and pressure, Into a
corrugated shape using a corrugator. The sandwich can be formed In different
ways such as In single, double, and triple walls as described In Kirwan M., J.,
Paper and Paperboard. Packaging Technology, Blackwell Publishing 2005.

There are different kinds of corrugated board qualities, and these might
comprise different types of liners and corrugated media. Examples of different
types of liners are kraftliner, white top kraftliner and testliner. Kraftliner is
typically produced from kraft pulp that can be bleached or unbleached and
comprises one or more layers wherein top layer 1s often optimized to provide
good printing surface and good moisture resistance. Testliner is mainly
produced from recycled old corrugated board and i1s mostly done In two
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layers. Whereas the first layer usually always comprises recycled fibers, the
top layer might contain e.g. virgin fibers in order to provide a better quality.
For corrugated media recycled or semichemical fibers are typically used.
Common for all corrugated board qualities is that they are made of a high
portion renewable materials which makes it a sustainable packaging material
compared to many other packaging materials.

One important feature for corrugated boards are the strength,
especially compression strength. It is important that the corrugated board Is
strong and able to withstand outer influences. It Is also important that a
corrugated board can keep its strength even at fluctuating humidity.

A corrugated board is produced by joining a corrugated medium to a
flat liner by the use of an adhesive. A second glue application step can be
used to treat the corrugated medium on the backside prior to attaching a
second liner to produce a double face corrugated board. One problem when
producing a corrugated board is the adhesion of the liner to the fluting. Too
ittle adhesion causes delamination and addition of too much glue to ensure
that the adhesion Is sufficient causes washboarding and curl of the
corrugated board. It I1s very important that the adsorption of the added glue
Into the liner and/or corrugated medium Is optimal. If it Is not adsorbed by the
fluting/liner delamination will occur and the same happens If it IS adsorbed too
much Into the fluting/liner.

There Is thus a need to solve the problem mentioned above for a
paperboard.

Summary
It IS an object of the present invention to produce a paperboard, which

eliminates or alleviates at least some of the disadvantages of the prior art
paperboards, especially to produce a paperboard with high strength and less
delamination problems. Another object of the present invention Is to produce
a corrugated board comprising a corrugated medium and at least one liner
having reduced delamination tendencies and improved strength.

The Iinvention 1s defined by the appended independent claims.
Embodiments are set forth in the appended dependent claims and in the
following description.

The present invention relates to a method for producing a paperboard
comprising the steps of; providing a furnish comprising cellulosic fibers,
applying the furnish on at least one wire to form a web, dewatering the web
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on said at least one wire by subjecting the web to a pressure above 150 kPa
without the use of a press roll nip and thereafter pressing the dewatered web
to form a paperboard. By subjecting the web to a pressure above 150 kPa,
preferably above 200 kPa, on the wire it was found that a density difference
within the web Is formed during dewatering, where the middle part of the web
IS denser than the top and bottom parts. It has surprisingly been found that by
creating such density difference the compression strength of the web and
produced paperboard I1s improved. Also, the paperboard according to the
Invention has more porous surfaces which surprisingly has been shown to
iImprove the adhesion between the plies of a multiply paperboard product.

The web comprises a first and second side and the dewatering Is
preferably done from both sides of the web. It Is preferred that the dewatering
IS done from both sides of the web at the same time.

The amount of water removed from the first side of the web Is
preferably between 35-65 wt-% of the total amount of water removed during
the dewatering on the wire. The amount of water removed from the second
side of the web Is preferably between 35-65 wt-% of the total amount of water
removed during the dewatering on the wire. It Is preferred that the same
amount of water Is removed from each side of the web, 1.e. the most preferred
IS that 50% by weight of the total amount of water removed from the first side
and 50% by weight of the total amount of water removed from the second
side. In this way the part of the web with increased density will be located In
the middle part of the web making it possible to produce a more symmetrical
web.

The dry content of the web after pressing is preferably above 45% by
welight. It has surprisingly been found that it is possible to increase the dry
content of the web after pressing. Since a web with a more porous top and
pottom part Is produced with the method according to this invention it Is
possible to remove more water from the web during pressing. Thus, a product
with higher dry content can easily be produced after the press section.

The density of the paperboard is preferably above 680 kg/m?3. The
density of a corrugated medium is preferably above 750 kg/m3. The density
for of a liner is preferably above 800 kg/m?.

The difference In density between the top and bottom parts of the
paperboard and the middle part of the paperboard is preferably at least 10%.
It IS preferred that the difference In density Is at least 15%.
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The geometrical SCT index of the paperboard is preferably above 32
Nm/g, more preferably above 35 Nm/g and even more preferably above 37
Nm/g.

The furnish preferably comprises more than 50% by weight of NSSC
pulp based on the total fiber amount. It iIs even more preferred that the furnish
comprises more than 65% by weight or even more preferably above 80% by
weight of NSSC pulp. NSSC pulp has been found to comprise a suitable
amount of bonding fines that helps to create the density difference during
dewatering according to the invention which makes it very suitable to use high
amounts of NSSC pulp for the production of the paperboard according to the
invention. NSSC pulp are especially useful when making corrugated board.

The furnish may further comprise 0.1-10% by weight of microfibrillated
cellulose (MFC) based on the total fiber amount. It is preferred that the furnish
comprises 2-5% by weight of MFC based on the total fiber amount. The
addition of MFC has shown to both increase the strength of the paperboard
but also to contribute to the density difference that occurs.

The Increased pressure Is preferably achieved by changing the wrap
angle of the wire over a roll In the dewatering section and/or by the use of
vacuum.

The paperboard I1s preferably a corrugated medium wherein the
method further comprises the step of corrugating the paperboard to produce a
corrugated medium.

The paperboard is preferably a liner.

The present invention further relates to a paperboard comprising a top,
bottom and middle part wherein the top and bottom parts of the paperboard
have a first density and the middle part of the paperboard has a second
density wherein the second density Is higher than the first density. It Is
preferred that the second density Is at least 10% higher than the first density.
It is preferred that the first density is above 600 kg/m?, preferably between
600-800 kg/m?® and it is preferred that the second density above 700 kg/m?,
preferably between 700-900 kg/m?.

The paperboard preferably has a density above 680 kg/m?, preferably
above 700, even more preferred above 750 kg/m?® or even more preferred
above 800 kg/m?®. The paperboard preferably has a geometrical SCT value
above 32 Nm/g, preferably above 35 Nm/g or even more preferred above 37
Nm/g.
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It IS preferred that the paperboard comprises more than 50% by weight
of NSSC pulp based on the total fiber amount, even more preferred more
than 65% by weight or even more preferred more than 80% by weight.

The paperboard preferably comprises between 0.1-10% by weight of
microfibrillated cellulose based on the total fiber amount.

The paperboard may be a liner.

The paperboard may also be a corrugated medium. It is preferred that
the corrugated medium has a grammage between 80-220 g/m?, preferably
between 100-150 g/m?. By the present invention it has been found possible to
reduce the grammage of the produced corrugated medium since the strength
of the corrugated medium Is increased.

The present invention also relates to a paperboard produced according
to the method as described above.

The present invention further relates to a corrugated board comprising
a corrugated medium and at least one liner wherein the corrugated medium
and/or liner comprises a top, bottom and middle part wherein the top and
bottom parts have a first density and the bottom part has a second density
wherein the second density Is higher than the first density.

Detailed description
The present invention relates to a method to produce a paperboard, a

paperboard and a corrugated board comprising said paperboard. It may be
preferred that the paperboard Is a containerboard, 1.e. a corrugated medium
and/or a liner, used to produce a corrugated board.

The method to produce a paperboard according to the present
Invention comprises the steps of; providing a furnish comprising cellulosic
fibers, applying the furnish on at least one wire to form a web, dewatering the
web on said at least one wire by subjecting the web to a pressure above 150
kPa, preferably above 200 kPa without the use of a press roll nip and
thereafter pressing the dewatered web to form a paperboard. The increased
pressure IS preferably applied in the forming section of a paper o paperboard
machine. The forming section Is also referred to as the dewatering section. By
subjecting the web to a dewatering pressure above 150 kPa on the wire and
without the use of a press roll nip It has been shown that a paperboard or a
web having a density difference in the z-direction of the paperboard or web
can be produced In a very easy and efficient way. The density difference In
the z-direction Is formed due to that the dewatering Is done at a high pressure
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and In a way that allows the water to be removed by flowing freely through
and from the web. It was surprising that a paperboard with a density
difference In the z-direction has good strength properties, especially good
compression strength. It was also found that the paperboard according to the
iInvention had reduced delamination problems when used in a corrugated
pboard.

The Increased dewatering pressure Is preferably achieved by changing
the wrap angle of the wire over a roll in the dewatering section and/or by the
use of vacuum. The rolls used in the dewatering section (or forming section)
are not placed on opposite sides of the wire and not pressed against each
other, consequently no roll nip Is formed. The increased dewatering pressure
can also be achieved by the use of vacuum applied below and/or above the at
least one wire on which the web to be dewatered Is located. The vacuum may
be created by any suitable equipment, e.g. a suction box. It Is important that
the Increased pressure Is achieved without the use of a press roll nip. With
‘press roll nip” 1Is meant a nip formed between two rolls that are pressed
against each other. The use of press roll nips will not be able to form the
mentioned density difference since the water removed Is not allowed to flow
freely through the web.

The dewatering of the web Is preferably done from both sides of the
web, I.e. from the first and second side of the web. It Is preferred that the
dewatering from both sides of the web Is done at the same time. It may be
preferred that the dewatering I1s done by using a twin wire. By dewatering the
web from the first and second side of the web, the fines of the web Is
concentrated to the middle part of the web leading to increased density. It Is
also preferred that approximately the same amount of water I1s removed from
both sides of the web to ensure that the fines are concentrated to the middle
part of the web.

The density difference Is preferably at least 10%, preferably at least
15% and preferably between 15-30%. It has been found that by having a
more dense middle part of the web or paperboard, the problems with
delamination when using the paperboard in a corrugated board Is reduced.
The difference In density between the top and bottom part and the middle part
of the web or paperboard should be at least 10%. It has been shown that a
density difference of at least 10% Is sufficient to improve the delamination
problems. It Is however preferred that the density difference Is at least 15%.
For most applications the density difference to both achieve a good strength
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product and be able to reduce delamination is between 15-30%. By having
lower density In the top and bottom part of the web, a paperboard or web with
more porous surfaces Is produced. This has been found to be a big
advantage when producing a corrugated board since the adsorption of

S adhesive added to the surface I1s improved In such way that the delamination
IS reduced.

Pressing of the web after dewatering is preferably done in a press
section of a paper or paperboard machine in any conventional way. An
additional advantage with the present invention Is that a web with more

10 porous surfaces Is produced which makes It easier to remove an increased
amount of water In the press section. The dry content of the web after
pressing IS preferably above 45% by weight, preferably above 50% by weight.
By the present invention it Is thus also possible to produce a web with higher
dry content after the press section thus reducing the subsequent drying

15 demands of the web which will reduce the production cost of the paperboard.

Any additional process steps to produce said paperboard, such as
drying or calendering may also be used. Any conventional drying equipment
or calenders can be used.

Neutral Sulfite Semi-Chemical (NSSC) pulp is a high yield process for

20 pulp production. It 1Is a semi-chemical process including both chemical and
mechanical treatment. The cooking liquor used during NSSC pulping
comprises sulfite, e.g. NaxS0O3 and/or Na:CO3 and a base, e.g. NaOH. The
pH during cooking Is preferably between 5-8 and the temperature Is
preferably between 160-190°C. The mechanical treatment can be done in any

25 Kknown way, e.g. by refining or grinding. It was found advantageous to use
high amounts of NSSC pulp in the present invention. It is believed that NSSC
pulp comprises a suitable amount of bonding fines that makes it possible to
create the density difference during dewatering according to the invention.

The paperboard according to the invention comprises a top, a bottom

30 and a middle part. The top part preferably constitutes between 20-25% of the
total thickness of the paperboard, the bottom part preferably constitutes
between 20-25% of the total thickness of the paperboard and the middle part
preferably constitutes between 50-60% of the total thickness of the
paperboard.

35 The density of the paperboard was measured according to ISO
534:2011. The first density of the bottom part of the paperboard was
measured by grinding off the top and middle part of the paperboard and then
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measure the density on the remaining bottom part according to the standard.
The same procedure applies when measuring the first density of the top part
and the second density of the middle part of the paperboard.

The SCT value was measured according to ISO 9895. The geometrical
SCT value is calculated based on the measured SCT value in the cross
machine direction (CD) and the SCT value measured in the machine direction
(MD). The geometrical SCT value was calculated from the value in cross-
machine direction and machine direction according to (MD x CD)"2. The SCT
iIndex was then calculated by dividing the SCT value with the grammage. The
unit for the SCT index is thus Nm/g.

The present invention also relates to a corrugated board comprising a
corrugated medium (fluting) and at least one liner wherein the corrugated
medium and/or liner comprises a top, bottom and middle part wherein the top
and bottom parts have a first density and the bottom part has a second
density wherein the second density Is higher than the first density. The
corrugated board thus comprises at least one paperboard as described
above. The corrugated medium Is produced by providing a paperboard and
corrugating said paperboard to produce a corrugated medium. The
corrugating process can be done in any known way.

The corrugated medium and at least one liner are attached to each
other forming said corrugated board by arranging an adhesive between the
corrugated medium and liner/s. The corrugated board preferably comprises at
least two liners and at least one corrugated medium. The corrugated board
may also comprise more than one corrugated mediums and more than two
liners. The liner Is attached to at least one surface of the corrugated medium
by the adhesive. The adnesive Is preferably applied on a least one surface of
the fluted corrugated medium and the liner is thereafter attached to said
surface. The adhesive may for example be a glue that is based on starch that
can be extracted from a wide variety of plants. Some of the most common
plants are maize, wheat, rice, potato, tapioca and peas. The starch iIs
preferably native, 1.e. no modification of the starch has been done. The
adhesive may also comprise water, sodium hydroxide and boric acid. Other
additives, such as additives to improve the wet strength or adhesive bond
strength could also be added. Also, other functional chemicals in order to
Improve e.g. moisture resistance or gelling behavior can be added, e.g.
borax, glyoxal or mixtures thereof. Any conventional adhesives In the area
may be used.
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The cellulosic fibers of the furnish can be any kind of fibers, such as
hardwood and/or softwood fibers. The corrugated board, liner/s and/or
corrugated medium may be produced by any kind of pulp, e.g. chemical pulp,
mechanical pulp, thermomechanical pulp and chemi-thermomechanical pulp

5 (CTMP), and neutral sulfite semi-chemical (NSSC) pulp. The furnish may
comprise any one of a virgin and/or a re-cycled pulp.

The furnish preferably comprises microfibrillated cellulose (MFC). By
adding MFC to the furnish the strength of the produced paperboard is
INncreased. Also, It has been found that it 1s easier to achieve the desired

10 density difference If the amount of fine material in the furnish Is increased.
The MFC tends to concentrate to the middle of the web when subjected to
dewatering at high dewatering pressures. The amount of MFC added to the
furnish Is preferably 0.1-10% by weight of microfibrillated cellulose based on
the total fiber amount, preferably between 2-5% by weight.

15 Microfibrillated cellulose (MFC) shall in the context of the patent
application mean a nano scale cellulose particle fiber or fibril with at least one
dimension less than 100 nm. MFC comprises partly or totally fibrillated
cellulose or lignocellulose fibers. The liberated fibrils have a diameter less
than 100 nm, whereas the actual fibril diameter or particle size distribution

20 and/or aspect ratio (length/width) depends on the source and the
manufacturing methods. The smallest fibril i1s called elementary fibril and has
a diameter of approximately 2-4 nm (see e.qg. Chinga-Carrasco, G., Cellulose
fibres, nanofibrils and microfibrils,: The morphological sequence of MFC
components from a plant physiology and fibre technology point of view,

25 Nanoscale research letters 2011, 6:417), while it Is common that the
aggregated form of the elementary fibrils, also defined as microfibril (Fengel,
D., Ultrastructural behavior of cell wall polysaccharides, Tappi J., March 1970,
Vol 63, No. 3.), Is the main product that is obtained when making MFC e.g. by
using an extended refining process or pressure-drop disintegration

30 process. Depending on the source and the manufacturing process, the length
of the fibrils can vary from around 1 to more than 10 micrometers. A coarse
MFC grade might contain a substantial fraction of fibrillated fibers, i.e.
protruding fibrils from the tracheid (cellulose fiber), and with a certain amount
of fibrils liberated from the tracheid (cellulose fiber).

35 There are different acronyms for MFC such as cellulose microfibrils,
fibrillated cellulose, nanofibrillated cellulose, fibril aggregates, nanoscale
cellulose fibrils, cellulose nanofibers, cellulose nanofibrils, cellulose
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microfibers, cellulose fibrils, microfibrillar cellulose, microfibril aggregrates and
cellulose microfibril aggregates. MFC can also be characterized by various
physical or physical-chemical properties such as large surface area or Its
ability to form a gel-like material at low solids (1-5 wt%) when dispersed In
water. The cellulose fiber is preferably fibrillated to such an extent that the
final specific surface area of the formed MFC is from about 10 to about 300
m?/g, or more preferably 30-200 m%/g when determined for a freeze-dried
material with the BET method.

Various methods exist to make MFC, such as single or multiple pass
refining, pre-hydrolysis followed by refining or high shear disintegration or
liberation of fibrils. One or several pre-treatment step is usually required in
order to make MFC manufacturing both energy efficient and sustainable. The
cellulose fibers of the pulp to be supplied may thus be pre-treated
enzymatically or chemically, for example to reduce the quantity of
hemicellulose or lignin. The cellulose fibers may be chemically modified
before fibrillation, wherein the cellulose molecules contain functional groups
other (or more) than found In the original cellulose. Such groups include,
among others, carboxymethyl (CMC), aldehyde and/or carboxyl groups
(cellulose obtained by N-oxyl mediated oxydation, for example "TEMPQ"), or
quaternary ammonium (cationic cellulose). After being modified or oxidized In
one of the above-described methods, it Is easier to disintegrate the fibers into
MFC or nanofibrillar size or NFC.

The nanofibrillar cellulose may contain some hemicelluloses; the
amount I1s dependent on the plant source. Mechanical disintegration of the
pre-treated fibers, e.g. hydrolysed, pre-swelled, or oxidized cellulose raw
material 1s carried out with suitable equipment such as a refiner, grinder,
homogenizer, colloider, friction grinder, ultrasound sonicator, fluidizer such as
microfluidizer, macrofluidizer or fluidizer-type homogenizer. Depending on the
MFC manufacturing method, the product might also contain fines, or
nanocrystalline cellulose or e.g. other chemicals present in wood fibers or In
papermaking process. The product might also contain various amounts of
micron size fiber particles that have not been efficiently fibrillated.

MFC is produced from wood cellulose fibers, both from hardwood or softwood
fibers. It can also be made from microbial sources, agricultural fibers such as
wheat straw pulp, bamboo, bagasse, or other non-wood fiber sources. It Is
preferably made from pulp including pulp from virgin fiber, €.g. mechanical,
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chemical and/or thermomechanical pulps. It can also be made from broke or

recycled paper.
The above described definition of MFC includes, but is not limited to,

the new proposed TAPPI standard W13021 on cellulose nanofibril (CNF)

S defining a cellulose nanofiber material containing multiple elementary fibrils
with both crystalline and amorphous regions, having a high aspect ratio with
width of 5-30nm and aspect ratio usually greater than 50.

In view of the above detailed description of the present invention, other
modifications and variations will become apparent to those skilled in the art.

10  However, It should be apparent that such other modifications and variations

may be effected without departing from the spirit and scope of the invention.
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CLAIMS

A method for producing a paperboard comprising the steps of;

- providing a furnish comprising cellulosic fibers,

- applying the furnish on at least one wire to form a web,

- dewatering the web on said at least one wire by subjecting the web to
a pressure above 150 kPa without the use of a press roll nip and
thereafter

- pressing the dewatered web to form a paperboard.

The method according to claim 1 wherein the pressure is above 200
kPa.

The method according to any of the preceding claims wherein the web
comprises a first and second side and the dewatering Is done from both
sides of the web.

The method according to claim 3 wherein the amount of water removed
from the first side of the web Is between 35-65% by weight of the total
amount of water removed and the water removed from the second side
of the web I1s between 35-65% by weight of the total amount of water
removed.

The method according to any of the preceding claims wherein the dry
content of the web after pressing is above 45% by weight.

The method according to any of the preceding claims wherein the
density of the paperboard is above 680 kg/m?.

The method according to any of the preceding claims wherein a
difference In density between the top and bottom parts of the
paperboard and the middle part of the paperboard Is at least 10%.

The method according to any of the preceding claims wherein the
geometrical SCT index of the paperboard is above 32 Nm/g.
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The method according to any of the preceding claims wherein the
furnish comprises more than 50% by weight of NSSC pulp based on the
total fiber amount.

The method according to any of the preceding claims wherein the
furnish comprises 0.1-10% by weight of microfibrillated cellulose based
on the total fiber amount.

The method according to any of the preceding claims wherein the
INncreased pressure IS achieved by changing the wrap angle of the wire
over a roll in a dewatering section and/or by the use of vacuum.

The method according to any of the preceding claims wherein the
paperboard Is a corrugated medium wherein the method further
comprises the step of corrugating the paperboard to produce the
corrugated medium.

The method according to any of the claims 1-11 wherein the paperboard
IS a liner.

A paperboard comprising a top, a bottom and a middle part wherein the
top and bottom parts of the paperboard have a first density and the
middle part of the paperboard has a second density wherein the second
density Is higher than the first density.

The paperboard according to claim 14 wherein the second density Is at
least 10% higher than the first density.

The paperboard according to any of the claims 14-15 wherein the
paperboard has a density above 680 kg/m?.

The paperboard according to any of the claims 14-16 wherein the
paperboard has a geometrical SCT value above 32 Nm/g.

The paperboard according to any of the claims 14-17 wherein the
paperboard comprises more than 50% by weight of NSSC pulp based
on the total fiber amount.
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The paperboard according to any of the claims 14-18 wherein the
paperboard comprises 0.1-10% by weight of microfibrillated cellulose
pbased on the total fiber amount.

The paperboard according to any of the claims 14-19 wherein the
paperboard Is a liner.

The paperboard according to any of the claims 14-19 wherein the
paperboard Is a corrugated medium.

The paperboard according to claim 20 wherein the corrugated medium
has a grammage between 80 - 220 g/m?.

A paperboard produced according to the method according to any one
of the claims 1-13.

A corrugated board comprising a corrugated medium and at least one
liner wherein the corrugated medium and/or liner comprises a top,
bottom and middle part wherein the top and bottom parts have a first
density and the bottom part has a second density wherein the second
density Is higher than the first density.
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