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METHOD AND DEVICE FOR DEFIBRATING FIBRE-CONTAINING MATERIAL TO
PRODUCE MICRO-FIBRILLATED CELLULOSE

Field of invention

The present invention relates to a device and a method
for defibrating fibre-containing material to produce

micro-fibrillated cellulose.

The concept “fibre-containing material” is later to be

understood as a wide concept comprising wood chips, grass
and other fibre-containing materials originating from the
vegetable kingdom, which have been crushed into pieces of

appropriate sizes so they can be fed into the device.

The concept “defibrating” covers separation of fibres
from each other, wood or other raw materials in the
vegetable kingdom. In this text, the concept also covers

fibrillation of separate fibres.

The concept “microfibrillated cellulose” (MFC) is also
known as nanocellulose. It is a material typically made
from wood cellulose fibres, both from hardwood or
softwood fibres. It can also be made from microbial
sources, agricultural fibres such as wheat straw pulp,
bagasse, bamboo or other non-wood fibre sources. In
microfibrillated cellulose the individual microfibrils
have been partly or totally detached from each other. A
microfibrillated cellulose fibre is normally very thin
(~20 nm) and the length is often between 100 nm to 10 um.

However, the microfibrils may also be longer, for example
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between 10-200 um, but lengths even 2000 um can be found
due to wide length distribution. Fibres that has been
fibrillated and which have microfibrils on the surface
and microfibrils that are separated and located in a
water phase of slurry are included in the definition MFC.
Furthermore, whiskers are also included in the definition

MEC.

The present invention also relates to a paper or board

product produced according to the process.

Prior art and background of the invention

US 6,202,946 discloses a method and a device for
defibrating fibre-containing material. The device
comprises a housing, which comprises a first rotor
equipped with rectangular collision surfaces and a second
rotor equipped with rectangular collision surfaces. The
second rotor is concentrically arranged with the first
rotor and is arranged to rotate in a direction opposite
to the first rotor. The device further comprises a feed
orifice in the housing and opening to the centre of the
rotors and a discharge orifice on the housing wall and
opening to the periphery of the outermost rotor. The
fibre-containing material is led from the feed orifice to
the housing and made to flow together with a liquid
suspension through the rectangular collision surfaces of
the nested rotors to the discharge orifice and further as

a discharge flow out of the housing.

US 6,843,886 is a similar device for defibrating fibre-



WO 2014/045209 PCT/IB2013/058633

containing material. In accordance with the device above,
this device also discloses rotors equipped with

rectangular collision surfaces.

WO 2013/072559 discloses a method for producing
nanofibril cellulose through several counter-rotating
rotors outwards in the radial direction with respect to
the rotation axis of the rotors in such a way that the
material is repeatedly subjected to shearing and

impacting forces by the effect of rectangular blades.

There is a need for different types of nanocellulose and
micro fibrillated cellulose for different end
applications. For high quality (high strength potential)
micro fibrillated cellulose, the target is to maintain
the fibril length as long as possible, i.e. to produce as
high length/thickness ratio as possible. For high quality
micro fibrillated cellulose the ratio should always be
>100, preferably >1000 and even more preferred >10000.
This type of micro fibrillated cellulose is not possible
to produce with normally used mechanical means
(grinding/fluidization/homogenization etc.). If high
length/thickness ratio is tried to be produced (for
example with masuko grinder), fibril bundles
(flocculation and mechanical binding between fibrils)
becomes a major hindrance of the strength development.
Production of large amounts of short and thick finer
material is normally not considered positive in strength
enhancement applications (such as paper making, different
types of composites, films etc.). High amount of fines
(i.e. low length/thickness ratio) will cause dewatering

and retention problems in high speed paper making without
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giving the best possible effect on strength properties.
Simultaneously this type of low length/thickness ratio
material efficiently reduces porosity of the materials

where it has been added.

Thus, there is a need for a new type of machine
arrangement, which makes it possible to produce high

length/thickness ratio micro fibrils.

Thus, there is also a need for a machine arrangement,
which makes possible to break down fibril bundles formed
in MFC making for example grinding operations (for

example masuko grinders) and fluidization/homogenization.

Object of invention

An object of the present invention is to provide a device
and a method which enables to produce high

length/thickness ratio micro fibrils.

Another object is to provide a device and a method which
enables to break down fibril bundles formed in MFC making
for example grinding operations (for example masuko

grinders) and fluidization/homogenization.

Yet another object is to provide a device and a method
that enables an increase of the load between the rotating
parts, such that, the shear-forces to fibrillate the
fibres at a higher extent - where the goal is to get long

fibrils that are not cut nor collected in lumps/bunches.
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It is yet another object to provide a device and a method
where the distance between the rotating part can be

adjusted.

The defibrated material, made using the device or the
method according to the invention, may be used in any
micro cellulose application as paper and paperboard but
also in various polymer/plastics engineering areas,

food/feed areas, cosmetics area and pharmacy area.

The device, according to the invention, may also, when
enabling these high shear forces, work as a dosing point
of chemicals to get accurate blending of the chemicals
properly to reduce the application amount and increase

the efficiency of a certain chemical dosage.

Summary of the invention

The device according to the invention is characterized in
that the device comprising:

a) a rotatably-mounted first rotor equipped with
collision surfaces mounted thereon in at least
one, concentrically arranged, conical ring, and
adapted to rotate in a first direction;

b) a rotatably-mounted second rotor equipped with
collision surfaces mounted thereon in at least
one, concentrically arranged, conical ring, and
adapted to rotate in a second direction, which
direction is opposite to the first direction of
the first rotor, said second rotor is in

cooperating relationship with the first rotor
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such that the collision surfaces of said first
rotor and the collision surfaces of said second
rotor and are interspersed; and

a housing comprising said first and second
rotors, and having feed inlet and a feed
outlet, said inlet is in communication with a
centre of said first and second rotors and
being sufficiently large that fibre-containing
material may be fed freely there through; said
outlet is in communication with a periphery of

an outermost ring.

The method according to the invention is characterized in

that the method comprising the steps of:

i) providing a defibrating device comprising

a)

a rotatably-mounted first rotor equipped with
collision surfaces mounted thereon in at least
one concentric, conical ring, and adapted to
rotate in a first direction;

a rotatably-mounted second rotor equipped with
collision surfaces mounted thereon in at least
one concentric, conical ring, and adapted to
rotate in a second direction which is opposite
to the first direction of the first rotor,
said second rotor is in cooperating
relationship with the said first rotor such
that the collision surfaces of said first rotor
and the collision surfaces of said second rotor
and are interspersed; and

a housing comprising said first and second
rotors, and having feed inlet and a feed

outlet, said inlet is in communication with a
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centre of said first and second rotors and
being sufficiently large that fibre-containing
material may be fed freely there through; said
outlet is in communication with a periphery of
an outermost ring;
ii) feeding said fibre containing material into said
device such that the fibre-containing material is made to
flow with the aid of air or liquid to said first and
second rotors, and then through said collision surfaces
to said outlet to produce microfibrillated cellulose; and
iii) collecting said microfibrillated cellulose from said

outlet.

Detailed description of a preferred embodiment

In the following, the invention will be described in some
preferred embodiments with reference to the drawings,

wherein:

Figure 1 shows an elevation view of a first embodiment of
a device for defibrating fibre, where the device
comprises two rotatable rotors with blades which forms

conical rings on the rotors.

Figure 2 shows a detailed view of the device in figure 1,

where the upper rotor is in an upper position.

Figure 3 shows a top view of the rotors in Figure 1 and

2.

Figure 4 shows an alternative, second, embodiment of the

device for defibrating fibre, wherein the blades is
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replaced with a conical ring body which comprises radial

holes.

Figure 5 shows an elevation view of the second embodiment

in figure 4.

Figure 6 shows a top view of the second embodiment in

figure 4.

Figure 7 shows a detailed view of the inner surface of

the conical ring body.

The concept “tapered collision surface” will hereinafter
be frequently used in this text, with reference to the
first embodiment of the invention in figures 1-3. It
should be noticed that “tapered collision surface”, in
this application, incorporates a geometric figure in the
form of a truncated cone or a truncated pyramid or a

wedge or similar geometric figures.

According to figure 1-3, the device of comprises a
housing 5 (not shown in figure 2-3), which accommodates a
rotatably-mounted, lower, first rotor 1 equipped with
blades 3. The blades 3 of the first rotor 1 are arranged
in concentric rings 31, 32, 33. Each ring 31, 32, 33
comprises a circumferential, inner surface 3la, 32a, 33a,
which faces against the centre of the rotation axis of
the first rotor 1, and a circumferential, outer surface
31b, 32b, 33b, which faces away from the circumferential,
inner surface 3la, 32a, 33a. At least one of the
circumferential, inner surface and circumferential, outer
surface is inclining, such that, the cross section of

each ring 31, 32, 33 is wedge shaped, i.e. the rings 31,
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32, 33 are conical. The angle of each inclining surface
is about 3-7°, preferably 5° from the rotation axis of
the rotor 1. The first rotor 1 is adapted to rotate in a

first rotation direction.

The housing 5 also accommodates a rotatably-mounted,
upper, second rotor 2, which is concentric with the first
rotor 1. The second rotor 2 is also equipped with blades
4. The blades 4 of the second rotor 2 are arranged in
concentric rings 41, 42, 43. Each ring 41, 42, 43
comprises a circumferential, inner surface 4la, 42a, 43a,
which faces against the centre of the rotation axis of
the second rotor 2, and a circumferential, outer surface
41b, 42b, 43b, which faces away from the circumferential,
inner surface 4la, 42a, 43a. At least one of the
circumferential, inner surface and the circumferential,
outer surface is inclining, such that, the cross section
of each ring 41, 42, 43 is wedge shaped, i.e. the rings
41, 42, 43 are conical. The angle of each inclining
surface is about 3-7°, preferably 5° from the rotation
axis of the rotor 2. The second rotor 2 is adapted to
rotate in a second rotation direction, which second
rotation direction is opposite to the first rotation

direction of the first rotor 1.

The conical rings 31, 32, 33 of the first rotor 1 and the
conical rings 41, 42, 43 of the second rotor 2 are
intermeshed, such that, the circumferential, inner
surface 3la, 32a, 33a of a ring 31, 32, 33 of the first
rotor 1 faces against a circumferential, outer surface
41b, 42b, 43b of a ring 41, 42, 43 of the second rotor 2
and the circumferential, outer surface 31lb, 32b, 33b of a

ring 31, 32, 33 of the first rotor 1 facing against an
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inner surface 4la, 42a, 43a of a ring 41, 42, 43 of the
second rotor 2. The first rotor 1 and the second rotor 2

can freely rotate in different directions.

The head of the housing 5 is provided with an inlet 6,
which opens out to the centre of the rotors 1, 2 and is
used as an inlet for fibre-containing material 8 to be
fibrillated. The inlet 6 is also an inlet for dilution
water and/or chemistry 9 which is located in a central
pipe 10 inside the inlet 6. This feeding arrangement is
possible, due to the shafts of the rotors 1, 2 are
arranged within each other (not shown in figures). The
inlet 6 is sufficiently large, such that, the fibre-
containing material 8 may be fed freely at ambient

pressure.

The wall of the housing 5 is provided with an outlet 7,
which opens and is in communication with a periphery to
the outermost blade ring 33 and is used as a delivery
outlet of fibrillated material 11, i.e. microfibrillated

cellulose 11.

Figure 3 shows the rotation directions of the rings 31,
32, 33; 41, 42, 43 of the rotors 1, 2. As shown in figure
3, the rotation direction of the two rotors are opposite

to each other.

Each blade 3 in the rings 31, 32, 33 of the first rotor 1
comprises a first tapered collision surface 3a and a
second collision surface 3b which faces away from the
first collision surface 3a. The blades 3 are arranged,

such that, the collision surfaces 3a, 3b facing in a
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circumferential direction of the rings 31, 32, 33.

The blade 3 further comprising an inner, inclining first
edge surface 3¢ and an outer, inclining second edge
surface 3d, which edge surfaces 3¢, 3d are arranged
between the first collision surface 3a and the second
collision surface 3b and faces away from each other (see
Figure 1). The first edge surface 3c faces against the
rotation axis of the rotors 1, 2 and the second edge
surface 3d faces away from the rotation axis of the
rotors 1, 2. The inclining edge surfaces 3c, 3d are
perpendicular to the first and second collision surfaces
3a, 3b. The angle of each inclining edge surface is about
3-7°, preferably 5° from the rotation axis of the rotors

1, 2.

The inner, first edge surface 3c of the blades 3 forming
the circumferential, inner surfaces 3la, 32a, 33a of the
rings 31, 32, 33 of the first rotor 1. The
circumferential, outer, second edge surface 3d of the
blades 3 forming the circumferential, outer surface 3lb,

32b, 33b of the rings 31, 32, 33 of the first rotor 1.

The blade 3 further comprises a base surface 3e, which is
arranged between the first collision surface 3a and the
second collision surface 3b. The blade 3 is connected to

the first rotor 1 through the base surface 3e.

Finally, the blade 3 comprises a top surface 3f which is
arranged between the first collision surface 3a and the
second collision surface 3b. The top surface 3f faces

away from the base surface 3e and against the second
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rotor 2. The distance H between the top surface 3f and

the second rotor 2 is about 1-3 mm, preferably 2 mm.

Each blade 4 in the rings 41, 42, 43 of the second rotor
2 comprises a first tapered collision surface 4a and a
second collision surface 4b which faces away from the
first collision surface 4a. The blades 4 are arranged,
such that, the collision surfaces 4a, 4b facing in a

circumferential direction of the rings 41, 42, 43.

The blade 4 further comprising an inner, inclining first
edge surface 4c and an outer, inclining second edge
surface 4d which edge surfaces 4c, 4d are arranged
between the first collision surface 4a and the second
collision surface 4b and faces away from each other (see
Figure 1). The first edge surface 4c faces against the
rotation axis of the rotors 1,2 and the second edge
surface 4d faces away from the rotation axis of the
rotors 1, 2. The inclining edge surfaces 4c, 4d are
perpendicular to the first and second collision surfaces
4a, 4b. The angle of each inclining edge surface 4c, 4d
is about 3-7°, preferably 5° from the rotation axis of

the rotors 1, 2.

The inner, first edge surface 4c of the blades 4 forming
the circumferential, inner surfaces 41la, 42a, 43a of the
rings 41, 42, 43 of the second rotor 2. The outer, second
edge surface 4d of the blades 4 forming the
circumferential, outer surface 41b, 42b, 43b of the rings

41, 42, 43 of the second rotor 2.

The blade 4 further comprises a base surface 4e which is

arranged between the first collision surface 4a and the
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second collision surface 4b. The blade 4 is connected to

the second rotor 2 through the base surface 4e.

Finally, the blade 4 comprises a top surface 4f which is
arranged between the first collision surface 4a and the
second collision surface 4b. The top surface 4f faces
away from the base surface 4e and against the first rotor
1. The distance H between the top surface 4f and the

first rotor 1 is about 1-3 mm, preferably 2 mm.

Since the rings 31, 32, 33 of the first rotor 1 and the
rings 41, 42, 43 of the second rotor are intermeshed, a
circumferential, inner surface 3la, 31b, 31c of a ring
31, 32, 33 of the first rotor 1 faces against a
circumferential, outer surface 41b, 42b, 43b of a nearby
ring 41, 42, 43 of the second rotor 2; and a
circumferential, outer surface 31b, 32b, 33b of a ring
31, 32, 33 of the first rotor 1 faces against a
circumferential, inner surface 4la, 42a, 43a of a nearby
ring 41, 42, 43 of the second rotor 2. The gap L between
the two nearby rings i.e. the gap between two nearby
inclining surfaces of the first and second rotors 1,2, is

0.01-1 mm, preferably 0.1 mm.

The inclination of two nearby edge surfaces 3c and 4c are
equal for the first rotor 1 and the second rotor 2.

The upper, second rotor 2 is movable in an axial
direction upwards and/or downwards, such that, the gap L
between two nearby rings 31, 32, 33, 41, 42, 43 of the
first and second rotors 1, 2 can be changed thanks to the
inclining surfaces of the rings. When the upper, second
rotor 2 is in its highest position (figure 2), the gap L

is about 1 mm. When the upper, second rotor 2 is in its
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lowest position (figure 1) the gap L is about 0.1 mm. The
level of the upper, second rotor can be varied about

10 mm in its axial direction to close/open the gap L
between the rings. Hence, a movement of 0-10 mm gives a

gap L between 0.1-1.0 mm between the conical rings.

This enables that the load between the rotating rings can
be adjusted. The load can therefore be increased, such
that, the shear-forces to defibrillate the fibres at a
higher extension, where the goal is to get long fibrils

that are not collected in lumps/bunches.

According to an advantageous embodiment of the invention,
the device is constructed in such a way that the distance
S (see figure 3) between the blades in the outermost

rings is smaller than the distance between the blades in

the inner rings.

The above-mentioned measures may be used to secure that
also coarser fibre-containing material (coarse wood
and/or fibres) may be fed into the device, and
nevertheless well enough defibrated pulp may be achieved.
An essential advantage is that the number blades in the
rotor rings and the distances (tightness) between the
rings are selected according to the need. The distance S
between the rings, as well as the distance between the
blades in the ring, may be arranged so that they decrease
towards the outer ring. In this way the dispersing pieces
of wood chips are led to tighter and tighter spaces
before the established suspension is discharged from the

device.
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The tapered collision surfaces of the conical rings,
whose cross-sectional-profile is triangular, are turned,
in such a way, that the impact surfaces of the blades are
radial. Furthermore, the blades of one or more rings may
be turned, e.g. to increase the impact power, in such a
way that the direction of their collision surfaces

derivate from the radial direction.

The rotors of the device rotate at rates from 800 to
approximate 3000 rpm, preferably about 1500 rpm. Thus,
the outermost rings increase their peripheral speed as
the ring diameter increases and thereby induce for each
ring outwards an increased shear force to the material

processed.

The present invention enables that the load between the
rotating parts through the conical construction,
increases thereby shear-forces to defibrillate the fibres
at a higher extension, where the goal is to get long

fibrils that are not collected in lumps/bunches.

The invention is not limited, in such a way, that the
rings, with circumferential inclining surfaces,

necessarily are formed by blades as described above.

In accordance with the invention the fibre material is
introduced through several counter rotating collision-
surfaces, outwards in the radial direction with respect
to the axis of rotation of the rotors, in such a way,
that the materials is repeatedly subjected to shear and
impact forces by the effect of the different counter-
rotating collision-surfaces, whereby it is simultaneously

fibrillated.
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As a matter of great importance, the fibre material is
repeatedly impacted by the blades or ribs of the rotors
striking it from opposite directions when the blades
rotate at the rotating speed and at the peripheral speed
determined by the radius (distance to the rotation axis)
in opposite directions. Because of the fibre material is
transferred outwards in the radial direction, it crashes
onto the collision surfaces, coming one after each other
at a high peripheral speed from opposite directions, in
other words, it receives several successive impacts from
opposite directions. Also, at the edges of the wide
surfaces of the blades, i.e. collision surfaces, which
edges forms the gap L with the opposite edge of the nest
rotor blade, shear forces occur, which contribute to the

fibrillation.

Figure 4-7 discloses an alternative, second embodiment of
the invention, where the rings 51 are formed by a
continuous ring body 52. The figures 4-7 does only show
one single ring 51, but in accordance with the first
embodiment of the invention, the rings 51 are likewise
concentrically arranged in the housing 5 onto the first
and second rotors 1,2. Each ring 51 comprises a
circumferential, inner surface 5la, which faces against
the centre of the rotation axis of the first and second
rotors 1, 2 and a circumferential, outer surface 51D,
which faces away from the circumferential, inner surface
5la. At least one of the inner and outer surfaces is
inclining, such that, the cross-section of each ring 51
is wedge shaped, i.e. the ring 51 is conical. The angle
of each inclining surface is about 3-7°, preferably 5°

from the rotation axis of the rotors 1, 2.
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Each conical ring body 52 comprises circular holes 53,
which are uniformly distributed over the inner surface
5la and outer surface 51b, for transport of material to
be fibrillated through the conical rings 51. Each hole 53
is arranged in a radial direction through the inner and
outer surface. Each hole 53 has two diameters through the
ring body, such that, the hole diameter closest to the
inner surface 5la is larger than the hole diameter
closest to the outer surface 51b. The hole diameter
closest to the inner surface 5la is preferably about 16
mm and the hole diameter closest to the outer surface is
preferably about 7 mm. The circumferential, inner surface
of each hole 53, forms the collision surface 53a. The
collision surface 53a of the hole 53, has an equal
purpose as the collision surfaces 3a, 3b, 4a, 4b of the
blades 3, 4 described above. Hence, for the invention it
is possible to replace the conical rings 31, 32, 33 of
the first embodiment (rings formed by tapered blades)
with the conical rings 51 of the second embodiment (rings
formed by a conical ring body comprising holes). For a
person skilled in the art it is obvious that the holes
53, of each ring 51, may have various sizes and shapes.
The holes may for example be round, oval or square

shaped.

A benefit with the second embodiment is that long fibres
is oriented and fibrillated better during passage through

the hole 53.

A great benefit with the invention is that high amount of

energy can be transformed into the fibres without any or
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very minor fibre cutting. This will have several positive

effects:

e Chemical can be absorbed into fibres via mechanical
agitation very efficiently.
0 These chemicals include a large amount of
different type of chemicals.

= Anionic chemicals, such as anionic
polymers such as CMC, A-PAM

" Cationic chemicals, such as alum, H2S04,
HC1l and NaOH.

= FEnzymes such as cellulases and
hemicellilases.

® Chemicals known to improve fibrillation
for MFC production such as CMC, ORA, and
C-PAM.

e “Activate fibres”, changing internal structure of
the fibres
0 Including strength of individual fibres

o Including internal pore structure

e Changing surface of the fibres
0o Including open surface and surface

fibrillation.

e The device can be used to mix enzymes and thereafter

grind the enzyme-treated fibres.

The design of the blades 3, 4 that forms the conical
rings 31-33, 41-43 (first embodiment) and the design of
the conical ring body 52 that forms the ring 51 (second
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embodiment), gives some major benefit in comparison to
the known prior art when defibrillating fibres. In the
dynamic loading situation it is not possible to know the
preferred gap L between the rings due to dynamic changes
in the structure of the equipment. The gap L is known to
be different from a static situation and will change even
more when fibres are present in the flow. For this reason
the mechanical arrangement, in accordance with the
invention, is done so, that the gap L can be decreased
during loading situation. The dynamic gap L can also be
smaller than the static loading of zero. The distance of
the gap L can be controlled for example via energy or

vibration measurements.

In the foregoing, the invention has been described on the
basis of two specific embodiments. It is appreciated,
however, that other embodiments and variants are possible

within the scope of the following claims, for example:

A person skilled in the art realises that instead of
moving the upper, second rotor 2 in an axial direction to
adjust the gap L, it would, of course, also be possible

to move the lower, first rotor 1 in order to adjust the

gap L.

The number of concentric conical rings in the device do
not necessary need to be six (i.e. three rings 31, 32,
33, 51 on the first rotor 1 and three rings 41, 42, 43,
51 on the second rotor). In theory, the number of rings
could be from two rings (one ring on each rotor) up to a

finite number of rings.
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The inclination of the conical rings 31-33, 41-43, 52,
i.e. the inclination from the axis of the rotors of the
rings circumferential inclining surfaces does not
necessary need be in the interval 3-7°. In theory the

inclination may be anything from 1-45°.

The rotors of the device do not necessarily need to
rotate at rates from 800 up to 3000 rpm. In theory, the
rate can be anything from 400 up to 6000 rpm.
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CLAIMS

for defibrating fibre-containing material to

produce microfibrillated cellulose, characterized in that

the device comprising:

a)

a rotatably-mounted first rotor (1) equipped
with collision surfaces (3a, 3b; 53a) mounted
thereon in at least one, concentrically
arranged, conical ring (31, 32, 33; 51), and
adapted to rotate in a first direction;

a rotatably-mounted second rotor (2) equipped
with collision surfaces (4a, 4b; 53a) mounted
thereon in at least one, concentrically
arranged, conical ring (41, 42, 43; 51), and
adapted to rotate in a second direction, which
direction is opposite to the first direction of
the first rotor (1), said second rotor (2) is
in cooperating relationship with the first
rotor such that the collision surfaces (3a, 3b)
of said first rotor (1) and the collision
surfaces (4a, 4b; 53a) of said second rotor and
are interspersed; and

a housing (5) comprising said first and second
rotors, and having feed inlet (6) and a feed
outlet (7), said inlet is in communication with
a centre of said first and second rotors and
being sufficiently large that fibre-containing
material (8) may be fed freely there through;
said outlet (7) is in communication with a

periphery of an outermost ring.
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2. Device according to claim 1, characterized in that the
conical ring (31, 32, 33; 41, 42, 43; 51) has a cross-

section which is wedge-shaped.

3. Device according any of claims 1-2, characterized in
that each conical ring (31, 32, 33; 51) of the first
rotor 1 comprising a circumferential, inner surface (31la,
32a, 33a; 5la), which faces against the rotation axis of
the first rotor (1), and a circumferential, outer surface
(31b, 32b, 33b; 51b), which faces away from the inner
surface (31la, 32a, 33a; bla).

4. Device according any of claims 1-3, characterized in
that each conical ring (41, 42, 43; 51) of the second
rotor 2 comprising a circumferential, inner surface (41la,
42a, 42a; 5la), which faces against the rotation axis of
the second rotor (2), and a circumferential, outer
surface (41b, 42b, 43b; 51b), which faces away from the

inner surface (4l1la, 42a, 43a; 5la).

5. Device according to any of claims 3-4, characterized

in that at least one of the inner surface (3la, 32a, 33a;
41a, 42a, 43a; 5la) and the outer surface (31b, 32b, 33b;
41b, 42b, 43b; 5la) inclines with respect to the rotation

axis of the rotors (1, 2).

6. Device according to claim 5, characterized in that the
inclining surface inclines 1-45° relative to the rotation

axis of the rotors (1, 2).

7. Device according to claim 5, characterized in that the
inclining surface inclines 3-7° relative to the rotation

axis of the rotors (1, 2).
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8. Device according to any of claims 1-7, characterized
in that the gap (L) between a conical ring (31, 32, 33;
51) of the first rotor (1) and an immediate conical ring
(41, 42, 43,; 51) of the second rotor (2), may be changed

by moving one of the rotors (1, 2) in an axial direction.

9. Device according to claims 8, characterized in that

the gap (L) is adjustable from 0.01 mm to 2 mm.

10. Device according to claims 8, characterized in that

the gap (L) is adjustable from 0.1 mm to 1 mm.

11. Device according to claims 10, characterized in that
a movement of one of the rotors (1, 2) of 0-10 mm results

in that the gap (L) is adjustable from 0.1 mm to 1 mm.

12. Device according to any of the claims 1-11,
characterized in that the conical ring (31, 32, 33) of
the first rotor is formed by blades (3) having a tapered
collision surface (3a, 3b) and that the conical ring (41,
42, 43) of the second rotor (2) is formed by blades (4)

having a tapered collision surface (4a, 4b).

13. Device according to any of claims 1-11, characterized
in that the conical ring (51) of the first and second
rotors (1, 2) are formed by a conical ring body (52)
having radial holes (53), wherein the inner surface of

the holes (53) forming the collision surface (53a).

14. Device according to claim 13, characterized in that

the holes are round.
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15. Device according to claim 13, characterized in that

the holes are square formed.

16. A method for defibrating fibre-containing material
to produce microfibrillated cellulose, characterized in
that the method comprising the steps of:

i) providing a defibrating device comprising

a) a rotatably-mounted first rotor (1) egquipped
with collision surfaces (3a, 3b; 53a) mounted
thereon in at least one concentric, conical
ring (31, 32, 33; 51), and adapted to rotate in
a first direction;

b) a rotatably-mounted second rotor (2) equipped
with collision surfaces (4a, 4b; 53a) mounted
thereon in at least one concentric, conical
ring (41, 42, 43), and adapted to rotate in a
second direction which is opposite to the first
direction of the first rotor (1), said second
rotor (2) is in cooperating relationship with
the said first rotor such that the collision
surfaces (3a, 3b) of said first rotor (1) and
the collision surfaces (4a, 4b) of said second
rotor and are interspersed; and

c) a housing (5) comprising said first and second
rotors, and having feed inlet (6) and a feed
outlet (7), said inlet is in communication with
a centre of said first and second rotors and
being sufficiently large that fibre-containing
material (8) may be fed freely there through;
said outlet (7) is in communication with a
periphery of an outermost ring;

ii) feeding said fibre containing material (8) into said

device such that the fibre-containing material (8) is
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made to flow with the aid of air or liquid to said first
and second rotors (1, 2), and then through said collision
surfaces to said outlet (7) to produce microfibrillated

cellulose (11); and

iii) collecting said microfibrillated cellulose (11) from

said outlet (7).
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collision surface in the first emobodiment. (“Tapered collision surface” incorporates a
geometric figure in the form of a truncated cone or a truncated pyramid or a wedge or
similar geometric figures according to lines 16-19 on page 8 in the description.)

2: Claims 13-14 directed to a device and method for defibrating fibre-containing material to
produce microfibrillated cellulose with a device comprising two counter-rotating rotors
equipped with collision surfaces mounted thereon in at least on concentrically arranged
conical ring. These claims relates to the second embodiment of the invention in which the
conical rings are formed by conical ring bodies having radial holes, thereby long fibres are
better oriented and fibrillated.

The present application has been considered to contain 2 inventions which are not linked
such that they form a single general inventive concept, as required by Rule 13 PCT for the
following reasons:

The single general concept of the present application is the teaching that the device for
defibrating fibre-containing material should be equipped with conical rings in order to
produce high length/thickness ratio micro fibrils and to break down fibril bundles due to an
increased load between the rotating parts resulting in higher shear forces.

Document D1 discloses a pair of co-operating refining elements (10, 11) intended for a
refiner for the working of lignocellulosic fiber material in a refining gap between two
opposed refining discs rotating relative to each other. The refining elements are provided
with pins which are arranged in several rows in the circumferential direction, see the
abstract and figures 1-3. The pins can have a conical shape, see line 3 on page 3.

It is implicit that the refiner mentioned in D1 has an inlet, an outlet and a housing in
accordance with part c) of claim 1.

It is not stated in D1 that microfibrillated cellulose is produced. However, the device
described in D1 is considered to be suitable for producing MFC since there is no difference
between the device described in claim 1 and the devce described in D1.

Consequently, the subject matter of claim 1 is previously known and therefore lacks
novelty.

Thus, the single general concept is known and cannot be considered as a single general
inventive concept in the sense of Rule 13.1 PCT.

No other features can be distinguished which can be considered as the same or
corresponding special technical features in the sense of Rule 13.2 PCT.

Thus, the application lacks unity of invention.

Form PCT/ISA/210 (extra sheet) (July 2009)
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1: Claims 1-12 and 16 directed to a device and method for defibrating fibre-containing
material to produce microfibrillated cellulose with a device comprising two counter-rotating
rotors equipped with collision surfaces mounted thereon in at least on concentrically
arranged conical ring. The conical shape of the ring enables to produce high
length/thickness ratio micro fibrils and to break down fibril bundles due to an increased load
between the rotating parts resulting in higher shear forces. The application discloses two
embodiments of the invention. The conical rings are formed by blades having a tapered
.

1. & As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

& No protest accompanied the payment of additional search fees.
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