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(57) Abstract: A refiner (10, 11) for refining fibrous materi-
al comprises at least one first refining surface (1') and at least
one second refining surface (2'), which refining surfaces (1,
2" are arranged opposite to one another and mobile in rela-
tion to one another. In the refiner (10, 11 ) either at least the
first (1) or the second (2) refining surface comprises refin-
ing surface portions (15, 27) feeding material to be refined
and/or refining surface portions (15, 27) discharging refined
material as well as refining surface portions (16) grinding the
material to be refined, on the upper surface of which there
are blade bars (17) and between them blade grooves (18).
Both in the first refining surface (1') and in the second refin-
ing surface (2') of the retiner (10, 11) the cross-sectional area
(A) of at least some blade grooves (18) is arranged to change
in the longitudinal direction of the blade grooves (18). Fur-
ther a blade element (12) for a refiner (10, 11) intended for
refining fibrous material.
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Refiner and blade element

Background of the invention

[0001] The invention relates to refiners intended for refining fibrous
material, and to blade elements to be used therein.

[0002] Refiners intended for refining fibrous, lignocellulose-
containing material are employed, for instance, for producing pulp to be used
in paper or board making. Conventionally, these refiners comprise two refining
surfaces opposite one another, at least one refining surface of which is ar-
ranged mobile or rotating in such a manner that the refining surfaces may
move in relation to one another. One refiner, however, may also comprise sev-
eral pairs of refining surfaces arranged opposite to one another. Between the
opposing refining surfaces there is a blade gap, into which the material to be
refined is fed.

[0003] WO publication 2005/032720 A1 discloses a refining surface
comprising protrusion-like refining surface portions which grind the material to
be refined and which are placed between groove-like refining surface portions
feeding material to be refined in a blade gap and discharging refined material
from the blade gap. Said refining surface portions feeding material to be re-
fined and discharging refined material contribute to the passage of refined ma-
terial in the blade gap of the refiner. The upper surface of the refining surface
portions defibrating the material to be refined comprises blade bars, which per-
form the actual refining, and between them blade grooves, which connect said
groove-like refining surface portions feeding the material to be refined and dis-
charging the refined material. The solution disclosed in said publication pro-
vides a refining surface of large refining surface area.

Brief description of the invention

[0004] The object of this invention is to provide a novel refiner and a
blade element for further enhancing the refining of fibrous material.

[0005] The refiner of the invention for refining fibrous material com-
prises at least one first refining surface and at least one second refining sur-
face, which refining surfaces are arranged opposite to one another and mobile
in relation to one another, said refiner having, at least on the first or the second
refining surface, refining surface portions feeding the material to be refined
“and/or refining surface portions discharging the refined material as well as re-
fining surface portions grinding the material to be refined, the upper surface of
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which portions comprises blade bars and between them blade grooves, and at
least on both the first refining surface and the second refining surface of said
refiner the cross-sectional area of at least some blade grooves is arranged to
change in the longitudinal direction of the blade grooves and at least on one
refining surface of which refiner the blade bars and the blade grooves are ar-
ranged at a blade angle of 40 to 80 degrees.

[0006] A blade element for a refiner intended for refining fibrous ma-
terial comprises a refining surface with refining surface portions grinding mate-
rial to be refined, the upper surface of which portions comprises blade bars
and between them blade grooves, and in which blade element the cross sec-
tional area of at least some blade grooves is arranged to change in the longi-
tudinal direction of the blade grooves and the blade bars and the blade
grooves are arranged at a blade angie of 40 to 80 degrees.

[0007] Thus, the refiner for refining fibrous material comprises at
least one first refining surface and at least one second refining surface, which
refining surfaces are arranged opposite to one another and mobile in relation
to one another. At least the first or the second refining surface of the refiner
includes refining surface portions feeding material to be refined and/or refining
surface portions discharging refined material as well as refining surface por-
tions grinding the material to be refined, the upper surface of which portions
comprises blade bars and between them blade grooves. Further, both in the
first refining surface and in the second refining surface of the refiner the cross-
sectional area of at least some blade grooves is arranged to change in the
longitudinal direction of the blade grooves and in at least one refining surface
the blade bars and the blade grooves are arranged at a blade angle of 40 to 80
degrees.

[0008] With the refiner concerned, in the opposing refining surfaces
of which, on the upper surface of the grinding refining surface portions, there
are blade grooves whose cross-sectional area is arranged to change in the run
direction or longitudinal direction of the blade grooves, it is easy to affect how
the material to be refined is transferred between the opposing refining surfac-
es, i.e. how often the material to be refined is transferred to the blade gap be-

. tween the opposing refining surfaces and/or how large a portion of the material
to be refined is transferred into the blade gap between the opposing refining
surfaces, whereby the fibre length, refining grade and/or homogeneity of the
refined material may be affected efficiently. The change in the cross sectional
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area of the blade groove may be implemented by changing the depth and/or
width of the blade groove. In addition, when in at least one refining surface the
blade bars and the blade grooves are arranged at the blade angle of 40 to 80
degrees, it is also simultaneously possible to affect how fast the material to be
refined proceeds onwards on the refining surfaces of the refiner.

[0009] According to an embodiment, the width of the blade bars in
the refining surfaces is 0.5 to 5 mm and the width of the biade grooves is 0.5 to
5 mm.

[0010] According to a second embodiment, at least a first refining
surface of the refiner is arranged rotatable and in the first refining surface the
depth of the blade groove is arranged to increase and in the second refining
surface the depth of the blade groove is arranged to decrease in the direction
of rotation of the first refining surface.

[0011] According to a third embodiment, at least a first refining sur-
face of the refiner is arranged rotatable and both in the first refining surface
and the second refining surface the depth of the blade groove is arranged to
increase in the direction of rotation of the first refining surface.

Brief description of the figures

[0012] Some embodiments of the invention are described in greater
detail in the accompanying drawings, in which

Figure 1 schematically shows a side view of a general structure of a
disc refiner in cross-section,

Figure 2 schematically shows a side view of a general structure of a
cone refiner in cross-section,

Figure 3 schematically shows a prior art blade element seen in the
direction of a refining surface of the blade element,

Figure 4 schematically shows an end view of part of the blade ele-
ment of Figure 3,

Figures 5a, 5b and 5¢ show schematically in cross section a disc re-
finer and its operation as refining elements of the refiner rotate in relation to
one another,

Figure 6 schematically shows a second disc refiner in cross-section,

Figure 7 schematically shows a third disc refiner in cross-section,

Figure 8 schematically shows a blade element seen in the direction
of a refining surface of the blade element, |
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Figure 9 schematically shows part of the blade element of Figure 8
seen obliquely from above,

Figure 10 schematically shows a second blade element seen in the
direction of a refining surface of the blade element,

Figure 11 schematically shows part of the blade element of Figure
10 seen obliquely from above,

Figure 12 schematically shows a third blade element seen in the di-
rection of a refining surface of the blade element,

Figure 13 schematically shows part of the blade element of Figure
12 seen obliquely from above,

Figure 14 schematically shows a side view of a cone refiner in
cross-section,

Figures 15a to 15d schematically show a blade groove,

Figure 16 schematically shows a fourth disc refiner in cross-section,

Figure 17 is a schematic top view of a fourth blade element,

Figure 18 is a schematic top view of a fifth blade element,

Figure 19 is a schematic top view of a sixth blade element,

Figure 20 is a schematic top view of a seventh blade element.

[0013] For the sake of clarity, the figures show some embodiments
of the invention in a simplified manner. In the figures, like reference numerals
identify like elements. '

Detailed description of the invention

[0014] Figure 1 schematically shows a cross-sectional side view of
a disc refiner 10. The disc refiner 10 of Figure 1 comprises a disc-like first re-
fining element 1 and a disc-like second refining element 2. The first refining
element 1 includes a first refining surface 1’ and the second refining element 2
includes a second refining surface 2’. The first refining element 1 and the se-
cond refining element 2 are arranged coaxially to one another such that the
first refining surface 1’ and the second refining surface 2’ will be substantially
opposite to one another. In the disc refiner 10 of Figure 1 the first refining ele-
ment 1 is arranged rotatable by a shaft 3, for instance, in the direction of arrow
R shown schematically in Figure 1, the first refining element 1 thus constituting
a rotor 1 of the disc refiner 10. For the sake of clarity, Figure 1 does not show
the motor used for rotating the first refining element 1, which motor may be
implemented in manners obvious to a person skilled in the art. Further, in the
disc refiner 10 of Figure 1 the second refining element 2 is fixedly supported to
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a frame structure 4 of the disc refiner 10, the second refining element 2 thus
constituting a stator 2 of the refiner 10. Thus, as the first refining element 1
rotates, when the refiner 10 is in operation, the first refining surface 1’ and the
second refining surface 2’ are arranged to move in relation to one another.
Figure 1 further shows a loading device 5, which is coupled to act through a
shaft 3 on the first refining element 1 such that the first refining element 1 may
be transferred towards the second refining element 2 or away therefrom, as
schematically indicated by arrow S, so as to adjust a gap 6 between the first
refining element 1 and the second refining element 2, i.e. the blade gap 6.
[0015] In the disc refiner 10 of Figure 1, fibrous, lignocellulose-
| containing material to be defibrated or refined may be fed through an opening
7 in the middle of the second refining element 2 into a blade gap 6 between
the refining surfaces 1’ and 2’, where it is defibrated and refined while the wa-
ter contained in the material vaporizes. The material to be defibrated may also
be fed into the blade gap 6 through openings in the first refining surface 1’
and/or the second refining surface 2’, which openings are not shown in Figure
1 for the sake of clarity. Defibrated material exits the blade gap 6 from its outer
edge to a refining chamber 8 of the refiner 10 and further out of the refining
chamber 8 through a discharge channel 9.
[0016] Figure 2 schematically shows a cross-sectional side view of
a cone refiner 11. The cone refiner 11 of Figure 2 comprises a conical first re-
fining element 1 and a conical second refining element 2. The first refining el-
ement 1 includes a first refining surface 1’ and the second refining element 2
includes a second refining surface 2. The first refining element 1 and the se-
cond refining element 2 are arranged coaxially to one another such that the
first refining surface 1’ and the second refining surface 2’ will be substantially
opposite to one another. In the cone refiner 11 of Figure 1 the first refining el-
ement 1 is arranged rotatable by a shaft 3, for instance, in the direction of ar-
row R shown schematically in Figure 1, the first refining element 1 thus consti-
tuting a rotor 1 of the cone refiner 11. For the sake of clarity, Figure 1 does not
show the motor used for rotating the first refining element 1, which motor may
be implemented in manners obvious to a person skilled in the art. Further, in
the cone refiner 11 of Figure 1 the second refining element 2 is fixedly sup-
ported to a frame structure 4 of the cone refiner 11, the second refining ele-
ment 2 thus constituting a stator 2 of the refiner 11. Thus, as the first refining
element 1 rotates, when the refiner 11 is in operation, the first refining surface
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1’ and the second refining surface 2’ are arranged to move in relation to one
another. Figure 1 further shows a loading device 5, which is coupled to act
through a shaft 3 on the first refining element 1 such that the first refining ele-
ment 1 may be transferred towards the second refining element 2 or away
therefrom, as schematically indicated by arrow S, so as to adjust a gap 6 be-
tween the first refining element 1 and the second refining element 2, i.e. the
blade gap 6.

[0017] In the cone refiner 11 of Figure 2, fibrous, lignocellulose-
containing material to be defibrated or refined may be fed through an opening
7 in the middle of the second refining element 2 into a blade gap 6 between
the refining surfaces 1’ and 2’, where it is defibrated and refined while the wa-
ter contained in the material vaporizes. The material to be defibrated may also
be fed into the blade gap 6 through openings in the first refining surface 1’
and/or the second refining surface 2’, which openings are not shown in Figure
1 for the sake of clarity. Defibrated material exits the blade gap 6 from its outer
edge to a refining chamber 8 of the refiner 11 and further out of the refining
chamber 8 through a discharge channel 9.

[0018] In addition to the disc refiner 10 of Figure 1 and the cone re-
finer 11 of Figure 2, it is also possible to employ cylindrical refiners for refining
fibrous material, the cylindrical refiners having a cylindrical first refining surface
1" and a cylindrical second refining surface 2'. The disc refiner 10 of Figure 1
and the cone refiner 11 of Figure 2 are shown to have just one mobile refining
surface and one fixed refining surface, but such embodiments of disc, cone
and cylindrical refiners that have more than one pair of a fixed refining surface
and a refining surface mobile in relation thereto are also possible. Further, it is
also possible to have embodiments of disc, cone and cylindrical refiners that
only comprise mobile or rotatable refining surfaces. Various refiners as well as
structural and operating principles thereof are known per se to a person skilled
in the art and therefore they are not discussed here in any greater detail.

[0019] The refining surface may be provided in the refining element
in a variety of ways. The refining surface may be provided directly in the refin-
ing element in such a way that the refining surface is one piece or of uniform
material with the refining element. Thus, at the same time the refining element
also constitutes the blade element of the refiner. Typically, the refining surface
of the refining element is provided, however, by attaching one or more detach-
able blade elements to the refining element. In that case one single blade ele-
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ment may constitute the entire refining surface of the refining element, i.e. the
whole refining surface of the refining element is formed by one single blade
element. Alternatively, it is possible to attach a plurality of adjacently positioned
blade elements to the surface of the refining element, whereby the whole refin-
ing surface of the refining element consists of a plurality of adjacently placed
blade elements, and consequently said blade elements are often referred to as
blade segments.

[0020] Figure 3 shows schematically a prior art blade element 12
seen in the direction of the refining surface of the blade element 12, and Figure
4 is a schematic end view of part of the blade element 12 of Figure 3. The
blade element 12 of Figure 3 may be used for providing part of the refining sur-
face of the cone refiner rotor, and therefore the refining surface in Figure 3 is
denoted by reference numeral 1'. ‘

[0021] The blade element 12 of Figures 3 and 4 comprises a feed
edge 13 directed towards the feed of material to be refined, via which feed
edge the material to be refined is transferred to a blade gap of the refiner, and
the blade element 12 comprises a discharge edge 14 directed towards the dis-
charge of refined material, via which discharge edge the refined material exits
the blade gap of the refiner. The blade element 12 further comprises first refin-
ing surface portions 15 in the form of a recess or a groove, which are arranged
to convey fibrous material on the refining surface 1’ from the direction of the
feed edge 13 of the refining surface 1’ to the direction of the discharge edge 14
of the refining surface 1, i.e. the first refining surface portions 15 are arranged
to feed material to be refined onto the refining surface 1’ and to discharge re-
fined material from the refining surface 1’. Between the first refining surface
portions 15 there are protrusion-like second refining surface portions 16, which
grind the material to be refined and on the upper surface of which there are
blade bars 17 and between them blade grooves 18, which constitute the refin-
ing elements of the blade element 12. The blade grooves 18 are arranged to
connect the feeding and/or discharging first refining surface portions 15 that
convey the fibrous material. The purpose of the blade grooves 18 is to transfer
the fibrous material passing on the first refining surface portions 15 between
the blade bars 17 of the opposing refining surfaces of the refiner so as to de-
fibrate and refine the fibrous material.

[0022] Figures 5a, 5b and 5c show in schematic cross section a ro-
tor 1 and a stator 2 of a disc refiner 10 in mutually different phases of a refining



WO 2012/101331 PCT/F12012/050074

surface 1’ of the rotor 1 and of a refining surface 2’ of the stator 2 as the rotor 1
rotates in the direction indicated by arrow R. The rotor 1 comprises groove-like
first refining surface portions 15 and between them protrusion-like second re-
fining surface portions 16, on the upper surface of which there are blade bars
17 and between them blade grooves 18, which constitute the refining surface
1’ of the rotor 1. The stator 2 also comprises groove-like first refining surface
portions 15 and between them protrusion-like second refining surface portions
16, on the upper surface of which there are blade bars 17 and between them
blade grooves 18, which constitute the refining surface 2’ of the stator 2. In the
refiner of Figures 5a, 5b and 5c¢ the depth of both the blade grooves 18 of the
rotor 1 and the blade grooves 18 of the stator 2 is arranged to change in the
longitudinal direction, i.e. run direction of the blade grooves 18 such that in the
rotor 1 the depth of the blade groove 18 is arranged to increase in the same
direction with the rotating direction R of the rotor 1, i.e. to decrease in the op-
posite direction to the rotating direction R of the rotor 1, whereas in the stator 2
the depth of the blade groove 18 is arranged to decrease in the same direction
with the rotating direction R of the rotor 1, i.e. to increase in the opposite direc-
tion to the rotating direction R of the rotor 1. In the blade grooves 18 the travel
direction of the material to be refined is substantially the same with the rotating
direction of the rotor 1.

[0023] In Figure 5a the rotor 1 and the stator 2 are shown substan-
tially in an operating situation, where the blade groove 18 of the rotor 1 and the
blade groove 18 of the stator 2 encountering one another have the volumes at |
their largest. Thus, between the refining surfaces there is formed an area hav-
ing a large volume, which is indicated schematically by reference numeral 19
in Figure 5a. In said situation the groove volume between the refining surfaces
1" and 2’ is at largest and the material to be refined is transferred both on the
refining surface 1’ of the rotor 1 and on the refining surface 2’ of the stator 2 -
from the first refining surface portions 15 into the blade grooves 18.

[0024] In Figure 5b the rotor 1 and the stator 2 are shown substan-
tially in an operating situation, where the volumes of the blade groove 18 of the
rotor 1 and the blade groove 18 of the stator 2 encountering one another are
decreasing. Thus, between the refining surfaces there is formed an area hav-
ing a decreasing volume, which is indicated schematically by reference nu-
meral 20 in Figure 5b. In said situation the groove volume between the refining
surfaces 1’ and 2’ is decreasing and the material to be refined is transferred
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both from the blade grooves 18 of the rotor 1 and from the blade grooves 18 of
the stator 2 into the blade gap 6 between the refining surfaces 1’ and 2'.

[0025] In Figure 5c the rotor 1 and the stator 2 are shown substan-
tially in an operating situation, where the blade groove 18 of the rotor 1 and the
blade groove 18 of the stator 2 encountering one another have the volumes at |
their smallest. Thus, between the refining surfaces there is formed an area
having a small volume, which is indicated schematically by reference numeral
21 in Figure 5c¢. In said situation the groove volume between the refining sur-
faces 1’ and 2’ is at the minimum and the material to be refined is transferred
highly effectively both from the blade grooves 18 of the rotor 1 and from the
blade grooves 18 of the stator 2 into the blade gap 6 between the refining sur-
faces 1’ and 2’ for being refined.

[0026] As the groove volume of the refining surfaces of the refiner
decreases in the blade grooves 18 in the travel direction of the material to be
refined, i.e. substantially in the rotating direction of the rotor 1 simultaneously
both on the refining surface 1’ of the rotor 1 and on the refining surface 2’ of
the stator 2, such decrease in the groove volume efficiently conveys the mate-
rial to be refined into the blade gap 6 for grinding, while the rotor 1 rotates, as a
result of which refining effect is exerted on a larger portion of fibres than be-
fore. At the same time the material to be refined forms a material layer be-
tween the refining surfaces 1° and 2’, which effectively prevents a mutual blade
contact of the opposing refining surfaces, which might damage the refining sur-
faces.

[0027] Figure 6 shows in schematic cross section a rotor 1 and a
stator 2 of a second disc refiner 10. In the refiner of Figure 6 the depth of both
the blade grooves 18 of the rotor 1 and the blade grooves 18 of the stator 2 is
arranged to change in the Iongitudinalvdirection, i.e. run direction of the blade
grooves 18 such that both in the rotor 1 and in the stator 2 the depth of the
blade groove 18 is arranged to increase in the same direction with the rotating
direction R of the rotor 1, i.e. in the travel direction of the material to be refined
in the blade grooves 18. When the groove volume of the refiner increases in
the travel direction of the material to be refined at the same time on the refini'ng
surfaces of both the rotor 1 and the stator 2, this enlargement in groove vol-
ume makes the pressure in the blade groove become lower than the pressure
prevailing in the blade gap 6 as the rotor 1 rotates. This decreases axial load-
ing of refining, as a result of which the blade gap of the refiner 1 becomes
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smaller, which enhances both the refining effect on the material to be refined
and transfer of the material to be refined from the direction of the blade gap to
the blade grooves, whereby only part of the fibres are exposed to more power-
ful refining effect.

[0028] Figure 7 shows in schematic cross section a rotor 1 and a
stator 2 of a third disc refiner 10. In the refiner of Figure 7, the depth of both
the blade grooves 18 of the rotor 1 and the blade grooves 18 of the stator 2 is
arranged to change in the longitudinal direction, i.e. run direction, of the blade
grooves 18 such that both in the rotor 1 and in the stator 2 the depth of the
blade groove 18, seen in the rotating direction R of the rotor 1, is arranged to
decrease in every other second refining surface portion 16 and to increase in
every other second refining surface portion 16, i.e. in the refiner 10 of Figure 7,
as the depth of the blade groove 18 of the rotor 1 increases, in other words, as
the volume of the blade groove 18 of the rotor 1 increases, the depth of the
blade groove 18 of the stator 2 decreases, in other words the volume of the
blade groove 18 of the stator 2 decreases, or vice versa. As the volume of the
blade groove, i.e. the groove volume, decreases in relation to the refining sur-
face in the travel direction of material to be refined on one refining surface and
simultaneously increases on the opposing refining surface, this change in
groove volume induces material flow from the refining surface of decreasing
groove volume through the blade gap 6 to the refining surface of increasing
groove volume or towards it, when the rotor 1 rotates. The alternately decreas-
ing and increasing groove volume arranged in the opposing refining surfaces
provides continuous movement in the material to be refined from one refining
surface to another through the blade gap 6, and consequently the material is
exposed to efficient refining treatment.

[0029] Figure 16 schematically shows a fourth disc refiner 10 in
cross-section. In the refiner of Figure 16, the depth of the blade grooves 18 of
the rotor 1 is arranged to change in the longitudinal direction, i.e. run direction,
of the blade grooves 18 such that in two successive refining surface portions
16 the depth of the blade groove 18 is arranged to increase and in the subse-
quent refining surface portion 16 to decrease, when the rotor 1 is seen in the
circumferential direction thereof and the depth of the blade groove 18 is seen
in the rotating direction of the rotor 1. Seen in the circumferential direction of
the rotor 1, the depth of the blade groove 18 in two successive refining surface
portions 16 is thus arranged to increase and in the subsequent refining surface
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portion 16 to decrease, which alternation is repeated in the circumferential di-
rection of the rotor 1. Thus, while rotating the rotor 1 directs the material to be
refined in the rotating direction R of the rotor 1, whereby a speed component,
parallel to the rotating direction R of the rotor 1, lower than the speed of the
rotor 1 and higher than the speed of the stationary stator 2 is provided in the
material to be refined, in other words, the material to be refined lags behind the
rotor 1 for a relative speed difference between the rotor 1 and the material to
be refined. In that case the material to be refined is directed in two successive
refining surface portions 16 in the direction of the blade gap 6, i.e. from the
blade grooves 18 of the rotor 1 towards the blade grooves 18 of the stator 2 as
the groove volume of the refining surface 1’ of the refiner 1 decreases, and
correspondingly, in one refining surface portion 16 subsequent to said refining
surface portions 16 in the opposite direction, in other words, from the grooves
18 of the stator 2 towards the blade grooves 18 of the rotor 1 as the groove
volume of the refining surface 1’ of the rotor 1 increases in the refining surface
portion concerned of the rotor 1. :

[0030] In the solution of Figure 16, the stator 2 uses the same kind
of refining element as the rotor 1, whereby the depth of the blade grooves 18
in two successive refining surface portions 16 of the refining surface 2’ of the
stator 2 is arranged to decrease, seen in the rotating direction R of the rotor 1,
and to increase in one refining surface portion 16 subsequent thereto. In that
case the material to be refined, while moving in the rotating direction R of the
rotor 1 in the blade grooves of the two first-mentioned refining surface portions
16 in the refining surface 2’ of the stator 2, is directed, as the depth of the
blade grooves 18 decreases, into the blade gap 6, i.e. from the blade grooves
18 of the stator 2 towards the blade grooves of the rotor 1 and, in one refining
surface portion 16 subsequent thereto, from the direction of the blade grooves
18 of the rotor 1 towards the blade grooves 18 of the stator 2. In this embodi-
ment, within the area of two successive refining surface portions 16 there is
produced between the refining surface 2’ of the stator 2 and the refining sur-
face 1’ of the rotor 1 a pressing effect, i.e. refining effect that raises the pres-
sure between the refining surfaces, and within one refining surface area 16 a
sucking effect, i.e. refining effect that lowers the pressure between the refining
surfaces.

[0031] A possible refiner embodiment is also one having in the refin-
ing surface 2’ of the stator 2 only blade grooves 18 decreasing in depth in the
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rotating direction R of the rotor 1 and in the refining surface 1’ of the rotor 1
mostly blade grooves 18 increasing in depth in the same direction with the ro-
tating direction R of the rotor 1, but also to some extent such blade grooves 18
that decrease in depth in the same direction with the rotating direction of the
rotor 1. Thus, between the refining surfaces there is produced mainly a com-
pressive refining effect, and at regular intervals there is also provided an effi-
cient control effect for enhancing the material flow from the direction of the re-
fining surface of the stator to the direction of the refining surface of the rotor,
which has a cleaning effect on the refining surfaces and a resulting enhancing
effect on refining.

[0032] Figures 5a, 5b, 5¢c, 6, 7 and 16 show a refiner blade element
and a refiner, in which the depth of the blade groove 18 in the refining surface,
in other words the volume of the blade groove 18, is arranged to change in the
longitudinal direction, or run direction, of the blade groove 18, in other words,
when the blade groove 18 runs in the second refining surface portion 16, the
blade groove 18 simultaneously connects two adjacent'first refining surface
portions 15. The depth or volume of the blade groove 18 may be arranged to
change in every blade groove 18 or only in some blade grooves, whereby the
blade grooves 18 are arranged to change both in the refining surface of the
rotor 1 and in the refining surface of the stator 2 such that when the refiner is in
operation those blade grooves 18, both in the refining surface of the rotor 1
and in the refining surface of the stator 2, whose depth is arranged to change
in the longitudinal direction of the blade groove 18, meet one another as the
rotor 1 rotates in relation to the stator 2. It is also possible that different varia-
tions shown in Figures 5a, 5b, 5¢, 6, 7 and 16 of how the depth of the blade
groove 18 may vary are employed in one and the same refining surface, for
instance, in different refining zones of the refining surface, i.e. at different dis-
tances from the direction of the feed edge 13 of the refining surface to the di-
rection of the discharge edge 14 of the refining surface. Further, it is also pos-
sible that the stator 2 shown in Figures 5a, 5b, 5c, 6, 7 and 16 is replaced by a
second rotor whose rotating direction is reversed to the rotating direction R of
the rotor shown in Figures 5a, 5b, 5c¢, 6, 7 and 16.

[0033] By arranging the blade grooves, which meet one another on
the opposing refining surfaces when the refiner is in operation, to change in
depth, it is possible to provide a solution which allows transfer of fibrous mate-
rial via the blade gap 6 from one refining surface to another to be controlled.
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The solution may affect how large a portion of the fibrous material to be refined
is subjected to refining in the blade gap and how often a given portion of the
fibrous material will be subjected to refining in the blade gap. Thus the refining
may affect both the refining grade of the fibrous material and the homogeneity
of the refining.

[0034] The longitudinal direction, or run direction, of the blade bars
17 and the blade grooves 18 on the upper surface of the grinding refining sur-
face portions 16 is the direction in which they run between two adjacent first
refining surface portions 15. The distance between the two adjacent first refin-
ing surface portions 15, in other words, the length of the blade bars 17 and the
blade grooves 18 locating between two adjacent first refining surface portions
15, in the run direction thereof, may be 20 to 120 mm, for instance. In embod-
iments to be described later, in which the blade bars 17 and the blade grooves
18 are not necessarily located between two adjacent first refining surface por-
tions, the length of the blade bars 17 and the blade grooves 18 may be even
longer. The first refining surface portions are placed so densely onto the refin-
ing surface that a uniform feed of material to be refined throughout the refining
surface area will be provided. Appropriate density for the placement of the first
refining surface portions is selected on the basis of the material to be refined.
The width of the blade bars 17 on the upper surface of the grinding refining
surface portions 16, i.e. the dimension perpendicular to the longitudinal direc-
tion of the blade bars 17 and the blade grooves 18, may be 0.5 to 5mm and
the width of the blade grooves 18 may be 0.5 to 5Smm. The width of the blade
bars 17 and the blade grooves 18 may also be below or above said variation
ranges.

[0035] When the depth of the blade groove 18 is arranged to de-
crease or become shallower in the run direction of the blade groove 18, this
controls the material to be refined to move from the refining surface into the
blade gap 6 and further onto the second refining surface, i.e. the opposing re-
fining surface. The resulting transfer of the material to be refined may be en-
hanced, when the width of the blade groove 18 is reduced, i.e. the blade

- groove 18 is made narrower, at the same time. In its run direction the blade
groove 18 may be, at the beginning of the blade groove 18, at the first refining
surface portion 15, for instance 6mm deep, and become shallower such that at
the end of the blade groove, at a next first refining surface portion 15, the
depth of the blade groove 18 is 3mm, for instance. in addition to the variation
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in depth, for instance, the width of the groove may also become narrower, e.g.
from 3mm to 2mm in width, whereby the volume of the blade groove 18 is al-
tered as a result of a change in both the depth of the blade groove 18 and the
width of the blade groove 18.

[0036] The variation range of the change in blade groove depth is
advantageously such that the depth of the blade groove 18 changes by be-
coming 1 to 4mm shallower or deeper in the run direction of the groove from
the first refining surface portion 15 to the second refining surface portion 15.

[0037] The variation range of 1 to 4mm in the depth of the blade
groove 18 is implemented, for instance, by a blade groove 18 having a depth
of 4 to 6mm or 7 to 10mm, for instance, at the first refining surface portion 15,
and 2 to 5mm or 6 to 9mm at the subsequent first refining surface portion 15.
The change of 1 to 4mm in the depth of the blade groove 18 provides a suita-
ble pressure or low-pressure effect between the refining surfaces such that the
material to be refined moves appropriately between the refining surfaces aug-
menting the refining grade and providing refining of uniform quality. In some
cases, a greater change makes the material to be refined move yet more effi-
ciently from the blade groove 18 to the blade gap 6, but a shortened service
life of the refining surfaces or more easily blocked blade grooves 18 may pose
a problem.

[0038] In some cases, a change in the depth of the blade groove 18
on the length of the blade groove 18 may be just 1 to 2mm. A refining surface
having a 1 to 2mm change in depth in the blade groove 18 may be used longer
thanks to a greater minimum height of the blade bars 17 and the resulting larg-
er wear margin. Thus, for instance, if the depth of the blade groove 18 is e.g.
4.5mm at one first refining surface portion 15, and it becomes deeper in the
run direction of the blade groove 18 such that the depth of the blade groove 18
is 6mm at a subsequent first refining surface portion 15, the wear margin of the
blade bar 17 of the refining surface is 4.5mm. As the wear margin of the blade
bar 17 comes to an end, the friction surface of the refining surface reduces,
power input declines and the refining effect obtained by the refiner decreases.
A refining surface, in which the change in the depth of the blade groove 18 is 1
to 2mm, does not direct the material to be refined so efficiently into the blade
gap 6 as a refining surface with a greater change in the depth of the blade
groove 18, yet it allows a sufficient control effect to be obtained. Particularly in
such refining that heavily wears the refining surfaces the longer service life of
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the refining surface of this kind may be the best solution in overall economic
assessment.

[0039] In addition to the change in the depth of the blade groove 18,
the volume of the blade groove 18 may also be changed by altering the width
of the blade groove 18 in the longitudinal direction of the blade groove 18,
whereby it is possible to affect the transfer of the material to be refined from
the refining surface to the refiner blade gap 6 and/or from the refiner blade gap
6 to the refining surface with changes in both the depth and the width of the
blade groove 18. A change in the width of the blade groove 18, in the longitu-
dinal direction of the blade groove 18, may be 0.5 to 2mm, for instance. Thus,
if the width of the blade groove 18 is e.g. 5mm at a first end of the blade
groove 18, at one first refining surface portion 15, the width of said blade
groove 18 may be 3 to 4.5mm at a second end thereof, at a subsequent first
refining surface portion 15. When the volume of the blade groove 18 may be
changed in the run direction of the blade groove 18 by changing both the depth
and the width of the blade groove 18, it will be easier to optimize the manufac-
turing costs of the refining surface and still provide a refining effect which acts
on the fibrous material to be refined.

[0040] Figures 15a to 15d show schematically yet another blade
groove 18 and change in the depth D and width W of the blade groove 18 in
the longitudinal direction of the blade groove 18. Figure 15a is a side view and
Figure 15b is a top view of the blade groove 18. Figure 15c is a cross-sectional
end view of the blade groove 18 along a cross-section line B - B and Figure
15d is a cross-sectional end view of the blade groove 18 along a cross-section
line C — C. The rotating direction of the rotor is indicated by reference R in Fig-
ure 15a. It appears from Figures 15a and 15b that the depth D of the blade
groove 18 and the width W of the blade groove 18 increase in the same direc-
tion with the rotating direction R of the rotor. Consequently, the cross-sectional
area A of the blade groove 18, indicated by reference A in Figure 15d, is
smaller than the cross-sectional area A of the blade groove 18 in Figure 15c.
In the blade groove 18 of Figures 15a to 15d, the cross-sectional area A of the
blade groove 18 is thus arranged to increase in the same direction with respect
to the rotating direction R of the rotor, and consequently, as the rotor R rotates,
the volume of the blade groove 18 is larger in the starting part of the blade
groove 18 than in the end part of the blade groove 18. The depth D of the
blade groove 18 thus represents the distance of the bottom of the blade
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groove 18 from the upper surface of the blade bars 17 adjacent to the blade
groove 18, and the width W of the blade groove 18 represents the mutual dis-
tance of the blade bars 17 on either side of the blade groove 18.

[0041] The cross-sectional area A of the blade groove 18 shown in
Figures 15a to 15d is thus arranged to change in the run direction or longitudi-
nal direction of the blade groove 18 as a result of a change in both the depth D
and the width W of the blade groove 18. The cross-sectional area A of the
blade groove 18 could also change, however, only as a result of a change in
either depth D or width W of the blade groove 18. As the cross-sectional area
A of the blade groove 18 changes, the volume of the blade groove 18 chang-
es, and the cross-sectional area A of the blade groove 18 corresponding to a
given cross-section point in the blade groove 18 represents the cross-sectional
volume of the blade groove 18 at said point in the blade groove 18.

[0042] In short-fibre refining the maximum depth of the blade
grooves 18 is often 6mm at most, and consequently the width of the blade bars
17 and the blade grooves 18 is often 0.5 to 3mm. In long-fibre refining the
maximum depth of the blade grooves 18, in turn, is 10mm at most and in that
case the width of the blade bars 17 and the blade grooves 18 is often 3 to
5mm. The length of short fibres is typically less than 1.2mm and particularly
less than 1.0mm. Long fibres, in turn, are typically over 1.5mm in length, par-
ticularly over 2mm in length.

[0043] In short-fibre refining there is produced a greater hydraulic
buoyant force than in long-fibre refining. On the other hand, the long fibre rises
easier than the short fibre off the blade grooves 18 into the blade gap 6 and
also remains longer in the blade gap 6 than the short fibre. Because of these
facts the axial force required in refining is lower in short-fibre refining than in
long-fibre refining, and consequently application of the change in cross-
sectional area of the blade groove 18 to the short-fibre refining differs to some
extent from the application to the long-fibre refining.

[0044] In short-fibre refining 60 to 90% of the blade grooves 18 in
the refining surface 1’ of the rotor 1 may be arranged such that the cross-
sectional area, i.e. depth or width, of the blade groove 18 increases in the
same direction with the rotating direction R of the rotor 1, whereby they direct
the flow of the material to be refined from the direction of the refining surface of
the rotor 1 to the direction of the refining surface of the stator 2. The rest, i.e.
about 10 to 40%, of the blade grooves 18 in the refining surface of the rotor 1



WO 2012/101331 PCT/FI12012/050074
17

may be arranged such that their cross-sectional area decreases in the same
direction with the rotating direction R of the rotor 1, whereby they direct flow of
the material to be refined from the direction of the refining surface of the stator
2 to the direction of the refining surface of the rotor 1. In that case 80 to 100%
of the blade grooves 18 in the refining surface of the stator 2 may be arranged
such that their cross-sectional area decreases in the same direction with the
rotating direction R of the rotor 1, whereby they direct flow of the material to be
refined from the direction of the refining surface of the stator 2 to the direction
of the refining surface of the rotor 1. The rest, i.e. about 0 to 20% of the blade
grooves 18 in the refining surface of the stator 2 may be arranged such that
their cross-sectional area increases in the same direction with the rotating di-
rection R of the rotor 1, whereby they direct the material to be refined from the
direction of the refining surface of the rotor 1 to the direction of the refining sur-
face of the stator 2. _

[0045] In long-fibre refining 40 to 80% of the blade grooves 18 in
the refining surface 1’ of the rotor 1 may be arranged such that the cross-
sectional area, i.e. depth or width, of the blade groove 18 increases in the
same direction with the rotating direction R of the rotor 1, whereby they direct
the flow of the material to be refined from the direction of the refining surface of
the rotor 1 to the direction of the refining surface of the stator 2. The rest, i.e.
about 20 to 60%, of the blade grooves 18 in the refining surface of the rotor 1
may be arranged such that their cross-sectional area decreases in the same
direction with the rotating direction R of the rotor 1, whereby they direct flow of
the material to be refined from the direction of the refining surface of the stator
2 to the direction of the refining surface of the rotor 1. In that case 40 to 80% of
the blade grooves 18 in the refining surface of the stator 2 may be arranged
such that their cross-sectional area decreases in the same direction with the
rotating direction R of the rotor 1, whereby they direct flow of the material to be
refined from the direction of the refining surface of the stator 2 to the direction
of the refining surface of the rotor 1. The rest, i.e. about 20 to 60% of the blade
grooves 18 in the refining surface of the stator 2 may be arranged such that
their cross-sectional area increases in the same direction with the rotating di-
rection R of the rotor 1, whereby they direct the material to be refined from the
direction of the refining surface of the rotor 1 to the direction of the refining sur-
face of the stator 2.
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[0046] Figure 8 shows schematically a blade element 12 seen in the
direction of the refining surface thereof, and Figure 9 shows schematically part
of the upper left corner of the blade element 12 of Figure 8, seen obliquely
from above. The blade element 12 of Figure 8 is a so-called blade segment
which forms part of the refining surface of a refiner stator or rotor, and the
whole refining surface will be provided by placing several blade elements 12 of
Figure 8 side by side. Figure 8 shows schematically a securing opening 22 in
the blade element 12, into which a securing element, such as a bolt, is to be
inserted and the blade element 12 can be secured therewith to the rotor 1 or
the stator 2 of the refiner. In the example of Figures 8 and 9 it is assumed that

" the blade element 12 is part of the refining surface 1’ of the refiner rotor 1, yet
the blade element 12 of Figures 8 and 9 could also be part of the refining sur-
face 2’ of the refiner stator 2. The blade element 12 of Figures 8 and 9 com-
prises a frame structure 12’ of the blade element 12 and the blade element’s
12 refining surface 1’ provided on the upper surface thereof.

[0047] The blade element 12 of Figures 8 and 9 comprises first re-
fining surface portions 15, which in the example of Figures 8 and 9 are in the
shape of a groove, which run substantially parallel to the radius, indicated by
arrow T, of the refining surface 1’ from the direction of the feed edge 13 of the
refining surface 1’ to the direction of the discharge edge 14 of the refining sur-
face 1’ and whose task is to convey fibrous material to be refined, and already
refined, on the refining surface 1’. Between the first refining surface portions 15
there are second refining surface portions 16, on the upper surface of which
there are blade bars 17 of the refining surface 1’ and between them blade
grooves 18. It appears from Figure 9 that the depth of the blade grooves 18 is
arranged to change longitudinally such that, in view of the rotating direction R
of the rotor 1, the depth of the blade groove 18 becomes lower in the opposite
direction to the rotating direction R of the rotor 1. Thus, the structure of the
blade grooves 18 corresponds substantially to that of the blade grooves 18 of
the rotor 1 shown in Figures 5a, 5b, 5c, 6 or 16.

[0048] As Figure 8 is observed, it further appears that the blade
bars 17 and the blade grooves 18 are oriented to be at a pumping blade angle.
A pumping blade angle refers to such an angle that provides in the fibrous ma-
terial to be refined both a speed component in the circumferential direction of
the refining surface and a speed component in the radial direction of the refin-
ing surface, which speed component in the radial direction of the refining sur-
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face is directed from the direction of the feed edge of the refining surface to the
direction of the discharge edge of the refining surface and thus it enhances the
passage of the fibrous material to be refined from the feed direction of the fi-
brous material to be refined to the discharge direction of the refined material.
The blade angle, in turn, is an angle between an imaginary line projected from
the refining surface axis to the refining surface and a blade bar. In Figure 8, in
the lower right corner said imaginary line is depicted by arrow B and the blade
angle by reference a. The blade angle of the blade bars 17 and the blade
grooves 18 positioned at the pumping blade angle may be 5 to 85 degrees.
Blade angle values below or above this do not provide a significant pumping
effect. The value of the blade angle may also vary in various zones of the refin-
ing surface, for instance, such that in the feed zone of the refining surface, i.e.
in the refining surface zone closer to the feed edge there is used a large pump-
ing blade angle, e.g. of 40 to 80 degrees, more preferably 50 to 80 degrees or
45 to 80 degrees, whereby a volume change in the blade groove directs mate-
rial to be refined more effectively into the blade gap. In the actual refining zone
or discharge zone of the refining surface, in other words, in refining surface
zones locating further away from the feed edge of the refining surface, there is
used a smaller pumping blade angle, e.g. of 20 to 40 degrees. The above giv-
en blade angle values concern blade bars and blade grooves arranged in a
pumping manner, yet said blade angle values could also concern blade bars
and blade grooves arranged in a retaining manner, when transfer of material to
be refined is observed from the blade groove to the blade gap by the effect of
a change in the blade groove volume. In the feed zone, the wider blade angle
of the refining surface accelerates the movement of the fibrous material from
the feed zone to the refining zone, whereas the smaller blade angle of the re-
fining surface prolongs the dwell time of the material to be refined in the refin-
ing zone so as to increase the refining grade of the material to be refined.

[0049] By positioning the blade bars of the refining surface at a
pumping angle it is possible to increase the capacity of the refiner, because the
dwell time of the material to be refined in the refiner blade gap becomes short-
er. Atthe same time, the change in refining grade of the material to be refined
is smaller. Correspondingly, to position the blade bars of the refining surface at
a retaining angle reduces the capacity of the refiner, because the dwell time of
the material to be refined in the refiner blade gap increases. At the same time,
the change in refining grade of the material to be refined is greater.
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[0050] When the cutting angle between the blade bars 17 acting as
a counterpart pair increases to at least 90 degrees, the blade grooves 18 with
changing cross sectional area direct the material to be refined efficiently to-
wards the opposing refining surface into the blade gap 6 by the effect of the
blade bars 17 encountering one another, whereby the refining by the refiner is
enhanced. At the same time, pressure effect is created in the blade gap be-
tween the opposing refining surfaces, which efficiently prevents the opposing
refining surfaces from coming into contact with one another, i.e. the so-called
blade contact, which could damage the refining surfaces. In conventional, pre-
viously known refiners, in which the depth of the blade groove is constant, the
material to be refined would only tend to pass in the blade grooves 18 without
being refined, if the corresponding blade angle were used.

[0051] Even though 40 to 80 degrees is a particularly suitable blade
angle in the feed area, it may also be advantageous in the refining area, for
instance, when it is desired that the material be transferred particularly heavily
throughout into the blade gap and that the refining have large capacity. Corre-
spondingly, even though 20 to 40 degrees is an advantageous blade angle
particularly in the refining area, it may also be advantageous in the feed area,
for instance, when a longer refining treatment is needed and the refining ca-
pacity allows compromises to be made. '

[0052] The larger the blade angles, in particular those between 50
to 85 degrees, the closer to the circumferential direction of the blade element
12 the blade bars 17 and the blade grooves 18 therebetween are oriented. In
that case, the refining surface opposing to the refining surface observed caus-
es, during refining, a force effect on the refining surface observed, which tends
to convey the material to be refined more and more in the direction of the blade
grooves 18. In this situation, the depth or volume of the blade groove 18 that
changes in the longitudinal or run direction forces the material to be refined,
moving in parallel with the blade groove 18, to shift from the refining surface
observed towards the opposing refining surface and hence into the blade gap
6 to be refined. Thus, also such refining surfaces 1’ of the rotor 1 and refining
surfaces 2’ of the stator 2 that employ large blade angles a allow the fibrous
material to be conveyed efficiently into the blade gap 6 of the refiner for being
refined. |

[0053] When the blade angles are large and they are oriented in a
pumping direction both on the refining surface 1’ of the rotor 1 and on the refin-
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ing surface 2’ of the stator 2, the blade bars direct the fibrous pulp, by the ef-
fect of the cutting direction between the blade bars 17 on the opposing refining
surfaces, into the blade gap 6 and from the feed edge 13 of the refining sur-
face towards the discharge edge 14 of the refining surface. The blade bars 17
direct the fibrous material efficiently into the blade gap 6 for being refined and
move it from the feed zone to the refining zone and the discharge zone, for
instance with a refining surface implementation, in which the cutting angle be-
tween the blade bars acting as a counterpart pair is 100 to 120 degrees, the
blade angle a being thus 50 to 60 degrees per refining surface, when the same
blade angle a is used in both refining surfaces. When the blade bars 17 of the
opposing refining surface are oriented in a pumping direction and when the
blade angle a is at least 50 degrees, and additionally, when at least on one
refining surface the groove volume of the blade grooves 18 decreases or in-
creases in the direction of pulp motion, it further enhances the transfer of mate-
rial into the blade gap 6 for being refined and conveys the material from the
feed edge 13 of the refining surface to the discharge edge 14 of the refining
surface. The reducing groove volume makes the fibrous material move into the
blade gap 6 by the effect of rising pressure in the blade groove 18. Corre-
spondingly, an increasing groove volume makes the fibrous material move
from the refining surface opposite to that observed into the blade gap 6 by the
effect of suction caused by the decreasing pressure in the blade groove.

[0054] The blade bars 17 of the refining surface and the blade
grooves 18 therebetween may be straight. The blade bars 17 of the refining
surface and the blade grooves 18 therebetween may, however, be curved as
schematically shown in Figures 8 and 9 in such a manner that the blade bars
17 form in the refining surface, seen perpendicularly thereto, a wave pattern as
appears from Figure 8. The wave pattern provided by the blade bars 17 in the
refining surface is formed, when the orientation of the blade bars 17 employs
regularly repeated small radii of curvature. The structure of the blade bars 17,
which is curved and comprises small radii of curvature, increases the loading
capacity of the blade bars 17 in such a manner that they resist better than be-
fore the refining load exerted thereon. Improved strength of the blade bars 17
over previous blade solutions is emphasized when the blade angle a is small,
for instance when the blade angle values are 20 to 30 degrees. In a situation,
where a hard particle, which damages the blade bar 17, is caught between the
blade bars 17, thanks to the curved, wave-formed structure of the blade bars
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17 there is caused a damage that only affects the blade bar 17 on a short
length. In a situation like this, the structure of a conventional blade bar would
be damaged completely or at least for a considerably greater length.

[0055] In the blade element of Figure 8, in the run direction of the
blade bars 17 and the blade grooves 18 the blade angle a at the beginning of
the blade bar 17 or the blade groove 18, or at the beginning of the wave pat-
tern, is larger and becomes smaller herefrom towards the end of the blade bar
17 or the blade groove 18, or towards the end of the wave pattern, when the
starting point of the blade bar 17 or the blade groove 18 is determined to be
the end of the blade bar 17 or the blade groove 18 that is oriented in the same
direction with the rotating direction R of the rotor 1. Consequently, the material
refined by the starting part of the blade bar 17 has a stronger tendency to pass
in the run direction of the blade groove 18 and to move from the blade grooves
18 into the blade gap 6 by the effect of the pressure or negative pressure
caused by a change in the groove depth, and the end part of blade bar 17
serves as a blade bar enhancing the refining.

[0056] When the blade angle of the blade bar in the blade element
is large as arranged in the refiner, the blade bar in the blade element directs
the fibrous material to a great extent in the direction of the blade bar and the
blade groove of the blade element by means of the force produced by the op-
posing blade surface. As a result, the fibrous material to be refined rises effi-
ciently into the blade gap. Thus, when the blade angle of the blade bar is large,
the fibres, upon rising into the blade gap, tend to move along the blade bar and
to some extent adhere to the blade bars, which particularly makes the fibrous
material be refined. When the blade angle in the blade element is small, by
means of the force produced by the opposing blade surface the blade bar in
the blade element directs the fibrous material less in the direction of the blade
groove, whereby the fibrous material rises less efficiently into the blade gap.
To the extent the fibrous material still rises into the blade gap, the blade bar
moving mostly crosswise to the groove grips the fibres effectively, and conse-
quently energy transfer to the fibres takes place easily, and the fibrous material
is subjected to heavy refining. When the blade bar is curved, the starting part
of the blade bar makes the fibrous material move efficiently into the blade gap
and the end part makes the fibrous material be subjected to heavy refining.

[0057] The blade elements, whose refining surface comprises on
the length of the blade groove 18 a varying or changing groove volume, i.e.
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changing groove depth and/or changing groove width, and in which the blade
bars 17 are arranged to pump by using a blade angle a exceeding 50 degrees
and/or in which the blade bars 17 are arranged to form a wavy blade bar and
blade groove pattern, provide efficient refining of high quality in the material to
be refined and further a high production capacity.

[0058] Groove-shaped material feed grooves in the refining surface
of the blade element 12 of Figures 8 and 9 constitute the first refining surface
portions 15 that comprise bends 23. In the longitudinal direction of the first
refining surface portion 15, at the curved portion between two bends 23 the
speed of the material to be refined will be accelerated. At the bend 23 the ma-
terial having accelerated speed impacts a wall of the groove-shaped first refin-
ing surface portion, which enhances the transfer of the material to be refined
into the blade gap 6 and the blade grooves 18 participating in the actual refin-
ing.

[0059] Groove-shaped material feed grooves in the refining surface
of the blade element 12 of Figures 8 and 9 constituting the first refining surface
portions 15 are also directed to run substantially in the radial direction T of the
refining surface. By orienting the feed grooves 15 to run substantially in the
radial direction of the refining surface it is possible to provide high hydraulic
capacity as the fibrous material flow in the feed groove 15 takes a short route
from the feed edge to the discharge edge of the refining surface. In addition,
said arrangement distributes the material efficiently throughout the refining sur-
face area so that the proportion of the feed grooves 15 of the surface area of
the refining surface can be kept small. In some cases the feed grooves 15 may
be arranged to be retaining, whereby they decelerate passage of the material
to be refined in the blade gap, thus enhancing the refining effect to which the
fibrous material is subjected. Correspondingly, sometimes it may be necessary
to further enhance the pumping effect of the feed grooves 15 by arranging the
feed grooves 15 in the pumping direction.

[0060] Further, in the refining surface of the blade element 12 of
Figures 8 and 9 the blade bars 17 and the blade grooves 18 are positioned at
least to some extent in the circumferential direction of the refining surface, i.e.
in the tangential direction of the refining surface or in the transversal direction
in relation to the first refining surface portions 15. In addition, the width of the
first refining surface portions 15, i.e. the feed grooves 15, is arranged to
change on the length of the groove 15 so that the groove 15 is arranged to
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narrow in the portions between the bends 23 of the groove 15 when transfer-
ring from the direction of the feed edge 13 of the refining surface to the direc-
tion of the discharge edge 14 of the refining surface. The broader portions in
the groove 15 contribute to convey material to be refined and already refined
forward on the refining surface, but the tapering or narrower portions in the
groove 15 retain the material and also contribute to force material to be refined
into the blade grooves 18 and further into the blade gap 6 of the refiner.

[0061] Figure 10 shows schematically a second blade element 12
seen in the direction of the refining surface thereof, and Figure 11 shows
schematically part of the blade element 12 of Figure 10, seen obliquely from
above. The blade element 12 of Figures 10 and 11 is intended to form part of
the refining surface 1’ of the refiner rotor 1, yet a corresponding blade element
12 may also be used as a blade element in the refiner stator 2.

[0062] The blade element 12 of Figures 10 and 11 comprises blade
bars 17 and blade grooves 18 whose structure is arranged to be in the longitu-
dinal or run direction only slightly curved in the direction opposite to the rotat-
ing direction, indicated by reference R, of the rotor. Further, the blade element
12 comprises openings 27 provided through the refining surface 1’ of the blade
element 12. The blade element 12 of Figures 10 and 11 may be used, for in-
stance, in the cone refiner 11, shown schematically in Figure 14 and deviating
from the cone refiner 11 of Figure 2 in that, in the cone refiner 11 of Figure 14,
the fibrous material to be refined and fed through an opening 7 is transferred
into the blade gap 6 through openings 27 in the refining surface of the rotor 1
and refined fibrous material is discharged from the blade gap 6 through open-
ings 27 in the refining surface 2’ of the stator 2 as schematically indicated by
arrows F. The refined fibrous material is discharged from the blade gap 6 into
an interspace 28 of the refiner 11 and further out of the refiner 11 via a dis-
charge channel 9. Said openings 27 thus form the first refining surface por-
tions 27 feeding material to be refined and/or the first refining surface portions
27 discharging refined material, and said blade bars 17 and blade grooves 18
are arranged on the upper surface of the refining surface portions 16 refining
the material. In the blade element 12 of Figures 10 and 11 only part of the
blade grooves 18 in the refining surface is arranged to connect said first refin-
ing surface portions 27. The depth of the blade grooves 18 is further arranged
to change linearly in the longitudinal direction of the blade grooves 18, as
schematically shown in Figure 11.



WO 2012/101331 PCT/F12012/050074
25

[0063] The blade element 12 of Figures 10 and 11 may also be
used in a refiner shown in Figure 14, in which the fibrous material to be refined
is fed into the blade gap 6 through openings 27 in the refining surface 2’ of the
stator 2 and the refined material is discharged from the blade gap 6 through
openings 27 in the refining surface 1’ of the rotor 1. Further, a refiner 11 similar
to that in Figure 14 could also be implemented so that only either the refining
surface 1’ of the rotor 1 or the refining surface 2’ of the stator 2 coﬂmprises '
openings 27 through which fibrous material to be refined is fed into the blade
gap 6, or through which the refined fibrous material is discharged from the
blade gap 6.

[0064] Figure 12 shows schematically a third blade element 12,
seen in the direction of the refining surface thereof, and Figure 13 shows
schematically part of the blade element 12 of Figure 12, seen obliquely from
above. The blade element 12 of Figures 12 and 13 may be used in the stator 2
of the refiner, and consequently the refining surface of the blade element 12 is
indicated by reference 2'. The rotating direction of the rotor is indicated by ref-
erence R. The blade element 12 of Figures 12 and 13 is characterized in that it
does not comprise first refining surface portions feeding material to be refined
or discharging already refined material but that the refining surface 2’ of the
blade element 12 only comprises blade bars 17 and blade grooves 18 partici-
pating in the actual refining. In the implementation of the refining surface 2’ of
Figures 12 and 13, the blade bars 17 are preferably oriented such that they
pump, which makes sure that the material to be refined moves on the refining
surface 2’ and, consequently, that the refining works and the production capac-
ity is sufficient. By increasing the blade angle of the blade bars 17 it is possible
to enhance the pumping effect and to augment the production capacity.

[0065] In the blade element 12 of Figures 12 and 13, the depth of
the blade groove 18 is arranged to change in the longitudinal direction of the
blade groove 18 in a wave-form manner, i.e. the bottom of the blade groove 18
comprises in a wave-like manner alternately convex portions 24 and concave
portions 25. Said configuration of the bottom of the blade groove 18 is clearly
seen in Figure 13. The distance from the bottom of the blade groove 18 to the
upper surface of the blade bar 17, in other words, the depth of the blade
groove 18, is at its minimum at a wave crest 24’ within the convex portions 24
of the bottom of the blade groove 18 and the distance from the bottom of the
blade groove 18 to the upper surface of the blade bar 17 is at its maximum at a
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wave trough 25 within the concave portions 25 of the bottom of the blade
groove 18. The wave crests 24’ of the blade groove bottom in the adjacent
blade grooves 18 may form transfer lines, of which one is indicated by refer-
ence 26 in Figures 12 and 13. The transfer lines 26 are lines extending beyond
at least one portion in the refining surface, at which the depth of the blade
grooves 18 between the blade bars 17 is at its minimum, i.e. at the transfer line
26 the adjacent blade grooves 18 comprise the wave crest 24’ of the bottom of
the blade groove 18. At said transfer lines 26 the material to be refined is
forced to the refiner blade gap 6 by the effect of the movement in the material
to be refined, caused by the blade bars 17 of the refining surface opposite to
the refining surface observed, and the transfer lines 26 appearing on the refin-
ing surface observed. Thus, the transfer lines 26 make it possible to affect the
dwell time of the material to be refined in the blade gap 6 and thereby the qual-
ity of the refined material. The transfer lines 26 may be oriented in relation to
the blade angles of the blade bars 17 in such a manner that the transfer lines
26 deviate 30 degrees at most, preferably 20 degrees at most, from the direc-
tion perpendicular to the blade bars 17. In that case, when the blade bars 17
are positioned in a pumping manner, using a blade angle a exceeding 50 de-
grees, for instance, the transfer lines 26 will fall at such an angle to the run di-
rection of the blade bars 17 and the blade grooves 18 that they have a retain-
ing effect on the passage of the material to be refined on the refining surface,
which thus prolongs the dwell time of the material to be refined between the
refining surfaces and augments the refining degree of the refined material.

[0066] In the refining surface 2’ of the blade element 12 of Figures
12 and 13 the depth of the blade groove 18 changes in a wave-like manner
comprising convex and concave portions, yet the depth of the blade groove 18
could also change linearly. Further, in the refining surface 2’ of the blade ele-
ment 12 of Figures 12 and 13 the blade bars 17 and the blade grooves 18 are
arranged to be curved, yet they could also be substantially straight. The wavy
configuration of the bottom of the blade groove 18 of Figures 12 and 13 could
also be applied to such refining surfaces that comprise first refining surface
portions feeding material to be refined onto the refining surface and/or dis-
charging refined material from the refining surface and implemented in the
form of grooves 15 or feed openings or discharge openings 27 provided in the
refining surface.
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[0067] In Figure 8, the radius of curvature of the blade bars 17 is
about 250mm in such a manner that the blade bars 17 encounter the material
to be treated as a concave surface. In Figure 10, the radius of curvature of the
blade bars 17 is large, almost straight, in such a manner that the blade bars 17
encounter the material to be treated as a slightly convex surface. In Figure 12,
the radius of curvature of the blade bars 17 is about 90mm in such a manner
that the blade bars 17 encounter the material to be treated as a concave sur-
face. At a transfer line 26, the radius of curvature of the blade bars 17 is about
10mm.

[0068] When the blade bar 17 is short, i.e. when the distance be-
tween two adjacent feed grooves 15 or the openings 27 feeding the material or
discharging it is short, it is advantageous to use a smaller radius of curvature
of the blade bars 17. In that case, even though the blade bar 17 is short, such
a great change is provided in the blade angle a of the blade bar 17 that the
blade bar 17 will have a strong structure. The radius of curvature of a short
blade bar 17 may also be small because of the fact that the total change in the
blade angle a of the blade bar 17 does not become excessive, and conse-
quently the throughput of the material to be refined in the blade groove 18 of
the refining surface remains high. Excessive total change in the blade angle a
of the blade bar 17 could make the refining surface more susceptible of block-
ing.

[0069] When the blade bar 17 is long, i.e. when the distance be-
tween two adjacent feed grooves 15 or the openings 27 feeding the material or
discharging it is long, it is advantageous to use a larger radius of curvature of
the blade bars 17. Even though the radius of curvature of the blade bar 17 is
long, such a great change is provided in the blade angle a of the blade bar 17
that the blade bar 17 will have a strong structure. In that case the total change
in the blade angle a of the blade bar 17 does not become excessive either,
and consequently the throughput of the material to be refined in the blade
groove 18 remains high. As the total change in the blade angle a of the blade
bar 17 remains relatively small, the blade groove 18 will keep open in use and
pass the material to be refined effectively. .

[0070] The strength of the blade bar 17 improves by reducing the
curvature of the blade bar 17. Improvement in strength is achieved irrespective
of whether the curved blade bar 17 is oriented concavely or convexly in the
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direction of movement, i.e. circumferential or tangential direction of the refining
surface. )

[0071] The radius of curvature of the blade bar 17 is preferably 50
to 300mm, more preferably 50 to 150mm. With smaller radius of curvature the
structural strength of the blade bar 17 improves. The radius of curvature of the
blade grooves 18 in the refining surface may be relatively small, if feed
grooves 15 or openings 27 feeding or discharging material are placed relatively
densely in the refining surface, in which case the capacity of the refining sur- -
face will be high despite the small radius of curvature of the blade bar 17 in the
refining surface. _

[0072] Figure 17 is a schematic top view of a blade element 12 of a
disc refiner. The blade element 12 includes a feed edge 13 and a discharge
edge 14. The blade element 12 comprises a refining surface 1, in other words,
the blade element 12 of Figure 17 is intended to provide part of the refining
surface of a refiner rotor, yet a corresponding blade element could also be em-
ployed to provide part of the refining surface of a refiner stator.

[0073] The blade element 12 of Figure 17 further comprises first re-
fining surface portions 15, implemented as grooves, and therebetween second
refining surface portions 16 on the upper surface of which there are blade bars
17 and blade grooves 18, the cross-sectional area of the blade grooves 18 be-
ing arranged to change in the longitudinal direction of the blade grooves 18.
Further, in the blade element 12 of Figure 17 the blade bars 17 and the blade
grooves 18 are arranged in the blade element 12 such that on the feed edge
13 side of the blade element 12 the blade bars 17 and the blade grooves 18
are arranged at a longer distance from one another, i.e. with wider mutual
spacing, than on the discharge edge 14 side of the blade element 12, where
the blade bars 17 and the blade grooves 18 appear more densely. Positioning
of the blade bars 17 and the blade grooves 18 in the blade element 12 is thus
arranged to become denser substantially continuously or regularly from the
direction of the feed edge 13 to the direction of the discharge edge 14 of the
blade element 12. Increasing density is provided by reducing the width of the
blade bars 17 and the blade grooves 18 continuously or regularly from the di-
rection of the feed edge 13 to the direction of the discharge edge 14 of the
blade element 12. In the blade element of Figure 17 the cross-sectional area of
the blade grooves is thus arranged to change both in the longitudinal direction
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of the blade grooves 18 and from the direction of the feed edge 13 to the direc-
tion of the discharge edge 14 between consecutive blade grooves 18.

[0074] In the blade element 12 of Figure 17 the refining surface 1’
divides into two zones, a feed zone 29 or a crushing zone 29 located on the
feed edge 13 side of the refining surface 1’ and a refining zone 30 on the dis-
charge edge 14 side of the refining surface 1'. The feed zone 29 comprises
protrusions 31 and therebetween recesses 32. In the embodiment of Figure 17
the protrusions 31 are implemented as blade bars and the recesses 32 as
grooves, but depending on the embodiment, the implementation of the protru-
sions 31 and the recesses 32 may vary. The protrusions 31 perform coarse
refining of the material to be refined and convey the material forward on the
refining surface 1’ via the recesses 32. The refining zone 30 comprises first
refining surface portions 15, implemented as grooves, and therebetween se-
cond refining surface portions 16 on the upper surface of which there are blade
bars 17 and blade grooves 18, as described above. Some of the protrusions
31 and recesses 32 of the refining zone may extend onto the refining zone 30
and form there part of the blade bar 17 or the blade groove 18.

[0075] Figure 18 also shows a top view of a disc refiner blade ele-
ment 12, in which the positioning of the blade bars 17 and the blade grooves
18 in the blade element 12 is arranged to become denser substantially contin-
uously from the direction of the feed edge 13 to the direction of the discharge
edge 14 of the blade element 12 throughout the entire refining surface area
from the feed edge 13 to the discharge edge 14. _

[0076] Figure 19 shows schematically a cone refiner blade element
12. The blade element 12 includes a feed edge 13 and a discharge edge 14.
The blade element 12 of Figure 19 further comprises first refining surface por-
tions 15, implemented as grooves, and therebetween second refining surface
portions 16 on the upper surface of which there are blade bars 17 and blade
grooves 18, the cross-sectional area of the blade grooves 18 being arranged
to change in the longitudinal direction of the blade grooves 18. Further, in the
blade element 12 of Figure 19 the blade bars 17 and the blade grooves 18 are
arranged in the blade element 12 such that on the feed edge 13 side of the
blade element 12 the blade bars 17 and the blade grooves 18 are arranged at
a longer distance from one another, i.e. with wider mutual spacing, than on the
discharge edge side of the blade element 12, where the blade bars 17 and the
blade grooves 18 appear more densely. Positioning of the blade bars 17 and
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the blade grooves 18 in the blade element 12 is thus arranged to become
denser substantially continuously from the direction of the feed edge 13 to the
direction of the discharge edge 14 of the blade element 12 by reducing the
width of the blade bars 17 and the blade grooves 18 continuously from the di-
rection of the feed edge 13 to the direction of the discharge edge 14 of the
blade element 12, as described above. The blade element 12 of Figure 19 is
intended to provide part of the refining surface of a refiner rotor, yet a corre-
sponding blade element could also be employed to provide part of the refining
surface of a refiner stator.

[0077] Figure 20 shows schematically a second cone refiner blade
element 12, in which the positioning of the blade bars 17 and the blade
grooves 18 in the blade element 12 is arranged to become denser substantially
continuously from the direction of the feed edge 13 to the direction of the dis-
charge edge 14 of the blade element 12. The blade element 12 of Figure 20 is
arranged to provide the whole refining surface of the cone refiner rotor, yet a
corresponding solution could also be used for the refining surface of the cone
refiner stator.

[0078] In the blade elements of Figures 17 to 20 the cross-sectional
area of the blade grooves 18 is thus arranged to change both in the longitudi-
nal direction of the blade grooves 18 and in transition from one blade groove
18 to the next from the direction of the feed edge 13 to the direction of the dis-
charge edge 14 of the refining surface. The change in the cross-sectional area
in the longitudinal direction of the blade grooves 18 may be analogous to that
described in Figures 5a, 5b, 5c, 6, 7 or 16. When transition from the direction
of the feed edge 13 to the direction of the discharge edge 14 of the refining
surface takes place, the cross-sectional area of the consecutive blade grooves
18, from one blade groove 18 to the next, decreases in such a manner that the
width of the consecutive blade grooves 18 decreases, whereby the width of the
blade bars 17 and the blade grooves 18 closest to the feed edge 13 of the re-
fining surface is at its largest and closest to the discharge edge 14 of the refin-
ing surface at its smallest. Thus is provided a refining surface having the blade
geometry with wider spacing on the feed side of the refining surface, which
prevents the blade system from blocking on the feed side of the refining sur-
face, where the material’s refining grade is still very low. On the discharge
edge side of the refining surface, in turn, the blade geometry has narrower
spacing, whereby an efficient refining effect is achieved before the material to
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be refined exits the refiner. Continuous densening of the blade bars 17 and the
blade grooves 18 also prevents groove-blocking discontinuities from being
formed on the refining surface, which may occur on conventional refining sur-
faces comprising only refining surface zones of standard blade geometry, par-
ticularly when attempts are made to add blade bars to their blade geometry so
as to change the refining effect. In addition, volume changes in the blade ge-
ometry of the refining surface may be readily affected by the continuous
densening of the blade bars 17 and the blade grooves 18.

[0079] The width of the blade bars 17 and the blade grooves 18
may reduce about 20 to 40% from the feed edge 13 to the discharge edge 14
of the refining surface, or, in other words, the density of the blade bars 17 and
the blade grooves 18 may increase about 20 to 40% from the feed edge 13 to
the discharge edge 14 of the refining surface. The change in the width of the
blade bars 17 and the blade grooves 18 of the refining surface from the feed
edge 13 to the discharge edge 14 of the refining surface is also affected by the
type of the material to be refined. For instance, when softwood pulp is refined,
the width of the blade bar 17 at the feed edge of the refining surface may be
e.g. 4mm and at the discharge edge 3mm, the width of the blade groove 18
being at the feed edge of the refining surface e.g. 6mm and at the discharge
edge 4mm. When mixed pulp is refined, the width of the blade bar 17 at the
feed edge of the refining surface may be e.g. 3.5mm and at the discharge
edge 2.5mm, the width of the blade groove 18 being at the feed edge of the
refining surface e.g. 4mm and at the discharge edge 3mm. When short-fibre
pulp is refined, the width of the blade bar 17 at the feed edge of the refining
surface may be e.g. 3mm and at the discharge edge 2mm, the width of the
blade groove 18 being at the feed edge of the refining surface e.g. 3.5mm and
at the discharge edge 2.5mm. When eucalyptus-based pulp is refined, the
width of the blade bar 17 at the feed edge of the refining surface may be e.g.
2.5mm and at the discharge edge 1.5mm, the width of the blade groove 18
being at the feed edge of the refining surface e.g. 3mm and at the discharge
edge 2mm.

[0080] In the blade elements of Figures 18 to 20 the cross-sectional
area of the blade grooves 18 is arranged to reduce from the direction of the
feed edge 13 to the direction of the discharge edge 14 between consecutive
blade grooves 18 substantially throughout the whole refining surface area.
However, an embodiment, in which the cross-sectional area A of consecutive
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blade grooves 18, seen from the feed edge 13 to the discharge edge 14, is
reduced only within some limited portion between the feed edge 13 and the
discharge edge 14, as in Figure 17, is aiso possible. As the width of the blade
grooves 18 decreases, also the width of the blade bars 17 may decrease, as
schematically shown in Figures 17 to 20. However, such embodiments are al-
so possible, where the width of the blade bars 17 remains constant as the
width of the blade grooves 18 decreases, or the width of the blade bars 17 de-
creases only in a portion of the refining surface.

[0081] In the embodiment of Figure 17 the continuous densening of
the blade bars 17 and the blade grooves 18 is thus implemented in a refining
zone 30 subsequent to the particular feed zone 29 of the refining surface 1’,
the essential matter being to obtain intensive refining. Intensive refining effect
is obtained, when the material to be refined moves more efficiently into the
blade gap, while moving towards the discharge edge of the refining surface,
due to the decreasing volume of the blade grooves. In the vicinity of the dis-
charge edge of the refining surface the continuous densening of the blade
grooves does no longer necessarily increase the refining effect, and conse-
quently in the vicinity of the discharge edge the refining surface may have con-
stant blade bar and blade groove density.

[0082] In refining surfaces without special feed zone, the continuous
densening of the blade bars 17 and/or the blade grooves 18 may also be ar-
ranged on the feed edge side portion of the refining surface, whereby fewer
grooves will be formed on the feed edge side portion of the refining surface,
which provides an efficient material feed effect on the feed edge side portion of
the refining surface and a gradual decrease in the feed effect as the need for
feeding decreases. In addition, the fewer grooves formed on the feed edge
side portion of the refining surface enable sufficient hydraulic capacity on the
refining surface portion that is often blocked when conventional solutions are
used. Thanks to the continuous densening of the blade grooves, the hydraulic
capacity of the blade grooves additionally decreases such that while proceed-
ing towards the discharge edge the material to be refined moves more effi-
ciently into the blade gap, whereby the refining effect of the refining surface will
be enhanced.

[0083] Depending on the material to be refined, the continuous
densening of the blade bars and/or the blade grooves may also be extended,
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however, throughout the whole area or length of the refining surface from the
feed edge to the discharge edge of the refining surface.

[0084] The continuous densening of the blade bars 17 and/or the
blade grooves 18 may thus be implemented only on a portion of the refining
surface between the feed edge and the discharge edge thereof or throughout
the whole refining surface between the feed edge and the discharge edge
thereof. Preferably said densening is implemented on at least 30% portion of
the refining surface between the feed edge and the discharge edge, more
preferably on at least 50% portion of the refining surface.

[0085] The densening of the blade bars and/or the blade grooves of
the refining surface may be implemented either in both opposite refining sur-
faces or in just one of the opposite refining surfaces, whereby the densening of
the blade bars and/or blade grooves is preferably implemented in the rotor re-
fining surface, which provides greater effect on material feed and formation of
hydraulic capacity on the refining surface.

[0086] In some cases, the features disclosed in this application may
be used as such, irrespective of other features. On the other hand, when nec-
essary, the features disclosed in this application may be combined to provide
different combinations.

[0087] The drawings and the related description are only intended
to illustrate the idea of the invention. The details of the invention may vary with-
in the scope of the claims. All the features presented in the figures and/or the
description may be used both in disc refiners, cone refiners and in cylindrical
refiners, and in blade elements applicable thereto. It is described above that
the depth of all blade grooves changes in the run direction of the blade
grooves, but it is also possible that the depth and/or width of just some of the
blade grooves of the refining surface change in the run direction of the blade
grooves. In that case, the blade grooves whose depth and/or width is arranged
to change, are arranged in the opposite refining surfaces of the refiner such
that said blade grooves encounter as the refining surfaces rotate in relation to
one another.

[0088] Various embodiments and features of the refiner or its refin-
ing surface, or the blade element or its refining surface shown in Figures 5a,
5b, 5¢, 6, 7, 8, 9, 10, 11, 12, 13, 14, 153, 15b, 15¢, 15d, 16, 17, 18, 19 and 20
may also be employed in refiners, blade elements or refining surfaces, where
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the blade bars 17 or the blade grooves 18 are not necessarily arranged at the
blade angle of 40 to 80 degrees.
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Claims

1. A refiner (10, 11) for refining fibrous material, which refiner (10,
11) comprises at least one first refining surface (1’) and at least one second
refining surface (2’), which refining surfaces (1°, 2’) are arranged opposite to
one another and mobile in relation to one another, said refiner (10, 11) having
at least on the first (1’) or the second (2’) refining surface refining surface por-
tions (15, 27) feeding the material to be refined and/or refining surface portions
(15, 27) discharging the refined material as well as refining surface portions
(16) grinding the material to be refined, the upper surface of which portions
comprises blade bars (17) and between them blade grooves (18), and at least
on both the first refining surface (1') and the second refining surface (2') of said
refiner (10, 11) the cross-sectional area of at least some blade grooves (18) is
arranged to change in the longitudinal direction of the blade grooves (18) and
at least on one refining surface of which refiner (10, 11) the blade bars (17)
and the blade grooves (18) are arranged at a blade angle of 40 to 80 degrees.

2. The refiner of claim 1, characterized in that the width of the
blade bars (17) is 0.5 to 5mm and the width of the blade grooves (18) is 0.5 to
Smm.

3. The refiner of claim 1 or 2, characterized in that at least the
first refining surface (1’) is arranged rotatable and that in the first refining sur-
face (1’) the depth (D) of the blade groove (18) is arranged to increase and in
the second refining surface (2') the depth (D) of the blade groove (18) is ar-
ranged to decrease in the rotating direction (R) of the first refining surface (1').

4. The refiner of claim 1 or 2, characterized in that at least the
first refining surface (1') is arranged rotatable and that both in the first refining
surface (1’) and in the second refining surface (2’) the depth (D) of the blade
groove (18) is arranged to increase in the rotating direction (R) of the first refin-
ing surface (1'). v

5. The refiner of any one of the preceding claims, characterized
in that at least the first refining surface (1’) is arranged rotatable and that both
the first refining surface (1’) and the second refining surface (2') comprise, on
the upper surface of the refining surface portions (16) grinding the material to
be refined, blade bars (18) at least some of which are arranged to connect the
refining surface portions (15, 27) feeding the material to be refined and/or dis-
charging the refined material.
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6. The refiner of claim 5, characterized in that both in the first
refining surface (1’) and in the second refining surface (2’), in the material-
grinding refining surface portions (16), consecutive in the rotating direction (R)
of the first refining surface (1’), locating between the refining surface portions
(15, 27) feeding the material to be refined and/or refining surface portions (15,
27) discharging the refined material, the depth (D) of the blade grooves (18) is
arranged to increase in every other grinding refining surface portion (16) and to
decrease in every other grinding refining surface portion (16).

7. The refiner of any one of the preceding claims, characterized
in that the refining surface portions (15, 27) feeding the material to be refined
and/or discharging the refined material are arranged substantially in the radial
direction (T) of the refining surface (1’, 2') and that the blade bars (17) and the
blade grooves (18) are arranged to be at least to some extent in transversal
direction to said refining surface portions (15, 27) feeding the material to be
refined and/or discharging the refined material.

8. The refiner of any one of the preceding claims, characterized
in that the refining surface portions feeding the material to be refined and/or
discharging the refined material are refining surface portions (15) implemented
as grooves.

9. The refiner of any one of the preceding claims, characterized
in that at least in the rotatable refining surface the blade bars (17) and the
blade grooves (18) are arranged at such a blade angle (a) to the radius of the
refining surface that they have an enhancing effect on the passage of the ma-
terial to be refined on the refining surface.

10. The refiner of any one of the preceding claims, character-
ized in that the blade bars (17) and the blade grooves (18) are arranged to be
curved.

11. The refiner of claim 10, characterized in that the radius of
curvature of the blade bars (17) is 50 to 300mm.

12. The refiner of any one of the preceding claims, character-
ized in that the depth of the blade groove (18) is arranged to change in a

~ wave-like manner comprising convex (24) and concave (25) portions.

13. The refiner of any one of the preceding claims, character-
ized in that at least the first refining surface (1’) is arranged rotatable and that
in the first refining surface (1’) 60 to 90% of the blade grooves (18) comprise a
cross-sectional area (A) increasing in the same direction with the rotating di-
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rection (R) of the first refining surface (1’) and 10 to 40% of the blade grooves
(18) comprise a cross-sectional area (A) decreasing in the same direction with
the rotating direction (R) of the first refining surface (1’), and that in the second
refining surface (2') 80 to 100% of the blade grooves (18) comprise a cross-
sectional area (A) decreasing in the same direction with the rotating direction
(R) of the first rotating surface (1') and 0 to 20% of the blade grooves (18)
comprise a cross-sectional area (A) increasing in the same direction with the
rotating direction (R) of the first refining surface (1’).

14. The refiner of any one of claims 1 to 12, characterized in
that at least the first refining surface (1’) is arranged rotatable and that in the
first refining surface (1) 40 to 80% of the blade grooves (18) comprise a cross-
sectional area (A) increasing in the same direction with the rotating direction
(R) of the first refining surface (1’) and 20 to 60% of the blade grooves (18)
comprise a cross-sectional area (A) decreasing in the same direction with the
rotating direction (R) of the first refining surface (1’), and that in the second
refining surface (2’) 40 to 80% of the blade grooves (18) comprise a cross-
sectional area (A) decreasing in the same direction with the rotating direction
(R) of the first rotating surface (1’) and 20 to 60% of the blade grooves (18)
comprise a cross-sectional area (A) increasing in the same direction with the
rotating direction (R) of the first refining surface (1°).

15. The refiner of any one of the claims, characterized in thatin
at least one refining surface (1’, 2’) the cross-sectional area (A) of at least
some blade grooves (18) is arranged to decrease from one blade groove (18)
to the next from the direction of the feed edge (13) to the direction of the dis-
charge edge (14) of the refining surface (1°, 2°).

16. A blade element (12) for a refiner (10, 11) intended for refining
fibrous material, the blade element (12) comprising a refining surface (1, 2)
which has at least one refining surface portion (16) grinding the material to be
refined, on the upper surface of which there are blade bars (17) and between
them blade grooves (18) and in which blade element (12) the cross-sectional
area (A) of at least some blade grooVes (18) is arranged to change in the longi-
tudinal direction of the blade grooves (18) and the blade bars (17) and the
blade grooves (18) are arranged at a blade angle of 40 to 80 degrees.

17. The blade element of claim 16, characterized in that the
width of the blade bars (17) is 0.5 to 5mm and the width of the blade grooves
(18) is 0.5 to 5mm.
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18. The blade element of claim 16 or 17, characterized in that
the blade element (12) comprises refining surface portions (15, 27) feeding the
material to be refined and/or refining surface portions (15, 27) discharging the
refined material, between which there are refining surface portions (16) grind-
ing the material to be refined, and that at least some of the blade grooves (18)
on the upper surface of the refining surface portions (16) grinding the material
to be refined are arranged to connect the refining surface portions (15, 27)
feeding the material to be refined and/or discharging the refined material.

19. The blade element of claim 18, characterized in thatin the
material-grinding refining surface portions (16) locating between the refining
surface portions (15, 27) feeding the material to be refined and/or refining sur-
face portions (15, 27) discharging the refined material, the depth (D) of the
blade grooves (18) is arranged to increase in every other grinding refining sur-
face portion (16) and to decrease in every other grinding refining surface por-
tion (16).

20. The blade element of any one of claims 16 to 19, character-
ized in that the refining surface portions (15, 27) feeding the material to be
refined and/or discharging the refined material are arranged substantially in the
radial direction (T) of the refining surface (1’, 2’) and that the blade bars (17)
and the blade grooves (18) are arranged to be at least to some extent in trans-
versal direction to said refining surface portions (15, 27) feeding the material to
be refined and/or discharging the refined material.

21. The blade element of any one of claims 16 to 20, character-
ized in that the refining surface portions feeding the material to be refined
and/or discharging the refined material are refining surface portions (15) im-
plemented as grooves.

22. The blade element of any one of claims 16 to 21, character-
ized in that the blade bars (17) and the blade grooves (18) are arranged at
such a blade angle (a) to the radius (T) of the refining surface that they have
an enhancing effect on the passage of the material to be refined on the refining
surface as the blade element (12) is arranged in the refiner (10, 11).

23. The blade element of any one of claims 16 to 22, character-
ized in that the blade bars (17) and the blade grooves (18) are arranged to be
curved.

24. The refiner of claim 23, characterized in that the radius of
curvature of the blade bars (17) is 50 to 300mm.



WO 2012/101331 PCT/F12012/050074
39

25. The blade element of any one of claims 16 to 24, character-
ized in that the depth (D) of the blade groove (18) is arranged to change line-
arly or in a wave-like manner comprising convex (24) and concave (25) por-
tions.

26. The blade element of any one of claims 16 to 25, character-
ized in that the blade element (12) is arranged to form at least part of the ro-
tatable refining surface (1’) of the refiner and that 60 to 90% of the blade
grooves (18) of the blade element (12) comprise a cross-sectional area (A)
increasing in the same direction with the rotating direction (R) of the refining
surface (1’) and 10 to 40% of the blade grooves (18) comprise a cross-
sectional area (A) decreasing in the same direction with the rotating direction
(R) of the refining surface (1°). |

27. The blade element of any one of claims 16 to 25, character-
ized in that the blade element (12) is arranged to form'at least part of the stat-
ic refining surface (2’) of the refiner and that 80 to 100% of the blade grooves
(18) of the blade element (12) comprise a cross-sectional area (A) decreasing
in the same direction with the rotating direction (R) of the rotatable refining sur-
face (1') and 0 to 20% of the blade grooves (18) comprise a cross-sectional
area (A) increasing in the same direction with the rotating direction (R) of the
rotatable refining surface (1°).

28. The blade element of any one of claims 16 to 25, character-
ized in that the blade element (12) is arranged to form at least part of the ro-
tatable refining surface (1’) of the refiner and that 40 to 80% of the blade
grooves (18) of the blade element (12) comprise a cross-sectional area (A)
increasing in the same direction with the rotating direction (R) of the refining
surface (1’) and 20 to 60% of the blade grooves (18) comprise a cross-
sectional area (A) decreasing in the same direction with the rotating direction
(R) of the refining surface (1).

29. The blade element of any one of claims 16 to 25, character-
ized in that the blade element (12) is arranged to form at least part of the stat-
ic refining surface (2’) of the refiner and that 40 to 80% of the blade grooves
(18) of the blade element (12) comprise a cross-sectional area (A) decreasing
in the same direction with the rotating direction (R) of the rotatable refining sur-
face (1’) and 20 to 60% of the blade grooves (18) comprise a cross-sectional
area (A) increasing in the same direction with the rotating direction (R) of the
rotatable refining surface (1°).
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30. The blade element of any one of claims 16 to 29, character-
ized in that in the cross-sectional area of at least some blade grooves (18) is
arranged to decrease from one blade groove (18) to the next from the direction

of the feed edge (13) to the direction of the discharge edge (14) of the refining
surface (1°, 2').
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