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(57) ABSTRACT

The present invention regards a refiner plate segment (1) for
a disc-type refiner apparatus (30), adapted to grind a satu-
rated cellulosic material (M) in a refining gap (17) defined
by opposed discs (20) during use of the apparatus (30), the
material being moved from a refiner inlet opening (21)
towards an outer edge (7) of the segment (1). The outer edge
(7) of the segment (1) comprises a barrier arrangement (15)
to increase the pressure in the refining gap (17) for retaining
the liquid phase out to said outer edge (7). The present
invention also regards a method of refining a saturated
cellulosic material (M) in a refining gap (17) defined by two
opposed discs (20) of a disc arrangement.
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REFINER APPARATUS AND A METHOD
FOR REFINING CELLULOSIC MATERIAL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 15/115,624, filed Jul. 29, 2016, which is a U.S.
National Phase Application of PCT International Applica-
tion Number PCT/SE2015/050134, filed on Feb. 6, 2015,
designating the United States of America and published in
the English language, which is an International Application
of and claims the benefit of priority to Swedish Patent
Application No. 1450143-1, filed on Feb. 11, 2014. The
disclosures of the above-referenced applications are hereby
expressly incorporated by reference in their entireties.

BACKGROUND

Field

[0002] The present invention regards a refiner plate seg-
ment as being defined by the preamble of claim 1. The
invention also regards a refiner apparatus as defined in claim
5 and a method of refining a saturated cellulosic material
according to claim 11. The present invention regards a
disc-type refiner apparatus of a refiner plate steam manage-
ment system.

[0003] The present invention is primary related to paper
making industry, and refiner producers especially. The
invention also regards refiners per se and pulp producing
units. It can also be related to making of fiber boards etc. It
also relates to Research and Development projects espe-
cially having an object to improve energy efficiency in
Thermo Mechanical Pulp TMP plants or similar. However,
the present invention is not limited to these areas, but also
other grinding process management systems as well.

Description of the Related Art

[0004] There have been several attempts to improve the
efficiency in the grinding of cellulosic fiber material making
a high quality pulp for e.g. paper industry. Paper making
industry using refiners has interest in saving energy and
there is a desire to balance energy consumption and the
cellulosic fiber material refining process in an optimal way.
[0005] U.S. Pat. No. 6,607,153 discloses a refiner plate
steam management system comprising a plurality of bars
and grooves for refining a lignocellulosic material. The bars
are arranged in a certain pattern for forming a path for
receiving and transmitting steam generated during the refin-
ing process. Dams are positioned in the grooves at suitable
positions for retarding the movement of the lignocellulosic
material. The prior art system provides a pressure peak that
prevails in the mid section seen in radial direction of the
segments, wherein the steam flows radially outward from
outer side of pressure peak and radially inward (backward)
inside the pressure peak, i.e. against the material feed.
[0006] Prior art refining systems have high energy con-
sumption and the flow-through of cellulosic material to be
grinded is rather slow and not efficient. The quality of the
achieved pulp is often not the same for one production cycle
as for another and the refiner plate segments have to be
changed quite frequently due to high wear of the grinding
bars of the segments.
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[0007] There is a need to improve current refining systems
and refiners. The present invention is provided to save
energy for refining procedures and save time in production
of e.g. paper. The present invention is also provided to
minimize the maintenance and service cost for refiners. The
present invention is also provided for improving pulp quality
and having an adequate and consistent level of quality in
production.

[0008] The invention is provided for solving a problem
defined by the enclosed independent claims and related to
the technical field.

SUMMARY OF THE INVENTION

[0009] This has been achieved by a refiner plate segment
as defined in the introduction and being characterized by the
features of the characterizing part of claim 1.

[0010] In such way is achieved a refiner for use in a
cost-effective manner by reducing the consumption of
energy by means of a steam explosion process and still
achieving an improved and uniform quality of biomass pulp
for the production of e.g. paper. By means of such “explo-
sion pulping” of the—with liquid, e.g. pure water—satu-
rated cellulosic material (and grinded by the discs), a sudden
volatilization of the liquid, entrapped within interstices
(pores) of the cellulosic material, is achieved. Thus literally,
an “exploding” of the material is noticed when ejected from
the refining gap and beyond the outer edge to the outer
environment, i.e. from high pressure environment to lower
pressure environment. By means of the high pressure envi-
ronment in the refining gap, which high pressure being
increased by means of the barrier arrangement and main-
tained out to the outer edge of the disc arrangement (com-
prising at least two grinding discs), the pressure liquid of the
saturated cellulosic material can be retained in liquid phase
all the way out to the outer edge within the refining gap. Due
to the achieved high pressure in the refining gap, the boiling
point of the liquid (pure water or mixed water with chemi-
cals or other) of the material can be raised compared with
traditional refiners. This implies a boiling point (steam
point) at relatively high temperature, thus achieving an
extremely cost-effective refining process of the pulp in the
refining gap. The refiner plate is combined with other refiner
plates and being mounted on the discs to reach optimal
grinding. The grinding bars of the respective plate segment
are oriented in such way that a pumping of the saturated
cellulosic material is achieved propelling the material in
radial direction and/or in direction towards the outer edge.
At the same time, the centrifugal force, achieved by the
rotation of the at least one disc, also forces the hot saturated
cellulosic material (the water being in liquid phase) towards
the outer edge. By means of the barrier arrangement pro-
vided at a limited area of the disc outer edge, and the pump
action of the discs, the centrifugal force, and the high boiling
point of the liquid of the material due to the created high
pressure, the vaporation is controlled to be performed at the
outer edge perimeter of the disc arrangement. The vapora-
tion is thus performed in a step of bringing the grinded fiber
material from high pressure to low pressure outside the
refining gap and barrier arrangement thereby achieving the
above-mentioned “explosion pulping”. Upon the sudden
discharge of the material/water (liquid)/steam mixture from
the refining gap, the water (liquid) trapped within the
interstices of the cellulosic material will go to steam, thereby
providing the necessary energy to produce a high quality
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“fluffy” pulp mass suitable for e.g. paper making. Vaporation
is herein defined as change of a liquid or solid substance to
a gas or vapor.

[0011] The cellulosic material being fed from centre inlet
opening of the refiner disc to the refining gap by means of
a pump (e.g. a screw pump with a single screw that rotates
in a cylindrical cavity, thereby moving the material along the
screw’s spindle towards the refining gap) arrangement in
communication with the inlet opening. The cellulosic mate-
rial being fed serves as a “plug” and has a sealing function-
ality even more providing the pressure in the refining gap to
increase.

[0012] It is suitably to provide an adjustable gap sensor
(AGS) for detecting the width of the refining gap. It can
preferably be mounted in the disc segment adjacent the outer
edge of the disc, Of course, also other positions are possible
for measure the refining gap. It is suitably to use an AGS of
the type described in WO 2005/083408.

[0013] It is preferably to control that the steam point is
near (located before i.e. upstream the barrier arrangement)
the outer edge in the refining gap. That is, during use of the
refiner it is suitably to control the refiner performance from
detected fiber concentration. This can be made by correlat-
ing water amount inflow in the refining gap. One way to
detect the position of the steam point is to use a system
disclosed in the Swedish patent application SE 1351299-1.
Such continuous measurement of the steam point will con-
tribute to an improved production using the refiner apparatus
disclosed herein.

[0014] Suitably, the barrier arrangement comprises a con-
tinuous lateral bar member.

[0015] In such way is achieved an optimal sealing of the
refining gap. As the disc per se carrying the segments is
somewhat resilient, in case of overpressure, the disc will
release the pressure automatically. Thereby is provided
overload security functionality.

[0016] Preferably, the height of the barrier arrangement,
such as a circular bar provided at the grinding surface of the
disc when the segments are provided, is the same as the
height of the grinding bars.

[0017] Alternatively, the barrier arrangement extends
along the outermost edge of the segment and faces the
opposite disc.

[0018] In such way only one of the discs has to be
provided with a barrier arrangement still achieving the
higher pressure and a well defined evaporation point at the
outer edge of the discs.

[0019] Preferably, the barrier arrangement comprises a
lateral barrier bar having an inner side facing the inlet
opening of the refiner.

[0020] Suitably, the barrier bar also comprises an upper
side extending at the same plane as the grinding bars upper
sides. This will promote cost-effective edging and sharpen-
ing of the segment, as an edging apparatus with easy
handling can be moved over the grinding bars and barrier bar
during sharpening.

[0021] Preferably, the barrier arrangement comprises a
plurality of barrier bars arranged in the outer edge of the
segment.

[0022] Suitably, the barrier bar exhibits an outer side
opposite the inner side of the barrier bar, which outer side
preferably is even with the outer side perimeter of the disc
and segment edge sides.
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[0023] Preferably, the barrier arrangement faces ends of
channels formed by grinding bars of the segment.

[0024] In such way is the built up pressure achieved by
means of the pumping effect by the grind bars and the
centrifugal forces and moved out in a well defined position
to the outer edge of the disc (i.e. of the segment) and the
barrier arrangement. The material is grinded by the opposite
grinding bars of respective disc moving in relative motion to
each other and the material being grinded are propelled in a
direction towards the outer edge of the disc (i.e. of the
respective segment) in said channels of the segments.
[0025] This has been achieved also by a refiner apparatus
characterized by the features of the characterizing part of
claim 5.

[0026] Thereby the effect of grinding the material can be
decreased and energy needed for the process is lower than
current refiners, still making a high quality pulp for e.g.
paper. This is achieved by the use of the barrier arrangement
in the outer edge of the discs and by making use of a so
called “masonite effect”, i.e. a sudden volatilization of the
liquid entrapped within interstices (pores) of the cellulosic
material.

[0027] In such way is achieved a cost-effective refiner
apparatus. By means of the high pressure environment in the
refining gap, the boiling point of the water (pure water or
mixed water with chemicals or other) of the material can be
raised compared with traditional refiners. This implies a
boiling point at relatively high temperature, thus achieving
an extremely cost-effective refining process of the pulp in
the refining gap. The grinding bars of the respective plate
segment are oriented in such way that a pumping of the
saturated cellulosic material is achieved propelling the mate-
rial in radial direction and/or in direction towards the outer
edge. At the same time, the centrifugal force, achieved by
the rotation of the at least one disc, also forces the hot
saturated cellulosic material comprising hot water in liquid
phase towards the outer edge. By means of the barrier
arrangement provided at a limited area of the disc outer
edge, and the pump action of the discs, the centrifugal force,
and the high boiling point of the liquid of the material at the
outer edge, the vaporation is controlled to be performed at
a well-defined area of the outer edge of the refiner. Thereby
no forces act upon the material backwards in a direction
towards the inlet opening. Upon the sudden discharge of the
material/water/steam mixture from the refining gap, the
water trapped within the interstices of the cellulosic material
to steam thereby providing the necessary energy to produce
a high quality pulp mass suitable for e.g. paper making. The
cellulosic material being fed trough the inlet opening serves
as a “plug” and has a sealing functionality even more
providing the pressure in the refining gap to increase. The
present refiner also propels the material by means of the
pump action provided by the grinding bars to an higher rate
than current refiners. The pump action of the present discs
presents a so called “feeding” of material from the inlet
opening towards the outer edge.

[0028] Insuch way is also achieved that all quality param-
eters of the grinded material is improved. That is, the rate for
drying the pulp from water is high, thus further improving
the efficiency of the refiner. By moving the steam point of
the water to the outer edge of the discs, at which position the
pressure falls to lower pressure, there is guaranteed that no
unnecessary motion forward and backward (in radial direc-
tion) of the steam point is actual in the present refining gap.
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Such movement otherwise according to prior art must be
counter-acted by adding or removing water to the material.
For example, if the material has a lack of water, there is
needed a very high effect to grind the material. By the
present well-defined steam point positioned at the outer
edge, a more similar quality and more even production with
less fluctuations in production is achieved. As there is no
need any longer to taper the discs towards each other, the
present disc segments will have longer life as no wear will
be present caused by taper adjustments of the discs.
[0029] By the present improvements, the energy consump-
tion is extremely reduced compared with current refiners, as
paper making of today requires a lot of energy. The present
refiner thus promotes for “green technology” applications.
[0030] Preferably, the barrier arrangement extends con-
tinuously along the outer edge.

[0031] In such way is achieved a proper sealing of the
refining gap, still the barrier arrangement (bar) forms a
narrow aperture (slot) and the opposite positions (with or
without any barrier arrangement).

[0032] Suitably, the disc arrangement comprises a set of
refiner plate segments provided with said barrier arrange-
ment.

[0033] In such way a choke of the flow-through of mate-
rial is provided up to the circumferential edge of the refiner
disc arrangement. Such choke means that a high pressure
prevails all the way out to the outer edge for keeping the
boiling point at said outer edge before the material is
“exploded” from the refining gap and outer edge to the outer
environment, i.e. from high pressure environment to lower
pressure environment. At such sudden volatilization of the
liquid entrapped within interstices (pores) of the cellulosic
material, the above-mentioned “explosion pulping” is
achieved. The discharge of the material/water/steam mixture
to the lower pressure involves that the water trapped within
the interstices of the cellulosic material will steam, thereby
providing the necessary energy to produce a “fluffy” pulp
mass suitable for e.g. paper making.

[0034] Preferably, the disc arrangement comprises grind-
ing bars being oriented relative each other and relative the
refiner inlet opening in such way that an added pump action
propels the material towards the outer edge during rotation
of at least one disc.

[0035] The grinding bars of the respective plate segment
are oriented in such way that a pumping of the saturated
cellulosic material is achieved propelling the material in
radial direction and/or in direction towards the outer edge.
The disc arrangement thus may comprise discs, each of
which having grinding bars, which discs when rotating
relative each other (just one rotating or both) act as a
radial-flow pump or centrifugal pump.

[0036] Suitably, the barrier arrangement is formed by
grinding bar ends ending at the peripheral area of the outer
edge.

[0037] In such way is achieved that the grinding edges of
the grinding bars in an optimal way are used all the “way
out”.

[0038] Preferably, the opposed discs comprise mutual
complementary barrier bars to increase said pressure.
[0039] By using the same configuration of both discs, the
refiner plate segments can be made with identical pattern
and barrier arrangements for mounting at both discs. This is
cost-effective, both for producing the segments and for
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maintenance and service at the site as the segments can be
the identical for efficient handling.

[0040] This has been achieved also by the method char-
acterized by the features of the steps of claim 11.

[0041] In such way is achieved high rate (high speed
flow-through of material compared with current refiners) for
material to pass the refining gap due to the pump action. In
such way is achieved a high pumping effect. For saving
energy is also the grinding effect less requiring energy as the
“masonite” effect will take care of making a high quality
pulp. Old current prior art refiners still use the grinding
procedure to a greater extent to refine the material, which
involves high consumption of energy. In such way is
achieved that a high pump effect is provided for reaching the
movement of the boiling point of the material out to the
outer edge to choke the flow of hot material at a well-defined
position of the outer edge for making high pressure and
increasing the temperature for vaporisation at the well-
defined position.

[0042] Preferably, the grinding bars being oriented relative
each other and relative the refiner inlet opening in such way
that the radial pump action propels the material towards the
outer edge.

[0043] Suitably, the method is added with the step of
adjusting the width of the refining gap on-line by means of
a control unit associated with an AGS system, for example
of the type disclosed in WO 2005/083408.

[0044] Alternatively, the control unit is also associated
with a temperature/conductance indicating sensor as e.g.
disclosed in SE 1351299-1 for controlling the water supply
to the material, wherein the boiling point (steam point) can
be controlled to be positioned in the well-defined area
achieved by the barrier arrangement.

[0045] Preferably, the sealing of the inlet opening is made
by the feeding step of moving the material through the inlet
opening, wherein the material in the inlet opening also acts
as a plug.

[0046] In such way the high pressure in the refining gap
can be maintained and the motion of the material and liquid
is guaranteed towards the outer edge and the pressure peak
point is forced out to the outer edge and the barrier arrange-
ment.

[0047] Suitably, the step of exposing the material is con-
trolled by a control unit coupled to a gap sensor and/or
material mixture detector and/or disc rotation measuring
device and/or gap pressure detector means.

[0048] Preferably, the outside of the outer edge is per-
formed in a housing encompassing the disc arrangement.
[0049] In such way the high quality fine pulp material can
be collected outside the disc arrangement and transported to
a collecting station for further transportation to e.g. a paper
making plant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The present invention will now be described by
way of examples with references to the accompanying
schematic drawings, of which:
[0051] FIG. 1 illustrates a refiner plate segment according
to one aspect of the invention;

[0052] FIGS. 2a-2b illustrate a section of the plate in FIG.
1

[0053] FIGS. 3a-3e illustrate different aspects of barrier
arrangements;
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[0054] FIGS. 4a-4b illustrate a refiner disc interior face
having grinding bars oriented in a pattern promoting a pump
action;

[0055] FIGS. 54-5b6 illustrate a refiner plate segment
according to one aspect;

[0056] FIGS. 6a-6¢ illustrate different aspects of refiner
plate segments;
[0057] FIGS. 7a-7b illustrate a refiner according to one

aspect of the invention;

[0058] FIG. 8 illustrates a temperature profile seen from
the inlet opening to the outer edge according to one aspect;
[0059] FIGS. 94-95 illustrate a prior art pressure profile
and a pressure profile that prevails under one aspect of the
invention respectively;

[0060] FIG. 10 illustrates a refiner in view of a method to
refine a cellulosic material according to one aspect of the
present invention;

[0061] FIG. 11 illustrates a section of the refining gap
refining the cellulosic material under high pressure and
volatilization of the liquid entrapped within pores of the
material “explodes” the material into a high quality pulp for
use in cost-effective making of paper; and

[0062] FIGS. 12a-125 illustrate in flowcharts in different
aspects of different methods of refining the cellulosic mate-
rial.

DETAILED DESCRIPTION

[0063] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings, wherein for the sake of clarity and under-
standing of the invention some details of no importance are
deleted from the drawings.

[0064] FIG. 1 illustrates a refiner plate segment 1 showing
its interior side comprising a pattern of grinding bars 3. The
refiner plate segment 1 together with other refiner plate
segments 1 is to be arranged on a first (rotor) and second
(stator) refiner discs. The refiner plate segments 1 mounted
on the refiner discs constitute an important component of a
disc-type refiner apparatus (not shown, see for example FIG.
10), which is adapted to grind a saturated cellulosic material
in a refining gap (not shown) defined by the opposed discs
during use of the apparatus, the saturated cellulosic material
being moved from a refiner inlet opening of e.g. the stator
towards an outer edge of the refiner plate segment. The
grinding bars 3 are thicker at inner edge 5 compared with
outer edge 7 of the refiner plate segment. The grinding bars
3 form channels 9 there between. The grinding bars 3 have
sharp edges facing the meeting flow of the cellulosic mate-
rial for grinding. The relative motion of the discs, in this case
only the first is in motion (rotor) and the opposite disc
stationary, will cause a pumping force propelling the mate-
rial from an inlet opening of the second disc towards the
outer edge of the disc arrangement. The grinding bars 3 are
oriented relative each other and relative the refiner inlet
opening in such way that an added pump action propels the
material towards the outer edge 7 during rotation of at least
one disc. In this embodiment the grinding bars 3 are oblique
relative the radial direction (defined as a radial line RL
extending the shortest distance from centre to perimeter
PM). The majority of the inclined grinding bars 3 extend in
such way that their inner ends 11 being closest the disc
centre are positioned adjacent the radial line RL and the
opposite outer ends 12 of respective grinding bar 3 (i.e.
closest the outer edge 7) are facing a barrier bar 15 at a
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distance d from the radial line RL in a direction opposite the
relative rotation P of the discs. The outer edge 7 of the refiner
plate segment 1 thus comprises a barrier arrangement 15 (in
FIG. 1 formed as a continuous lateral curved bar member)
to increase the pressure between the discs 20 (see e.g. FIG.
7b) for retaining the liquid phase out to said outer edge 7.
[0065] FIGS. 2a-25 illustrate a section X of the plate in
FIG. 1. FIG. 2a shows the outer ends 12 of some grinding
bars 3. According to this embodiment, the grinding bars 3
end at a distance from the lateral barrier bar 15'. Dams 18 are
arranged between the grinding bars 3 for forcing the material
under motion to climb over the sharp edges of the grinding
bars 3. The dams 18 are positioned in the different channels
9 at irregular places relative each other. FIG. 25 illustrates a
cross section A-A of the barrier bar 15'.

[0066] FIGS. 3a-3f illustrate different aspects of barrier
arrangements 15. FIG. 3a shows one aspect where a pressure
relief valve body arrangement 15" is part of the barrier
arrangement 15. The valve body arrangement comprises a
plurality of bars, each of which can be depressed into a
respective groove of the disc. A spring element presses the
respective body in place for choking the flow of hot satu-
rated material out from the refining gap, thus increasing the
pressure for achieving a high steam point and locating the
steam point to the outer edge before (seen in a direction
upstream) the barrier arrangement 15 by means of a pump
action, for example of the type described above. FIG. 3b
illustrates one aspect of a barrier arrangement 15 shown in
cross-section. The barrier bar faces ends of channels 9
formed by grinding bars 3 of the segment 1. FIG. 3¢
illustrates one aspect of a barrier arrangement 15 shown in
cross-section. Only one of the refiner discs comprises the
barrier arrangement 15, still achieving said increased pres-
sure in the refining gap 17. FIG. 34 illustrates one aspect of
a barrier arrangement 15 shown in cross-section. The barrier
bar 15" extends along the outermost edge of the segment 1
and faces the opposite disc and the grinding bars 3 are
connected with the barrier bar 15" thus forming a grinding
sharp edge all the out to the outer edge 7. FIG. 3e illustrates
one aspect of a barrier arrangement 15 shown in cross-
section, wherein the opposite barrier bars 15" facing each
other form a narrow slot having U-shape in cross section.
The opposed discs thus comprise mutual complementary
barrier bars 15™ to further increase the pressure.

[0067] FIG. 4a illustrates a refiner disc 20 interior face
having grinding bars 3 oriented in a pattern promoting a
pump action for propelling the heated saturated cellulosic
material in a direction towards the outer edge 7 from the
inlet opening 21. The disc 20 arrangement comprises a set of
refiner plate segments 1 provided with the barrier bars 15.
The added pump action propels the material towards the
outer edge 7 during rotation of at least one disc 20. By means
of the pump action forcing the material M towards the outer
edge 7, and the centrifugal force forcing the material (the
water being in liquid phase) in radial direction, heat and
pressure have been increased. The material in such way will
exhibit all quality parameters. Thus the finest material is
near the outer edge 7. According to one aspect of the
invention and by means of the

[0068] 1) barrier 15 provided at a peripheral area of the
disc outer edge 7 increasing the pressure;

[0069] 1ii) the pump action;
[0070] 1iii) the centrifugal force; and
[0071] iv) the produced heat;



US 2020/0123705 Al

[0072] there will be achieved high pressure that promotes
for a high steam point (boiling point) of the liquid embedded
in the material M. The steam point is near (located before i.e.
upstream the barrier arrangement 15) the outer edge 7 in the
refining gap. The refiner performance is managed from
detected fiber concentration. This is made by correlating
water amount inflow in the refining gap 17. The position of
the steam point is detected by a material concentration
sensor system which measure the steam point. The position
of the concentration sensor 25 is near the outer edge (i.e.
where the actual steam point is due). There is also arranged
an adjustable gap sensor 27 (AGS) for detecting the width of
the refining gap 17, wherein the AGS sensor 27 is mounted
in the disc 20. The AGS is mounted near the outer edge 7 of
the disc 20. FIG. 4b illustrates the both refiner discs 20 of the
refiner 30 in a view from side. The saturated cellulosic
material (saturated with water and optional also added with
suitable chemo-technical compounds) is pressed through the
inlet opening 21 into the refining gap. The water filled within
the pores of the cellulosic material will be in liquid phase at
high temperature due to the high pressure all the way out to
the outer edge of the disc arrangement. The step of forcing
the grinded cellulosic material from high pressure to low
pressure, the material passing through the narrow slot 31
formed by the barrier bar, the low pressure prevailing
outside the barrier bar thereby achieving an “explosion
pulping”. Upon the sudden discharge of the fiber material/
water/steam mixture from the refining gap, the water trapped
within the interstices of the cellulosic material will go to
steam thereby providing the necessary energy to produce a
“fluffy” pulp mass. Arrows P indicate the increasing pressure
out to the outer edge 7, thus keeping the material and water
in liquid phase before “explosion”.

[0073] FIGS. 5a¢-5b and 6a-6¢ illustrate a refiner plate
segment 1 according to different aspects. FIG. 5a shows in
a perspective view the refiner plate segment 1 and FIG. 55
the plate face. The number of grinding bars 3 in the FIGs
being illustrated schematically fewer than in reality for
clarity reasons.

[0074] The following FIGS. 6a-6¢ also show the rotation
direction of the disc and the feeding of material. FIG. 6a
illustrates a refiner plate segment 1 having grinding bars 3
comprising barrier “sealing hooks” 15"" at the grinding bar
3 ends for increasing the interior pressure in the refining gap.
FIG. 6b illustrates a refiner plate segment 1 having an
intermittent barrier bars arranged along the perimeter of the
segment 1. FIG. 6¢ illustrates a refiner plate segment 1
having a continuous barrier 15. FIG. 64 illustrates a refiner
plate segment 1 having a continuous barrier 15 having half
the full length, still generating the high interior pressure.
FIG. 6¢ illustrates one aspect of a barrier 15 extending along
the outer edge 7 of the segment wherein the grinding bars 3
are joined to the barrier 15.

[0075] FIGS. 7a-7b illustrate a refiner apparatus 30
according to one aspect of the invention. The refiner appa-
ratus 30 comprises a rotor 41 and stator 43 disc, each having
a plurality of grinding bars 3. A screw pump 50, during use
of the apparatus 30, propels the cellulosic material mixed
with water W towards the inlet opening 21. The refiner
apparatus 30 discs 20 are adapted to grind the saturated
ligno-cellulosic material in the refining gap 17, which gap 17
being defined by the opposed discs 20. By means of the
screw pump 50, the material M is moved from the inlet
opening 21 towards the outer edge 7 of the discs. A sealing
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of the inlet opening 21 is due by moving the material M
through the inlet opening 21, wherein the material M in the
inlet opening 21 also acts as a plug by means of the screw
pump 50 feeding. In such way, together with the centrifugal
force and pump action achieved by grinding bars 3 pattern,
the pumping of the screw pump 50 and the plug involves that
the refining gap 17 is “sealed” in the direction “down
streams”. The respective outer edge 7 of the discs 20
comprises a barrier bar 15 to increase the pressure in the
refining gap 17 for retaining the liquid phase out to the outer
edge 7. The FIG. 7b shows the radial forces RF acting upon
the material M being grinded.

[0076] FIG. 8 illustrates a temperature profile of the mate-
rial M being grinded in the refining gap 17, shown on a
computer screen. The temperature profile is illustrated from
the inlet opening R0 to the outer edge ED according to one
aspect. The position of R1 is inner edge 5 of the plate
segment 1, R3 is the position near the outer edge 7 of the
refiner disc 20. The R2 is an intermediate position between
R1 and R3. Due to the achieved high pressure, strengthened
by means of the barrier arrangement 15 according to one
aspect of the invention, the steam point SP can be of high
value and maintaining the saturated cellulosic material in
liquid state all the way out to the outer edge 7, where
pressure goes from high to low. This is shown in FIG. 95.
That is, upon the sudden discharge of the material/water/
steam mixture from the refining gap 17, the water trapped
within the interstices of the cellulosic material will go to
steam thereby providing the necessary energy to produce a
“fluffy” pulp mass suitable for e.g. paper making. The
temperature of the grinded material thus falls to a lower
temperature “down streams” (beyond) the barrier arrange-
ment 15. In this example, the temperature is at its highest
level at R2.

[0077] FIG. 9a illustrates a prior art pressure profile. The
pressure peak PP fluctuates over a rather large distance seen
in the radial direction of the refiner disc 20. The pressure
peak PP sometimes counteracts the motion of the material
and presses it backward. FIG. 954 illustrates a pressure profile
according to one aspect of the present invention. A pressure
peak PP' is held in a well defined position of the refiner disc
20 arrangement, i.e. at a position adjacent the barrier
arrangement 15 (on the up-stream side and “before” the
barrier), by means of the barrier arrangement 15. The
pressure peak PP' is higher than prior art pressure peak PP.
The pressure falls at the position of the outer edge ED, or
outside it where outside pressure is lower.

[0078] FIG. 10 illustrates a refiner 30 and a method to
refine a cellulosic material (here wood chip material)
according to one example of the present invention. The inlet
opening 21 is located in the centre of the stator disc 43. The
saturated material is pumped through the inlet opening 21 to
a refining gap 17. The refining gap 17 is defined by a gap 17
formed by the grinding surfaces (“wet” surfaces of grinding
bars 3 and channels 9) of two opposed discs 20 of a disc
arrangement. The grinding bars 3 form channels 9 there
between. The saturated material being refined is moved from
the inlet opening 21 towards an outer edge 7 of the disc
arrangement. The outer edge 7 comprises a barrier arrange-
ment 15 in the form of a respective peripheral bar list
arranged at the outermost edge of the respective disc 20. A
central control unit 100 processor CPU is associated with a
wood chip discharger 111 for dispensing proper quantity of
cellulosic material to the refining gap 17 via a main pipe 112.
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A water supply valve 113 is connected to the main pipe for
adding proper amount of water (and optionally chemicals) to
the wood chip for mixing and saturation of the wood chip.
A pump 114 propels the saturated material M to the inlet
opening 21 of the stator disc 43. The opposite rotor disc 41
being rotated for grinding the material M. A mixture detector
115 is arranged at the main pipe 112 and being associated
with the CPU 110 for detecting proper mixture of the
saturized material M. The material M being fed through the
inlet opening 21 and into the refining gap 17 by means of the
pump 114 located outside the inlet opening 21. The pump
114 is associated with the CPU 110 for controlling the
feeding of material M into the refining gap 17 at proper rate.
The rotation of the rotor disc 41 is controlled by the CPU
110. The material M is grinded under high pressure and heat.
The water of the material M is in liquid state as the steam
point is held at a high level by means of the high pressure
achieved by the barrier bar 15. The material M is provided
under high pressure and temperature by means of the
rotating disc 41 acting as a radial pump retaining the
material M in the liquid phase out to the outer edge 7. An
adjustable gap sensor 116 detects the refining gap 17 width
and sends signals to the CPU 110 for adjusting the refining
gap 17 to correct measure by means of a linear motor (not
shown). A conductive sensor 117 senses the conductivity of
the grinded material M including the water being in liquid
state for controlling that the water of the grinded material is
not in gaseous state. Such control is performed by the CPU
110 controlling that the transition from liquid to gaseous
state is performed beyond the barrier bar 15 for achievement
of the above-mentioned “explosion pulping”. The material
M is then exposed outside the outer edge 7, wherein the
outside pressure P2 being lower (P2<P1) than the pressure
P1 in the refining gap 17 for achieving an explosive decom-
pression of the material M. The rotor disc 41 and stator disc
43 are arranged in a housing 118. The pulp 121 achieved by
the “explosion pulping” is forced from the housing 118 due
to a slight overpressure in the housing 118 produced by an
air pump 119. The pulp is collected in a container 120. A disc
rotation measuring device 131 is coupled to the CPU 110 for
measuring the rpm of the rotor disc 41.

[0079] The grinding bars 3 being oriented relative each
other and relative the refiner inlet opening 21 in such way
that the radial pump action propels the material M towards
the outer edge 7 as shown in FIG. 11. The embodiment
shown in FIG. 11 shows barrier bars having sloping inner
surfaces.

[0080] In FIG. 124 is shown a flowchart reciting the steps
of'a method according to one aspect of the invention. In Step
100 the procedure of starting a refining of saturated cellu-
losic material is achieved. In Step 101 the refining of the
material is performed in a refining gap 17, defined by two
opposed discs of a disc arrangement comprising grinding
bars 3 forming channels 9 there between, wherein the
material being moved from a central inlet opening 21
towards an outer edge of the disc arrangement comprising a
barrier arrangement 15. Step 101 also comprises the steps of
rotating at least one of the disc 20, feeding the material
through the inlet opening 21 into the gap 17 by means of a
pressure pump located outside the inlet opening, providing
the material under high pressure and temperature by means
of the rotating disc 20 acting as a radial pump retaining the
material in the liquid phase out to the outer edge, and finally
exposing the material outside the outer edge, wherein the

Apr. 23,2020

outside pressure being lower than in the refining gap for
achieving an explosive decompression of the material. In
Step 102 the procedure is stopped.

[0081] In FIG. 125 is shown a further aspect of a method
for refining a saturated cellulosic material. In Step 200 the
procedure starts. In Step 201 the stator disc is rotated by an
electric motor. In Step 202 the refining gap is adjusted to a
width measure that is selected from empirical values. In Step
203 the material is mixed with a liquid comprising mainly
liquid water. In Step 204 the mixture is fed into the refining
gap for grinding. In Step 205 the material is subject for
feeding towards the outer edge, grinding, generating heat
under high pressure maintaining the water of the material in
liquid state all the way to the outer edge. In Step 206 the
electrical resistivity of the material in the refining gap is
measured by means of a sensor device measuring the
resistivity of the material adjacent the outer edge. Thereby
detection of variations in electrical resistivity is possible.
This improves refiner performance. The detection of varia-
tions correlates to altered fiber concentration. Adjustment of
e.g. the added amount of water to the fiber pad is performed
for altering the fiber concentration. In step 207 the procedure
is stopped.

[0082] In such way is achieved that on-line measurement
is achieved within a zone between the refiner discs.

[0083] It will thus be possible to control the refiner per-
formance from detected fiber concentration and/or steam
point. An user of the refiner can thus cost-effective perform
automatic recalibrations during production and continuously
correlate water amount inflow in-between the refiner discs,
thereby controlling the position of the steam point in radial
direction of the refiner discs. Such continuous measurement
implied improved production rate as well.

[0084] The position of the steam point is important for
cost-effective reaching the production of proper pulp quality
and at the same time not unnecessary overloading of the
refiner, which in turn involves high power consumption.
[0085] Step of exposing the material is controlled by a
control unit coupled to a gap sensor and/or material mixture
detector and/or disc rotation measuring device and/or gap
pressure detector means.

[0086] The present invention is of course not in any way
restricted to the preferred embodiments described above, but
many possibilities to modifications, or combinations of the
described embodiments, thereof should be apparent to a
person with ordinary skill in the art without departing from
the basic idea of the invention as defined in the appended
claims. The fiber pad material preferably comprises cellu-
lose fibers for making paper pulp.

1. A method of refining a saturated cellulosic material
(M), wherein the saturated cellulosic material (M) is satu-
rated with liquid, in a refining gap defined by two opposed
discs of a disc arrangement comprising grinding bars form-
ing channels therebetween, wherein the material (M) is
configured to move from a central inlet opening towards an
outer edge of the disc arrangement, wherein the outer edge
comprises a barrier arrangement, wherein the method com-
prises the steps of:

rotating at least one of the discs;

feeding the material (M) through the inlet opening into the
gap by means of a pressure pump located outside the
inlet opening;
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providing the material (M) under high pressure and tem-
perature by means of the rotating disc acting as a radial
pump retaining the material (M) in the liquid phase out
to the outer edge; and
exposing the material (M) outside the outer edge, the
outside pressure being lower than in the refining gap for
achieving an explosive decompression of the material
(M) by a sudden volatilization of the liquid, wherein the
liquid is entrapped within pores of the cellulosic mate-
rial.
2. The method according to claim 1, wherein the grinding
bars are oriented relative to each other and relative to the
refiner inlet opening such that the rotating disc acting as a
radial pump propels the material (M) towards the outer edge.
3. The method according to claim 1, wherein feeding the
material (M) through the inlet opening comprises sealing of
the inlet opening, wherein the material in the inlet opening
also acts as a plug.
4. The method according to claim 1, wherein exposing the
material (M) outside of the outer edge is controlled by a
control unit coupled to a gap sensor and/or material mixture
detector and/or disc rotation measuring device and/or gap
pressure detector means.
5. The method according to claim 1, wherein exposing the
material (M) outside of the outer edge is performed in a
housing encompassing the disc arrangement.
6. A method of refining a saturated cellulosic material,
comprising:
feeding the material into a refining gap defined by
opposed discs of a refiner apparatus, the refiner appa-
ratus comprising a disc arrangement comprising an
outer edge, wherein the outer edge of the disc arrange-
ment comprises one or more barrier sections;

retaining the material in a liquid phase out to the outer
edge of the disc arrangement by rotating at least one
disc of the opposed discs so as to direct the material to
the outer edge of the disc arrangement while the one or
more barrier sections are arranged so as to increase the
pressure in the refining gap.

7. The method of claim 6, wherein feeding the material
into the refining gap comprises feeding the material through
an inlet opening into the refining gap by means of a pressure
pump located outside the inlet opening.

8. The method of claim 7, wherein feeding the material
through the inlet opening comprises sealing of the inlet
opening, wherein the material through the inlet opening also
acts as a plug.

9. The method of claim 6, further comprising exposing the
material outside the outer edge, an outside pressure being
lower than in the refining gap for achieving an explosive
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decompression of the material by a sudden volatilization of
the liquid, wherein the liquid is entrapped within pores of the
material.

10. The method of claim 9, wherein exposing the material
outside of the outer edge is controlled by a control unit
coupled to a gap sensor and/or material mixture detector
and/or disc rotation measuring device and/or gap pressure
detector means.

11. The method of claim 6, wherein one or more barrier
sections are arranged such that vaporization is controlled so
as to be performed at a perimeter of the outer edge of the disc
arrangement.

12. The method of claim 6, wherein the one or more
barrier sections are arranged to form a slot having a width
less than a width of the refining gap so as to increase the
pressure in the refining gap so as to facilitate retention of the
material in the liquid phase out to the outer edge.

13. The method of claim 12, wherein the slot is arranged
such that vaporization is controlled so as to be performed at
a perimeter of the outer edge of the disc arrangement.

14. The method of claim 6, wherein the one or more
barrier sections extend continuously along the outer edge.

15. The method of claim 6, wherein the disc arrangement
comprises a set of refiner plate segments, wherein the refiner
plate segments are provided with said one or more barrier
sections.

16. The refiner apparatus according to claim 6, wherein
the one or more barrier sections are formed by grinding bar
ends ending at the peripheral area of the outer edge.

17. The refiner apparatus according to claim 6, wherein
the opposed discs comprise mutual complementary barrier
bars, wherein the mutual complementary barrier bars are
configured to increase said pressure in the refining gap.

18. The refiner apparatus according to claim 6, wherein
the one or more barrier sections are arranged to create a
discharge from the refining gap, wherein liquid trapped
within interstices of the material vaporizes to steam.

19. The refiner apparatus according to claim 6, wherein
the opposed discs comprise a first disc and a second disc,
wherein the one or more barrier sections comprises a first
barrier section and a second barrier section, wherein the first
barrier section extends from the first disc towards the second
disc to a position closer to the second disc than any portion
of the first disc defining the refining gap.

20. The refiner apparatus according to claim 19, wherein
the second barrier section extends from the second disc
towards the first disc to a position closer to the first disc than
any portion of the second disc defining the refining gap.
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