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O Title of InventionOd

BAR AND GROOVEPATTERN FOR A REFINER PLATE AND METHOD FOR COMPRESSION REFINING

O Technical FieldO

0 O O This invention relates to the comminution of lignocellulosic materials (re
wood Ffibrous material” ) and, par
ticularly, to comminution using refiner plates having bars and grooves to separa

ferred to herein as fibrous material” or
te fibers from lignocellulosic materials.
0 O O The invention is applicable to bar and groove designs for various types of
refiner plates, including but not limited to disk refiners, counter-rotating di
sk refiners, twin and twin-flow refiners, cylindrical refiners, conical refiners
and conical-disk refiners.
0 Background ArtQO
O O O Refiner plates typically are arranged in a refiner to have facing surface
separated by a gap. The plates rotate relative to each other. The fibrous mate
rial is introduced into the gap between the plates, typically, by flowing throug
h a center inlet in one of the plates. The fibrous material flows in the gap be
tween the plates and, in doing so, moves across the bars on the facing surfaces
of the plates. As the fibrous material moves over the bars, the bars apply forc
es, such as compression pulses and impact forces, to the material. These forces
tend to be greatest when the bars on the opposite plates cross over each other.
The forces applied to the fibrous material act on the network of fibers in the
material to separate individual fibers from the network and further develop thes
e fibers. The separation of individual fibers and repeated compression of the f
ibrous mass results in the refining of the fibrous material.
0 O O Conventional refiner plates have refining bars separated by grooves arrang
ed on a surface of the plate. The fibrous material, steam, water and other mater
ial flow through the grooves and over the bars as the material moves radially ou
tward between the plates. Refining of the Ffibrous material tends not to occur i
n the groves. Refining occurs primarily as the fibrous material moves over the
top ridges of the bars. The groves may include dams or other obstructions to pr
event or restrict the flow of fibers and fluid through the grooves.
0 O O The bars typically include a sharp leading edge along a forward facing top
edge of the bar. The conventional sharp leading edge angles of the bars are be
lieved to promote shearing of the fibrous material passing over the bars. As ba
rs on opposing plates pass each other, they impact and shear the fibrous materia
I caught between the bars. The shear impacts of the fibrous material against th
e bar are a biproduct of the crossing of the bars. The shearing of fibrous mate
rial is undesirable.
0 O O Conventional wisdom views sharp leading edge angles as desirable to provid
e grooves with steep slopes such that the cross-sectional volume of the grooves
provides sufficient flow capacity to move the fibrous material between the plate
s. A dull leading edge and its corresponding sloped leading face, 1.e., leading
sidewall, would result in conventional grooves having relatively narrow cross-s
ectional areas that may be insufficient to accommodate the flow of fibrous mater
ials and the accompanying steam and water that should pass through the grooves.
Examples of refiner plates with various types of leading edges on bars are show
n in U.S. Patent 5,039,022 entitled “ Refiner Element Pattern Achieving Successi
ve Compression Before Implact” and U.S. Patent 4,678,127 entitled “ Pumped Flow
Attrition Disk Zone.”
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0 O O The crossing of opposite bars creates compressive pressure pulses that imp
act the fibrous material between the bars. The compression pulses apply mechani
cal force to the fibrous material that promote the refining of the fibrous mater
ial. The compression pulses are believed to provide desirable refining action b
y producing high strength fibrous material.
0 O O There is a long felt need for refiner plates that minimize the impact forc
es and resulting shearing of fibrous material and maximize compression pulses to
refine the material.
O Disclosure of InventionOd
0 O To reduce the shear impacts of energy transfer into the fibrous material, a
t least one of a pair of opposite refining elements includes bars having a dull
bar edge. To reduce the tendency of sharp edges on the leading edge of bars to
shear fibrous material, the leading edge angle of a bar should preferably be dul
I, e.g., between 150 degrees and 175 degrees. A dull leading edge on a bar shou
Id reduce the impacts between the bars and fibrous material that are caused by t
he sharp leading bar edges of conventional refiner plates. Minimizing the impac
ts should reduce shearing of fibrous materials and thereby maximize the strength
of the fibers separated through repeated compression refining.
0 O O One embodiment of the invention is a refiner plate, such as a stator plate
or a rotor plate, for a mechanical refining system, the plate comprising: a ref
ining surface including bars and grooves, wherein the bars have a leading edge d
efined by an interior angle of between 150 degrees to 175 degrees. The bars may
each include a leading face extending from the leading edge to a trailing face o
T an adjacent bar. The may include leading face having an upper sidewall section
forming an angle of between 150 degrees to 175 degrees with respect to an upper
ridge of the bar and a lower sidewall section substantially perpendicular to a
substrate of the bar. Further, the leading face of the bars may be concave or co
nvex. In addition, the trailing edge of the bars may have an interior angle of
between 80 degrees to 140 degrees. The grooves between the bars may each have a
groove bottom formed by an intersection of the leading face and a trailing face
of a bar.
0 O Another embodiment of the invention is a refiner plate for a mechanical re
Fining system, the plate comprising: a refining surface including bars and groov
es; each of the grooves has a width extending between the upper ridges of adjac
ent bars; the bars each have a leading face, an upper ridge surface and a leadin
g edge formed by an intersection of the leading face and the upper ridge surface
, Wherein the leading edge has an interior angle between the leading face and th
e upper ridge surface of between 150 to 175 degrees, and wherein a width of th
e upper ridge surface of each bar is iIn a range of 30 percent to 75 percent of a
total width of the ridge surface and the width of a groove.
O O O A further embodiment of the invention is a method of mechanically refining
lignocellulosic material in a refiner having opposing refiner plates, the metho
d comprising: introducing the material to an inlet in one of the opposing refine
r plates; rotating at least one of the plates with respect to the other plate, w
herein the material moves radially outward through a gap between the plates due
to centrifugal forces created by the rotation; as the material moves through the
gap, passing the material over bars in a refiner section of a first one the pla
tes, wherein the bars on at least one of the plates has a leading edge defined b
y an interior angle of between 150 degrees to 175 degrees, and discharging the m
aterial from the gap at a periphery of the refiner plates.
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0 Best Modes for InventionO
0 O 0O FIGURE 1 is a cross-sectional view of a portion of a conventional refiner
plate 10, e.g., a rotor or stator plate, showing a conventional geometric cross-
sectional shape of bars 14 and grooves 12. The bars have a relatively sharp lea
ding edge 16 formed by the intersection of the leading face 18 of the bar and th
e ridge 20 at the upper surface of the bar. The leading face 18 is a sidewall o
T the bar facing the direction of rotation if on a rotor plate and facing the ap
proaching rotor bars if on a stator plate.
0 O O The angle of the leading edge is defined as the interior angle 21 between
the leading face and ridge 20 of the bar. A conventional leading edge angle is
sharp, such as in a range of 90 degrees to 100 degrees and may include leading
edge angles as small as 75 degrees. The sharp leading edges on bars, e.g., havi
ng a leading edge angle of 75 to 100 degrees, tend to shear fibrous material cau
ght between opposite bars as the bars on opposite refiner plates cross during ro
tation of one or both of the refiner plates.
0 O O The sharp leading edge of the conventional bar provides a steep leading fa
ce 18 that is nearly perpendicular with respect to the substrate 22 of the refin
er plate. The trailing face 24 of a bar is on the opposite side of the bar to t
he leading face. The trailing face 24 is steep and typically forms an interior
angle with the ridge 20 of between 80 to 100 degrees. The steep leading and tra
iling faces of the bar results in grooves 12 that are relatively wide from the t
op to the bottom 25 of the groove at the level of the substrate 22. The grooves
typically have a generally flat surface bottom 25 between the lower corners of
the leading and trailing faces of adjacent bars. The wide grooves 12 have large
cross-sectional areas that allow for relatively large volumes of material flow,
e.g., steam and water, through the grooves. The capacity of the wide grooves t
o pass large volumes of material enhances the capacity of the refiner plate appa
ratus to handle a large flow of fibrous material moving between the plates.
0 O O FIGURE 2 shows a crossing of conventional bars 26, 30 of opposing plates,
where the bars are shown in cross-section. The plates may be a rotor plate 26 m
oving in a rotational direction (arrow 28) with respect to a stationary stator p
late 30. The rotor and stator plates are opposite to each other, such that the
ridges 20 of the bars on opposing plates pass each other with a relatively small
refining gap 32, e.g., 0.5 to 4 millimeters, between the ridges. The refining g
ap 32 between the crossing bars tends to be the region where much of the refinin
g action occurs to separate fibers from the fibrous material. The pressures and
forces applied to the fibrous material in the refining gap are greater than the
pressures and forces In regions between a groove and a bar, or between opposing
grooves. The higher pressures and forces in the refining gap 32 cause the fibe
rs to separate from the network of fibers in the fibrous material.
0 O O Fibrous material 34 being refined by the plates may be sheared in the gap
32 between the plates. The sharp leading edges 16 of the conventional bars can
directly impact and shear the fibrous material 34. The shearing of wood Ffibrous
material is not desired. Shearing may break fibers, reduce the length of the T
ibers in the pulp produced by refining and reduce the potential strength of Ffib
er based products produced with the pulp. Shearing the fibrous material is beli
eved to be most acute In the gap 32 as the sharp leading edges 16 cross of oppos
ing bars. The sharp leading edge and the steep slope of the leading face of the
bar tend to impact fibrous material between the plates. The impacts shear the f
ibrous material.
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O O 0O FIGURE 3 is a chart 36 depicting the forces (F), as understood by the inve
ntor, applied to fibrous material between the crossing bars shown in Figure 2.
The horizontal axis 40 of the chart 36 depicts movement of a bar moving through
a distance (d) in the direction of the arrow 28. The trace 38 represents the fo
rce applied to the material between the refiner plates. As the ridge of a bar on
one plate moves over the groove of an opposite plate (represented by distance d
1), a very low force 40 is applied to the fTibrous material between the bar and g
roove.
0 O O As the sharp leading edge and steep leading face of one conventional bar a
pproaches the sharp leading edge and steep leading face of an opposite conventio
nal bar, the force applied to the fibrous material between the bars increases dr
amatically, as indicated by the rapidly rising portion 42 of the force trace 38.
As the leading edges of the opposing bars cross, the force spikes 46 because t
he leading bar edges violently impact the fibrous material. The force spike 46 i
s at an excessive level 48 that can shear the fibrous material, break fibers in
the material and otherwise harm the material.
0 O O The ridges of the opposing bars cross during a distance d2 in Figure 2. AT
ter the leading edges 16 of opposing bars cross and the bar ridges are opposite
to each other, the force quickly reduces to a force level 50 which is relatively
high. This high force level 50 results from a compressive pressure pulse applie
d by the crossing of the bar ridges 20. The high level of forces 50 is sufficien
t to refine the fibrous material, such as to cause fibers to be separated from t
he fiber network of a wood material. The high level of forces 50 is believed to
not substantially shear the fibrous material or otherwise damage the material t
0 the same extent that occurs by application of the excessive force level 48 dur
ing a force spike 46. The force spike 46 is an undesirable and unnecessary trai
t of many conventional refiner plates.
O O 0O FIGURE 4 is a cross-sectional diagram of a refiner plate 52 having bars 54
and grooves 56. The bars have a leading face 58 having a slope of approximatel
y 5 to 40 degrees with respect to a plane of the ridges of the bars. The slope
may be applied to the entire leading face from the ridge to the substrate. Alte
rnatively, the slope may be applied to an upper section of the leading face adja
cent the ridge, while a lower section of the leading face is steeper, such as ha
ving a slope of 45 to 90 degrees.
0 O O The leading edge 60 is formed at the intersection of the leading face 58 a
nd the ridge 62 of the bar. The interior angle 61 of the leading edge is dull a
nd may be in a range of 140 degrees to 175 degrees, and preferably in a range of
155 degrees to 175 degrees, and most preferably at 160 degrees.
0 O O The leading face 58 has a shallow slope resulting from the dull leading ed
ge angle. Because of its shallow slope, the leading face of each bar extends su
bstantially the entire width of the groove 56. Due to its shallow slope and dul
I leading edge, the leading face 58 gradually applies an increasing compressive
pressure to the fibrous material between the plates, as the leading face approac
hes a bar on an opposing plate. The trailing face 64 of the bars 54 may be subst
antially parallel, e.g., an interior angle of 90 degrees to 100 degrees, with re
spect to an axis 66 of the plate. The bar 54 and groove 56 shapes provide a com
pressive bars and groove pattern.
0 O O The grooves 56 between the bars are formed by the leading face and trailin
g face of adjacent bars. The slope of the leading face 58 of the bar gradually
reduces the depth of the groove in a direction approaching the leading edge 60 o
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f the bar. Due to the slope of the leading face 58, the groove may have a cross
sectional shape of a triangle in which the leading face 58 and trailing face 64
intersect at the bottom 62 of the groove. The cross-sectional area of the groo

ve should be sufficient to allow water, steam and other fluids in the fibrous ma

terial to flow through the grooves of the refiner plate without inhibiting the F

low of the fibrous material between the opposing plates.

0 O O The grooves 56 are shallow, especially near the leading edge 60 of the bar

. The shallow groove promotes smooth movement of the Ffibrous material through t

he refining gap between crossing bars. The shallow groove tends to move fibrous

material into the refining gap between crossing bars. The dull leading edges an

d sloped leading faces of the bars shown in Figure 4 tend to increase the concen

tration of fibrous material in the compression sites of the refining gap between
the ridges of bars and thereby increase the energy applicable In compression re

fining. In contrast, conventional grooves tend to impact against fibrous materia

1, do not provide a smooth transition over the leading edge and into the gap bet

ween opposing ridges of bars and tend to allow fibrous material to gather in the
groove.

0 O O The grooves 56 shown in Figure 4 have a reduced cross-sectional area as co

mpared to conventional grooves, such as shown in Figure 1. Due to the limited v

olume available in the grooves 56, the refiner plates with the reduced cross-sec

tional area grooves are most suited to be (but not necessarily) one of the follo
wing: (1) a compression bar edge design on one of the refining plates and a conv

entional bar edge design on the opposite refining plate; (2) a compression bar e

dge design and a conventional bar edge design alternating between the refining a

nnular zones on opposite refining plates; (3) a compression bar edge design on b

oth refining plates in conjunction, with flow-enhancing design features, such as
steam pockets (as shown in US Pat 5,863,000), steam grooves (US Pat 4,676,440),
pumping/feeding grooves, or (4) other modifications that enhance the capacity o

Ff the refiner plates to fibrous material water and steam.

0 O O FIGURE 5 shows, in cross-section, the crossing of bars 54, 12, where one o

f the bars 54 has the dull leading edge shown in Figure 4 and the opposite bar h

as a conventional sharp leading edged such as shown in Figure 1. In this example

, the bar crossing is shown with a rotor plate 26 having bars 12 having a leadin

g face 18 with a sharp leading edge 16. The bars of the stator plate 52 have a

sloped leading face 58 with a dull leading edge 60. The rotor plate moves in a r

otational direction shown by the arrow 68.

0 O O The fibrous material 70 is refined in the gap between the opposing bars on
the rotor and stator plates and, particularly, by the compressive pressure appl

ied to the material as the opposing bars cross. The pressure applied to the fibr

ous material results from the crossing of the bars 12, 54 which reduces the gap
between the refiner plates and thereby increases the pressure in the gap and app
lied to the fibrous material 70 in the gap.

0 O O The shallow slope of the leading face 58 of the stator bar 54 gradually in

creases the pressure applied to the fibrous material 70 as the bar 12 of the rot

or passes over the groove 56 iIn the stator plate and approaches a leading edge 6

0 of the stator bar 54. The shallow slope of the leading face 58 of the stator b

ar reduces the tendency of the fibrous material to be violently impacted by the

leading edges of the crossing bars. The gradual pressure increase resulting from
the sloped leading face 58 and dull leading edge 60 of the stator bar is less p
rone to impacting and shearing of the material due to the profile of that bar.
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The sharp leading edge 16 of the rotor bar 12 in Figure 5 is believed to be less
prone to impacting and shearing the chip material because the fibrous material
are not pinched between an opposing sharp leading edges of opposite bars.
O O 0O FIGURE 6 is a chart 72 depicting the forces (F), as understood by the inve
ntor, applied to fibrous material between a crossing of the opposing bars shown
in Figure 5 and Figure 2. The solid line force trace 74 depicts the perceived f
orces applied to fibrous material 70, e.g., wood chips, between the rotor and st
ator plates 26, 52 shown in Figure 5. The dotted line trace 76 shows the percei
ved forces applied to the fibrous material 34 between the rotor and stator plate
s 26, 30 shown in Figure 2.
0O O O The dotted line trace 76 is similar to the trace 38 shown in the chart 36
of Figure 3. The dotted line trace 76 is presented in Figure 6 by way of compar
ison to illustrate the pressure spike resulting from the crossing of bars with c
onventional sharp leading edges as compared to the pressures (shown by solid lin
e trace 74) that result from bar crossings, wherein at least one of the bars ha
s a sloped leading face and dull leading edge, (a “ compression bar design.” )
0 O 0O The solid line force trace 74 shows the gradual increase 78 in forces appl
ied to the fibrous material as the leading edge 16 of the rotor bar 12 passes ov
er the groove 56 of the stator bar 54. The gradual increase in force is in contr
ast to the rapid rise iIn force (see trace portion 42 in Fig. 3) that is believed
to occur when conventional bars having sharp leading edges approach, as shown b
y the dotted line trace 76 in Figure 6. The shallow slope of the leading face 58
of the stator compression bar 54 is believed to cause the forces to increase gr
adually to a maximum force, indicated by the crest 90 of the force trace 74.
0 O O The solid line force trace 74 shows substantially no spike in impact force
s being applied to the fibrous material by the crossing of a the dull leading ed
ge of a compression bar and a sharp leading edge of the rotor bar. The spike of
impact forces (see spike in dotted line 76) as opposing sharp leading edges cros
sed in conventional bar profiles are believed to be avoided when at least one re
Ffiner plate has compression bars, such as bar 54 shown in Figure 5.
O O O The high level of forces 80 applied to the fibrous material in the compres
sion stage of the bar crossing are sufficient to refine the material. The shall
ow slope of the leading face of the stator bar is believed to avoid a force spik
e as the leading edges cross of opposing bars. Avoiding the spikes in the force
s applied to the fibrous material reduces the shearing of fibrous materials as
the leading edges of opposite bars cross. The maximum force level 80 occurs as
the ridges of the opposite bars cross. After the bars cross, the forces on the
chip material are reduced as the bars pass over an opposing groove. The forces s
hown in Figure 6 are repeatedly applied to the fibrous material as the rotor bar
S cross the stator bars.
0O O 0O FIGURE 7 shows In cross-section a rotor plate 82 and a stator plate 84 whi
ch both have bars 86 having leading faces 88 with shallow slopes and dull leadin
g edges. The fibrous material 90 is subjected to repeated compression pulses as
the bars cross as the rotor plate moves iIn the rotation direction indicated by
the arrow. The forces applied to the fibrous material by the crossing bars 86 t
end to be entirely or at least primarily due to compression forces applied to th
e material. The crossing bars have a cross-sectional profile, e.g., sloped lead
ing face and dull leading edge, that minimize impact forces applied when the bar
s cross. The minimization of impact forces should reduce or eliminate the shear
ing of fibers due to the crossing of the leading edges of opposing bars.
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0 O O As shown in Figures 4 and 7, compression bars with a dull leading edge and
a leading face having a shallow slope may be arranged on one or both of a pair
of opposing plates. Preferably, these bars are arranged on at least the stator
plate (see Fig. 5), but may be arranged solely on a rotor plate or on both oppos
ing plates, e.g., a rotor-rotor pair of plates and a rotor-stator pair of plates
(Fig- 7).
0 O O FIGURES 8A and 8B each show in cross-section a portion of a refiner plate
having bars 54, 92 with dull leading edges and leading faces having a shallow sl
ope. The bar 54 shown in Figure 8A is substantially the same as the bar 54 show
n in Figure 4. Particularly, the leading face 58 of the bar 54 is substantially
planar and forms a straight line in cross-section. The bar 92 shown in Figure 8
B has a convex leading face 94 that merges into the ridge 98 of the bar without
any creases or other abrupt changes at the leading edge 96 of the bar 92. The p
lanar leading face 58 shown in Figure 8a may facilitate fabrication, e.g., moldi
ng, of the plate. The convex leading face 94 and curved leading edge 96 section
of bar 92 shown in Figure 8b may minimize impacts and spikes in the forces appli
ed to the fTibrous material due to the crossing of the leading edges of bars in o
pposite plates.
0 O 0O FIGURE 9 is an enlarged cross-sectional view of a portion of a refiner pla
te 100, e.g., a stator plate, showing a novel geometric cross-sectional shape of
bars 102 and grooves 104. The bars have a sloped leading face 106 and a dull I
eading edge 108. It is preferable that the width (c) of the bar ridge 110 be su
bstantially equal to the width (b) of the groove 104. For example, the widths o
T the grooves and bars may be each In a range of two to eight millimeters (mm) a
nd, preferably, in a range of two to four millimeters. The ratio of bar width t
0 the combined widths (d) of bar and groove should be in a range of 30 percent t
0 75 percent, and preferably in a range of 40 percent to 60 percent.
0O O O The angle (a) of the leading edge 108 of the bar 102 should be in a range
of 150 degrees to 175 degrees. The angle (e) of the trailing bar edge 112 shoul
d preferably in approximately 90 degrees, such as between 80 degrees to 100 degr
ees. A sharp angle on the trailing edge provides a trailing face with a steep s
lope and allows for deep grooves having a relatively large cross-sectional area.
Alternatively, the trailing edge angle (e) may be wide, e.g., 150 degrees to 17
5 degrees, especially if the refiner plate is to operate in either rotational di
rections.
0 O O The groove cross-sectional area should be sufficient to allow the fibrous
material, steam and water to pass between the refiner plates. In addition, the
groove should have a depth sufficient to allow compression relief after the bars
have crossed. A groove that is too shallow may be inadequate to provide compre
ssion relief after the bars cross. Without sufficient compression relief, the ef
ficiency of the energy transfer to the fibrous may be reduced.
0 O O The shape of the groove and the sidewalls of the bars may be designed to p
rovide sufficient cross-sectional area for the groove and compression relief to
the fibrous material. Preferably, the upper portion of the leading sidewall is
sloped and the leading edge is dull, as described above, to minimize the iImpacts
by the leading edges on fibrous material as the bars cross. The lower portion
of the leading sidewall my be steeply sloped or substantially perpendicular to t
he substrate to increase the cross-sectional area of the plate.
0 O 0O FIGURE 10 is an enlarged cross-sectional view of a portion of a refiner pl
ate 114, e.g., a stator plate, showing another novel geometric cross-sectional s
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hape of bars 115 and grooves 116. The bars include a generally flat upper ridge
117 and a leading sidewall having a sloped upper sidewall section 118 with a cu

rved leading edge 119 as the sidewall merges into the upper ridge. The leading

sidewall also includes a substantially straight lower sidewall section 120 to in
crease the depth and cross-sectional area of the groove.

0 O O The lower sidewall section 120 of the leading sidewall and the trailing si

dewall 64 may have draft angles, e.g., angles from a line perpendicular to the s

ubstrate 22 of the plate, of less than one or two degrees and be substantially p

erpendicular to the substrate 22 of the plate 114. The transition between the up

per sidewall section 118 and lower sidewall section 120 may be determined to pr
ovide a desired cross-sectional area of a groove and is preferably approximately
in the middle of the bar between the upper ridge 117 and substrate 22.

0 O 0O FIGURE 11 is a cross-sectional diagram showing a refiner 121 having a refi

ner housing 122 that encloses an annular rotor disc 124 and an annular stator di

sc 126. The discs each support, respectively, an annular rotor plates 128 (whic

h may also be an annular assembly of plate segments) and an annular stator plate
130 (which may also be an annular assembly of plate segments). The rotor disc

124 is mounted on a shaft 132 that is rotated (see arrow on a half circle) by a

motor 134. A mechanical adjustment, e.g., a screw, moves the shaft axially (see

doubled headed arrow) to move the rotor disc and plate axially relative to the s

tator disc and plate. The axial adjustment determines the gap 136 between the op

posing surfaces of the plates.

0 O O Unrefined fibrous material is introduced through a center inlet 138 of the
stator disc and enters the gap 136 between the plates. The material moves radi

ally outward through the gap due to the centrifugal forces imparted by the rotat

ion of the rotor disc. As the material moves between the plates, the material p

asses between crossing bars of the opposing plates and is thereby refined into a
pulp having separated fibers. The refined pulp exits the gap 136 at the periph

eries of the refiner plates and is discharged through outlet 140 from the refine

r. Each refiner plate 141 may include multiple annular and concentric refining z

ones 142, 144, 146 and 148. The refining zones each have a pattern of bars and g

rooves arranged on the surface of the refining plate. Generally, opposing plates
have similar annular refining sections that are aligned when placed in the refi

ner. The stator plate 130 may, for example, include an inner annular section 1

42 having bars with dull leading edges and shallow leading faces and an outer an

nular section 144 having bars with sharp leading edges and steep sloped leading

faces. The rotor plate 128 may have an inner annular section 148 having bars wi
th sharp leading edges and steep leading faces and an outer annular refining sec
tion 146 having bars with dull leading edges and shallow leading faces.

0 O 0O FIGURE 12 is a front view that generically shows a disc 131, that may be a
rotor disc or stator disc. An annular array of refiner plates 141 are arranged
on the disc 131. Refiner plates often include two or more annular refining zon

es 150, 152 and 154. Each refining zone typically has a uniform pattern of bars
and grooves.

O 00O It is preferable, that bars with dull leading edges and shallow sloped lea

ding faces be on at least one plate of a pair of opposite plates for each of the
annular refining sections. However, pairs of opposite plates may be arranged su

ch that one or more of the annular refining zones 150, 152 have bars with sharp

leading edges and steep leading faces on both plates, and at least one annular r

efining zone 154 has bars with dull leading edges and shallow sloped leading fac
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es on at least one of the plates.

0 O O While the invention has been described in connection with what is presentl

y considered to be the most practical and preferred embodiment, it is to be unde
rstood that the iInvention is not to be limited to the disclosed embodiment, but
on the contrary, is intended to cover various modifications and equivalent arran
gements included within the spirit and scope of the appended claims.

O Brief description of the drawingl

0 O 0O FIGURE 1 is a cross-sectional view of a portion of a conventional refiner
plate, e.g., a rotor and stator plate, showing a conventional geometric cross-se
ctional shape of bars and grooves.

0 O O FIGURE 2 shows a crossing of conventional bars of opposing plates, where t
he bars are shown in cross-section.

0 O 0O FIGURE 3 is a chart of the force applied to fibrous material between the c
rossing bars shown in Figure 2.

0 O 0O FIGURE 4 is a cross-sectional view of a portion of a refiner plate, e.g.,
a stator plate, showing a novel geometric cross-sectional shape of bars and groo

ves.

0 O 0O FIGURE 5 shows a crossing of conventional bar of one refiner plate with a
novel bar of an opposing refiner plate, opposing plates, wherein the bars are sh
own in cross-section.

O O 0O FIGURE 6 is a chart of the force (solid line) applied to fibrous material
between the crossing bars shown in Figure 5, as compared to the force (dotted Ili
ne) applied to fibrous material between the crossing bars shown in Figures 2 and
3.

0 O O FIGURE 7 shows the crossing of bars both of which have novel profiles, of
opposing plates, where the bars are shown in cross-section.

0 O 0O FIGURES 8a and 8b show in a cross-section bars having a flat leading sidew
all (8a) and a curved leading sidewall (8b).

0 O 0O FIGURE 9 is an enlarged cross-sectional view of a portion of a refiner pla
te, e.g., a stator plate, showing a novel geometric cross-sectional shape of bar
s and grooves.

O O 0O FIGURE 10 is an enlarged cross-sectional view of a portion of a refiner pl
ate, e.g., a stator plate, showing another novel geometric cross-sectional shape
of bars and grooves.

0 O 0O FIGURE 11 is a cross-sectional diagram showing a refiner having a refiner
housing for an annular rotor disc and plate assembly and an annular stator disc
and plate assembly.

0O O O FIGURE 12 is a front view of the annular stator disc shown in Figure 11.
Oooaoail. A refiner plate for a mechanical refining system having opposing ref
iner plates, the plate comprising:

0 O 0O a refining surface including bars and grooves, wherein the bars have a lea
ding edge between a leading face and an upper ridge, wherein the leading face in
cludes a sidewall of the bar facing a direction of rotation of the opposing plat
e and the leading edge has an interior angle of between 150 degrees to 175 degre

es.
Ooao2. The refiner plate of claim 1 wherein the bars each include a leadin
g face extending from the leading edge to a trailing face of an adjacent bar.

O oo 3. The refiner plate of claim 1 wherein the leading face includes an up

per sidewall section forming the interior angle of between 150 degrees to 175 de
grees with respect to the upper ridge and a lower sidewall section substantially
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perpendicular to the upper ridge.
00aaoa4. The refiner plate of claim 1 wherein the leading face is concave or
convex In cross-section.
O 0oos. The refiner plate of claim 1 wherein the bars include a trailing edg
e having an interior angle of between 85 degrees to 140 degrees between the uppe
r ridge and a trailing face.
O0n0e. The refiner plate of claim 1 wherein the grooves each have a bottom
formed by an intersection of the leading face and a trailing face of an adjacent
bar.
Oooaozv7. The refiner plate of claim 1 wherein the refiner plate is a stator p
late and the leading face is oriented facing approaching bars of a rotor plate,
wherein opposing plates comprise the stator plate and the rotor plate.
0 00 8. The refiner plate of claim 1 including a plurality of refining zones
arranged radially on the plate and, at least one of the zones includes the refi
ning surface.
O 0aoo9. A refiner plate for a mechanical refining system having opposing ref
iner plates, the plate comprising:
0 O 0O a refining surface including bars and grooves;
0 O O the bars each have a leading face, an upper ridge surface and a leading ed
ge formed by an intersection of the leading face and the upper ridge surface, wh
erein the leading face includes a sidewall of the bar facing a direction of rota
tion of the opposing plates, and the leading edge has an interior angle between
the leading face and the upper ridge surface of between 150 to 175 degrees;
0 O O each of the grooves has a width extending between the upper ridges of adja
cent bars, and
0 00 wherein a width of the upper ridge surface of each bar is in a range of 3
0 percent to 75 percent of a total width of the ridge surface and the width of a
groove.
0 00 10. The refiner plate as in claim 9 wherein the width of the upper ridge
surface of the bar is In a range of 80 percent to 120 percent of the width of t
he groove.

Ooaoai1. The refiner plate as in claim 9 wherein the refining surface is in a
n annular refining zone of the refiner plate.
o002, The refiner plate as in claim 9 wherein the Ileading face includes a

n upper sidewall section forming the interior angle of between 140 degrees to 17
5 degrees with respect to the upper ridge of the bar, and a lower sidewall secti
on substantially perpendicular to a substrate of the bar.

000 13. The refiner plate of claim 9 wherein the bars each include a le
ading face extending from the leading edge to a trailing face of an adjacent bar
N I e The refiner plate of claim 9 wherein the bars each have a width at t
he upper ridge between 80 percent to 120 percent of a width of the groove adjace
nt the bar.

000 15. The refiner plate of claim 9 wherein the bars each include a leading
face which Is concave or convex in cross-section.
000 16. The refiner plate of claim 9 wherein the bars include a trailing edg

e having an interior angle of between 85 degrees to 140 degrees between the uppe
r ridge and a trailing face.

Oooaoar. The refiner plate of claim 9 wherein the grooves each have a bottom

formed by an intersection of the leading face and a trailing face of an adjacent
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bar.
0 0o i18. The refiner plate of claim 9 wherein the grooves each have a bottom
portion defined by the trailing face and a lower sidewall section the leading fa
ce of adjacent grooves, wherein the lower sidewall section forms an angle of bet
ween 80 degrees and 92 degrees with respect to a substrate of the plate.
000 19. The refiner plate of claim 9 including a plurality of refining zones
arranged radially on the plate and, at least one of the zones includes the refi
ning surface.
0 00 20. A method of mechanically refining lignocellulosic material in a refi
ner having opposing refiner plates, the method comprising:
0O O introducing the material to an inlet in one of the opposing refiner plates

O

||:|u||

0 O rotating at least one of the plates with respect to the other plate, where
in the material moves radially outward through a gap between the plates due to c

entrifugal forces created by the rotation;

0 O O as the material moves through the gap, passing the material over bars in a
refiner zone of a First one the plates, each bar in the refiner zone having a I

eading face and an upper ridge, wherein the leading face includes a sidewall of

the bar facing a direction of rotation of the opposing plate and the leading edg

e has an interior angle of between 140 degrees to 175 degrees, and

0 O O discharging the material from the gap at a periphery of the refiner plates

O00a0-21. The method of claim 20 wherein the refiner section includes grooves

between the bars and each of the bars include a sloped leading face extending at
least partially through the groove, wherein the method includes gradually apply
ing compressive forces to the material as bars on a second one of the plates cro

ss over the leading face of the refiner section of the first plate.

00022, The method of claim 20 including gradually increasing the compressiv

e forces to a maximum force applied as the bars as the first and second plates c
ross.

0O O Abstract

0 O 0O A refiner plate for a mechanical refining system, the plate including: a r

efining surface including bars and grooves, wherein the bars have a leading edge
defined by an interior angle of between 140 degrees to 175 degrees.

2.Selected Drawing

Fig. ad
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