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(54) Singulated, crosslinked cellulose fibers from a wet pulp sheet

(57) A hammermill process for singulated, cellulosic
fibers from a wet pulp sheet comprising a cylindrical
housing, a feed slot with a breaker bar positioned therein
and a rotor mounted for rotation in the housing. Feed
rolls are provided to feed a sheet of pulp into the feed
slot upstream of the breaker bar. A plurality of hammers

are mounted on the rotor. Air is introduced into the ham-
mermill housing tangentially downstream from the sec-
ond feed slot. An air outlet is positioned tangentially on
the housing downstream from the air inlet to allow air
and singulated fibers to escape. Fibers produced by the
hammermill from a wetted pulp sheet have a low knot
content.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to singulated,
cellulosic pulp fibers made from a pulp sheet, and more
particularly to singulated, cellulose fibers made from a
pulp sheet wetted with a crosslinking agent.

BACKGROUND OF THE INVENTION

[0002] Pulp produced from a variety of pulping proc-
esses is usually formed into a sheet on a Fourdrinier
press. The pulp slurry is first placed on the Fourdrinier
press and the liquid is drained therefrom. The wet pulp
sheet passes through a press section and into a dryer
to remove the excess water. This produces a dry pulp
sheet that is conventionally rolled into large rolls for stor-
age and transportation. When the pulp is ready for use,
the pulp fibers must be separated from the sheet and,
preferably, singulated into individual fibers. Prior to sin-
gulation, the pulp may be treated with a cross-linking
chemical in aqueous solution. The solution is applied to
the pulp sheet in a variety of conventional ways, but re-
sults in a chemically treated, wet pulp sheet having a
consistency in the range of from 50% to 80%. Singulat-
ing chemically treated cellulose fibers having a 50% to
80% consistency is accomplished in a variety of ways.
In the past, the pulp sheets have first been run through
hammermills and the resulting product run through disk
flutters, pin mills, fans or other devices to further sepa-
rate the pulp into individual or singulated fibers. The pri-
or hammermills employed have resulted in poor singu-
lation of the fibers, thus the need for additional process-
ing. Additional processing requires the expenditure of
additional capital, maintenance and energy costs, thus
increasing expense of singulation. In addition, prior
hammermills have been exceedingly noisy.

SUMMARY OF THE INVENTION

[0003] The present invention provides singulated,
crosslinked cellulose fibers made from a sheet wetted
with a crosslinking agent. The pulp sheet may contain
debonded or non-debonded pulp fibers. The process
comprises the steps of wetting the pulp with a crosslink-
ing agent; feeding the pulp sheet to a hammermill; feed-
ing an air stream to the hammermill at an air feed loca-
tion downstream from the pulp feed location; milling the
pulp sheet in the hammermill to produce singulated fib-
ers; conveying the singulated fibers in an air stream from
the hammermill at an outlet location oriented at an angle
from said air feed location to an air fiber separator; and
separating said singulated fibers from the air stream.
The singulated, crosslinked fibers have a Pulmac wet
knot content of less than 0.5% and a 2X sonic knot con-
tent less than 2%. When the singulated, crosslinked fib-
ers are made from non-debonded pulp, the singulated

fibers have a Pulmac knot content of less than 4% and
a 2X sonic knot content less than 14%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The foregoing aspects and many of the attend-
ant advantages of this invention will become more read-
ily appreciated as the same become better understood
by reference to the following detailed description, when
taken in conjunction with the accompanying drawings,
wherein:

FIGURE 1 is an elevation view of the hammermill
of the present invention showing the rotor carrying
a plurality of hammers and showing the rotor hous-
ing broken away, and taken along a view line similar
to 1--1 of FIGURE 2 with the breaker bar assembly
omitted;
FIGURE 2 is a cross-sectional view of the hammer-
mill taken along the section line 2--2 of FIGURE 1;
FIGURE 3 is an enlarged sectional view of the
breaker bar, mounting bars and feed rollers feeding
a sheet of pulp into the hammermill of FIGURE 2;
FIGURE 4 is a sectional view taken along section
line 4--4 of FIGURE 3 showing the exterior of sheet
guides, breaker bar, and the mounting means there-
for;
FIGURE 5 is a sectional view similar to that of FIG-
URE 4 taken along section line 5--5 of FIGURE 3;
FIGURE 6 is an enlarged elevation view of one
hammer tip showing the angle the leading edge
thereof makes with the radius of the rotor;
FIGURE 7 is a schematic diagram of a novel proc-
ess for singulating cellulose fibers from a pulp
sheet;
FIGURE 8 is a perspective view of a fluid dispenser
useful in the present invention; and
FIGURE 9 is a schematic illustration of the general
arrangement of a horizontal offset press useful in
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0005] Referring to FIGURES 1 and 2, the hammer-
mill generally designated 10 rests on a base 12. The
base 12 may be fastened to a foundation floor or other
object for securement by a plurality of fasteners 14. A
pair of bearing stands 16 are spaced longitudinally apart
on the base 12. A pair of bearings 18 are supported on
the bearing stands 16 and are aligned along a longitu-
dinal rotational axis generally designated 20. A rotor
shaft 22 is mounted for rotation in the bearings 18. The
rotor shaft 22 has an extension 24 on its one end onto
which a drive coupling may be mounted.
[0006] A plurality of hammer segments 30 (represent-
ed by disks in FIGURE 1) are mounted on the shaft 22.
The hammer segments are affixed to the shaft and to
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each other by conventional means such as a plurality of
bolts 32 extending through holes arranged circumferen-
tially around the shaft 22. In this case, there are twelve
bolts 32 arranged in a circular pattern. If desired, the
hammers can be separated from adjacent hammers by
spacers or can be positioned directly adjacent to each
other. Other means of attaching the hammer to the shaft,
such as keys or an octagon shaped rotor shaft may be
employed.
[0007] In this embodiment, each hammer segment 30
has a plurality of hammer tips or blades 36 that extend
radially outwardly from the hammermill shaft 22. (Only
one hammer segment is shown in FIGURE 2 for purpos-
es of clarity.) In accordance with the present invention,
each of the hammer segments 30 has from 12 to 24
blades, preferably 15 blades, that are equally spaced
about the periphery of each of the segments 30. Each
of these blades is circumferentially offset from the
blades of the next adjacent hammer. The blades are off-
set so that the blades form a W or herringbone pattern
when viewed from the side. This herringbone pattern is
schematically illustrated by the offset dashes 38 in FIG-
URE 1. In the preferred embodiment, the herringbone
pattern is arranged such that two peaks 40 are provided
as leading edges of the pattern in the direction of rotation
of the rotor (arrow 60, FIGURE 2). Offset in a direction
opposite the direction of rotation are a central valley 42
and two edge valleys 44 adjacent the ends of the rotor.
The peaks 40 are positioned inwardly from the ends of
the rotor approximately one-fourth of the distance of the
overall length, while the central valley 42 is positioned
at the middle of the rotor. The offset herringbone W pat-
tern minimizes the number of hammer tips striking the
sheet at any one time reducing the noise. A variety of
other patterns may be employed as desired.
[0008] Referring to FIGURES 1 through 3, the rotor
and hammer segments 30 are housed in a generally cy-
lindrical housing 50 bounded on the ends by sidewalls
51. The housing has a diameter that is slightly larger
than the outside diameter of the hammer segments 30.
The housing carries a first slot 80 positioned in a first
quadrant (upper right-hand quadrant) of the housing.
The slot 80 extends longitudinally across the housing
and is coextensive with the length of the rotor. A breaker
bar assembly 79 is mounted over and is also coexten-
sive with the slot 80. A feed roll assembly 85 is mounted
in a conventional manner outwardly from the slot 80 and
breaker bar assembly 79.
[0009] A breaker bar mount 84 is positioned exterior
of the housing 50 and has a portion that extends into the
downstream side of the slot 80. An L-shaped breaker
bar 82 is adjustably mounted on the breaker bar mount
84. The breaker bar 82 has one arm 82a that extends
radially inwardly into the slot and another arm 82b that
extends over a shoulder 84a of the breaker bar mount
84. The breaker bar arm 82b is spaced from the shoul-
der 84a by spacers 56 used to adjust the gap between
the hammer tips and the breaker bar. The leading edge

57 of the arm 82a of the breaker bar is positioned at a
location slightly inwardly from the inner wall of the hous-
ing 50 and is also spaced slightly outwardly from the
leading edge tips 36a of the hammer blades 36. As the
rotor rotates in the counterclockwise direction as indi-
cated by arrow 60 in FIGURE 2, the hammer tips 36a
pass in close proximity to the leading edge 57 of the
breaker bar arm 82b.
[0010] A pair of feed rolls 86 and 88, forming part of
the feed roll assembly 85 are mounted in a conventional
manner outwardly from the slot 80. The feed rolls 86 and
88 are driven in a conventional manner via a drive gear
and motor. The feed rolls 86 and 88 are oriented longi-
tudinally over the slot so that the nip of the feed rolls is
positioned directly above the slot opening 78 and lead-
ing edge 57 of the breaker bar arm 82b. A pulp sheet
66 is fed between the feed rolls 86 and 88 into the slot
80 immediately upstream from the leading edge 57 of
the breaker bar 82. A guide member 90, forming part of
the breaker bar assembly, extends longitudinally along
the slot 80 upstream from the breaker bar 82. The guide
member 90 is attached to the exterior of the housing 50
in a conventional manner and has a lower sloped sur-
face 72 that is sloped radially inwardly from the inner
wall of the housing and in a downstream direction. (This
guide member is described in detail in prior U.S. Patent
No. 5,560,553, assigned to Weyerhaeuser Company.).
The forward edge 90a of the guide member 90 termi-
nates a short distance upstream from and radially out-
wardly from the leading edge 57 of the breaker bar 82.
The pulp sheet 66 is fed between breaker bar 82 and
the forward edge 90a of the guide member 90. The
guide member 90 and its sloped inner surface 72 are
provided to prevent fibers from bunching up ahead of
the leading edge 57 of the breaker bar 82 by deflecting
the opened fibers downwardly.
[0011] A pair of guide bars 74 and 75 are mounted on
the breaker bar assembly 79. The bars are positioned
on each side of the pulp sheet 66 and extend inwardly
and toward each other from below respective feed rolls
86 and 88 to a location adjacent the breaker bar 82 and
guide member 90. The guide bars are mounted on
mounting flanges 76 and 77, in turn fastened by con-
ventional fasteners to the top of the breaker bar mount
84 and guide member 90. The guide bars 74 and 75
serve to ensure that the pulp sheet 66 is fed to the gap
78 between the breaker bar 82 and the guide member
70.
[0012] Returning to FIGURE 2, in the preferred em-
bodiment, a second slot 46 is provided along with a sec-
ond breaker bar assembly 47, which includes second
breaker bar 54, second breaker bar mounting bar 52 and
second guide member 70. A second set 48 of feed rolls
62 and 64 are provided to supply a second sheet of pulp
(not shown in FIGURE 2) through the slot 46 and into
the hammermill. The second feed roll assembly 48 of
feed rolls and the breaker bar assembly 47 are posi-
tioned in a quadrant downstream from the first quadrant
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(upper left hand quadrant) where the first breaker bar
assembly 79 is situated. Preferably, the first and second
slots 80 and 46 are positioned so that the angle the pulp
sheets make relative to a radius of the rotor as they are
fed through the slots to the breaker bar assemblies is
less than 45 degrees, is preferably less than 25 degrees,
and is most preferably about 22 degrees.
[0013] Still referring to FIGURE 2, air is fed into the
hammermill through an inlet conduit 100. The inlet con-
duit feeds into an air inlet 102, which has an opening
extending longitudinally along the entire length of the
housing 50. The air inlet 102 spans the entire distance
of the rotor tips. The air inlet 102 is oriented so as to
introduce air into the interior of the housing 50 tangen-
tially along the inner surface of the housing 50. This aids
in circulation of the singulated fibers through the ham-
mermill to an outlet 110 located in the fourth quadrant
of the hammermill. The air outlet conduit 110 has an
opening 112 that is oriented tangentially to the hammer-
mill housing and that extends longitudinally across the
entire length of the housing 50, coextensive with the lat-
eral extent of the air inlet opening 102. Air and singulat-
ed fibers are thus extracted from the hammermill
through the opening 112 into the outlet conduit 110 by
a product conveying fan(not shown). It is preferred that
the air inlet 102 be positioned at a location less than 90
degrees downstream from the second feed slot 46. It is
also preferred that the outlet conduit 110 be positioned
at an angle from the air inlet, and preferably at a location
on the order of 90 degrees and preferably from 90 de-
grees to 180 degrees downstream from the air inlet.
[0014] Referring to FIGURE 6, a single hammer blade
36 is shown so that its leading edge 39 can clearly be
seen. The leading edge 39 extends inwardly from the
hammer tip 36a. The leading edge preferably defines
an angle with a radius 39a of the rotor of from -4 to 10
degrees, and preferably from 4 to 6 degrees, where the
positive angle extends in the direction of rotation of the
rotor.
[0015] Referring now to FIGURE 7, two sheets 100
and 101 of wet pulp are fed through feed roll assemblies
104 and 106 respectively into first and second slots in
a hammermill 108. Sheets 100 and 101 are taken from
stock rolls 111 and 113 and are fed respectively through
impregnation units 114 and 116. These impregnation
units comprise a pair of counter-rotating rolls, which ap-
ply pressure to the pulp sheet with a chemical impreg-
nating solution such as a crosslinking agent, that may
be applied in a conventional manner, but is preferably
applied in the manner described in conjunction with FIG-
URES 8 and 9 below. The solution is applied to the pulp
sheets taken from the stock rolls 111 and 113. In this
particular embodiment, the impregnating solution com-
prises a crosslinking agent for the cellulose fiber. The
crosslinking agent is in an aqueous solution. When the
fibers and crosslinker are heated, in a downstream por-
tion of the process, intrafiber crosslinking takes place to
form twisted, kinked and, curled bulky fibers.

[0016] Air is fed from a conduit 120 into air inlet 122
on hammermill 108. The conduit 120 receives air from
the exhaust 124 of an air-fiber separator 126. In this em-
bodiment, the air-fiber separator 126 preferably com-
prises a cyclone. Air and fiber are extracted from an exit
130 from the hammermill 108. The air and fiber are
drawn from the hammermill via conduit 132 by a fan unit
134. The exhaust from the fan enters conduit 136, which
in turn is fed tangentially into the upper portion 138 of
the cyclone 126. As with the preferred embodiment of
the hammermill described above, the air inlet 122 is po-
sitioned downstream of the infeed slots below feed roll
assemblies 104 and 106. The exit 130 is preferably po-
sitioned from 90 to 180 degrees downstream from the
inlet 122.
[0017] The fiber is separated from the air at the bottom
of the cyclone 126 in a conventional manner. The air
spirals upwardly into the exhaust 124 where it returns
to conduit 120. A bleed conduit 140 is also coupled to
the exhaust unit. The fiber drops from the outlet 142 of
the cyclone 126 and is fed to a dryer 146. The dryer is
supplied with hot air from a burner unit 148. The bypass
conduit 140 is also fed to the dryer 146. Dried singulated
fibers are taken from the dryer outlet 150 and further
processed in the remaining system.
[0018] In this preferred embodiment, the pulp sheets
100 and 101 are fed into the hammermill at a sheet feet
rate of from 7.6 to 91.5 meters per minute, more prefer-
ably from 22.9 to 48.8 meters per minute, and most pref-
erably at about 30.5 meters per minute. The pulp sheets
are impregnated in the impregnating stations 114 and
116 to a consistency of about 50% to 80%, more pref-
erably from 63% to 73%, and most preferably about 68%
in the hammermill 108. The hammer tips are rotating at
a speed of from 3658 to 6706 meters per minute, more
preferably from 4572 to 5791 meters per minute, and
most preferably at about 5486 meters per minute.
[0019] Air is fed to the hammermill in an air to fiber
weight ratio of about 2 to about 8 grams of air per gram
of wet fiber, more preferably from 3 to 6 grams of air per
pound of wet fiber, and most preferably about 4 grams
of air per gram of wet fiber. The fan is preferably of the
type that has a fiber opening wheel. The tip speed of the
fan is preferably about 4267 to 6705 meters per minute,
more preferably from about 5182 to 6096 meters per
minute, and most preferably about 5791 meters per
minute. The conduits 120, 132 and 136 are sized to
achieve an air flow velocity of 1829 to 3048 meters per
minute. It is preferred that the volumetric air flow into the
hammermill be in the range of from 225 to 425 cubic
meters per minute, preferably from 270 to 382 cubic me-
ters per minute, and most preferably about 326 cubic
meters per minute. The cyclone is designed to provide
as high velocity as possible while maintaining efficiency
in removing fiber from the air and discharging it to the
dryer stage.
[0020] A preferred method for applying crosslinking
agent to the cellulose fibers prior to introduction to the
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hammermill in accordance with the present invention is
shown in FIGURES 8 and 9. Referring to FIGURE 9, a
sheet of cellulose fibers 210 to which crosslinking agent
is applied in accordance with the present invention in-
cludes a first side 220 and an opposing side 230. In the
illustrated embodiment, first side 220 is the upper side
and second side 230 is the under side. Sheet 210 can
be provided from a conventional roll of cellulose fibers.
Sheet 210 of cellulose fibers passes a fluid dispenser
240 located upstream about 0.1 to 2.0 meters, from the
nip 102 formed between the press and first side 220.
The distance that fluid dispenser 240 is positioned form
the nip between the press and first side 220 is selected
taking into consideration, the type of fluff pulp sheet, the
speed of the sheet of cellulose fibers 210, the amount
of crosslinking agent to be applied to the sheet, the
amount of crosslinking agent that the fluid dispenser can
apply to the sheet, and the crosslinking agent retention
time prior to pressing. For example, as the speed of the
sheet increases, or the amount of crosslinking agent to
be applied to the sheet increases, the distance between
the fluid dispenser and the nip will increase. As the
amount of crosslinking agent to be applied to the sheet
increases, the distance between the nip and the fluid
dispenser will vary depending on the type of crosslinking
agent, the solution strength, the sheet speed, and the
acquisition rate of the fluff pulp sheet. Optimization of
these variables depend on factors such as type of fluff
pulp sheet, crosslinking agent acquisition rate of pulp
sheet, amount of crosslinking agent on the fiber desired,
and the amount of FAQ wet bulk desired. The optimum
amount of crosslinking agent applied to the fiber is de-
termined by the fiber singulation and the FAQ wet bulk
desired. This can be impacted by the type of crosslinking
agent solution, the crosslinking agent solution strength,
the amount of crosslinking agent applied by the distri-
bution headers, the press loading and the overall singu-
lation of the fibers. Optimization of these variables may
result in an offset press pond just upstream of the press
to assure complete crosslinking agent penetration
throughout the fluff pulp sheet. The crosslinking agent
is applied at a rate that is relative to the sheet speed,
keeping the same amount of agent on the sheet at var-
ying sheet speed.
[0021] The location of fluid dispenser 240 should be
chosen so that time is provided for the crosslinking
agent applied by fluid dispenser 240 to absorb into sheet
210 and expel air in the sheet before the second header
applies chemistry to the under side 230. Absorption of
the crosslinking agent into sheet 210 is evidenced by
wet then dry line across the sheet before the sheet
reaches a pond formed in the nip between roll 270 and
first side 220. The pond is a volume of crosslinking agent
that is squeezed from the sheet as it enters the press.
The pond size and length is impacted by the amount of
crosslinking chemistry applied to the sheet, the sheet
speed, and the distance the headers are from the offset
press nip.

[0022] Fluid dispenser 240 dispenses the crosslinking
agent onto the first side 220 of sheet 210 of cellulose
fibers. The design of the dispenser 240 is such that it
applies the crosslinking agent uniformly across the
width of the first side 220 of sheet 210. The selection of
the size of the curtain slot, nozzles or orifices in the fluid
dispenser along with their spacing is chosen to achieve
such uniform distribution. In addition, the fluid dispenser
is designed to provide the desired amount of crosslink-
ing agent to the moving sheet 210. One type of useful
fluid dispenser is a curtain header, the details of which
are described below more thoroughly. Downstream from
fluid dispenser 240 positioned in contact with the under-
side of sheet 210 is a guide roll 250 which serves to
support and spread the moving sheet 210. Sheet 210
with its first side 220 treated with crosslinking chemicals
is delivered to a press 260.
[0023] In the embodiment illustrated in FIGURE 9,
press 260 is a horizontal offset press that includes a first
roll 270 and a second roll 280. Each roll 270 and 280
includes an axis of rotation 290. The rolls are of a con-
ventional design and may include nitrile rubber covers.
The axis of rotation 290 of roll 270 is offset both hori-
zontally and vertically from the axis of rotation 290 of roll
280. An angle 291 is defined by a vertical line drawn
through the axis of rotation of one roll and a line con-
necting the axis of rotation of the two rolls. Angle 291
may range from about 5 to about 30 degrees. The axes
of rotation 290 of roll 270 and 280 are spaced apart in
the vertical direction a distance 293. The distance 293
is less than the sum of the radiuses of roll 270 and roll
280 including the white nitrile rubber covers. Likewise,
the distance that the axes of rotation are displaced hor-
izontally from each other is less than the sum of the ra-
diuses of the rolls. The size of angle 291 and the mag-
nitude of vertical and horizontal offset between the rolls
can vary and are selected so that a small reservoir 295
just upstream of the contact point between the outer cir-
cumferences of roll 270 and roll 280 is provided. By res-
ervoir, it is meant that a location is provided at the con-
tact point between the outer circumferences of roll 270
and roll 280 where fluid may accumulate.
[0024] Second side 230 of sheet 210 contacts the cir-
cumference of roll 280 at nip 200. First side 220 of sheet
210 contacts the outer circumference of roll 270 at nip
202 downstream from nip 200. In accordance with meth-
ods of the present invention, due to a combination of the
load applied by press 260 and the amount of crosslink-
ing agent applied by fluid dispenser 240, a pond of
crosslinking agent forms in reservoir 295. Without being
bound by theory, it is believed that the presence of this
pond of crosslinking agent in reservoir 295 evidences
the high loading level of crosslinking agent and uniform
distribution of crosslinking agent within sheet 210, that
is achievable with the methods and systems of the
present invention. When a pond is absent from reservoir
295, the desirable high loading level of crosslinking
agent and uniform distribution of the agent within a sheet
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of cellulose fibers may not be achieved in accordance
with the methods and systems of the present invention.
As sheet 210 leaves horizontal press 260, it is delivered
to further unit operations for further processing.
[0025] In a particular embodiment, second side 230
of sheet 210 is contacted with crosslinking agent sup-
plied by a second fluid dispenser 297 positioned down-
stream from fluid dispenser 240 and upstream of press
260. Fluid dispenser 297 directs crosslinking agent ei-
ther on the sheet or into the nip 200 where the second
side 260, of sheet 210 contacts the surface of roll 280.
Directing crosslinking agent into nip 200 is to be distin-
guished from application of crosslinking agents onto the
surface of roll 280 or application directly onto second
side 230, 30' of sheet 210 prior to nip 200.
[0026] When crosslinking agent is applied to side 230
of sheet 210 a puddle of crosslinking fluid forms in the
nip between roll 280 and side 230. A puddle is a volume
of crosslinking agent that forms at the nip between roll
280 and side 230 as a result of the pressure applied to
sheet 210 at the nip and the amount of crosslinking
agent being applied to the fluff pulp sheet. Without being
bound by theory, for the embodiment employing a hori-
zontal press with offset rolls, the offset both radially and
vertically between rolls 270 and 280 are chosen so that
the portion of sheet 210 covered by the pond formed at
nip 202 between roll 270 and upper side 220 of sheet
210 is not coextensive with the portion of sheet 210 cov-
ered by the puddle of crosslinking agent formed in the
nip between roll 280 and side 230. With this configura-
tion, gas contained within the sheet is purged with the
agent application or is able to escape out a side of the
sheet opposite the respective pond or puddle, rather
than being trapped in the sheet. When the pond and
puddle cover the same portion of sheet 210 on opposing
sides, gas can be trapped in sheet 210. It is believed
that by allowing gas present in the sheet to escape, the
likelihood of total impregnation of the sheet is enhanced
and delamination of the sheet as it exits the press is re-
duced.
[0027] In order to provide satisfactory loading on
sheet 210 after crosslinking chemical has been applied
thereto, the press is capable of applying a load of up to
four hundred pounds per square inch.
[0028] Fluid dispensers 240, and 297 can take numer-
ous forms such as rollers or sprayers and more appli-
cators than these two described herein may be used.
Referring to FIGURE 8, a particular embodiment of a
fluid dispenser is a curtain shower 500 designed to de-
liver the crosslinking agent through a number of nozzles
502 equally spaced along the length of a tubular header
504. The size and spacing of the spray nozzles is de-
termined by the type of crosslinking agent, solution
strength, and the amount of crosslinking agent that is to
be applied per linear foot of the sheet of cellulose fibers.
As discussed above, the size and spacing is chosen so
that the curtain header applies the crosslinking agent
across the sheet as it passes by the curtain header. Uni-

form application of the crosslinking agent to the surface
of a sheet is evidenced by the absence of any dry lines
or overly wet lines forming on the sheet immediately af-
ter application of the crosslinking agent. For sheet
speeds ranging from about 7.62 to about 61 meters per
minute, the curtain header should be capable of apply-
ing crosslinking agent in a manner as to achieve the
complete sheet cover and penetration. As an alternative
to nozzles, orifices may be formed in tubular header
504. Exemplary nozzles include VeeJet, FloodJet,
WashJet, or UniJet nozzles by Spraying Systems Com-
pany, Wheaton, Illinois 60189.
[0029] Preferably, about 60 to 85 percent of the
crosslinking agent to be applied in total to the sheet of
cellulose fibers is applied by the fluid dispenser to the
top surface 220 of the sheet and the remaining portion
is applied using the second fluid dispenser 297. The
amount of crosslinking agent to be applied by the re-
spective dispensers should take into consideration the
size of the pond or puddle that forms in the respective
nips. Additional headers may be used to achieve the
crosslinking agent acquisition and/or to apply varying
types of crosslinking agent to the pulp sheet.
[0030] The total amount of crosslinking agent that can
be added to the sheet of cellulose fibers is determined
in part based on the desired consistency of the sheet
after the crosslinking agent has been applied. Exempla-
ry consistencies range from about 50% to about 80%
with the preferred consistency being about 68% to
achieve optimum application rate, singulation of fibers
and FAQ wet bulk. The systems and method of the
present invention allow loading of crosslinking agent on
pulp in the range of about 1% to about 30% crosslinking
agent based on dry pulp weight, but preferably about
10%. In order to provide desirably high bulk and fluid
acquisition quality properties, the amount of crosslinking
agent applied to the sheet of cellulose fibers ranges from
about 5% to 40% weight. The range of FAQ wet bulk
achieved by the present invention range from about 8
to about 30 cc/g but preferably about 16-22 cc/g.
[0031] Cellulose fibers singulated in accordance with
the foregoing process are found to have a substantially
lower knot or unopened fiber content than fiber singu-
lated by conventional methods, including processing by
a flutter and additional fan before being introduced into
a drier. Debonded, crosslinked fibers processed by the
present invention have a Pulmac wet knot content less
than 0.5%, more preferably less than 0.1%, and most
preferably less than 0.05%. Similarly, debonded
crosslinked fibers singulated by the present invention
have a 2X sonic knot content less than 2%, and prefer-
ably less than 1%.
[0032] Crosslinked pulp fiber that is made from non-
debonded pulp and processed in accordance with the
present invention have a 2X sonic knot content of less
than 14%, and preferably less than 12% and a Pulmac
wet knot content of less than 4% and preferably less
than 2%.
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EXAMPLES

[0033] The following examples are intended to be il-
lustrative of the present invention and are not intended
in any way to delimit the scope of coverage provided
herein.
[0034] In the examples below, "2X Sonic knots" were
tested by the following method for classifying dry
crosslinked fluffed pulp into four layered fractions based
on screen mesh size. The first fraction is the layer knots
and is defined as that material that is captured by a No.
5 mesh screen. The second fraction is the intermediate
knots and is defined as the material captured by a No.
8 mesh screen. The third fraction is the smaller knots
and is defined as the material captured by a No. 12 mesh
screen. The fourth fraction is the accepts or the singu-
lated fibers and is defined as that material that passes
through No. 5, 8, and 12 mesh screens but is captured
by a No. 60 mesh screen. The separation is accom-
plished by sound waves generated by a speaker that
are imposed upon a preweighed sample of fluff pulp
placed on the first layered No. 5 mesh screen that is
near the top of a separation column where the speaker
sits at the very top. After a set period of time, each frac-
tion from the No. 5, 8 and 12 screens is removed from
the separation column and is added back to the No. 5
screen for the second pass through the sonic test. After
the set period of time, each fraction from the No. 5, 8
and 12 screens is removed from the separation column
and weighed to obtain the weight fraction of knots, ac-
cepts/singulated fiber and fines.
[0035] The Pulmac wet knots are measured by plac-
ing a singulated pulp fibers in an aqueous slurry and
then filtering the slurry through a rotational plate with
multiple slots measuring 0.010 inch wide. The material
remaining on the screen is flushed from the test unit and
measured on a dry weight basis to determine the per-
centage of Pulmac wet knots in the crosslinked fiber.

EXAMPLE 1

[0036] A conventional debonded softwood pulp sheet
is wetted with a crosslinking agent in a conventional
manner and fed into a conventional hammermill at a rate
of 30.5 meters per minute. The wetted sheet has a con-
sistency of about 62%. In this hammermill, the air is in-
troduced downstream of the feed slots near the horizon-
tal plane at the point of discharge. The hammer tip
speed of the conventional hammermill is approximately
2896 meters per minute. Volumetric in-flow air to the
hammermill is about 127.5 cubic meters per minute, and
the out-flow velocity is about 1463 meters per minute.
The hammermill fiber is separated from the air stream
in a cyclone. A conventional air moving fan is employed
downstream of the hammermill and has tip speeds of
about 4267 meters per minute. The material is then sent
through a conventional fluffer for further fiber opening
followed by a second product fan where it is then intro-

duced into a conventional dryer. The product is tested
and found to have Pulmac wet knot content on the order
of 0.6 to 0.8 % and sonic knots on the order of 4 to 6%.

EXAMPLE 2

[0037] A debonded softwood pulp sheet is wetted with
a crosslinking agent with the apparatus described above
in conjunction with FIGURES 8 and 9, and run through
a hammermill having a chevron rotor of the type dis-
closed herein. The pulp is fed at a sheet speed of about
30.5 meters per minute and is first wetted to a consist-
ency of about 68%. The hammer tip speed is about 5486
meters per minute and the air to fiber ratio is about 4
grams of air per gram of wet fiber. The fan is operated
at a tip speed of about 5791 meters per minute. The con-
duits are sized so as to achieve a flow velocity ranging
from 1829 to 3048 meters per minute. The material is
taken directly from the cyclone and is run through a first
stage dryer without introducing it into a flutter or a sec-
ond product fan. The product is tested and found to have
a Pulmac wet knot content of less than about 0.05% and
sonic knots ranging from 1% to 2%.
[0038] While the preferred embodiment of the inven-
tion has been illustrated and described, it will be appre-
ciated that various changes can be made therein without
departing from the spirit and scope of the invention.
[0039] The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as
follows:

Claims

1. Singulated, crosslinked pulp fibers made from a
sheet of debonded pulp fibers, said fibers having a
Pulmac wet knot content of less than 0.5%.

2. The pulp fibers of Claim 1 having a Pulmac wet knot
content of less than 0.1%.

3. The singulated pulp fibers of Claim 1 having a Pul-
mac wet knot content less than or equal to about
0.05%.

4. Singulated, crosslinked pulp fibers made from a
sheet of debonded pulp fibers, said crosslinked fib-
ers having a 2X sonic knot content of less than 2%:

5. The singulated pulp fiber of Claim 4 having a 2X
sonic knot content of less than 1%.

6. Singulated, crosslinked pulp fibers made from a
sheet of non-debonded pulp fibers, said crosslinked
fibers having a 2X sonic knot content of less than
14%.

7. The pulp fibers of Claim 6 having a 2X sonic knot
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content less than 12%.

8. Singulated, crosslinked pulp fibers made from a
sheet of non-debonded pulp fibers having a Pulmac
knot content of less than 4%.

9. The pulp fibers of Claim 8 having a Pulmac knot
content of less than 2%.
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