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This patent application cross-references allowed and commonly assigned U.S
Patent Application Serial No. 07/705,845, Issue Batch No. "Cellulose Pulps

10 of Selected Morphology For Improved Paper Strength Potential" filed May 28, 1991
in the name of Vinson et al.

TECHNICAL FIELD
This invention is related to cellulose pulps and more specifically to cellulose
15 pulps having reduced coarseness with respect to the average pulp fiber iength

BACKGROUND OF THE INVENTION

Softness is an important attribute of tissue paper products. Consumers perceive

soft tissue products as tactilely pleasant against the skin, and therefore desirable.
20 Manufacturers of tissue products therefore seek to improve the perceived sofiness of _
tissue products to increase sales.

Tissue products are typically formed, at least in part, from cellulosnc pulps
containing wood fibers. Those skilled in the art recognize that the perceived softness
of a tissue product formed from such pulps is related to the coarseness of pulp fibers.

25 Pulps having fibers with low coarseness are desirable because tissue paper made from
fibers having a low coarseness can be made softer than similar tissue paper made from
fibers having a high coarseness. -

Fiber coarseness generally increases as fiber length and fiber surface area
increase. The sofiness of tissue products can be improved by forming the tissue

30  products from pulps comprising only short fibers. Unfortunately. tissue paper strength
generally decreases as the average fiber length is reduced. Therefore, simply reducing
the pulp average fiber length can result in an undesirable trade-off between product
softness and product strength.

Another method for reducing the coarseness of fibers comprises lengthwise

.35 slicing individual fibers with a sliding microtome. Slicing fibers lengthwise reduces the
fiber weight per unit fiber length and alters the naturally occurring closed fiber wall
cross-section to an open fiber wall cross-section. Such a2 method is disclosed in U.S.
Patent 4,874,465 issued October 17, 1989 to Cochrane et al. Slicing fibers lengthwise
requires meticulous processing and is not considered to be a commercially feasible

40 method of providing the quantities of fibers needed for making tissue products.
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source species and recycled pulps which invariably contain a mixture of fiber types

15 and species. The concemn over the depletion of the world's forest reserve has
increased interest in utilizing such recycled pulps. Recycled pulps typically contain a
blend of hardwood and softwood fibers from a variety of species. Such blends are
particularly prone to having relatively high coarseness compared to their average
fiber length.

20 In addition to inferior coarseness, the above-mentioned fiber blends -often suffer
from an undesirable non-uniformity in fiber properties. For example, it is believed
that one of the advantages of the bleached kraft pulp made from eucalyptus is that it
tends to be highly uniform in coarseness in addition to having a desirable average
coarseness. One index of the distribution of coarseness within a specimen of pulp

25  fibers can be obtained by measuring and ranking the specimen fibers by fiber surface
area to obtain a group of fibers within the pulp specimen compnising the largest one
percent of fibers in the specimen. The surface area of the smallest surface area fiber
in this group, referred to as the minimum fiber surface area, provides an index of the
coarseness distribution in the pulp specimen. A comparatively low value of this

30 minimum fiber surface area indicates that the pulp specimen is relatively uniform with
respect to coarseness. A comparatively high value of the mimmum fiber surface area
indicates that the pulp specimen is relatively non-uniform and will be less desirable
for the application at hand even if the average coarseness of the specimen is in a
desirable range.

35 In addition, it is necessary to consider the relative content of hardwood and
softwood in judging whether a particular pulp specimen has a comparatively low or
high value of minimum fiber surface area. A technique for determining whether a
particular sample has a comparatively high or low value of minimum fiber surface
area is discussed in the specification. The measured minimum fiber surface area can

40 be reduced by a scale factor for each percentage of sofiwood in the pulp specimen
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surface area. A pulp specimen having a value of incremental surface area below a
threshold level is considered to be uniform with respect to coarseness.
The papermaker who is able to obtain pulps ha\"/'mg a desirable combination of
fiber length and coarseness from fiber blends generally regarded as inferior with
10 respect to averagé coarseness and uniformity of fiber properties may reap significant
cost savings and/or product improvements. For example, the papermaker may wish to
make'a tissue paper of superior strength without incurring the usual degradation in
softness which accompanies higher strength. Alternatively, the papermaker mav wish a
higher degree of paper surface bonding to reduce the release of free fibers without
15 suffering the usual decrease in sofiness which accompanies greater bonding of surface
fibers.
Accordingly, one object of the present invention is to provide a cellulose pulp
having a fiber coarseness less than a threshold coarseness level.
Another object of the present invention is to provide a cellulose pulp comprising
20  a blend of softwood and hardwood fibers and having a desirable combination of fiber
length and fiber coarseness.
Still another object of the present invention is to provide a method for producing
a cellulose pulp having a desirable combination of fiber length and fiber coarseness.
These and other objects are obtained using the present invention, as will be seen
25 from the following disclosure.
All percentages, ratios, and proportions herein are by weight, unless otherwise
specified. All fiber weight percentages are dry weight percentages unless otherwise
specified.

30 SUMMARY OF THE INVENTION
The present invention comprises a cellulose pulp including wood fibers of
selected morphology and having low coarseness with respect to the pulp average fiber
length. The cellulose pulp comprises at least ten percent softwood fibers. The
cellulose pulp also has a fiber incremental surface area less than 0.085 square
35  millimeters and a fiber coarseness that is related to the average fiber length by the
relation:
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in the pul p speci men. The GéngiRcRbsifiRlion sYe \cBpRsed prb&isSing the input stream to the
15 length classification stage to provide a length classification stage accepts stream having
an average fiber length which is at least 20 percent less than the average fiber iength of

the rejects stream of the length classification stage The centrifuging stage comprises

processing the input stream to the centrifuging stage to provide the centrifuging stage
accepts stream having fibers with a normalized fiber coarseness at least 3 percent, and
20  preferabiy at least 10 percent less than the normalized fiber coarseness of the fibers in
the rejects stream of the centrifuging stage.
The method also cdmpn'ses processing the input streams of each fractionation
stage to provide an accepts stream of each fractionation stage having a fiber weight of
between 30 percent and 70 percent of the fiber weight of the respective input stream.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic flow diagram depicting one method of practicing the
current invention wherein a length classifying stage is performed first.
followed by a centrifuging stage.

30 Figure 2 is a schematic flow diagram depicting an alternate method of practicing
the current invention wherein a centrifuging stage is performed first,
followed by a length classification stage

DETAILED DESCRIPTION OF THE INVENTION
35 The present invention comprises a cellulose pulp including wood fibers of

selected morphology. The celiulose pulp has a low coarseness for a particular pulp
average fiber length despite containing relatively high proponions of softwood fibers.
Specifically, the cellulose pulp comprises at least 10 percent softwood fibers, has an
incremental surface area less than 0.085 square millimeters, and is characterized by

30  having a coarseness related to the average fiber length by the condition:
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where C is the coarseness in milligrams of fiber weight per ten meters of fiber lengih
(mg/10 m) and L is the average fiber length measured in millimeters (mm) The

10 cellulose pulp preferably comprises wood fibers having an average fiber length
between about 0.70 mm to about 1.1 mm. and more preferably about 0.75 mm to
about 0.95 mm. The cellulose pulp can comprise chemical pulp fibers and in one
preferred embodiment comprises recycled paper fibers, such as recycled ledger paper
fibers.

15 . The present invention also comprises a method of selecting fiber morphologies
having a favorable combination of coarseness and fiber length. The method comprises
two fractionation stages and comprises the following steps: providing an aqueous
slurry comprising wood pulp fibers; providing a first fractionation stage comprising
one of a length classification stage and centrifuging stage; directing at least a portion

20  of the slurry to form an input stream to the first fractionation stage: processing the
input stream to the first fractionation stage to provide an accepts stream of the first
fractionation stage; providing a second fractionation stage comprising the other of a
length classification stage and a centrifuging stage; directing at least a portion of the
accepts stream from the first fractionation stage to provide an input stream to the

25  second fractionation siage; proces.si-ng the input stream to the second fractionation
stage to provide an accepts stream of the second fractionation stage. The input stream
to the length classification stage is processed to provide a length classification stage
accepts stream having an average fiber length which is at least 20 percent less than the
average fiber length of the rejects stream of the length classification stage. The input

30  stream to the centrifuging stage is processed to provide a centrifuging stage accepts
stream having fibers with a normalized fiber coarseness at least 3 percent. and
preferaf)ly at least 10 percent less than the normalized fiber coarseness of the fibers in
the rejects stream of the centrifuging stage.

35 DEFINITIONS
As used herein, the term "morphology” refers to the various physical
characteristics of wood fibers including fiber length, fiber width, surface area. cell wall
thickness and cell wall geometry, coarseness, and the like. The term "selected
morphology" refers to fibers having a generally closed cell wall geometry. as

40 distinguished from fibers which are lengthwise sliced or otherwise altered 10 have an
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length difference. Typically, length classifying is accomplished by passing the input
slurry through a perforated barrier to separate shorter fibers, which have a greater
probability of passing through the perforations, from longer fibers.

The term "average fiber length,” abbreviated as "L" in the algebraic formulae
contained herein, refers to the length weighted average fiber length as determined
with a suitable fiber length analysis instrument such as a Kajaami Model FS-200 fiber
analyzer available from Kajaani Electronics of Norcross, Georgia. The analyzer is
20  operated according to the manufacturer's recommendations with the report range set

at O mm to 7.2 mm and the profile set to exclude fibers less than 0.2 mm in length

from the calculation of fiber length and coarseness. Particles of this size are excluded
from the calculation because it is believed that they consist largely of non-fiber
fragments which are not functional for the uses toward which the present invention

25  are directed.

The term "coarseness”. abbreviated "C" in the algebraic formulae contained
herein, refers to the fiber mass per unit of unweighted fiber length reported in units of
mulligrams per ten meters of unweighted fiber length (mg/10 m) as measured using a
sutable fiber coarseness measuring device such as the above mentioned Kéjaani

30 FS-200 analyzer. The coarseness C of the pulp is an average of three coarseness
measurements of three fiber specimens taken from the pulp. The operation of the
analyzer for measuring coarseness is similar to the operation for measuring fiber
length. Care must be taken in sample preparétion to assure an accurate sample
weight is entered into the instrument.

35 An acceptable method is to dry two aluminum weighing dishes for each fiber
specimen in a drying oven for thirty minutes at 110 degrees C. The dishes are then
placed in a desiccator having a suitable desiccant such as anhydrous calcium sulfate
for at least fifteen minutes to cool. The dishes should be handled with tweezers to
avoid contaminating them with oil or moisture. The two dishes are taken out of the

40  desiccator and immediately weighed together to the nearest 0.0001 gram.
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the two dishes (one empty) are placed uncovered in the drying oven for a period of at

least sixty minutes at 110 degrees C to obtain a bone dry fiber specimen. The dish

with the fiber specimen is then covered with the empty dish prior to removing the

dishes from the oven. The dishes and specimen are then removed from the oven and

1o placed in a desiccator for at least 15 minutes to cool. The covered specimen is

removed and immediately weighed with the dishes to within 0.0001 gram. The

previously obtained weight of the dishes can be subtracted from this weight to obtain

the weight of the bone dry fiber specimen. This weight of fiber is referred to as the
initial sample weight.

15 An empty 30 liter container is prepared by cleaning it and weighing it on a scale
capable of at least 25 kilograms capacity with 0.01 gram accuracy. A standard
TAPP! disintegrator, such as the British disintegrator referred to in TAPPI method
T205, is prepared by cleaning its container to remove all fibers. The initial sample
weight of fibers is emptied into the disintegrator container. ensuring that all fibers are

20 transferred to the disintegrator.

The fiber sample is diluted in the disintegrator with about 2 liters of water and
the disintegrator is run for ten minutes. The contents of the disintegrator are washed
into the 30 liter container, ensuring that all fibers are washed into the container. The
sample in the 30 liter container is then diluted with water to obtain a water-fiber

25 slurry weighing 20 kilograms, within 0.01 gram.

The sample beaker for the Kajaani FS-200 is cleaned and weighed to within
0.01 gram. The slurry in the 30 liter container is stirred with vertical and horizontal
strokes, taking care to not set up a circular motion which would tend to centrifuge
the fibers in the slurry. A 100.0 gram measure accurate to within 0.1 gram 1S

30 transferred from the 30 liter container to the Kajaani beaker. The fiber weight in the
Kajaani beaker, in milligrams, is obtained by multiplying five (5) times the initial
sample weight (as recorded in grams).

This fiber weight, which is accurate to 0.01 mg, s entered into the Kajaani FS-
200 profile. A minimum fiber length of 0.2 mm is entered into the Kajaani profile so

35  that 0.2 mm is the minimum fiber length considered in the coarseness calculation. A
preliminary coarseness is then calculated by the Kajaani FS-200.

The coarseness is obtained by multiplying this preliminary coarseness value by
a factor corresponding to the weight weighted cumulative distribution of fibers with
length greater than 0.2 mm. The FS-200 instructions provide 2 method for obtaining

30 this weight weighted distribution. However. the values are reported as a percentage
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10 dlsmbutxon of fibers with length greater than 0.2 mm. The resulting coarseness is
therefore a measure of the coarseness of those fibers in a fiber sample having a fiber
length greater than 0.2 mm. The coarseness measurement is repeated. starting with
oven drying two weighing dishes and a fiber specimen, to obtain three values of

coarseness. The value of coarseness C used herein is obtained by averaging the three
I5  coarseness values.

The term "normalized coarseness”. as used herein, is obtained by dividing the
coarseness C by the average fiber length L measured in millimeters. A reduction in
this ratio indicates a decrease in coarseness C with respect to average fiber length L,
as compared to a simple trade-off to obtain one desirable property at the expense of

20 another. As explained previously, relatively longer fibers are more desirable and
relatively less coarse fibers are more desirable for the use toward which the present
invention is directed.

The term-"cellulose pulp”. as used herein, refers to fibrous material derived from
wood for use in making paper or other types of cellulosic products Cellulose wood

25 fibers from a variety of sources may be employed in the process according to the
present invention. These include chemical pulps, which are pulps purified to remove
substantially all of the lignin originating from the wood substance. As used herein a
"chemucal pulp" cdmprises a cellulosic pulp having a lignin content of less than 3% by
weight. These chemical pulps include those made by either the sulfite or the kraft

30 (sulfate) process. Applicable wood fibers for practicing the process of the present
invention might also be derived from mechanical pulps, which as used herein, refers to
wood fibers containing a substantial amount of the lignin originating in the wood
substance.  As such, examples of mechanical pulps include groundwood pulps.
thermomechanical pulps, chemi-thermomechanical pulps, and semi-chemical pulps.

35 Both hardwood pulps and softwood puips as well as blends of the two may be
employed. The terms hardwood and softwood pulp as used herein refer to fibrous
pulp derived from the woody substance of deciduous trees (angiosperms) and
coniferous trees (gvmnosperms), respectively. Also applicable to this invention are

fibers derived from recycled paper, which may contain anv or all of the above
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er 9e,1pq-§$1@fe |sgrt@d1am€fg]eng§ekiebyy dealers to facxl:tate their reuse  One grade of
recycled paper of particular value in the present invention is ledger paper Ledger
paper is usually comprised of chemical pulps and typically has a hardwood to softwood
ratio of from about -1:1 to about 2:1. Examples of ledger papers include bond. book.
photocopy paper, and the like.

Cellulose wood fibers from various sources may be employed to produce
cellulose pulps according to the present invention. Such sources include the above
mentioned chemical pulps, such as those made by the sulfate or kraft process. Fibers
derived from recycled paper made with chemical pulp fibers and comprising a blend of
hardwood and softwood fibers may also be employed to produce the cellulose pulps of
the present invention. .

The quantity "percentage softwood", as used herein, refers to the dry weight
percentage of fibers in a cellulose pulp which are derived from softwood trees. The
remainder of the cellulosic pulp (100 - % softwood) is defined as the "percentage
hardwood". If unknown, the percentage softwood can be determined by optical
observation by the methodology of TAPPI T401 om-88, "Fiber Analysis of Paper and
Paperboard,” incorporated herein by reference.

The term "mimimum fiber surface area” as used herein refers to the projected
surface area of the smallest surface area fiber in the group of fibers comprising the
largest one percent (by surface area) of fibers in a pulp specimen. This minimum fiber
surface area can be measured by image analysis as described below.

About 0.25 gm of a representative pulp si)ecimen is moistened and shredded into
pieces. The use of distilled and fiitered water is recommended to reduce contaminants
which would otherwise complicaie image analysis. A 0.05 micron filter is sufficient to
reduce such contaminants. The shredded pulp is placed in a 250 ml Erlenmever flask.
about 50 ml of water is added, and the flask is shaken until the pulp specimen is
disintegrated. The flask contents are then diluted to 200 ml volume with water.
About three quarters of the flask contents are discarded. the flask s refilled to 200 ml
volume, and the flask is again shaken to mix the contents. This cycle of discarding the
flask contents. rediluting the flask contents, and shaking the flask is repeated until '
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5  visual inspection of the flask contents indicates the resuiting slurry in the flask is free of
fiber to fiber contacts. ﬂ

A 40 x 60 mm glass microscope slide is cleaned with a non-linting tissue and is
prepared by marking an orthogonal grid on one surface of the slide using a permanent
marker. The grid is used as a reference during the subsequent image analysis; its

10  precise spacing is not critical and can be set at a convenient.size by the operator
About one square centimeter grids are used to reduce the occurrence of fiber/grid line
intersections. The slide is placed on a slide warmer, marker side "down". The slurry
in the flask is shaken vigorously, and an aliquot of the slurry is removed with a
disposable pipette, and deposited onto the slide. The slide should be covered with

15 about 10 milliliters of slurry. The water on the slide is aliowed to evaporate, and the
surface tension is broken occasionally with a dissecting needle to prevent flocculating
of the slurry fibers during the drying. Small drops of slide adhesive are placed at the
_four corners of a fresh slide, which is placed against the fiber-covered slide taking care
not to apply excessive pressure. Excess adhesive is removed-and the slide surfaces are

20 cleaned with a non-linting tissue.

The image analysis system includes a computer having a frame grabber board, a
stereoscope, a video camera, and image analysis sofiware. A suitable frame grabber
board includes a TARGA Model M8 board available from the Truevision Company, of
Indianapolis, Indiana. Alternatively, a Model DT2855 frame grabber board available

25 from Data Translation of Marlboro. Massachusetts can be employed.

_ An Olympus SZH stereoscope available from the Olympus Corporation of Lake
Success, New York, and a Kohu Model 4815-5000 solid state CCD video camera
available from the Kohu Electronics Division of San Diego, California, can be used to
acquire an image to be saved to a computer file. An Olympus Model MTV-3 adapter

30 can be used to mount the Kohu video camera to the stereoscope. Alternatively, a
VH5900 monitor microscope and a video camera having a VH50 lens with a contact
type tllumination head, available from the Keyence Company of Fair Lawn, New
Jersey, can be used. The stereoscope and video camera acquire the image to be
recorded. The frame grabber board converts the analog signal of this image to a digital

35  format readable by the .computer. .

The image saved to the computer file is measured using suitable software such as
the Optimas Image Analysis software, version 3.0, available from the BioScan
Company of Edmonds, Washington. The Optimas software will run on any Windows
compatible IBM PC AT or compatible computer. as well as on IBM PS/2

40 Microchannel systems. A suitable computer 1s an IBM compatible personal computer
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Under "Sampling Options," the following default values are used: sampling units are

the fibers in

selected, set number equals 64 intervals, and minimum boundary length is 10 samples.
The following options are not selected: Remove Areas Touching Region of Intereét
(ROI), Remove Areas Inside Other Areas, and Smooth Boundaries. The software
20 contrast and brightness settings are set to 0 and 170, respectively. The software
threshold settings are set to 125 and 255. The image analysis software is calibrated in
millimeters with a metric ruler placed in the field of view. The calibration is performed
to obtain a screen width of 6.12 millimeters.
_The region of interest is selected so that no fibers intersect the boundary of the
25  region of interest. The operator positions the slide and acquires the image data (area
and length) in one field. The slide is then repositioned, and image data are acquired in
a second field. Data collection s continued until data from the entire slide is acquired
The use of grid lines on the slide, while not essential, is highly useful to prevent the
microscopist from missing an area or reading an area more than once. Fibers crossing
30  the gnd lines are not included in the data collection. |

While it is desirable to have a slide composed solely of individual fibers which do
not cross, inevitably some images comprised of crossed fibers will be created. Crossed
fiber images are deleted with the paint option available in the Optimas software if none
of the crossed fibers are unobstructed. Unobstructed fibers in crossed fiber images are

35 retained by painting over those fibers in the crossed fiber image which are at least
' partially obstructed by other fibers.

The image analysis software provides the projected fiber surface area and the
fiber length for each fiber image recorded with the image analysis system. The fiber
images can be ranked by fiber length and by fiber surface area. The use of spreadsheet

40  software, such as Microsoft Excel version 3.0, is useful but not required to perform



- 35, DEFI NI TI ONS As used
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5 such data manipulation. After ranking the fibers by length. the fiber image data for
those fibers having a length less than 0.25 mm is deleted. At least 500 fiber images
should remain. The remaining fiber image data is then rank ordered based on
projected fiber surface area, and each fiber image is assigned a number according to its
ranking. The fiber image having the largest projected surface area is ranked number
10 one. . .

The mirumum fiber surface area as used herein can be described as follows. The
number of remaining fiber images is multiplied by 0.01 (1%) to obtain a fiber image
number. If the product of the multiplication is not an integer. the product should be
rounded to the nearest whole number. The projected surface area of the fiber image

15  having this number corresponds to the minimum fiber surface area.

While descriptive of the "minimum fiber surface area". this method requires a
large number of images (more than 1000) to establish statistical significance.
Therefore, a preferred method is recommended. This preferred method consists of
obtaining the projected surface area of the remaining fiber images at the intervals 1%

20 3%, 5%, 10%. and 20%. Linear regression of the projected surface area as a function
of the logarithm of percentage and interpolation of the resultant function to the
projected surface area at the 1% mark provides the value of minimum fiber surface
area with statistical validity sufficient for the use as described herein provided sufficient

- fiber images are acquired to leave at least S00 fiber images afier the image rejection

25  based on fiber length described earlier.

The term "incremental surface area”. as used herein, is defined as the minimum
fiber surface area as determined by the preferred method described above, decreased
by 0.0022 square millimeter for each percentage point of softwood contained in the -
specimen being considered. The correction applied to convert the minimum fiber

30  surface area to incremental surface area compensates for the widely differing surface
areas of softwoods versus hardwoods. so that a single value of surface area can be
used to gage the uniformity of a pulp specimen regardless of the hardwood and
softwood content of the specimen being considered. As previously discussed.
uniformity in fiber properties is believed to offer benefits independent of the average

35 properties. A pulp specimen having relatively highly non-uniform fiber properties
will have a relatively high value of incremental surface area. The incremental surface
area provides an index of the level of uniformity of fiber properties possessed by a
given specimen of cellulose fibers. ' '

The percentage of fines in a pulp sample can be determined by a measurement

40  made with a Britt Dynamic Drainage Jar, Filter, and Stirring Apparatus available as
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'suhtable fiber coarseness neasuring device such as the above nentioneq
Kaj aani 30 FS-200 anal-yzer. -The coarseness C of the pulp is an average of

"t hree coarseness nmeasurenents of three fiber specinens taken fromthe
pul p. The operation of the anal yzer for measuring coarseness- fS——_ e
simlar to the operation for measuring fiber | engt h. fﬁg e Relacd
tdken in sanple preparation to assure an accurate sanple P e
entered into the instrunent. 35 An accept abl e net hod

al um num wei ghi ng di shes for each fiber specinen in a d

thirty mnutes at 110 degrees C. The dishes are then pl aced in a

: : . : . | fate
desi ccator having a suitable desiccant such as anhydrous cal ci um sulf
for at least fifteen mnutes to cool. The di 3hes shoul d be handled with

i i ture The two
i shes are takin o ekl Toldeffed A5slon i/t o a1 of § Snerighecolron
together to the n&enpsisting gf @}ébq_eagh gﬁsodxum carbonate. sodium tripolyphosphate. and TAMOL
850 surfactant available from Rohm and Haas Companv of Philadelphia,

Pennsylvania. is added to the fiber and water mixture.
After stirring for 5 minutes at 1000 pm, 500 ml of the slurry is drained into a
10 1000 ml beaker, and the jar is restored in volume with fresh water. The stirring is
repeated in the same manner and another 500 m! is drained into the beaker. This is
repeated until four beakers are filled to 1000 mi each. The fines are then captured by
filtering the beakers in reverse order using a Buchner funnel, or other suitable funne!
for supporting filter paper, containing a 11.0 cm Whatman glass microfiber filter
I5  #1820110, produced by Whatman International Ltd. of Maidstone, England. The
filter should be pre-weighed 1o the nearest 0.] mg. After filtering all four beakers of
water the filter pad is removed from the funnel and dried at 105 degrees C for one
hour and cooled in a desiccator to obtain a final weight to the nearest 0.1 mg. The
difference between the initial filter weight and the final filter weight is the fines
20 weight. The fiber weight is similarly obtained by filtering the contents of the Britt Jar
thorough an identical filtering and drying arrangement . The fines weight divided by
the total of the fines weight and fiber weight multiplied by 100 is reported as the

percentage of fines in the original specimen.

~
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PROCEDURE
While being bound only by the claims he-rein. the following discussion illustrates
methods of preparing cellulose fibers according to the present invention. These

include the two basic arrangements of the two stage fractionating process compnsmo a

length classifying stage and a centrifuging stage.

30 Figure 1 is a flow diagram depicting one arrangement which can be used to
produce cellulose pulps according to the present invention. In this arrangement, the
length classifying stage is performed first, followed by the centrifuging stage.

In Figure 1, an aqueous slurry 21 comprising wood pulp fibers is directed to
form the input stream to a length classifying stage 32. A satisfactory length classifier is

35  a centnfugal pressure screen such as a Bird "Centrisorter" manufactured by the Bird
Escher Wyss Corporation of South Walpole, Massachusetts. The slurry 21 is
processed in the length classifying stage 32 to provide an accepts stream 33 of the
classifying stage 32 and a rejects stream 34 of the classifying stage 32. The rejects
stream 34 comprises fibers having an average fiber length exceeding that of the fibers

30 in the accepts stream 33. The length classifying stage 32 is configured and operated as
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container. The length classifying stage 32 should be between about 30 to 70 percent of the fiber
weight of the input stream to the length classifying stage 32, so that there is about a
thirty to seventy percent mass split of the fibers entering the length classifying stage 32

15  between the accepts stream 33 and the rejects stream 34. Such a mass split is desirable
to ensure that length classifying stage 32 functions to fractionate the input stream by
fiber length, rather than just functioning to remove debiis such as knots and shives
from the input stream.

At least a portion of the accepts stream 33 of the length classification stage 32 is
20  directed as shown in Figure 1 to provide an input stream 41 to a second fractionation
stage comprising a centrifuging stage 42. A satisfactory centrifuging stage 42
comprises one or more hydraulic cyclones, such as 3 inch "Centricleaner" hydraulic
cyclones manufactured by the CE Bauer Company of Springfieid, Ohio.
For best operation of the centrifuging stage 42, it may be necessary to adjust the
25 consistency of the input stream 41 to the centrifuging stage 42 prior to processing the
input stream 41 in the centrifuging stage 42. For instance, if it is desirable to remove
water from input stream 41 to increase the consistency of input stream 41, a suitable
sieve 36 can be positioned intermediate the length classifying stage 32 and the
centrifuging stage 42, as illustrated in Figure 1. A suitable sieve 36 comprises a CE
30  Bauer "Micrasieve" equipped with a 100 micron screen.
The centrifuging stage 42 processes input stream 41 to provide an accepts
stream 43 of the centrifuging stage 42 and a rejects stream 44 of the centrifuging stage
42, The accepts stream 43 exits the overflow side of the hydraulic cyclone and the
rejects stream 44 exits the underflow side (the "tip") of the hydraulic cyclone.
35 When the process depicted in Figure 1 is operated according to the present
© invention, the normalized coarseness of the fibers in accepts stream 43 is at least 3
percent, and preferably at least 10 percent less than that of the fibers in the rejects
stream 44 of the centrifuging stage 42. The process depicted in Figure 1 can be
operated to provide an accepts stream 43 comprising the cellulose pulps of the present

40  invention.
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The ﬁber weight of the accepts stream 43 of the centrifuging stage 42 should-be
between about 30 to 70 percent of the fiber weight of the input stream 41 to the
centrifuging stage 42, so that there is about a thirty to seventy percent mass split of the
fibers entering the centrifuging stage 42 between the accepts stream 43 and the rejects
15 stream 44, respectfully. Such a mass split is desirable to ensure that the centrifuging
stage 42 provides an accept stream 43 having a reduced normalized coarseness relative
to rejects stream 44, rather than just functioning to remove debris such as knots and
shives from the input stream 41.
Figure 2 is a flow diagram depicting another arrangement which can be used to
20 produce cellulose pulps according to the present invention. In this arrangement, the
centnifuging stage is performed ﬁfst, followed by the length classifying stage.
In Figure 2, an aqueous slurry 21 comprising wood pulp fibers is first directed to
form the input stream to the centrifuging stage 52. The centrifuging stage 52
comprises at least one hydraulic cyclone. The centrifuging stage 52 processes the
25 input stream to provide an accepts stream 53 of the centrifuging stage 52 and a rejects
‘stream 54 of the centrifuging stage 52. The aécepts stream 53 exits the overflow side
of the hydraulic cyclone, and the rejects stream exits the under flow side (the tip) of
the hydraulic cyclone. When operated according to the present invention. the
normalized coarseness of the fibers in accepts stream 53 is at least 3 percent. and
30  preferably at least 10 percent less than that of the fibers in the rejects stream 54 of the
centrifuging stage 52, and the average fiber length of the fibers in the accepts stream
53 1s preferably about equal to or greater than that of the slurry 21.
At least a portion of the accepts stream 53 of the centrifuging stage 52 is
directed to provide an input stream 61 to a length classifying stage 62. - The length
35  classifying stage 62 can comprise a screen, such as the cemrifugal.screen described
above. It may be desirable to adjust the consistency of the input stream 61 prior to
processing the input stream 61 in the length classifying stage 62. For instance, if it is
desirable to remove water from input stream 61 to increase its consistency. a suitable
sieve 60 can be positioned intermediate the centrifuging stage 52 and the length
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fiber length L, Ar&m the length classifying stage and a rejects stream 64 of the lenqth

classifying stage. The rejects stream 64 comprises fibers having an average fiber length

10 exceeding that of the fibers in the accepts stream 63. The average tiber length is at
least 20 percent less, and preferably at least 30 percent less than the average fiber
length of the rejects stream 64 to the iength classification stage.

The process depicted in Figure 2 can be operated to provide an accepts stream
63 comprising the cellulose pulps of the present invention. The accepts stream 63

15 comprising the ceilulose pulps of the present invention includes at least 10 percent
softwood fibers, has an incremental surface area less than 0.085 square millimeters,
and has a coarseness related to average fiber length by the algebraic expression recited
above. The average fiber length of the accepts stream 63 is preferably about 0.7 mm
to about 1.1 mm, and more preferably about 0.75 mm to about 0.95 mm to provide the

20  aforementioned coarseness to fiber length relationship.

The operating parameters of the length classification and centrifuging stages
can be adjusted for the specific characteristics of the fibers contained in slurry 2! in
order to achieve the necessary change in the average fiber length and normalized
coarseness respectively required by the present invention. For the embodiment

25  wherein the length classification stage comprises a centrifugal screen. such operating
parameters include the consistency of the input and output slurry; the size, shape. and
density of perforations in the screen media; the speed at which the screen pulsator
rotates; and the flow rates of the inlet and each of the outlet streams.

It may also be desirable to use dilution water to aid in the removal of the longer

30 fiber rejects stream from the screen in the sieve 60 if it tends to be excessively
thickened by the action of the screen. For the embodiment wherein the centrifuging
stage comprises a hydraulic cycione, examples of operating parameters include the
consistency of the input stream, the diameter of the cone, the cone angle. the size of
the underflow opening, and the pressure drop from the inlet slurfy to each leg of the

35 outlet.

This Sheet Has Been Replaced




as-conpared to a sinple trade-off to obtain one desirable property at the
expense of 20 anot her. As explained previously, relatively longer fibers
“-are nore desirable and relatively | ess coarse fibers are nore
desirable for the use toward which the present i nvention is directed.
The term "cel |l ul ose-pulp*;~as used herein, refers to fibrous materia
derived from vvoo'g pf\eTQE quse in making paper or other types of

Rahose wood 25 fibers froma variety of -sources nmay
S

cel | ul osirris phes) e
be enpl oyed according to the present invention. These
I ncl ude che

y all

ich are pulps purified to renove
subst anti al of the lignin originating fromthe wod substance. As
used herein a "“chem cal pul p" conprise&8a cellulosic pulp having a
lignin content ;of |ess than 50% by wei ght. These chemi cal pul ps
i ncl ude those made by either the sulfite or the kraft 30 (sulfate)
process. Applicable wood fibers for pract EXAMPLE® process of the present

i nvention mght al so g f@khiafe braeiReBGhe HivedlonRHe Bsito b
herein, refers to Id fl%gfé contalnrnggg substgﬁ@%alﬂgﬁéﬂ§%9g¥&’¥e

l'ignin orlglnatlnﬁ‘?Hthe wood substance. As such, exanples of
mechani cal pul ps include groundwood pul ps. Example It her rmrrechani cal pul ps

chem -t herno hani ca

har dwood pul g‘s%an g sokp%gﬁﬁ le ?\ﬁgtract@&n (%F&mac pé%’(fglgéfelﬁoée Pylps ﬁ%c)?rcgré_ to the
enpl oyed. The t er PESSHEriavRRGEN é’blolsegleﬁnmkvol#ngthlqiasaiymgsemﬂ aemefuging efnempttosturry
fibrous pul ForgiRaifietla Fdcpiled i R@l@%césqnﬁﬂ%ﬁn co% oqu%'?uz fe€ES

(angi osperns) and - erous trees ymos ect | VE Al so
applicable to this i n@efﬁ"i"‘gﬁ] Rplp 15 obtaingd é’@'i“s'hﬂ 9“9%7&53? IPHH’n EE’YE‘PYeEQIQé
whi ch may cont ai n Véisgonsin. dt is dekcribeé bglihe/ @endor as deinked pulp from 100% post consumer

15  waste paper. The typical characteristics of this pulp are: }.12 mm fiber length. 15.8%
fines, 50-55% moisture. Ordinary well water is used for all of the dilution in the
following example. Ambient temperature is 50-80 degrees F over the period during
which this work is taking place.

The following steps are employed leading to the preparation of an aqueous siurry

20 21. Wet lap pulp is charged to a 5 foot HICON Hydrapulper manufactured by Black
Clawson of Middletown, Ohio, where separate batches are repulped in about 400
pound quantities at 10-12% consistency for 10-15 minutes. Dilution to pumpable
consistency occurs at the pulper exit and the resulting slurry at about 3% consistency is
taken to a holding tank.

25 The slurry is then directed to a Bauer Micrasieve (Model 522-1 with a 100
micron wire spacing) manufactured by the CE Bauer Company. The flow rate is 260
gpm and the consistency is 2.8%. Rejects enriched in fines are discarded while the
accepts are returned to another holding tank. This procedure is repeated for a total of
three passes through the Micrasieve so that the fines content of the pulp is at 5.4%.

30  Altematively, the fines can be removed in a sieve 36, such as a Bauer Micrasieve.
disposed between the length classification stage 32 and the centrifuging stage 42

The pulp 1s diluted to 1% in its holding tank to provide the aqueous slurry 21 of
Figure 1. It is analyzed and found to have an average fiber length of 1.16 mm and a
coarseness of 1.36 mg/10 m. It is pumped to a length classifier 32, in the form of a

35  Bird Centrisorter (Model 100) manufactured by the Bird Escher Wyss Company. The
Centrisorter is driven by a 50 hp 1750 rpm motor through a pulley which imparts a
radial velocity of 2200 rpm to the Centrisorter pulsator. The Bird Centrisorter screen
hole size i1s 0.032" at 12% open area The rejects dilution line water is about 28 gpm

The slurry 21 is conveved to the Centrisorter at 260 gpm. The rejects stream 34 1s



5, categories as well as.mnor amounts of other fibers, fillers, and

adhesi ves used t facilitate tHe original papernaklng ' The
-..term"recycl ed This ftl’@(BebteR@;Mébedgeneral ly refers to paper which has
been col | ect ed mnth th beratlng its fibers and reusing them
These can be pre as mght be generated in a paper mll
or print shop. or 10 post cons . such as that originating fromhone or
of fice collection. Recycled papers are sorted into different grades by
dealers to facilitate their reuse. One grade of recycl ed paper of
particular value in the present invention is |edger paper Ledger paper
I's usually conprised of chem cal pulps and typically has a hardwood to
sof t wood ' 19

5 removed fro the Centrisorter at 40 gpm and the accepts stream 33 is removed from
the Centrisorter at 248 gpm.

The cellulose pulp fiber mass in accepts stream 33 is measured and found to
comprise 55.8% of the fiber mass of the cellulose pulp in the input stream comprising
aqueous slurry 21. The rejects stream 34 is analyzed and found to have a fiber length

10 of 1.55 mm and a coarseness of 1.62 mg/10 m before disposal. The accepts stream 33
is analyzed and found to have an average fiber length of 0.94 mm and a coarseness of
1.26 mg/10 m and taken to a holding tank.
The accepts stream 33 is diluted to 0.1% consistency and pumped to
centrifuging stage 42 in the form of a bank of 10 Bauerlite Model 600-22_ 3 inch liquid
15 hydraulic cyclones having a cone angle of five degrees. ten minutes and manufactured
by the CE Bauer Company. The underflow section of each is equipped with an outlet
tip diameter of 5/32 inch. The bank of hydraulic cyclones is fed at a total rate of 241
gpm. The pressure of the inlet stream 41 of the bank is 70 psig. The pressure of the
accepts stream 43 at the overflow outlet is 16.5 psig. The rejects stream 44 at the
20  underflow outlet (tip) discharges directly into atmospheric pressure. The cellulose
pulp in the accepts stream 43 is measured and found to comprise 54% of the fiber mass
of the i.nput stream 41. The fibers in rejects stream 44 (comprising 46% of the mass of
the fibers in input stream 41) are found to have an average fiber length of 0.94 and a
coarseness of 1.31 mg/10 m before disposal.
25 The accepts stream 43 contains fibers meeting the requirements of the present
invention as demonstrated by the following applicable measurements:
Percent Softwood: 24%
Coarseness: 1.23 mg/l10m
Average Fiber Length: 0.92 mm
30 " Minimum Fiber Surface Area: 0.130 square millimeters

Using these measurements, the incremental surface area can be calculated as 0 130 -
24 * 0.0022 = 0.077 square millimeters. The threshold coarseness can be calculated as
followed:
35

C< (L) + 0 3

c<©92)°3+03

C<098+03

F <1.28



ratio of fromabout 1:1 to about 2:1. Exanples of | edger papers include

. bond,. book, 15 phot ocopy - paper, and the.like. Cellulose;mood
“.fibers fromvarious sources nay be enployed to produce - -ceiluiose put-ps-
according to the present invention. Such sources include
menti oned chem cal pul ps, such as those made by the sulfate H@ Q%E eenRemmmd
process. Fi hers.. derived fromrecycled paper made with
fibers and.conprising a blend of 20 har dwood and softmood SO
be enpl oyed to produce the cellul ose pul ps of t he present |nvent|on
The quantity "percentage softwood”, as used herein, refers to the dry
wei ght percentage of fibers in a cellul ose pulp whi ch are derived
fromsoftwood trees. The remai nder of 24%he cellulosic pulp (100 - %
sof twood) is defined sigetie obB&V&ﬁE&a?&%e%SOf J. h?”rf@@@qn s dvler URKT RN hrésnﬁd
per cent age softwood can bﬁ e@ rm ned opt 1 cal servati on b
met hodol ogy of TABPISCHSDhoRFRPse 'PFHPUB‘? e,@,qaq:rgglgéo s P&{?S?S aeRys the req“'fememb
Paper board, " incaﬁbmamtﬂmthememn by reference. The term "m ni num
fi ber surface area" as used herein referségg p g projected . surface
area of the smallest surface area fiber XER'e group of fibers conprising

the 30 |argest one paiscexsmplejlugiiatdszanether mmphodfoffrreparisg icelludose lujpsqveailimgn.
Thi's m ni mum fyi ‘bgp the preserﬁlih@@iﬁﬁn %S'es@%l%ﬂalgte? % §Qn@¥eﬁggﬂagﬁssﬂﬂﬁb %ﬁ'lﬁplﬂs

descri bed bel ow. esent
speci men is noi stSHBfOIRR @Wédﬁ"é’éllefi REip- efefeﬂcﬁﬁ Bais exampple w&sé?“%osﬁlgqfﬁ éd
and filtered wat enmcmdepmommﬁkmngaﬁme contam nants whi ch woul d

. otherw se conpl i cate fhgaﬂ%e é‘che%I puilp used %SEQ]an?prlé) q nglulsg in .thrs %%rl;ulalgl © éau'% °
ordinary well water is used and the ambient temperature is 50-80 degrees F over the
period during which this work is taking place. The steps taken in the preparation of
slurry 21 are identical to those in Example 1. The slurry 21 is pumped from its holding
tank where_it 15 stored at 1% consistency and is diluted in-line to 0.1% consistency and
pumped to provide an input stream to centrifuging stage 52. The centrifuging stage 52
comprises a bank of 10 Bauerlite Model 600-22, 3 inch liquid hydraulic cyclones
20  having a cone angle of 5 degrees, 10 minutes and manufactured by the CE Bauer
Company. The underflow section of each hydraulic cyclone is equipped with an outlet
tip diameter of 5/32 inch. The bank of hydraulic cyclones is fed at a total rate of 249
gpm. Pressure in the inlet stream to the bank of hydraulic cyclones is 69 psig.
Pressure in the accepts stream 53 at the overflow outlet is sensed at 10 psig and rejects
25 - stream 54 at the underflow (tip) discharges directly’ to atmospheric pressure. The

L3

15

rejects stream 54 is analyzed and found to have an average fiber length of 1.09 mm and
. a coarseness of 1.42 mg/10 m before disposal.
The accepts stream 53 is directed to provide an input stream 61 io the length
classification stage 62 compnsing a Bird Centrisorter (Model 100) idenucal 1o that
30 used in Example 1. Since the accepts stream 53 is diluted by the centrifuging stage 52,
accepts stream 53 1s passed over a sieve 60 comprising the Bauer Micrasieve described
above to provide an input stream 61 having a consistency between 2 and 3 percent
Sieve 60 also alters the fiber characteristics in accepts stream 53 because some fibers
are removed from the water exiting the Micrasieve. The accepts stream 53 prior to
35 sieve 60 contains fibers having an average fiber length of 1.21 mm and a coarseness of
1.36 mg/10 m. The input stream 61 exiting the sieve 60 has an average fiber length of
1.35 mm and a coarseness of 1.45 mg/10 m. The input stream 61 1s taken to a holding
tank.
The input stream 61 is diluted to 1% consistency in line. and directed at 260 gpm
40 1o the length classification stage 62 comprising the Bird Centnisorter described above



35 reduce such contaminants. The shredded pulp is placed in a 250 n

Erl enmever fl ask.- . about 50 m—ef—water is added, and the flask is
"shaken until the pulp specinmen is This di si nt tegrated. The flask contents
are then diluted to 200 mi volune mn Be&1Rema out three quarters of
the flask contents are discarded, ” ed to 200 ni

vol ume, and the flask is again shak ontents This cycl e of

di scarding the 40 -flask contents. red|Iut|ng e flask contents. and_
shaking the flask is repeated until o _

10 vi sual inspection of the flask contents indicates the resulting
slurry in the flask is free of fiber to fiber contacts. A 40

X 60 mm gl ass mcroscope slide is cleaned wi2l a non-linting tissue and is
B;?ﬁg;ggt by marki )ty RRuliBRARRRs & b ab% ek gpr%u rfhgcr%ec(:)t]; s;[rgaern tlt Ilsdr%mgftledn og
the Centrisorter at 34 gpm and the accepts stream 63 is removed from the Centrisorter
at 253 gpm. The accepts stream 63 is analyzed and found to comprise 47.5% of the
fiber mass of the cellulose pulp in input stream 61. The rejects stream 64 is analvzed
and found to have an average fiber length of 1.73 mm and a coarseness of | 66 mg/10
10 m before disposal.
The accepts stream 63 contains fibers meeting the requirements of the present
invention as demonstrated by the following applicable measurements.
Percent Softwoed: 29%
Coarseness: 1.19mg/10 m
15 Average Fiber Length: 1.02 mm
Minimum Fiber Surface Area: 0.138 square millimeters
The incremental surface area can be calculated as:
0.138 - 29 * 0.0022 = 0.074 square millimeters.
The threshold coarseness can be calculated as followed:
20 c<@)®3+03
Cc<1.02)%3 +0
C<101+03
C<131
Since the observed coarseness of 1.19 mg/10 m is lower than the threshold
25 coarseness, the ceilulose pulp made according to this process meets the réquiremems
of the present invention.

The cellulose pulps of the present invention are suitable for use in a wide variety
of papers and papermaking processes. . U.S. Patents 4,191,609, 4.528239 and
4,637,859 issued to Trokhan on March 4, 1980, July 9, 1985 and January 20, 1987,

30  respectively, are mcorporated herein by reference for the purpose of showing a method
for making tissue paper. The cellulose pulps of the present invention are particularly
suitable for use in making tissue paper, such as single ply tissue paper having a density
less than 0.15 gram per cubic centimeter and a basis weight between about 16.3 to
about 35.9 grams per sduare meter (about 10 to about 22 pounds per 3000 square

35  feet). The density value is determined by measuring the apparent thickness using a
12.9 square centimeters (2 square inch) plate exerting a force of 5.0 grams per square
centimeter (0.07 pounds per square inch). The thickness of a stack of five plies of
paper is measured and the result divided by five to determine the apparent thickness of
a single ply. The densxtv can then be calculated from the apparem thickness and the

40 basis weight



mar ker. The grid is used as a reference during the subsequent inage
anal.ysis; its 10 precise spacing is not critical and can be set at a
“.convenient size by the operator About one square centineter grids are
used to reduce the occurrence of fiber/grid |ine i ntersections. The
slide is placed on a-slide warner, marker side "down". The slurry in
the flask is shaken vigorously, and an aliquot of the slurry is renoved
with a . di sposabl e pipette, and deposited onto the slide. The slide
shoul d be covered with 15 about 10 mlliliters of slurry. The water on the
slide is allowed to evaporate, and the surface tension is broken
occasionally with a dissecting needle to prevent floccul ating of the
slurry fibers during the drying. Small drop22of slide adhesive are pI aced
at the fqQur cor afre is placed against the
fiber-covered’slide %%12? rtllgiufa’?aé’er §hOU§A l’g??rgwé mbe{asxgaé'énﬁ @’év gc?aéie"ess 1O meet
Excess adhesive |ogalrsermss/aqﬁnamxpmmmsdéimwtramsdnﬁrogltzo achievegramesitesitiength
non-linting tissug.cuch papers becausy}ﬁ thm’cga@ BEoVieP coMad SiRd FkEulHﬂeﬁ-oﬁn the low
conputer having a framra ber oard ster&%scope a vi c%% canera,
and i mage anal ysidengtrandoass waight ofisyef BaPFF A% beraussiRt the typicallyshpd fibeis|usefia o
TARGA Model M baoatld papers |tabineetf S’dﬁ?ﬁbish&qﬂ"ﬂiét&htSSI OrheCputpainy , thefpresent invention
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enpl oyed. given fykar @gthvpus SZH ster eoscope avai l able fromthe d ynpus
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30. can be used to nount the Kohu video canera to the stereoscope.
Al ternatively, a VH5900 noni tor—-er-oscope—and a video canera having
"»a, VH50 Iens with a contact type d LLun sati Rgodead, available fromthe

Keyence Conpany of Fair Lawn, New be used. The
stereoscope and video canera acquire MH ﬂmmlﬁ He recorded. The
frame grabber board converts the anal his image to a digital

35 format. readable by the conputer. The i mage saved to the

conputer file is nmeasured using suitable software such as the Optinas

| mmge Anal ysis software, version 3.0, available fromthe Bi oScan

Conpany of Ednonds, Washi ngton. The Opti nas foftware wll run on any

W ndows conpati ble 1 BM PC AT or corrpa% bl e conmputer, as well as on

| BM PS/ 2 40 M coahgQiehmes st ens A suitabl e conputer is an | BM conpati bl e”

personal conput er 1. A cellulose pulp comprised of wood fibers of selected morphology. the pulp
comprising at least ten percent softwood fibers, the pulp having a fiber
incremental surface area less than 0.085 square millimeters. and the pulp
characterized in having a fiber coarseness that is related to the average fiber

length by the relation:
c<@®3+03

where C is the fiber coarseness measured in milligrams of fiber weight per 10
meters of fiber length, and L is the average fiber length in millimeters.

o

The cellulose pulp of Claim | characterized in that said wood fibers have an
average fiber length of from about 0.70 millimeter to about 1.1 millimeter,
and preferably from about 0.75 millimeter to about 0.95-millimeter.

3. The cellulose pulp of Claims 1 and 2 characterized in that the cellulose pulp
comprises at least twenty percent softwood fibers.

4, The cellulose pulp of Claims 1, 2, and 3 characterized in that the cellulose
pulp comprises recycled wood fibers.

5.  The cellulose pulp of Claims 1, 2, 3, and 4 characterized in that said cellulose
pulp comprises a chemical pulp having a lignin content of less than about 3
percent.

6. Paper made from the cellulose pulp of Claims 1, 2, 3, 4, and 5 having a

- density of less than about 0.15 grams per cubic centimeter and a basis weight
of between about 16.3 grams per square meter and about 35.9 grams per
square meter.

7. A method of producing a cellulose pulp of selected morphology comprising
the steps of:
providing an aqueous slurry comprising wood pulp fibers;
" providing a first fractionation stage comprising one of a length class_iﬁc__:_a_t_ion

* c L " S *

stage and centrifuging stage;,



havi ng an expansion slot for the frame grabber board. an Intel 80386 CPU. 8
negabytes of RAM 200 negabytes of hard disk storage space, and DOS.
“wversion 3.0 or later, installed. The conputer-should have W ndows,
version 3.0 or later, i nstal | ed avai |l abl e frornthe M crosoft

Cor por ati on of Redrond, Véshi ngt oniThis aCe  and recalled from
fi-l e can be displayed on a Sony I\/bdel E) I\/bdel PVM 10 1343MO .

video nonitor. - . The slide | st ereoscope stage.” The

stereoscope is adjusted to a 15X magni fication | evel. The stereoscope
i ght source intensity is set to the maxi mum val ue, and the stereoscope
aperture is set to the mninumaperture size in order to obtain the

maxi num i mage contrast. The Optinas sof twar@4i s run vvith t he mJItipIe 15

node set and ARAREA (ﬁ a} oan ARLENGTH& {) rTF enents sel e F
Under "Sanpling Opti of¥-ng il Ieass 4 BAITIQQ o4 &% g'l" e ‘h@ lpgutugrgam tgéh‘b fshg
units are sel ect ed, @ecthmamrestagqual s 64 intervals, and m ni mum

boundary length is 10 p%%%ﬂnfgsthe mput Qmﬁ f R tHRVEARO #RRTdn2fch Sage RO réﬁéeegﬁ ed:

Renove Areas Touchi ng Region of Int ﬁ"ﬁ? , Renove Ar ea I nsi
Ot her Areas, and Snooth BBtRTR%SITeAm ofithe figg fragiionatiorpstagec ont r ast  and
bri ght ness settings ampeovidihg taOSd&oﬂdl(fraﬂ:t?&aubxesagetdowﬁnymg'ﬁhe ¢tRért 9@k elength

ol Torataa T "9 ne) PF Rakhchlch BBk AR e R hoel 5 he el d o
view. The cali brati on dirsctjngrat deaveal portion ofithe adstpts mrearmfmeeme\ﬁrsitﬂaccibnaﬁoaz
mllinmeters. gﬁgé RQ[%rBOidQEm inPhEhfedth tb TheSBldna R GRbA §hed©

fibers intersect the boun
processing the input stream to the second fractionation stage to provide an

accepts stream of the second fractionation stage;

processing the i.nput stream to the length classification stage to provide a
length classification stage accepts stream having an average fiber length
which is at least 20 percent less than the average fiber length of the
rejects stream of the length ciassiﬁcation stage: and

processing the input stream to the centrifuging stage to provide a centrifuging
stage accepts stream having fibers with a normalized fiber coarseness at
least 3 percent less than the normalized fiber coarseness of the fibers in
the rejects stream of the centrifuging stage.

8.  The method recited in Claim 7 comprising the steps of processing the input
stream to the centrifuging stage to provide a centrifuging stage accepts
stream having fibers with a normalized fiber coarseness at least 10 percent
less than the normalized fiber coarseness of the fibers in the rejects stream of
the centrifuging stage, and processing the input stream to the length clanifying
stage to provide a length classification stage accepts stream having an average
fiber length which is at least 30 percent less than the average fiber length of
the rejects stream of the length classification stage.

9. The method of Claims 7 and 8 characterized in that the first fracuionation

stage comprises the centrifuging stage.

10. The method of Claims 7, 8, and 9 comprising providing an aqueous slurry of
recycled chemical pulp fibers.

. 11.  The method of Claims 7. 8, 9. and 10 comprising providing an aqueous slurry

N 00 O

of recycled softwood and hardwood chemical pulp fibers. characterized in



25 region of interest. The operator positions the slide and acquires the

i mage dat.a (area and length) in one field. The slide is then
.repositioned, and imge data are acquired in a second field. Data
tollecti-on is continued until data fromthe entire slide is acquired

The use of grid lines on the slide, while not essential, is highly useful
to prevent the m croscopi st fromm ssing an area or reading an area

nmore than once. Fibers crossing 30. the @6id lines are not included in the
data col | ecti on. Wiile it is desirable .to hayv l.i. de conposed
sol ely of indivi duatha I5eP8WRAT S‘hefa8°mp"se f?‘?{Bf’g‘&‘ng’S? PF??E@‘?&%?%} By

i mages conpri sed . of pecers of theffibeewsight dflithdsurcy. eat ed. Crossed fiber

i mges are deleted with the paint option available in the Optinas software
i f none of the crossed fibers are unobstructed. Unobstructed. fibers
in crossed fibed2i migesethad ofz36laims 2§ %held. BYd phicATPHYNDPECEHELRE 11PHkr s i n
the crossed fiber i gW&m WWitkd lehith dhssifRasdn stage to padvidedk | ibepbRighuatfabe by

ot her fi bers. TheaFi}fnﬁ‘?fF arﬁalﬁls.ifs sof t war.e rov,i8dee§ce%{:§d 0
projected fiber surPSHEBIS MG GIIE fpagth classification spage behyesn £8,PELseth 44 [,

i mage recorded wi t hpereenti ofathe fibenwetghs of yiset awput Fheane icbthe length clasfifages can
be ranked by fiber | t i : - sheet
40 sof t war e, suchsgg&l\#_gﬁjg(gcgg%{n%‘ggﬁ;pu?/g{é&gﬁo g’%’o. t{@éﬁlsgﬁﬁquuﬁ&ﬁﬁg
required to performfiber weight of the accepts stream of the centnifuging stage between 30

percent and 70 percent of the fiber weight of the input stream to the

centrifuging stage.
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:12 . such data mani pul ation. After ranking the fibers by length. the

fider. image data for those fibers having a length less than 0.25 mmis
‘del eted. At |east 500 fiber inmages should remain. The remaining fiber
imge data is then rank ordered based on projected fiber surface area,
and each fiber image is assigned a nunber according to its r anki ng.
The fiber inmage having the | argest projected surface area is ranked nunber
10 one. The nininunlfibeqéaurface area as used herein can be
descri bed as follows. The nunmber remaining fiber inmages is
multiplied by 0.01 (1% to obtain a fiber inmage nunber. |f the product
of the multiplication is not an integer, the product should be r ounded

to the nearest whol e nunber. The projected surface area of the fiber inmge
15 having this nunber corresponds to the mninmumfiber surface area.
Whi |l e descriptive of the "mninmumfiber surface area”, this nmethod requires

a | ar ge nunber of ima (nmore than 1000) to establishgstatistical
signi ficance. Therefore, \a preferred nethod is recomended. This
preferred nmethod consists of obt ai rj§ the projected surf\ace area of

the remaining fiber inmages a nt er 1%
; ~ 42
44 / ‘
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Cellulosic pulps of selected fiber morphology are disclosed having a coarseness less than a thmho!d coarseness l:evel The rhmhold
coarseness level is a function of average fiber leagth. The cellulosic pulps are especially useful for pmducmg paper structures such as tissue
paper. A method for producing the cellulosic puips is also disclosed.
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METHOD OF MAKING SUCH PULPS

This patent application cross-references allowed and commonly assigned U.S
Patent Application Serial No. 07/705,845, Issue Batch No. "Cellulose Pulps

of Selected Morphology For Improved Paper Strength Potential” filed May 28, 199]
in the name of Vinson et al.

TECHNICAL FIELD

This invention is related to cellulose pulps and more specifically to cellulose
pulps having reduced coarseness with respect to the average pulp fiber length

BACKGROUND OF THE INVENTION

Softness is an important attribute of tissue paper products. Consumers perceive
soft tissue products as tactilely pleasant against the skin, and therefore desirable.
Manufacturers of tissue products therefore seek to improve the perceived softness of
tissue products to increase sales.

Tissue products are typically formed, at least in part, from cellulosic pulps
containing wood fibers. Those skilled in the art recognize that the perceived softness
of a tissue product formed from such puips is related to the coarseness of pulp fibers.
Pulps having fibers with low coarseness are desirable because tissue paper made from
fibers having a low coarseness can be made softer than similar tissue paper made from
fibers having a high coarseness. :

Fiber coarseness generally increases as fiber length and fiber surface area
increase. The softness of tissue products can be improved by forming the tissue
products from pulps comprising only short fibers. Unfortunately. tissue paper strength
generally decreases as the average fiber length is reduced. Therefore, simply reducing
the pulp average fiber length can result in an undesirable trade-off between,product
softness and product strength.

Another method for reducmg the coarseness of fibers comprises lengthwise
slicing individual fibers wut\a*shdmg trqcrotomc Slicing fibers lengthwise reduces the
fiber weight per unit fiber length and alter‘§ the naturally occurring closed fiber wall
cross-section to an open fiber wall cths-secnon Such a method is disclosed in U.S
Patent 4, 874 465 lssued Octobe}ﬂ? T989 10, Cochrane et al Slicing fibers lengthwise
requires menculous processmg and- is%

;cbnsrdered 1o be 3 commercially feasible
method of prov:dmz the quanrmes of ﬁbe?s needed for makRing tissue pfoducts
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;14 5 the top with water. To facilitate separation of the fines. | nm of

a di spersing solution consisting of 2.5% each of sodi um carbonate,
sodi umtri pol yphosphate. and TAMOL 850 surfactant available from Rohm
and Haas Conpany of Phil adel phi a, Pennsyl vania, is added to the fiber

and water m xture.

After stirring for 5 mnutes at 1000 rpm 500

m of the slurry is drained into a 10 1000 m beaker, and the jar

restored in volume with fresh water. The stirring is repeated in the

sane rranner

repeated- “unti |

and .[anot her ,500.n. i s drained |nto the beaker. This is

S

captured by compnsmg |fibersi frgmt k&hecm’dah&bﬁs |dﬁ Haﬁjmcﬁetreéﬂemau@{m andBUghner

contai hing Sorgb et fpafe il Eotvood chep, SERPPARY dhose’ Kundd3B iy o

produced by prﬂl%ﬁﬁhatrhl@ﬁm kr@ﬁanuln_sudadeoﬁrowmuddymnss:mﬁmg|fmms of Fhlatively

filter shoulldwhea@e@smm%ewe&mmaﬁ%w feelvedBo ﬁ% hé L@
f our beah)ers of vv? fi ter “P% |s rem)ve rom:t unnel
dried at 105 deé%’g‘é%“'& ?'%rwr&ﬂ'@“a pulps made from a single species such as eucalyptus

15

20

25

30

35

40

s BF rids

Bh&g al |

fIAEHe Rafusrs hayipe pmprovgd + softpessocan alsache farmsdf freraspuipse t hen

and

are in relatively limited supply and are therefore more expensive than certain pulps -

which tend to comprise fibers generally having inferior coarseness properties.
Examples include pulps which are derived by mechanical pulping regardless of the
source species and recycled pulps which invariably contain a mixture of fiber types
and species. The concern over the depletion of the world's forest reserve has
increased interest in utilizing such recycled pulps. ‘Recycled pulps typically contain a
blend of hardwood and softwood fibers from a variety of species. Such blends are
particularly prone to having relatively high coarseness compared to their average
fiber length.

In addition to inferior coarseness, the above-mentioned fiber blends often suffer
from an undesirable non-uniformity in fiber properties. For example. it is believed

that one of the advantages of the bleached kraft pulp made from eucalyptus is that it

tends to be highly uniform in coarseness in addition to having a desirable average
coarseness. One index of the distribution of coarseness within a specimen of pulp
fibers can be obtained by measuring and ranking the specimen fibers by fiber surface
area to obtain a group of fibers within the pulp specimen comprising the largest one
percent of fibers in'the specimen. The surface area of the smallest surface area fiber
in this group, referred to as the minimum fiber surface area, provides an index of the
coarseness distribution in the pulp specimen. A comparatively low value of this
minimum fiber surface area indicates that the pulp specimen is relatively uniform with
respect to coarseness. A comparatively high value of the minimum fiber surface area
indicates that the pulp specimen is relatively non-uniform-and will be less desirable
for the application at hand even if the average coarseness of the specimen is in a
desirable range.

In addition, it is netessary to consider the relative content of hardwood and
softwood in judging whether a particular pulp specimen has a comparatively low or
high value of minimum fiber surface area. A technique for determining whether a
particular sample has a comparatively high or low value of minimum fiber surface
area is discussed in the specification. The measured mxmmum ﬁber surface area can
be reduced by a scale factor for each percentage of soﬁwood in‘the pulp\specnmen
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hour and cooled in a desiccator to obtain a final weight to the nearest 0.1

ng. The difference between the initial filter weight and the final
filter weight is the fines 20 weight. The fiber weight is simlarly
obtained by filtering the contents of the Britt Jar t hor ough an

identical filtering and drying arrangenment . The fines weight divided by
the total of the fines weight and fiber weight nultiplied by 100 is
reported as the percentage of fineg in the original specinmen. 25
PROCEDURE Wi | e being bound 0only by the clains herein, the
foll owi ng diBtuseiuced imihunsih fiberssurface areweishrefisredf topreplae ipolp medemshias e

fibers accorgiig 40, t * b\(ﬂlﬂf:eséomfﬂ Ré’\ﬁr;h& b Q/?[ue B?%?c?emental sul'fg & HEE b&lQ& tWO

basi c arrangenen nts conprisin
| ength cl as§hﬂ6§rfr%le§?‘a§@r§mfﬁ9 1@§ﬁvﬂ&f¢rﬁg‘?lﬁ@fﬂ§i’%€@éﬂ c<m95<—=m%ss Fi gure 1 is a
f1ow di agram depihetgapemmuker ¥hb 3§ MAERN bkl FllpSRdVidEea WeGRbleCombinatioPbpduce

The O Pt Aen@f'ﬁéﬂs'i rPatsgndst dyth 70e éa;qnﬂfv By sedirded) Fo MR e
centrif u@l ngespeaigl; average coarseness nd Eiu@mnay of fiber aqmenms gy Lreapy sigdificant
conpri sing %?Psa%h? aﬂd/BP@r%dh% :ﬂgtoﬁ‘ﬁ#\@xﬂs U for xam le ﬁ{e"ﬁagaﬂ}ak&%ﬁv &%@?@m to a

| ength classityln sfactor en th cl | er
centrifugal Bekesy Fsé'esR?tPéfeﬁf mﬁoagr@m withowteineyrring thes psuahderiadadiptined by

tT Ee B: rd softn&s3 GlteeEh A%ﬁmpmésp:@gm s@éh ,ﬁ@éthitww}' fhelpaperivBREardVUBEH 4 S
e slurry

provi de an éﬂg}éeﬁt%g?ﬁ‘ga‘%;’g a%g W@"d‘"g o %‘F“gtg 2" i %Sé fé’%l g @tﬁrasqg'éhoé“ to
rej ects stresuffefdg the ushal debreass ihsoftmpss whiph aféﬁoxﬂ’;bumasgrwrsbondmg of surface
fibers.
Accordingly, one object of the present invention is to provide a cellulose pulp
having a fiber coarseness less than a threshold coarseness level.
Another object of the present invention is to provide a cellulose pulp comprising
20  a blend of softwood and hardwood fibers and having a desirable combination of fiber
length and fiber coarseness.
Still another object of the present invention is to provide a method for producing
a cellulose pulp having a desirable combination of fiber length and fiber coarseness.
These and other objects are obtained using the present invention, as will be seen
25 from the following disclosure.
All percentages, ratios, and proportions herein are by weight. unless otherwise
specified. All fiber weight percentages are dry weight percentages unless otherwise
specified.

30 SUMMARY OF THE INVENTION
The present invention comprises a cellulose pulp including wood fibers of
selected morphology and havmg low coarseness with respect to the pulp average fiber
length. The cellulose pulp comprises at least ten percent softwood fibers. The
cellulose pulp also_has a fiber incremental surface area less than 0.085 square
35  millimeters and a fiber coarseness that is related to the average fiber length by the
relation:
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. Stream 34 conprises fibers having an average fiber |ength exceeding that of
the fibers 40 In the accepts stream 33 The | ength classifying stage 32
i's conflgured and operated as

15 5 descri bed below to provide the accepts stream 33 havi ng an aver age

fiber |l ength which Is at least 20% and preferably at |east 30% I ess
than the average fiber length of the rejects streamconprising slurry
34. The fibers in rej ects stream 34 aregdirected to alternative end

uses where tgle a]t (:‘].rl stics sought as. objectives_of the present
i nvention ar feéré §" Ceasenessdcagged i mdligramagt fiher metghtiper W meierst her
rejects 10 ofﬁbc:rdengm amalmnsamermra&eméramtmn ﬂm&ﬁaé:decthe cellulose pulp ca¥V t hout

bei ng 1im t edyB¥sd fAERiek ha&é\@ ({]dﬂlﬁ&o ‘f}\‘/\g‘é?‘? @83 cepts stream 33 of the

length classitying stage 30 to 70 percent of the
fi ber he present invention also compnses a method of forming cellulose pulps having

low coarseness with respect to the pulp average fiber length. The method provides

10, two fractionation stages: a length classification stage and a centrifuging stage. Each

* fractionation stage includes an input stream, an accepts stream, and a rejects stream.

At least a portion of the accepts stream of one of the fractionation stages forms the
input stream to the other fraction stage.

The length classification stage comprises processing the input stream to the

15 length classification stage to provide a length classification stage accepts stream having
an average fiber length which is at least 20 percent less than the average fiber length of
the rejects stream of the length classification stage The centrifuging stage corﬁprises
processing the input stream to the centrifuging stage to provide the centrifuging stage
accepts stream having fibers with a normalized fiber coarseness at least 3 percent, and

20  preferably at least 10 percent less than the normalized fiber coarseness of the fibers in
the rejects stream of the centrifuging stage.

The method also comprises processing the input streams of each fractionation
stage to provide an accepts stream of each fractionation stage having a fiber weight of
between 30 percent and 70 percent of the fiber weight of the respective input stream.

25 )

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic flow diagram depicting one method of practicing the
current invention wherein a length classifying stage is performed first,
followed by a centrifuging stage.

30 Figure 2 is a schematic flow diagram depictihg an alternate method of practicing

the current invention wherein a centnﬁxgmg stage is performed first,
followed by a length classification stage '

DETAILED DESCRIPTION OF THE INVENTION
35 The present invention comprises a cellulose pulp including wood fibers of
selected morphology. The cellulose pulp has a low coarseness for a particular pulp
average fiber length despite containing relatively high proportions of softwood fibers
Specifically, the cellulose pulp comprises at least 10 percent softwood fibers, has an
incremental surface area less than 0.085 square millimeters, and is characterized by
40 having a coarseness related to the average fiber length by the condition

This is the replacement sheet

bate; = 1 0CT 1996



- weight of the input streamto the Iength classifying stage 32, so that

there is about a thirty to seventy percent nass split of the fibers
entering the length classifying stage 32 15 bet ween the accepts stream 33
and the rejects stream 34. Such a nass split is desirable to ensure
that length classifying stage 32 functions to fractionate the input stream
by fiber length, rather than just functioning to renove debris such as
knots and shi ves fromthe input stbseam At | east a portion

of the accepts stream 33 of the length classification stage 32 is 20
directed as shown imfigure 1 to provide an input stream4l to a second
fractionation C<Istagd.tonprising a centrifuging stage 42. A

satisfactory centrifugi ng stage 42 conprises one or nore hydraulic
cycl ones, such a?_, 3 jnch "Centricleaner” hydraulic cycl ones
manuf act ur edVHFE Chis the-ceatsrapssdn muligtamsrof §ier wetzheper, temmetsrs of fiber length  For

best oper at i @/ nhendcleris nhd ugirag Sb@dendR médsurdBYin DRIINGEES @Y t Pradi ust

t he 25 consi 0 <input stream,41, to the centrifuging stage 42
prior towpr g%lel@éﬁgltph%m%}gb‘y ‘%ﬁrbourlsesstv?oé’gn‘fih Sihavingean dverags fendedthge 42.
For i nst ancebetwgen; gbout Ofisinmatsl sbaud Irlempveand more prafeeably piooutiPmns kg eam 41

to i ncrease 438t 0©8Shmt € | ' [ I .si eve 36
can be positioned,i &%er.ngg?lggiem?%w%%é Ea@})égsesf}?eylﬁ%é%gﬁag%ﬂ%Qn%r'l"d Phe
centri fugi ng" ’?E 4 embodigent comprises fesyried paney fibers.such as yeayalst dedgerepapes

conprises a fmﬁrs’so Bauer "M crasieve" equipped with a 100 mcron screen.
ctream 45 of t no Bdarr MyEERCRSE ompies o offs] b ric-tof BB armbpiogke
centri f ugi nghainggefavorable cambingtien afterepseness ané fiberdangihi Tie mbod vampriew si de
of the hydrawd fraéitnh@ett s@B& dd¥€comprises the following steps: providing an aqueous
slurry comprising wood pulp fibers; providing a first fractionation stage comprising
one of a length classification stage and centrifuging stage; directing at least a portion
20 of the slurry to form an input stream to the first fractionation stage; processing the
input stream to the first fractionation stage to provide an accepts stream of the first
fractionation stage; providing a second fractionation stage comprising the other of a
length classification stage and a centriﬁ:ging stage. directing at least a portion of the
accepts stream from the first fractionation stage to provide an input stream to the
25  second fractionation stage, processing the input stream to the second fractionation
stage to provide an accepts stream of the second fractionation stage. .The input stream
to the length classification stage is processed to provide a length classification stage
accepts stream having an average fiber length which is at least 20 percent less than the
average fiber length of the rejects stream of the length classification stage. Th‘e input
30 stream to the centrifuging stage is processed to provide a centrifuging stage accepts
stream having fibers with a normalized fiber coarseness at least 3 percent. and
preferably at least 10 percent less than-the norimalizéd fiber &oarseness of the fibers in
the rejects stream of the centrifuging stage.

35 DEFINITIONS
" As used herein, the term "thqrphology" refers to the various physical
characteristics of wood fibers including fiber length, fiber width, surface area. cell wall
thickness and cell wall geometry. coarseness, and the like. The term "selected
morphology" refers to fibers having a generally closed celi wall geometrv. as
4 distinguished from fibers which are lengthwise sliced or otherwise altered to have an

Thic (o o ranio et ohoad
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rejects stream 44 exits the underflow side (the "tip") of the hydraulic

cycl one. 35 When the process depicted in Figure 1 is operated

according to the present i nvention, the normalized coarseness of the
fibers in accepts stream43 is at |east 3 percent, and preferably at
| east 10 percent less than that of the fibers in the rejects stream

44 of the centrifuging stage 42. The process depicted in Figure | can be
operated to provide an accepts stream®3 conprising the cellul ose pul ps of

the presenpperft@ell WaHEEoREy. The term “selected morE)ho!ogv" furtr\er refers 1o fiber,

16 5 Trt\le acceep:t's ﬁtrgggmggm conprising the Tellulose pul ps of the
present i nVE¥RH Baye been selecte dhe genggdl class of fiberst tospovide 7@ ¢nbpeged. has an
i ncr enent alcombinhtiareofic@@sdnesssand fber length Witk 2hé AomRLie ofi flbefsRis&dssing and has a

coar seness cgﬁsgi@tc&qbﬁgti&vgf .%%gw; 'wR;%L vio%ﬂpgttﬂerl%set rQchate them to lesser uses by
papermakers.

10 As used herein, the term “length classifying" refers to the process of dividing an
aqueous slurry of cellulosic fibers into at least two output slurries consisting of
cellulose fibers differing in average fiber iéngth and other characteristics intrinsic to the
length difference. Typically, length classifying is accomplished by passing the input
slurry through a perforated barrier to separate shorter fibers, which have a greater

15  probability of passing through the perforations, from longer fibers.

The teérm "average fiber length," abbreviated as "L" in the algebraic formulae
contained herein, refers to the length weighted average fiber length as determined
with a suitable fiber length analysis instrument such as a Kajaani Model FS-200 fiber
analyzer available from Kajaani Electronics of Norcross, Georgia. The analyzer is

20  operated according to the manufacturer's recommendations with the report range set
at 0 mm to 7.2 mm and the profile set to exclude fibers less than 0.2 mm in length
from the calculation of fiber length and coarseness. Particles of this size are excluded
from the calculation because it is believed that they consist largely of non-fiber
fragments which are not functional for the uses toward which the present invention

25  are directed.

The term "coarseness". abbreviated "C" in the algebraic formulae contained
herein, refers to the fiber mass per unit of unweighted fiber length reported in units of
milligrams per ten meters of unweighted fiber length (mg/10 m) as measured using a
suitable fiber coarseness measuring device such as the above mentioned Kajaani

30  FS-200 analyzer. The coarseness C of the pulp is an average of three coarseness
measurements of three fiber specimens taken from the pulp. The operation of the
analyzer for measuring coarseness is similar to the opération for measuring fiber
length. Care must be taken in sample preparation:to assure an accurate sample
weight is entered into the instrument.

35 An acceptable method is 1o dry two aluminum weighing dishes for each fiber
specimen in a drying oven for thirty minutes at 110 degrees C. The dishes are then
placed in a desiccator having a suitable desiccant such as anhydrous calcium sulfate
for at least fifteen minutes to cool. The dishes should be handled with tweezers to
avoid contaminating them with oil or moisture The two dishes are taken out of the

40 desiccator and immediately weighed together to the nearest 0.0001 gram
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al gebrai c expression recited above. The average fiber |length of the accepts
stream 43 Is preferably about 0.70 mmto about 1.1 mm and nore
preferably about 0.75 mmto 10 about 0.95 mMmto provide this coarseness
to fiber length relationship. The fiber weight of the accepts
stream 43 of the centrifuging stage 42 shoul d be bet ween about 30 to
70 percent of the fiber weight of the i-nput stream4l to the

centrifuging stage 42, so that there is about a thirty tq seyenty percent
mass split of tfigproximatgly ga¢ graghefes fibey specimendp plared igidag of theghshe apdt ween

t he aCCFPtSﬁQtﬂévGai_iﬂ'iéﬁb(loaladrdptﬁ af@ﬁlﬁ@ﬁ%n&&/ﬁredﬁhlilﬁbadﬁ fiﬁﬁpvérﬁﬁb@@)&tfnéﬂ d)fydl4§UCh a
mass split js desirable to ure t the centr ing . age
provi des anleﬁ%cs MURYTES A h@n‘%&\rﬁeﬁ g’ ?tgﬁ'ﬂ@gt?f“ﬁm&ﬁ?zsgac@(%r j&ﬁggg
relative  withttbe fibgrespesimenrie slmndebveredtwidy thereanpty dish prignce romiving the r enove

debris such ' '
Figure 2 i sd?%zzf%ﬁ (;&"ezaa,ég}‘ring SS?S Eﬁlﬁg %ﬁfg‘ﬁhﬂe%&ﬁ@#&ﬁn&%?ﬁf\ﬁmﬁﬁ%w?aﬁdbe used

to 20 'prod Hep |qgpgeaton AT A least 3P gningtes do el pABe CRYETEh SRSHMSSNIS | n this

arrangerrent rerhdved and intRetidtél Ugéigigedsivhliahé dishey foowithth 010061 gradnd! | Theed by
the length ¢l assif a

A st.age. oo n_Figure.2 n.a u lurry 21
conpri si ng R0 L l_‘ﬁl?f Iopl)) pagﬁ'ege‘?lggﬁ“sofftﬁ %‘fhea ic?%%? %uc‘j’ "?%teg from tiﬁgrwn%ggqﬁgo ?P\%‘Gt stream
to the cent the weightgofsthe den&dry fittee spasimeni f This weight efjfbes 3 referredgopptieses at

| east one hygfaubhgle Wegene. The centrifuging stage 52 processes the 25

I nput streamto provid n accepts, stream 53 of the centrifugi ng stage 52
and a répects An enagty d0 fes somselners pesaar ibmbqawgsgtaaééves@!nz N H@ent s

stream 53 exapddld BP aD Vsl ROWilordms capaci§f with®.0ly gragibécuratycl Angtandanid t he
(ELECtS ot B ek R Mt B Bubt Al 1 TS i
T205. 15 prepared by cleaning its container to remove all fibers. The initial sample
weight of fibers is emptied into the disintegrator container. ensuring that all fibers are
20  transferred to the disintegrator.

The fiber sample is diluted in the disintegrator with about 2 liters of water and
the disintegrator is run for ten minutes. The contents of the disintegrator are washed
into the 30 liter container. ensuring that all fibers are washed into the container. The
sample in the 30 liter container is then diluted with water to obtain a water-fiber

25 slurry weighing 20 kilograms, within 0.01 gram.

The sample beaker for the Kajaani FS-200 is cleaned and weighed to within
0.01 gram. The slurry in the 30 liter container is stirred with vertical and horizontal
strokes, taking care to not set up a circular motion which would tend to ceptﬁfuge
the fibers in the slurry. A 100.0 gram measure accurate to within 0.1 gram is

30 transferred from the 30 liter container to the Kajaani beaker. The fiber weight-in the
Kajaani beaker, in milligrams, is obtained by multiplying five (5) times the initial
sample weight (as recorded in grams). ' g

This fiber weight, which is accurate to 0.01 mg, is entered into the Kajaani FS-

200 profile. A minimum fiber length of 0.2 mm is entered into the Kajaani profile so
35 that 0.2 mm is the minimum fiber length considered in the coarseness calculation. A
preliminary coarseness is then calculated by the Kajaahi FS-200.

The coarseness is obtained by multiplying this preliminary coarseness vaiue by
a factor 'corresponding to the weight weighted cumulative distribution of fibers with
length greater than 0.2 mm. The FS-200 instructions provide a method for obtaining

a0 this weight weighted distribution. However. the values are reported as a percentage

This is the replacement sheet

Date: ? oL ‘g%



. hormalized coarseness of the fibers in accepts stream53 is at |east 3
percent. and 30 preferably at |east 10 percent |ess than that of the
fibers in the rejects stream 54 of the centrifuging stage 52, and the
average fiber length of the fibers in the accepts stream 53 is
preferably about equal to or greater than that of the slurry 21.

At |east a portion of the accepts strea?\ 53 of the centrifuging stage 52 is
directed to provide an input stream61 to a length classifying stage 62.
The | engtth 3Bd are pepugivlapedhbeginrangeate’®" diber lagthr | Be obtagcthe dfactos desbried t he

cent i fugal J$6ieqfe eeighi.Aeighted cymuBBOY GistribhieP¥r Be IS BRI 140 (A uSt the
consi stency of the inplt stream 81 prior Yo o processi Iy the " put
stream 61 i rP':E R é‘ﬁ@ﬁ'h it Proidefl \3S 17 Stpryeofghe fmsirumest) anebtained fiom the
desirabl e t dnstesveve displagr ThiodisphigUialisel fsebirBcied TronQ0GASR! {HeSreqNRI St ency,
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10 distribution of fibers with length greater than 0.2 mm. The resulting coarseness is
therefore a measure of the coarseness of those fibers in a fiber sample having a fiber
length greater than 0.2 mm. The coarseness measurement is repeated. starting with
oven drying two weigﬂing dishes and a fiber specimen, to obtain three values of
coarseness. The value of coarseness C used herein is obtained by averaging the three

15 coarseness values.

The term "normalized coarseness”, as used herein, is obtained by dividing the
coarseness C by the average fiber length L measured in millimeters. A reduction in
this ratio indicates a decrease in coarseness C with respect to average fiber length L.
as compared to a simple trade-off to obtain one desirable property at the expense of

20 another. As explained previously, relatively longer fibers are more desirable and
relatively less coarse fibers are more desirable for the use toward which the present
invention is directed.

The term “cellulose pulp". as used herein, refers to fibrous material derived from
wood for use in making paper or other types of cellulosic products Cellulose wood

25  fibers from a variety of sources may be employed in the process according to the
present invention. These include chemical pulps, which are pulps purified to remove
substantially all of the lignin originating from the wood substance. As used herein a
"chemical pulp" comprises a cellulosic pulp having a lignin content of less than 5% by
weight. These chemical pulps include those made by either the sulfite or the kraft

30 (sulfate) process. Applicable wood fibers for practicing the process of the present
invention might also be derived from mechanical pulps, which as used herein, refers to
wood fibers containing a substantial amount of the lignin ofiginating in the wood
substance. As such, examples of mechanical pulps include groundwood pulps.
thermomechanical pulps, chemi-thermomechanical pulps, and semi-chemical pulps.

35 Both hardwood pulps and softwood pulps as well as blends of the two may be
employed. The terms hardwood and softwood pulp as used herein refer to fibrous
pulp derived from the woody substance of deciduous trees (angiosperms) and
coniferous trees (gymnosperms), respectively. Also applicable to this invention are
fibers derived from recvcled paper. which may contain anv or all of the above
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5 classifying stage 62 as iIIustrated in Figure 2. A suitable sieve 60

conprises a CE Bauer "M crasieve" equipped with a 100 m cron screen.
The length classifying stage 62 processes input stream 61 to provide an
accepts stream 63 of the length classifying stage and a rejects stream
64 of the length classifying stage. The rejects stream 64 conpri ses

fi bers having an average fiber length 1? exceeding that of the fibers in
the accepts stream 63. The average fibef length is at | east 20 percent

| ess, and pratkgoraslas watll lagasihoB@mpaits efitothe BbetN dilledshandddiieages fiidaero
| engt h of tI?%xlftﬁk?ﬁéénéﬁz{ﬁ%@rﬁélgkg the length classification stage.
a

The process ep| cted q? n be operated to provide an accepts
stream dOedeTs | iegyladepaper’) as vsed hserin sgeneratiy eefers de waperi wiiembason. The

accepts str Q;@éﬁ édlletled wmmel 1§ieﬂ90¢ hﬁr&ﬁlgl it4! ﬁb’i:?s Pl R:‘ésnﬁé thehe We?es%t be
i nvention includes at Y] t\/\oodm@ ers, as an
t
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coar seneiss pekatondurher. auelr agehdt i driginating) dtom hyme he effige bolkctore X [Reegdéddn

e ted | y FEPHOYR soHIR ity eI blES by'la*ef%wmoffw liafe REFERLS S b F301 188 1
0.75 mmto dpdgledpapsr afrpaicpbyilue in the present afvsnmmle @amarls@igess to

fiber |engthpa F@‘I idhbAng t’!b:ﬂ rised of chermcal pulp @aﬂp%ﬁﬁﬁ)n&sfiq{aﬁf%o%r@ sQhwbdie
I ength cl assi entrif sta

i on” and I n can tedfor t he
specific cha[ﬁ'é%ngfP@t 3000t i tprkops By %xeraﬂgapﬂ@ae?rrpagrram?»dzigorl
order totsactphetwopy papeecaishe kechange in the average fiber |ength and

normal i zed Cellulose wood fibers from various sources may be employed to produce

cellulose pulps according to the present invention. Such sources include the above

mentioned chemical pulps, such as those made by the sulfate or kraft process. Fibers

derived from recycled paper made with chemical pulp fibers and comprising a blend of

20 hardwood and softwood fibers may also be employed to produce the cellulose pulps of
the present invention.

The quantity "percentage softwood", as used herem refers to the dry weight
percentage of fibers in a celluiose pulp which are derived from softwood trees. The
remainder of the cellulosic pulp (100 - % softwood) is defined as the ";Sercentage

25  hardwood". If unknown, the percentage Soﬁwood can be determined by optical
observation by the methodology of TAPPI T401 om-88, "Fiber Analysis of Paper and
Paperboard incorporated herein by reference.

The term "minimum fiber surface area” as used herein refers to the projected

surface area of the smallest surface area fiber in the group of fibers compnsmv the
30 largest one percent (by surface area) of fibers in a pulp specimen. This minimum fiber
surface area can be measured by image analysis as described below. hd

About 0.25 gm of a representative pulp specimen is moistened and shredded into
pieces. The use of distilled and filtered water is recommended to reduce contaminants
which would otherwise complicate image analysis. A 0.05 micron filter is sufficient to

35 reduce such contaminants. The shredded pulp is placed in a 250 mi Erlenmever flask.
about 50 ml of water is added. and the flask is shaken until the pulp specimen is
disintegrated. The flask contents are then diluted to 200 mi volume with water.
About three quarters of the flask contents are discarded, the flask is refilled to 200 ml
volume, and the flask is again shaken to mix the contents. This cycle of discarding the

40  flask contents. rediluting the flask contents. and shaking the flask is repeated until
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. coarseness

respectively required by the present invention. For the

enbodi nent 25 wherein the length classification stage conprises a
centrifugal screen, such operating paranmeters include the consi
of the input and output slurry; the size, shape, and density of

perforations in the screen nedia;

st ency

t he speed at which the screen pul sator

rotates; and the flow rates of the inl ¢h and each of the outlet streans.
It may al so be desirable to use dllutlon water to aid in the renoval

| onger 3®

visidh inspecgion of thedlasleaonterits indichtesths resaitingisturtylie tigi favieis6Re iof

tends to beﬁgegqgggérvcﬂoln%cﬁ thi ckened by the action of the screen.

t he enbodi nent wherein t

t he underfl
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20
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e centrifuging stage conprises a hydraulic
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precise spacing is not critical and can be set at a convenient size by the operator
About one square centimeter grids are used to reduce the occurrence of fiber/grid line
intersections. The slide is placed on a slide warmer, marker side "down". The slurry
in the flask is shaken vigorously, and an aliquot of the slurry is removed with a
disposable pipette, and deposited onto the slide. The slide should be covered with
about 10 milliliters of slurry. The water on the slide is allowed to evaporate, and the
surface tension is broken occasionally with a dissecting needle to prevent flocculating
of the slurry fibers during the drying. Small drops of slide adhesive are placed at the
four comers of a fresh slide, which is placed against the fiber-covered slide taking care
not to apply excessive pressure. Excess adhesive is removed-and the slide surfaces are
cleaned with a non-linting tissue.

The image analysis system includes a computer having a frame grabber board, a
stereoscope, a video camera, and image analysis software. A suitable frame grabber
board includes a TARGA Model M8 board available from the Truevision Company, of
Indianapolis, Indiana. Alternatively, a Model DT2855 frame grabber board available
from Data Translation of Marlboro, Massachusetts can be employed. .

~ An Olympus SZH stereoscope available from the Olympus Co;poration of Lake
Success, New York, and a Kohu Model 4815-5000 solid state CCD video camera
available from the Kohu Electronics Division of San Diego, California, can be used to
acquire an image to be saved to a computer file. An Olympus Model MTV-3 adapter
can be used to mount the Kohu video camera to the stereoscope. Alternatively, a
VH5900 monitor microscope and a video camera having a VH50 lens with a contact
type illumination head, -available :from the Keyence Company of Fair Lawn, New
Jersey, can be used. The stereoscope and video camera acquire the image to be
recorded. The frame grabber board converts the analog signal of this image to a digital
format readable by the computer.

The image saved to the computér file is measured using suitable software such as
the Optimas Image Analysis sofiware, version' 3.0, available from the BioScan
Company of Edmonds, Washington. The Optimas software will run on any Windows
compatible IBM PC AT or compatible computer, as well as on IBM PS/2
Microchannel systems A suitable computer is an [BM compatible personal computer
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18 EXAMPLES To

facilitate the practice of the invention the followng illustrative
exanpl es are provi ded:

Exanmple 1 10 This exanple illustrates one nethod of preparing
cel l ul ose pul ps according to the present invention by sequentially
| ength classifying and centrifugi ng amji nput slurry formed from a

recycled pulp. References in this exanple correspond to Figure 1

A recycl ed "B{tg ansexPBRUP Slpt i0prHhe Heammo Beabbess Rowth Bn daieh By 80fCRshRosh
W sconsi n. niegabysesttFRAMD 200 bégibytes\oE REIQArdidsSsistage kirde ind IDOS orar st ppost
consuner 15r 2 vvastte“%gp‘gé. The tlyq?ll lglglh ch%gqc?t eristics 0of this Lu/e@ are: 1.
12 mm fi beP" PEyPRtaldE ~ EhE computershqud have, Waadawsy versign &. ﬁ@?%d?§a Il wat er
i s used forvalabledfont e Midresoftdorporatibreof Redmorfdo Washingign el saydsesavedindi ent
t enper at ur gnd SecAdGrbrR GR : ' PG | his work
I s taking p? acg. . ) &ﬁ%ﬁ‘ﬁgm\égﬂ ‘%‘Jv]ﬁg’ws'%’@g%' ar enlé'%?'(%;% ieggINE]g to the
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quantiti es ‘At TERLIOR Y IFEF s IR SFTIoSTOPEIBRE SR AR APSESIYS SYltP ABF PEBEpabl e

value, and the stereoscope aperture is set to the minimum aperture size in order to

obtain the maximum image contrast. The Optimas software is run with the muliple

15 mode set and ARAREA (area) and ARLENGTH (length) measurements selected.

Under "Sampling Options," the following default values are used: sampling units are

selected, set number equals 64 intervals, and minimum boundary length is 10 samples.

The following options are not selected: Remove Areas Touching Region of Interest

(ROI), Remove Areas Inside Other Areas, and Smooth Boundanes. The software

20  contrast and brightness settings are set to 0 and 170, respectively. The software

threshold settings are set to 125 and 255. The image analysis software is calibrated in

millimeters with a metric ruler placed in the field of view. The calibration is performed

to obtain a screen width of 6.12 millimeters.

The region of interest is selected so that no fibers intersect the boundary of the
25  region of interest. The operator positions the slide and acquires the image data (area
and length) in one field. The slide is then repositioned, and image data are acquired in
a second field. Data collection is continued until data from the entire Slide is acquired
The use of grid lines on the slide, while not essential, is highly useful to prevent the
microscopist from missing an area or reading an area more than once. Fibers crossing

30.  the grid lines are not included in the data collection.

While it is desirable to have a slide composed solely of individual fibers which do
not cross, inevitably some images comprised of crossed fibers will be created. Crossed
fiber images are deleted with the paint option available in the Optimas software if none
of the crossed fibers are unobstructed. Unobstructed fibers in crossed fiber images are

35 retained by painting over those fibers in the crossed fiber image which are at least
partially obstructed by other fibers.

The image analysis software provides the projected fiberzsur‘face area and the
fiber length for each fiber image recorded with the image analysis system. The fiber
images can be ranked by fiber length and by fiber surface area. The use of spreadsheet

40  software. such as Microsoft Excel version 3.0, is useful but not required to perform
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. consistency occurs at the pulper exit and the resulting slurry at about 3%
consistency is taken to a hol ding tank. 25 The slurry is then
directed to a Bauer M crasieve (Mdel 522-1 with a 100 - mcron wire
spaci ng) manufactured by the CE Bauer Conpany. The flow rate is 260

gpm and the consistency is 2.8% Rejects enriched in fines are discarded
whi |l e the accepts are returned to 2anot her hol ding tank. This
procedure is repeated for a total of three passes through the

M crasi evie swch datia mirepdlatives Afat ankingfihd Hiserp by Wenk.rﬁn Qﬁe Ebe’} /(Qnag@data for

M cr e ove. tose et hilR ERAGNEILERY 8o it Sekisd 4 e S Bopageess and

the centrifugPwd @!T&ye 4Phe remaining fibeiTlmageubigaiis ted wargd otdereli%bassd IdnS

hol di t b t.
anal yzed 225”’%&‘?3?%‘%5‘3?%3?@2?&““* s B mybel g Iy ©

coar seness dfNM&g Bf ImagE thayigg EBESY Rroigcie ﬁgtfwecar%waml@d @mpei n t he
formof W 3%ne.Bird Centrisorter (Mdel 100) rranufactured by the Bird

Escher Wss Conpgp m%ﬁ ort IS dri v hp 1750 rpm
motor through a pul Tl(rauy ﬁb%r surt?ée z{rga susegirerern ang gﬁ‘flﬁfo[ﬂ?‘f’)%zﬁﬁf rpm to
the Centri sdMmber gfirapainpg ﬂi’ﬁelﬂBgcitllSmﬂnphedchyt(bﬁl §%bp enobtain a ﬁﬂmlxmag;d ze is

0.032" at 12%mREen mltreaprBh@ctr&J:@eCﬁaﬁlt fidabh A ndt! aﬂq%tg@ére{he Jpm

The slurry 21 is .conve he Centrigsorter at ere ecsstream
34 i s Y ounded13thé ¥1earest who!e number. The projected surface area of the ﬁbeJr image

15 having this number corresponds to the minimum fiber surface area.

While descriptive of the "minimum fiber surface area”, this method requires a
large number of images (more than 1000) to establish statistical significance.
Therefore, a preferred method is recommended. This preferred method consists of
obtaining the projected surface area of the remaining fiber images at the intervals 1%

20 3%, 5%, 10%. and 20%. Linear regression of the projected surface area as a function
of the logarithm of percentage and interpolation of the resultant function to the
projected surface area at the 1% mark provides the value of minimum fiber surface
area with statistical validity sufficient for the use as described herein provided sufficient

~ fiber images are acquired to leave at least S00 fiber images after the image rejection

25  based on fiber length described earlier.

The term "incremental surface area”, as used herein, is defined as the minimum
fiber surface area as determined by the preferred method described above, decreased
by 0.0022 square millimeter for each percentage point of softwood contained in the
specimen being considered. The correction applied to convert the minimum fiber

30 surface area to incremental surface area compensates for the widely differing surface
areas of softwoods versus hardwoods, so that a single value of surface area can be
used to gage the uniformity of a pulp specimen’regardiess of the hardwood and
softwood content of the specimen being considered. As previously discussed.
uniformity in fiber properties is believed to offer benefits independent of the average

35 properties. A pulp specimen having relatively highly non-uniform fiber properties
will have a relatively high value of incremental surface area. The incremental surface
area provides an index of the level of uniformity of fiber properties possessed bv a
given specimen of cellulose fibers.

The percentage of fines in a pulp sample can be determined by a measurement

4 made with a Britt Dynamic Drainage Jar. Filter, and Stirring Apparatus available as
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.19 5 removed fromthe Centrisorter at 40 gpm and the accepts stream 33 is
renmoved from the Centri'sorter at 248 gpm The cel |l ul ose
pul p fiber nmass in accepts stream 33 is neasured and found to conpri se
55.8% of the fiber mass of the cellulose pulp in the input stream

conpri sing aqueous slurry 21. The rejects stream 34 is anal yzed and
found to have a fiber length 10 of 1,55 mm and a coarseness of 1.62 ng/ 10
m bef ore di sposal. The accepts stream 3 is anal yzed and found to have

an average fieh&No. |mDBi'.thr@f1 mpmM@mmﬁeﬁMﬁWMe afiew York 11=36béw/ 10 m
and taken to din s stream. luted to

0. 1% consi st éﬂ(‘?y?éﬁffcgﬂfﬁ‘?g%mt%m a pulp é%‘?‘ft’??"f?fgﬁ% @%Ef&éd%z” '?i‘ﬁ‘ tb'ﬁsz rm of a
bank of 10 Bhadnes frem\Vedidier Gpeeiden afe cmhretilcquadilﬂaﬁ paphydmhmemhed:yo:l ones

having a copge@ngd &\e%mfeht\ag gﬁan@ﬁéo eeﬁﬂeﬂs ﬁe%rm&u a%% by
t he CE Bauer  Conpan l ow s ctl each 1s g th an
out | et with g "42 néF@P“GP‘aBFQfmi“h@ﬁ sanmémaaw H¥s Y{R8P Rt ¢ cmrenes is

fed at a tohéle diapdeter@hd 34%.5% opergdted. Thespetiarntak boplatdiediedtiein it jwam 41 of

the bank is Q. psig, The pressurg af the, | imin I inch  of
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.accepts stream43 at the overflow outlet is 16.5 psig. The rejects stream
44 at the 20 underflow outlet (tip) discharges directly into atnospheric
pressure. The cell ul ose pulp in the accepts stream 43 is nmeasured and
found to conprise 54% of the fiber nass of the input stream 41.
The.fibers in rejects stream 44 (conprising 46% of the mass of t he
fibers in input stream41l) are found tollJaave an average fiber |ength of
0.94 and a coarseness of 1.31 ng/ m bef ore di sposal . 25 The
accepts st r aheriepswisiowaternJ offadilitae sepaeationpfitiefines QUinl 6% Bispersihg tdiGidpr esent

i nvention ascoﬂﬁgﬂ?@%f%ag"/%@a&yof{sggiu;noéal'b%%t%g%ﬁg}e)nl}.‘h@ggﬁf@%ﬁur %Wi

Per cent Soft wgod: )
Average Fi b LeHEHaY. gyailghle3drom Rohm and Haag rCoropanfi loér PBladbiakie. Ar ea:
0. 130 squar ePemndylvaniaf sradded to the fibddahd QatePagusEasur enents, the increnental

* =
i1 et or - Tne iSRG s ipdE 800 shm 00 Bihgsbirvas Sraned ot | ovied:
35 10 1000 ml beakerCard fhe)jpwisirpstored i volume with fresh water. Th&stitring is
(0.92) [ err] ‘refeated in the same manner and andther 50043 id inir%d into the beaker. This is
repeated until four beakers are filled to 1000 ml each. The fines are then captured by
filtering the beakers in reverse. order using a Buchner funnel, or other suitable funnel
for supporting filter paper. containing a 11.0 cm Whatman glass microfiber filter
I5  #1820110, produced by Whatman International Lid. of Maidstone, England. The
filter should be pre-weighed to the nearest 0.1 mg. After filtering all four beakers of
water the filter pad is removed from the funnel and dried at 105 degrees C for one
hour and cooled in a desiccator to obtain a final weight to the nearest 0.1 mg. The
difference between the initial filter weight and the final filter weight is the fines
20 weight. The fiber weight is similarly obtained by ﬁlteﬁng the contents of the Britt Jar
thorough an identical filtering and drying arrangement . The fines weight divided by
the total of the fines weight and fiber weight multiplied by 100 is reported as the
percentage of fines in the original specimen.

I~
W

PROCEDURE
While being bound only by the claims herein, the following discussion illustrates
methods of preparing cellulose fibers according to the present invention. These

. include the two basic arrangements of the two stage fractionating process comprising a

length classifying stage and a centrifuging stage.

30 Figure 1 is a flow diagram depicting one arrangement which can be used to
produce cellulose pulps according to the present invention. In this arrangement. the
length classifying stage is performed first, followed by the centrifuging stage:

In Figure 1. an aqueous slurry 21 comprising wood pulp fibers is directed to
form the input stream to a length classifying stage 32. A satisfactory length classifier is

35  a centrifugal pressure screen such as a Bird "Centrisorter” manufactured by the Bird
Escher Wyss Corporation of South Waipole, Massachusetts. The slurry 21 s
processed in the length classifying stage 32 to provide an accepts stream 33 of the
classifying stage 32 and a rejects stream 34 of the classifying stage 32 The rejects
stream 34 compnises fibers having an average fiber length exceeding that of the fibers

40 in the accepts stream 33 The length classifving stage 32 is configured and operated as

This is the rapiacement sheet
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C < 1.28 20 5

Si nce the observed coarseness of 1.23 ng/10 mis |ower than the threshold
coarseness, the cellulose pulp made according to this process neets the

requirenents of the present invention.

Exampl e 2 This exanple illustrates another nethod of preparing
cel lul ose pul ps according 10 to the pregsent invention by sequentially
centrifuging and |l ength classifying an i nput slury formed froma

r ecycl edspuldpscribed eelew e pravidet the scoepranpbam 65 havispamaverpeMibgtiesgt? which  Whi ch

B ol S e i HIEET 209 RRIRIEAbY at legst 30% less Hih (8 ToerbGE UL ShdRH oPriS e 1 "
rejects stream compnsmg sluny 34. The fibers in rejects stream 34 are directed to
alternative end uses where the characteristics sought as objectives of the present
invention are less valued. In this regard they may be blended with other rejects

10  streams, maintained separate or discarded.

' Without being limited by theory. the fiber weight of the accepts stream 33 of the
length classifying stage 32 should be between about 30 to 70 percent of the fiber

: 'wéight of the input stream to the length classifying stage 32, so that there is about a
thirty to seventy percent mass split of the fibers entering the length classifying stage 32

15  between the accepts stream 33 and the rejects stream 34. Such a mass split is desirable
to ensure that length classifying stage 32 functions to fractionate the input stream by
fiber length, rather than just functioning to remove debris such as knots and shives
from the input stream.

At least a portion of the accepts stream 33 of the length classification stage 32 is

20 directed as shown in Figure 1 to provide an input stream 41 to a second fractionation
stage comprising a centrifuging stage 42. A satisfactory centrifuging stage 42
comprises one or more hydraulic cyclones, such as 3 inch "Centricleaner" hydraulic
cyclones manufactured by the CE Bauer Company of Springfield, Ohio.

For best operation of the centrifuging stage 42, it may be necessary to adjust the

25 consistency of the input stream 41 to the centrifuging stage 42 prior to processing the
input stream 41 in the centrifuging stage 42. For instance, if it is desirable to remove
water from input stream 41 to increase the consistency of input stream 41, a suitable
sieve 36 can be positioned intermediate the length classifying stage 32 and the
centrifuging stage 42, as illustrated in Figure 1. A suitable sieve 36 comprises a CE

30  Bauer "Micrasieve" equipped with a 100 micron screen.

' The "centrifuging stage 42 processes input stream 41 to provide an accepts
stream 43 of the centrifuging stage 42 and a rejects stream 44 of the centrifuging stage
42. The accepts stream 43 exits. the overflow side of the hydraulic cyclone and the
rejects stream 44 exits the underflow side (the "tip") of the hydraulic cyclone.

35 When the process depicted in Figure 1 is operated according to the present
invention, the normalized coarseness of the fibers in accepts stream 43 is at least 3
percent, and preferably at least 10 percent less than that of the fibers in the rejects
stream 44 of the centrifuging stage 42. The process depicted in Figure | can be

operated to provide an accepts stream 43 comprising the cellulose pulps of the present
i invention



ordinary well water is used and the anbient tenperature is 50-80 degrees F
over the 15 period during which this work is taking place. The steps taken

in the preparation of slurry 21 are identical to those in Exanple 1.
The slurry 21 is punped fromits hol ding tank where it is stored at 1%
consistency and is diluted in-line to 0.1% consi stency and punped to

provide an input streamto centrifuging stage 52. The centrifugi ng stage 52
conprises a bank of 10 Bauerlite Mdel 1600-22, 3 inch liquid hydraulic

I 520 haind fact d
by the CE Bauer 9&"%5%5‘“3“39 s P e Rk T
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shives from the input stream 41.

Figure 2 is a flow diagram depicting another arrangement which can be used to

20 produce cellulose pulps according to the present invention. In this arrangement. the
centrifuging stage is performed first, followed by the length classifying stage.

In Figure 2, an aqueous slurry 21 comprising wood pulp fibers is first directed to

form the input stream to the centrifuging stage 52. The centrifuging stage 52

comprises at least one hydraulic cyclone. The centrifuging stage 52 processes the

25  input stream to provide an accepts stream 53 of the centrifuging stage 52 and a rejects

stream 54 of the centrifuging stage 52. The accepts stream 53 exits the overflow side

of the hydraulic cyclone, and the rejects stream exits the under flow side (the tip) of

the hydraulic cyclone. When operated according to the present invention. the

normalized coarseness of the fibers in accepts stream 53 is at least 3 percent. and

30  preferably at least 10 percent less than that of the fibers in the rejects stream 54 of the

centrifuging stage 52, and the average fiber length of the fibers in the accepts stream

53 is preferably about equal to or greater than that of the slurry 21. i '

At Jeast a portion of the accepts stream 53 of the centrifuging stage 52 is

directed to provide an input stream 61 to a length classifying stage 62. The length

35 classifying stage 62 can comprise a screen, such as the centrifugal screen described

above. It may be desirable to adjust the consistency of the input stream 61 prior to

processing the input stream 61 in the length classifying stage 62 For instance, if it is

desirable to remove water from input stream 61 to increase its consistency. a suitable

sieve 60 can be positioned intermediate the centrifuging stage 52 and the length

This is the replacement sheet
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35 sieve 60 contains fibers having an average fiber length of 1.21 nm and

a coarseness of 1.36 ng/ 10 m The input stream 61 exiting the sieve
60 has an average fiber |ength of 1.35 mm and a coarseness of 1.45
ng/ 10 m The input stream 61 is taken to a hol ding t ank.

The input stream 6l is diluted to 1% consistency in line, and directed at

260 gpm 40 to the length classificatilqp stage 62 conprising the Bird
Centrisorter described above

21 sRejckesifying Siagd 6D agalitraied if Figudé 2abAaUuitdtle GRNE 6Bh@nipeis@cs TESt ream
64 is renpys

03 i romouater PBssiere dolfprel Qi o Wercsciten 00T 0 T8 COTPE S Feam 63
i s anal yzed andhedength classifyingrstage 627hroddssss inpue stream 6§ tdhprovidess astepihe
cel l ul ose nilehni &3 IPAHE 1SR URsEifying! Magt Sn8CE Tejolis GB TR %4 Br AR 1Mkl
classifying stage. The rejects stream 64 comprises fibers having an average fiber length
10 exceeding that of the fibers in the accepts stream 63. The average fiber length is at
least 20 percent less, and preferably at least 30 percent less than the average fiber
length of the rejects stream 64 to the length classification stage.
The process depicted in Figure 2 can be operated to provide an accepts stream
63 comprising the cellulose pulps of the present invention. The accepts stream 63
15 comprising the cellulose pulps of the present invention includes at least 10 percent
softwood fibers, has an incremental surface area less than 0.085 square millimeters,
and has a coarseness related to average fiber length by the algebraic expression recited
above. The average fiber length of the accepts stream 63 is preferably about 0.7 mm
to about 1.1 mm, and more preferably about 0.75 mm to about 0.95 mm to provide the
20  aforementioned coarseness to fiber length relationship.
The operating parameters of the length classification and centrifuging stages
can be adjusted for the specific characteristics of the fibers contained in slurry 21 in
order to achieve the necessary change in the'average fiber length and normalized
coarseness respectively required by the present invention. For the embodimem
25 wherein the length classification stage comprises a centrifugal screen, such operating
parameters include the consistency of the input and output slurry; the size, shape, and
density of perforations in the screen media; the speed at which the screen pulsator
rotates; and the flow rates of the inlet and each of the outlet streams. '
It may also be desirable to use dilution water to aid in the removal of the longer
30 fiber rejects stream from the screen in the sieve 60 if it tends to be excessively
thickened by the action of the screen. For the embodiment wherein the ceptrifuging
stage comprises a hydraulic cyclone, examples of operating parameters include the
consistency of the input stream, the diameter of the cone, the cone_ angle. the size of

the underflow opening, and the pressure drop from the inlet slurry to each leg of the
35 outlet.
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-and found to have an average fiber length of 1.73 mm and a coarseness of

1.66 ng/ 10 10 m before di sposal-. The accepts stream 63 contains
fibers nmeeting the requirenents of the present i nvention as
denonstrated by the follow ng applicabl e neasurenents.

Percent Softwood: 29% Coarseness: 1.19 ng/10 m 15

Average Fiber Length: 1.02 mm M ni mum Fi ber Surface Area:
0.138 square mllimeters The increféntal surface area can be

cal cul ated as: 0.138 - 29 * 0.0022 = 0.074 square mllimeters.
The threshol d coarseness can be calc?%aggngg foll owed: 20

C<(L)[err]+0.3 . ~C< : rr] + 0.3 C <
1.01 + 0.3 To facilitate the p@ctcel of3he invention the folﬁiwiﬁgilmmatﬁ'b?eﬁirﬁﬁéls are

coar seness Ofprdvided® NO/ 10 mis lower than the threshold 25 coar seness,
the cellul ose pul p nade according to this process neets the requirenments
of the present invention. Frramplell| ul ose pul ps of the present

i nvent i EBO are suﬂ‘hblbkahpleliliw_ﬁ'ﬁei ﬂnanﬂzdﬁofllﬂé%zging Af:eléuzl%se éxléﬁgﬁcgfréiné‘ﬂgthe
£2BE1 LB SRR i b SN k' T i 3kt sy 20,
1087, ormed from a recycled pulp. References in this example correspond to Figure 1.
A recycled pulp is obtained from the Ponderosa Pulp Company of Oshkosh
Wisconsin. It is described by the vendor as deinked pulp from 100% post consumer
15 waste paper. The typical characteristics of this pulp are: 1.12 mm fiber length. 15.8%
fines, 50-55% moisture. Ordinary well water is used for all of the dilution in the

following example. Ambient temperature is 50-80 degrees F over the period during
which this work is taking place.

The following steps are employed leading to the preparation of an aqueous slurry

20 21. Wet lap pulp is charged to a 5 foot HICON Hydrapulper manufactured by Black
Clawson of Middletown, Ohio, where separate batches are repulped in about 400
pound quantities at 10-12% consistency for 10-15 minutes. Dilution to pumpable
consistency occurs at the pulper exit and the resulting slurry at about 3% consistency is
taken to a holding tank.

25 The slurry is then directed to a Bauer Micrasieve (Model 522-1 with a 100
micron wire spacing) manufactured by the CE Bauer Company. The flow rate is 260
gpm and the consistency is 2.8%. Rejects enriched in fines are discarded while the
accepts are returned to another holding tank. This procedure is repeated for a total of
three passes through the Micrasieve so that the fines content of the pulp is at 5.4%.

30 Alternatively, the fines can be removed in a sieve 36, such as a Bauer Micrasieye.
disposed between the length classification stage 32 and the centrifuging stage 42

The pulp is diluted to 1% in its holding tank to provide the aqueous slurry 21 of
Figure 1. It is analyzed and found to have an average fiber length of 1.16 mm and a
coarseness of 1.36 mg/10 m. It is pumped to a length classifier 32, in the form of a

35  Bird Centrisorter (Mode! 100) manufactured by the Bird Escher Wyss Company. The
Centrisorter is driven by a 50 hp 1750 rpm motor through a pulley which imparts a
radial velocity of 2200 rpm to the Centrisorter pulsator. The Bird Centrisorter screen
hole size is 0.032" at 12% open area The rejects dilution line water is about 28 gpm
The slurry 21 is conveved to the Centrisorter at 260 gpm The rejects stream 34 1s

T A it 30 3’,}’74\*‘35"'
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30 respectively, are incorporated herein by reference for the purpose of

showi ng a net hod for making tissue paper. The cellul ose pul ps of the
present invention are particularly suitable for use in making tissue
paper, such as single ply tissue paper having a density | ess than 0.15

gram per cubic centinmeter and a basis wei ght between about 16.3 to
about 35.9 grans per square neter (abouyt 10 to about 22 pounds per 3000
square 35 feet). The density val ue i s 1det er i ned by neasuring the apparent

thi ckness Ugém@ved from the GentAsorRHar 80 G5 lahdRtieCicBert? sFEHARE B id RABYedirahe

exerting a forgce of 5.0 ans per square centinmeter (0.07 pounds per
squar e inch)lheé%"st%e&%g{ssgpé‘f' a stack of five plies of paper is

nmeasured and t hdhe eslidlosedpulp diber mpse invaccems deean 38 e nidasureppad éoindt i ckness
f‘;ﬂ ckness aaﬁg&?hge gﬂOﬁ’%Tcggg?gﬁ‘% rf@éﬁ t%@ﬂxeté%ﬁ\ﬂo&epxﬁ@ln% et sELRMESAssARPar ent
aqueous slurry 21. The rejects stream 34 is analyzed and found to have a fiber length
10 of 1.55 mm and a coarseness of 1.62 mg/10 m before disposal. The accepts stream 33
. is analyzed and found to have an average fiber length of 0.94 mm and a coarseness of
1.26 mg/10 m and taken to a holding tank.
The accepts stream 33 is diluted to 0.1% consistency and pumped to
centrifuging stage 42 in the form of a bank of 10 Bauerlite Model 600-22. 3 inch liquid
15 hydraulic cyclones having a cone angle of five degrees. ten minutes and manufactured
by the CE Bauer Company. The underflow section of each is equipped with an outlet
tip diameter of 5/32 inch. The bank of hydraulic cyclones is fed at a total rate of 241
gpm. The pressure of the inlet stream 41 of the bank is 70 psig. The pressure of the
accepts stream 43 at the overflow outlet is 16.5 psig. The rejects stream 44 at the
20  underflow outlet (tip) discharges directly into atmospheric pressure. The cellulose
pulp in the accepts stream 43 is measured and found to comprise 54% of the fiber mass
of the input stream 41. The.fibers in rejects stream 44 (comprising 46% of the mass of
the fibers in input stream 41) are found to have an average fiber length of 0.94 and a
coarseness of 1.31 mg/10 m before disposal.
25 The accepts stream 43 contains fibers meeting the requirements of the present
invention as demonstrated by the following applicable measurements:
Percent Softwood: 24%
Coarseness: 1.23 mg/10m
Average Fiber Length: 0.92 mm
30 Minimum Fiber Surface Area: 0.130 square millimeters .
Using these measurements, the incremental surface area can be calculated as 0.130 -
24 * 0.0022 = 0.077 square millimeters. The threshold coarseness can be calculated as
followed:
35 _
c<w’+o03
€ <0923 +03
C<098+03
C<1.28
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.22 5 Such tissue paper should be fornmed of fibers having | ow

coarseness to neet coarseness softness expectations. However, it is
difficult to achieve requisite strength i n such papers because of the
| ow fiber-to-fiber contact area resulting fromthe | ow density and
basi s wei ght of such paper, and because of the typically short fibers used
I n such papers to neet softness r?ﬁuirenents. The pul ps of the
present invention 10 over come these mtations by providing tissue

papers havi ng rBidor et obsrnsdnaassehas of 1.23 mgiwemsf iohet thzﬁlnt]khhreshold

11 ustrat s opraresoie seliffte bolf BF SR, Ko AIP hEResnaneins o HERBS: osent

i nventi on. Of the prgsemAnyestionf i ned i n the foI | owi ng cl ai ns.
23 Example 2
This example illustrates another method of preparing cellulose pulps according
10 to the present invention by sequentially centrifuging and length classifying an input
. slurry formed from a recycled pulp. References in this example correspond to Figure 2
which depicts the process arrangement.
The same recycled pulp used in Example 1 is used in this Example. Again,
ordinary well water is used and the ambient temperature is 50-80 degrees F over the
15 period during which this work is taking place. The §teps taken in the preparation of
slurry 21 are identical to those in Example 1. The slurry 21 is pumped from its holding
tank where it is stored at 1% consistency and is diluted in-line to 0.1% consistency and
pumped to provide an input stream to centrifuging stage 52. The centrifuging stage 52
comprises a bank of 10 Bauerlite Model 600-22, 3 inch liquid hydraulic cyclones
20 having a cone angle of 5 degrees, 10 minutes and manufactured by the CE Bauer
Company. The underflow section of each hydraulic cyclone is equipped with an outlet
tip diameter of 5/32 inch. The bank of hydraulic cyclones is fed at a total rate of 249
gpm. Pressure in the inlet stream to the bank of hydraulic cyclones is 69 psig.
Pressure in the accepts stream 53 at the overflow outlet is sensed at 10 psig and rejects
25 stream 54 at the underflow (tip) discharges directly to atmospheric pressure. The
rejects stream 54 is analyzed and found to have an average fiber length of 1.09 mm and
a coarseness of 1.42 mg/10 m before disposal.
The accepts stream 53 is directed to provide an input stream 61 to the length
classification stage 62 comprising a Bird Centrisorter (Model 100) identical to that
30  used in Example 1. Since the accepts stream 53 is diluted by the centrifuging stage 52,
accepts stream 53 is passed over a sieve 60 comprising the Bauer Micrasieve described
above to provide an input stream 61 having a consistency between 2 and 3 -percent
Sieve 60 also alters the fiber characteristics in accepts stream 53 because some fibers
are removed from the water exiting the Micrasieve. The accepts stream 53 prior to
35  sieve 60 contains fibers having an average fiber length of 1.21 mm and a coarseness of
1.36 mg/10 m. The input stream 61 exiting the sieve 60 has an average fiber length of
1.35 mm and a coarseness of 1.45 mg/10 m, The input stream 61 is taken to a holding
tank.
The input stream 61 is diluted to 1% consistency in line. and directed at 260 gpm
40 to the length classification stage 62 comprising the Bird Centrisorter described above

This is the replacement sheet
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.What is Clained is A cellulose pulp conprised of wood fibers of selected

nor phol ogy, the pulp conprising at |east ten percent softwood fibers,
characterised in that the pulp has a fiber increnmental surface are

| ess than 0.085 square mllinmeters, and the pul p has a fi ber
coarseness that is related to the average fiber length by the

relation: C<(L)[err] + 0.3 o4 where Cis the fiber

coar seness asure in mlligranms of fiber weight per 10 net ers of

fiber |enythi e5Fte dilutian water iset Abowt Hegpr e e hejeats sidalni Gbiseemoved Pom  The

cel | ul ose puihla GehtrisbAknatl 34t Afd RE h@&gts sﬂf:%rﬂ%ﬁ‘o :?&h&gg\gggm th%% n?‘}a"?/ ?n”g'? er

average fi ber ngt h f rom about

and p?ef er abf yisfe %W.‘ a@gﬁtac‘ffp§55"ﬁiﬂlnlq’r1‘étaé?'y§eé agf doundotogmmprise ¥ isteof the 3.
The cel | ul osfibgsumass of thel elluiesd pulpith Rpoiharcamt@r | Tidrejedist FRAmIAES GRiIVAlose
pul p CHPHLEED Rive! a0 Lrab Y BOM Y3 SFI'Y3 o Lpo Cc:ioafrselgless of 1.66 mg/10

10 m before disposal.

The accepts stream 63 contains fibers meeting the requirements of the present
invention as demonstrated by the following applicable measurements.
Percent Softwood: 29%
Coarseness: 1.19mg/10 m
15 Average Fiber Length: 1.02 mm
Minimum Fiber Surface Area: 0.138 square millimeters
The incremental surface area can be calculated as:
0.138 - 29 * 0.0022 = 0.074 square millimeters.
The threshold coarseness can be calculated as followed:
20 C< (L) + O 3
C< (1.02)
C<1.01+03
C<131
Since the observed coarseness of 1.19 mg/l10 m is lower than the threshold
25 coarseness, the cellulose pulp made according to this process meets the requirements
of the present invention.

The cellulose pulps of the present invention are suitable for use in a wide variety
of papers and papermaking processes. U.S. Patents 4,191,609, 4,528,239 and
4,637,859 issued to Trokhan on March 4, 1980, July 9, 1985 and January 20, 1987,

30  respectively, are in.corporated herein by reference for the purpose of showing a method
for making tissue paper. The celiulose pulps of the present invention are patticularly
suitable for use in making tissue paper, such as single ply tissue paper having a density
less than 0.15 gram per cubic centimeter and a basis weight between about 16.3 to

~ about 35.9 grams per square meter (about 10 to about 22 pounds per 3000 square

35  feet). The density value is determined by measuring the apparent thickness using a
12.9 square centimeters (2 square inch) plate exerting a force of 5.0 grams per square
centimeter (0.07 pounds per square inch). The thickness of a stack of five plies of
paper is measured and the result divided by five to determine the apparent thickness of

a single ply. The density can then be calculated from the apparent thickness and the
W basis weight
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, 4. The cellulose pulp of Cains 1, 2, and 3 characterized in that the

cel | ul ose pul p conprises recycled wood fi bers. 5. The cel |l ul ose
pulp of Clains 1, 2, 3, and 4 characterized in that said cellul ose

pul p conprises a chem cal pulp having a lignin content of |ess than about 5

percent. 6. Paper made fromthe cellulose pulp of dains 1, 2, 3, 4,
and 5 having a density of |ess %Qan about 0.15 grans per cubic
centineter and a basis weight bet ween about 16.3 grans per square

meter angl about S&ﬁ: fissgé @iﬁerpﬁibu!d be form&&]ld)ﬁrfﬁer@'ﬂ{aefna low dbarseneds ﬁBtlﬁ&d Of
produci ng 2, Geld kL 36 gsi‘é 8 atiz eg Syer Pi/%’oﬁ% RV S bite strengt
steps of: Brgv ﬁp%fﬁ Q&ﬁe ﬁg”équlf SHHIT 87 S B Lfﬁgf?bers
provi di ng airf sucBtpaperadecanseof dire bvafeerdoipen eintagt area refulang i-;rnlgtlhe low
classificat §&fity and basis weight of such paper, and because of the typically short fibers used in
' such papers to meet softness requirements. The pulps of the present invention
10 > overcome these hmitations by providing tissue papers having reduced coarseness for a
given fiber length.
It will be appreciated that the foregoing examples, shown for purposes of
illustration, are not to be construed as limiting the scope of the present invention.
which is defined in the following claims.
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. Stage and centrifuging stage,
24 directing at least a portion of the slurry to forman |nput stream

to the first fractionati on stage; BTIS)
streamto the first fractionation stage to provide an epts
streamof the first fractionation stage, pr ovi d|

fractionation stage conprising the otl2dr of a length

cl assi fi cat |!ﬁ&t§st@lg‘g &N gl a centrifugi ng stage; directing at |least a

portion of treamfromthe first fractionation :
stage to pradvi dé ealulasppulpscompaised of whed Sbareof sélecedt morpiagy. e agip;

processing the '(:&BFﬁs:ﬁé ra?%ﬁs¥ Qeﬁ rﬁ@rc@ﬂcﬁﬁ%goﬁaﬁﬁér?nﬂe' Pllp Ha09E 4 Gpgr OVi de an
accepts stream of néqjec%r; fractionation stage proCeSS| ng the

i nput stream t o HE"E €9 3@ lesscHien &10855t éﬁj’@"@c gullimgtergeang the pulp
charactenzed in having a fiber coarseness that is related to the average fiber
i length by the relation:

c<@w®3+03

where C is the fiber coarseness measured in milligrams of fiber weight per 10
meters of fiber length, and L is the average fiber length in millimeters.

3%

- The cellulose pulp of Claim 1 characterized in that said wood fibers have an
average fiber length of from about 0.70 millimeter to about 1.1 millimeter,
and preferably from about 0.75 millimeter to about 0.95-millimeter.

3. The cellulose pulp of Claims 1 and 2 characterized in that the cellulose pulp
comprises at least twenty percent softwood fibers.

4.  The cellulose pulp of Claims 1, 2, and 3 characterized in that the cellulose
pulp comprises recycled wood fibers.

5. The cellulose pulp of Claims 1, 2, 3, and 4 characterized in that said cellulose

pulp comprises a chemical pulp having a lignin content of less than about 3
percent.

6.  Paper made from the celiulose pulp of Claims 1, 2, 3, 4. and S having a
density of less than about 0.15 grams per cubic centimeter and a basis weight

of between about 16.3 grams per square meter and about 35.9 grams f)er
square meter.

7. A method of producing a cellulose pulp of selected morphology comprising
the steps of:

providing an aqueous Slurry comprising wood pulp fibers;
providing a first fractionation stage comprising one of a length classification
stage and centrifuging stage,
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.length classification stage accepts stream havi ng AR fyena fi Qerlal ngt h
which is at |east 20 percent |ess than the average Fj Ffe
rejects streamof the length classification stage; aH J ' t ssing the
i nput streamto the centrifuging stage to prove a cer ge
accepts stream having fibers with a normalized fiber coarseness at |east 3
percent |ess than the normalized fiber_coarseness of the fibers in the
rejects streamof the centrifuging stajé wherein said nornmalised fibre

coarseness i s t hdirecting at teﬁsttmﬁoniibbbeufeosﬂﬁaeﬂﬁﬁﬁm(ﬁ)inb&_sﬁﬁ%@m%%@ﬂ%x fibre

length (L). 8. The . recited in aim?7 conprising the steps of
processing the inputﬁgmgﬁ;t&q‘%éa to the centrifuging stage to provide a

centrifuging stafjecessiaphe input strsam ctamhhafirsn fadtidnetion wiapé 1a praevideki zed

fiber coarseness al dceans skhnPOrERlst fractionkiiitnddian the normalized fiber
coarseness’of the fibers in t ?raég’nects stream of ' t he centrifuging

stage, and proceZSiSYe Aeer BUR £138E HFOMPESIHE Hhe | qtherf 9f Aglength st age
to provide a |ength dessfsationcsidgeand aicagfifigingepigs; st ream havi ng an aver age

Length of ki 8 a8 bordn BF U Rernip SFeenL PRELE G H o age. o
The met hod of O ai nsStIBEIAPrevidan inputetrieare to the se¢omt ftabtorfatios stage; act i onat i on
processing the input stream to the second fractionation stage to provide an
accepts stream of the second fractionation stage;
processing the input stream to the length classification stage to provide a
length classification stage accepts stream having an average fiber length
which is at least 20 percent less than the average fiber length of the
rejects stream of the length classification stage: and
processing the input stream to the centrifuging stage to provide a centrifuging
stage accepts stream having fibers with a normalized fiber coarseness at
least 3 percent less than the normalized fiber coarseness of the fibers in
the rejects stream of the centrifuging stage.

8. The method recited in Claim 7 comprising the steps of processing the input
stream to the centrifuging stage to provide a centrifuging stage accepts
stream having fibers with a normalized fiber coarseness at least 10 percent
less than the normalized fiber coarseness of the fibers in the rejects stream of
the centrifuging stage, and processing the input stream to the length clarifying
stage to provide a length classification stage accepts stream having an average
fiber length which is at least 30 percent less than the average fiber length of
the rejects stream of the length classification stage.

9. The method of Claims 7 and 8 characterized in that the first fractionation
stage comprises the centrifuging stage.

10.  The method of Claims 7, 8, and 9 comprising providing an aqueous slurry of
recycled chemical pulp fibers. )

11.  The method of Claims 7. 8. 9, and 10 comprising providing an aqueous slurry
of recycled softwood and hardwood chemical pulp fibers. characterized in
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stage conprises the centrifuging stage. 10. The nethod of Cains 7, 8,
and 9 conprising providing an aqueous slurry of recycl ed chem cal
pul p fibers. 11 The method of Cains 7, 8, -9, and 10 conpri sing

provi di ng an aqueous slurry of recycl ed softwood and har dwood
chem cal pulp fibers, characterized in

25 that the softwood fibers conprise fromabout thirty percent to
about seventy

that the softwood fibers comprise from about thirty percent 1o about seventy
percent of the fiber weight of the slurry.

2. The method of Claims 7, 8, 9, 10, and 11 comprising processing the input
stream to the length classification stage to provide a fiber weight of the
accepts stream of the length classification stage between 30 percent and 70

. . percent of the fiber weight of the input stream to the length classification

stage, and processing the input stream to the centrifuging stage to brovide a

fiber weight of the accepts stream of the Centﬁfuging stage between 30

percent and 70 percent of the fiber weight of the input stream to the

centrifuging stage. '

* c L n 5 *
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» percent of the fiber weight of the slurry. 12. The nethod of Cains 7,

8, 9, 10 and 11 conprising processing the input streamto the length
classification stage to provide a fiber weight of the accepts stream
of the length classification stage between 30 percent and 70 per cent

of the fi(l:j)er wei ght of the input streggto the Ieng_t]t\ classification -
195 Tber SEERRERGE Blnvd Mool HiekivkD® shEMERe, PoREMREAL, age betveen
30 percent and 70AND METHODf OFhMAKINGr SBeHQRULPE the i nput streamto

t he centrifugi ng stage.

ABSTRACT

Cellulosic pulps of selected fiber morphology are
disclosed having a coarseness 1eés than a threshold
coarseness level. The threshold coarseness level is
a function of average fiber léngth. The cellulosic
pulps are especially useful for producing paper
structures such as tissue paper. A method for
producing the cellulosic pulps is also disclosed.

Figure 1
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23
What is Claimed is

! A cellulose pulp cornprised of wood fibers of selected morphology. the pulp
oarprising at least ten peroent softwood fibers, dharacterisad in that the pulp
has a fiber increvental surface area less then 0.085 square millimeters, and the
palp has a fiber ooarseness that is related to the average fiber langth by the

ralation:

C< (L)O'3

where C is the fiber coarseness measured in milligrams of fiber weight per 10

meters of fiber length, and L is the average fiber length in millimeters.

2%}

The cellulose pulp of Claim | characterized in that said wood fibers have an
average fiber length of from about 0.70 millimeter to about 1.1 millimeter,
and preferably from about 0.75 millimeter to about 0.95-millimeter.

3. The cellulose pulp of Claims | and 2 characterized in that the cellulose pulp
comprises at least twenty percent softwood fibers.

4. The cellulose pulp of Claims 1. 2, and 3 characterized in that the cellulose
pulp compnises recycled wood fibers.

5. The cellulose pulp of Claims 1. 2, 3, and 4 characterized in that said cellulose

pulp comprises a chemical pulp having a lignin content of less than about 5
percent.

6.  Paper made from the cellulose pulp of Claims 1, 2, 3, 4. and S having a
density of less than about 0.15 grams per cubic centimeter and a basis weight

of between about 16.3 grams per square meter and about 35.9 grams per
square meter.

7. A method of producing a cellulose pulp of selected morphology comprising
the steps of:
providing an aqueous slurry comprising wood pulp fibers:
providing a first fractionation stage comprising one of a length classification
stage and centrifuging stage.
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directing at least a portion of the slurry to form an input stream 10 the first
fractionation stage,
processing the input stream to the first fractionation stage to provide an
accepts stream of the first fractionation stage;
providing a second fractionation stage comprising the other of a length
classification stage and a centrifuging stage.
directing at least a portion of the accepts stream from the first fractionation
étage to provide an input stream to the second fractionation stage:
processing the input stream to the second fractionation stage to provide an
accepts stream of the second fractionation stage;
processing the input stream to the length classification stage to provide a
iength classification stage accepts stream having an average fiber length
which is at least 20 percent less than the average fiber length of the
rejects stream of the length classification stage; and
grooaﬁngﬂejnpxtstreanmﬁeoaniﬁgingsfagempmddeacmtﬁﬁgjrgstaga
aoceptsslxeanrﬁvjngfjbersvdﬂuama]izedfibarmsem&sat least 3
paroart.leﬁﬂmﬁermra]jzsdfjberaarsa%cfﬂefjbersintm
rejects stream of the centrifiging stage wherein said nomelised fiore
coarseness is the ratio of the fitwe coarseress (C) to the average fitre length (L).

The method recited in Claim 7 comprising the steps of processing the input
stream to the centrifuging stage to provide a centrifuging stage accepts
stream having fibers.with a normalized fiber coarseness at least 10 percent
less than the normalized fiber coarseness of the fibers in the rejects stream of
the centrifuging stage, and processing the input stream to the length clarifying
stage to provide a length classification stage accepts stream having an average
fiber length which is at least 30 percent less than the average fiber lengtﬁ- ‘of
the rejects stream of the length classification stage.

The method of Claims 7 and 8 characterized in that the first fractionation
stage comprises the centrifuging stage.

The method of Claims 7, 8, and 9 comprising providing an aqueous slurry of
recycled chemical pulp fibers.

The method of Claims 7, 8, 9. and 10 comprising providing an aqueous slurry
of recycled softwood and hardwood chemical pulp fibers. characterized in
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