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ABSTRACT
Tissue products made with fibers having a low Coarseness Index

have improved softness relative to tissue products made with
conventional papermaking fibers.
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PATENT
TISSUE PRODUCTS MADE FROM LOW-COARSENESS FIBERS

Background of the Invention

In the manufacture of tissue products, such as facial tissue
and bath tissue, continual attention has been given to ways to
improve softness of the product as perceived by the consumer. For
example, it has long been known that the use of fibers from certain
species of hardwoods, such as eucalyptus, improves the perceived
softness of tissue products and such fibers have been incorporated
into commercially available products for years. Other efforts to
improve softness have focused on the creping step and the attendant
adhesion of the uncreped web to the creping cylinder. Layering has
also received considerable attention, particularly by placing the
eucalyptus fibers in the outer layers to maximize the tactile
response. A1l of these approaches have their place in improving the
perceived softness of tissue products, but there are other factors to
consider which, until now, have not been fully appreciated.

Summary of the Invention

It has now been discovered that a key to achieving softness in
tissue products lies in the Coarseness Index of the species of fibers
used to form the sheet or, viewed another way, the Coarseness Index
of the fibers of the furnish used to form the sheet when a mixture of
fiber species is used. The Coarseness Index of conventional softwood
fibers ranges from about 11 to about 20. The Coarseness Index of
conventional hardwood fibers also varies considerably, eucalyptus
being about 8 and northern hardwood kraft fibers being about 12.
However, by substituting lower-coarseness fibers for one or more
fiber species of a conventional tissue making furnish, the softness
of the resulting product can be improved compared to the same product
made the same way but without the lower coarseness fibers.

For purposes herein, improvements in tissue softness can be
expressed in terms of a panel softness number, the Tensile/Modulus
Ratio, which will hereinafter be described, or Profile Index, which
will also be hereinafter described. The Tensile/Modulus Ratio and
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the Profile Index are advantageous for assessing softness
improvements in that they are objective measurements as compared to a
panel softness evaluation, which is subjective. It must be kept in
mind, however, that perceived softness is comprised of many different
factors, not all of which are accounted for by any single objective
test. Nevertheless it has been found that the two major influences
on perceived softness are stiffness and surface depth. The
Tensile/Modulus Ratio is a measurement of the stiffness of the tissue
and the Profile Index is a measure of the surface depth. Therefore
both of these objective measurements can be used in the appropriate
circumstances to be indicative of softness improvements.

Furthermore, the softness improvements imparted by this
invention can be achieved without any loss of strength (after
correction to constant tensile strength either mathematically or by
manipulation of furnish or processing). In all aspects of this
invention, the tissue product can have a geometric mean tensile
strength of about 500 grams or greater and an increased
Tensile/Modulus Ratio or an increased Profile Index compared to the
same tissue product without any of the low-coarseness fiber species
described. 1In addition, the absorbent capacity of the tissue
products made with certain lower-coarseness fibers, such as milkweed
seed floss fibers, can surprisingly be increased compared to the same
tissue product made without the lower coarseness fibers.

Hence, in one aspect the invention resides in a tissue product
comprising from about 5 to about 50 dry weight percent fibers of a
nonwoody species having an average Coarseness Index of 9.0 or less,
preferably 8.0 or less, and most preferably 7.0 or less.

In another aspect, the invention resides in a tissue product
formed from a fiber furnish having a Furnish Coarseness Index of 7.5
or less, preferably 7.0 or less.

In another aspect, the invention resides in a tissue product
comprising first and second fiber species, wherein the first fiber
species has an average fiber length greater than 1 millimeter (long
fiber) and a second fiber species has an average fiber length less
than 1 millimeter (short fiber), and wherein the first fiber species
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has a Coarseness Index of 10 or less, preferably 9 or less, and most
preferably 8 or less.

In another aspect, the invention resides in a tissue product
comprising first and second fiber species, wherein the first fiber
species has an average fiber length greater than 1 millimeter and the
second fiber species has an average fiber length less than 1
millimeter, and wherein the second fiber species has a Coarseness
Index of 7 or less.

In another aspect, the invention resides in a tissue product
comprising fibers of at least two different fiber species, wherein a
first fiber species has an average fiber length greater than 1
millimeter and a second fiber species has an average fiber length
less than 1 millimeter, wherein the first fiber species has a
Coarseness Index of 10 or less and the second fiber species has a
Coarseness Index of 7 or less.

In another aspect, the invention resides in a tissue product
comprising a fibrous sheet having first and second layers, said first
layer being the outer surface of the tissue product, said first layer
comprising at least about 5 dry weight percent fibers of a nonwoody
species having an average Coarseness Index of about 7.5 or less,
preferably about 7.0 or less. When forming layered tissue sheets, it
is advantageous to incorporate the softness properties of the Tow-
coarseness fibers in the outer layers of the tissue product. The
low-coarseness fibers in the outer (first) layer can have an average
fiber length of about 1.5 millimeters or greater. Especially
suitable fibers for this purpose are milkweed seed floss fibers,
which provide significant improvements in surface depth. Other low-
coarseness fibers, including low-coarseness fibers having an average
fiber length of about 1.5 millimeter or greater, can be used in any
layer, including the inner layers, to improve (lessen) the stiffness
of the sheet. The net result is improved softness at constant
tensile strength by two different mechanisms (surface depth and
stiffness). The low-coarseness fibers in the outer layer can have a
fiber length of about 1.5 millimeter or greater.

Those skilled in the art of making tissue will appreciate that
there are many other factors which influence tissue softness besides
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the Coarseness Index, including fiber length, fiber bonding, fiber
collapse, fiber chemistry, creping, etc. However, Coarseness Index
has been discovered to be a dominant factor among fiber
characteristics. In all aspects of this invention, it is preferable
that the fibers have a numerical average fiber length of less than 6
millimeters, most preferably less than 4 millimeters, as it has been
found that longer fibers cause unacceptably poor formation using
conventional forming apparatus.

For purposes herein, "tissue product" means a product having
one or more fibrous sheets, preferably creped, each sheet having a
dry basis weight of from about 5 to about 40 pounds per 2880 square
feet, preferably from about 5 to about 25 pounds per 2880 square
feet, and most preferably from about 5 to about 10 pounds per 2880
square feet. Bulk densities for tissue products are typically less
than about 0.2 grams per cubic centimeter and often are less than
about 0.15 grams per cubic centimeter. The fibrous sheets can be
layered or not layered (blended). For layered sheets, it is
preferable to provide an outer layer, which is the outwardly facing
surface of the tissue product, with a long low-coarseness fiber such
as milkweed seed floss fibers to impart a softness resulting from
significant surface depth, and provide an inner layer with fibers
which can provide strength, such as softwood fibers, or aother low-
coarseness fibers which provide improved tensile/modulus ratios, such
as abaca fibers, pineapple fibers, and synthetic fibers. Products
such as facial tissue, bath tissue, paper towels, and dinner napkins
are specific examples of tissue products within the meaning of this
invention, including single-ply, two-ply, three-ply or other
multiple-ply forms.

The Coarseness Index for any given species of fiber or any
fiber furnish is the weight per unit length of fiber (e.g. milligrams
per 100 meters) and is defined as follows:

Coarseness Index = 1

wherein (F/G) = millions of fibers per gram of fiber; and

Kimberly Clark EX1002, p. 1093
PGR2026-00078



10

15

20

25

30

35

20765

(L) = the numerical average length of the fibers in
millimeters.

For purposes herein, the "Furnish Coarseness Index" is the
Coarseness Index of the furnish used to produce a particular tissue
product in accordance with the foregoing formula. It is useful when
two or more fiber species are used to make up the furnish. It should
be noted that the proper value for the Furnish Coarseness Index is
not simply the weighted averages of the Coarseness Indices of the
individual fiber species of the furnish. Instead, the Furnish

Coarseness Index is calculated in accordance with the following
formula:

100
weight % component #1 weight % component #2
Coarseness Index Coarseness Index
of component #1 of component #2

For example, if two fiber species are blended in equal weight
percent amounts (50 weight percent) with one fiber species having a
Coarseness Index of 11.2 and the other fiber species having a
Coarseness Index of 7.8, the Furnish Coarseness Index of the blend is
calculated to be 9.2 as follows:

100 ~
50 50 = 9.2

11.2 * 778

Measuring the Coarseness Index for a given fiber species can
yield different values depending upon the measurement method. The
traditional method (direct weighing) involves microscopic selection
and measuring the length of the selected fibers followed by weighing
the known fiber or fibers using a quartz torsion ultramicrobalance.
This method is tedious and is generally biased toward measuring the
coarseness of true fibers as opposed to other non-fibrous elements
and debris which are commonly present in many natural fiber samples.
In such cases, the Coarseness value is not realistically
representative of the actual material being used to manufacture the
tissue product.

Unless otherwise indicated, the Coarseness Index values
reported herein were obtained by using a Kajaani Model FS-100 fiber
analyzer commercially available from Kajaani Inc. Automation,
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Atlanta, Georgia. For a given sample, the FS-100 measures the number
of fibers and other elements present and their average length. With
these measurements, and knowing the weight of the sample (0.001 grams
air dry), the Coarseness Index can be readily calculated. A more
advanced instrument, the model FS-200, automatically calculates the
Coarseness Index, eliminating the need for manual calculation.

Either of these two instruments or their equivalents can be used for
measuring the Coarseness Index for purposes herein, although the
Coarseness Index values from each may be slightly different in some
instances. These instruments do not discriminate between fibers and
other particles in the sample. A1l particles are counted and
measured. Limited experience to date has shown Coarseness Index
values obtained using the Kajaani instruments to be about 35 percent
lower than those values obtained by using the traditional direct
weighing method. For example, the Coarseness Index of abaca leaf
fibers was found to be 8.5 via the Kajaani FS-100 versus a value of
11.2 by direct weighing. Similarly, the Coarseness Index for a rayor
synthetic fiber was measured to be 11.5 via the Kajaani FS-100 versus
16 by direct weighing.

When using the FS-100, sample preparation was conducted by
initially calculating and weighing out a sample to yield
approximately 10 oven-dried grams of the material being tested. The
sample was diluted to a consistency of 1.67 percent and dispersed at
the slowest speed of an Osterizer household blender for 30 seconds.
The blended slurry was poured into a plastic container, rinsing the
blender well, and diluted to 8000 milliliters using distilled water.
The consistency of the diluted slurry was calculated and the amount
of the slurry required to give 1.00 grams of oven-dried fiber was
determined. This amount of sample was poured into a one liter
graduate. To this was added distilled water to bring the total
volume to 1000 milliliters (consistency equalled 0.001 grams per
cubic centimeter). This sample was then poured into a two-liter
beaker. Using a magnetic stirring bar, the diluted slurry was gently
agitated while withdrawing a 25 milliliter sample with a pipette.

The 25 milliliter sample was transferred to a 250 milliliter
graduate, the pipette was rinsed, and the sample further diluted to
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250 milliliters with distilled water. The distilled sample was then
placed in a 600 milliliter beaker. Again using a magnetic stirring
bar, the slurry was gently agitated while withdrawing a 10 milliliter
sample with a pipette. The 10 milliliter sample was transferred to a
100 milliliter beaker and the pipette contents were rinsed into the
beaker with distilled water. This was the sample introduced into the
FS-100. It contained 0.001 grams of fiber. When making the
measurement, it is essential to count every fiber or other
particulates in the sample. Hence the beaker containing the sample
was rinsed into the capillary funnel of the FS-100 three times. For
each sample, three specimens were tested and their average values
were used in the Coarseness Index calculations.

It will be appreciated that not all fibers are wetable and
hence some modification to the standard procedure may be necessary to
measure the Coarseness Index of such fibers. For example, it may be
necessary to treat the surface of the fibers with a surfactant in
order to render them sufficiently wetable to be slurried with water.
Alternatively, some fibers such as polyesters can be measured by
using denatured alcohol instead of water as the vehicle for preparing
the sample. In addition, more dilute samples may be necessary.

Those familiar with the operation of the Kajaani FS-100 will
appreciate the need for departing from the standard procedure from
time to time depending upon the nature of the particular fiber being
measured.

To fully understand the meaning of the Coarseness Index, it is
important to distinguish coarseness from slenderness, which is a
different parameter. Fiber slenderness is the ratio of fiber length
to fiber diameter. This concept does not take into account the
density of the fiber material or the thickness of the fiber wall for
hollow fibers. Hence two fibers of the same length and outside
diameter, but differing in wall thickness, will have the same
slenderness but different coarsenesses. At the same time, a very
long fiber having a thick diameter may have a high slenderness but
may also have a high coarseness. The difference betweazn coarseness
and slenderness can be significant and can be the difference between
a soft sheet and a stiff sheet. It is also important to note that
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coarseness is not directly a function of fiber length. A fiber
having a given Coarseness Index will still have the same Coarseness
Index after being shortened because the fibers per gram of fiber will
be increased in the same proportion as the length reduction, thereby
netting no change. This of course is not the case with slenderness,
in which case the slenderness of the fiber is reduced in proportion
to the length reduction.

Fiber species having an average Coarseness Index below 9.0 and
useful for purposes of this invention include natural fibers,
synthetic fibers and combinations thereof. As used herein, "species"
is a term to be broadly interpreted to designate a source of fiber
which is different from other fiber sources. It can be a plant
species, a particular part of a plant species, such as the leaves, or
a chemical species. A nonwoody fiber species is any fiber species,
including synthetics, that is not a woody plant species. To
distinguish woody from nonwoody plants, there are four criteria: (1)
Woody plants must be vascular plants; i.e., they must possess
specialized conducting tissues consisting of xylem (wood) and phloem
(inner bark). The xylem is lignified and is the wood of the mature
plant. Plants devoid of vascular tissue cannot produce wood. (2)
Woody plants must be perennial plants; i.e., they must live for a
number of years. (3) Woody plants must possess a stem that persists
from year to year. Many perennials fail to be classed as woody
plants because their stems die back to the ground each autumn, the
roots persisting through the winter and producing a new stem the
following spring. Some plants possess persistent creeping stems and
hence fall into the category of woody plants, even though they appear
to be herbaceous. (4) Typical woody plants, which include all the
commercially important timber trees, exhibit secondary thickening;
i.e., they have a means of thickening their stems by subsequent
growth in diameter, not traceable to terminal growing points. This
is achieved through the activities of a growing layer, called
cambium, which is situated just outside the last-formed layer of wood
and beneath the inner bark (phloem); new wood and new phloem are thus

produced yearly and are developed between the previously formed wood
and bark.
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Preferred natural fibers within the scope of this invention
(average fiber lengths in millimeters in parenthesis) include,
without limitation, seed hair fibers from milkweed and related
species, abaca leaf fiber (2.87)(also known as Manila hemp),
pineapple leaf fibers (0.82), sabai grass (0.57), esparto grass
(0.55), rice straw (0.40), banana leaf fiber (1.25), and bast (bark)
fibers from paper mulberry (0.42). Suitable synthetic fibers include
rayons, acrylics, polyesters, acetates, and polyolefins of suitable
coarseness. It is within the scope of this invention to provide
tissue products that comprise mixtures of one or more low-Coarseness
Index fibers, such as combining milkweed seed floss fibers with abaca
fibers to achieve high surface depth (Profile Index) and improved
stiffness (Tensile/Modulus Ratio).

The amount of low-coarseness fibers (fibers having an average
Coarseness Index of about 9.0 or less) which can be utilized to make
a tissue product can be any amount depending upon the fiber cost and
the formation characteristics of the resulting furnish. In many
instances, the amount can be about 5 dry weight percent or more, more
specifically from about 5 to about 50 dry weight percent, more
specifically from about 5 to about 30 dry weight percent, and still
more specifically from about 5 to about 15 dry weight percent. The
amount of low coarseness fibers can be concentrated in the outer
layers of the tissue product by forming the tissue with a layered
headbox, in which up to 100 dry weight percent of the outer layer can
be made up of the low coarseness fibers, even though the percentage

amount is significantly less in terms of the entire tissue product
weight.

Brief Description of the Drawing
Figures 1A, 1B, 1C, 1D, 2, 3, and 4 all pertain to the
determination of the Profile Index and are described below in
connection with the description of the Profile Index.

Detailed Description of the Invention
Before describing specific examples of the products of this
invention, it is appropriate to first briefly describe the means by
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which softness values have been determined for illustrating the
benefits of the products of this invention. It is emphasized that
the softness values reported herein are only intended for comparing
softness relative to other samples within a particular experiment and
are not to be interpreted as absolute values. Those skilled in the
art will appreciate that there are other methods of assessing
relative softness values, including objective testing of certain
properties such as the ratio of the tensile strength to the specific
modulus or the surface depth of the tissue or, ultimately, consumer
testing. In some of the Tables set forth herein, the ratio of
tensile strength to the specific modulus (Tensile/Modulus Ratio) has
been used as an indication of softness where sensory panel softness
was lacking. Although the Tensile/Modulus Ratio is a reliable
indicator for softness in most instances, it does not hold in the
case of milkweed seed floss fibers because the addition of milkweed
fibers significantly increases the caliper of the tissue, thereby
increasing the stiffness (specific modulus). The substantial and
surprising impact of milkweed seed floss fibers on softness is
instead attributable to the large increase in the surface depth of
the tissue as measured by the Profile Index hereinafter defined.

For purposes herein, product softness was determined by a
trained sensory panel. Each panelist had been trained to feel and
compare each test sample against multiple standards for each one of
three characteristics: stiffness, surface depth, and abrasiveness.
The test sample received a numerical rating for each of the three
characteristics, and the numerical ratings were factored into a
formula which yielded a softness number for the test sample.
Softness numbers generally run from 1 to about 12, although higher
and lower (including negative values) are possible. The higher
values reflect greater softness and lower values correspondingly
reflect lower softness. (The 95 percent confidence interval is about
*+0.5 softness points.) Directional changes in the softness numbers
generated by the sensory panel correlate with consumer preferences in
actual consumer testing, i.e. a tissue having a sensory panel
softness value of 8 would be preferred for softness by actual
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consumers when compared to another sample having a sensory panel
softness of 6.

Tensile strengths and specific modulus were measured using an
Instron Model 1130, including a recorder and Microcon II along with
Modulus and Yield Option and stackable speed reducer, available from
Instron Corporation, Canton, Massachusetts, or a Sintech 2, available
from MTS Sintech, Eden Prairie, Minnesota, with an IBM PC. Tensile
strengths are expressed in grams. Specific modulus values (also
referred to herein as "modulus") are expressed as kilometers and are
calculated according to the following formula:

Specific Modulus = Elastic Modulus x TMI Bulk Thickness x 150.04
Basis Weight

wherein Specific Modulus is expressed as kilometers;
Elastic Modulus is expressed as kilograms per square
centimeter;
TMI Bulk Thickness is expressed as inches; and
Basis Weight is expressed as pounds per 2880 square
feet.

For tissue sheets, elastic modulus values, expressed as
kilograms per square centimeter, were calculated from slope readings
taken between 50 and 100 grams and between 100 and 200 grams on the
stress/strain curve, with the higher of the two values being
reported. For handsheets, the two readings were taken between 100
and 200 grams and between 400 and 500 grams because of the higher
tensile strengths.

Absorbency (absorbent capacity) of tissues for purposes herein
is determined by measuring the amount of water absorbed by the tissue
after being placed flat on the surface of a water bath at 30°C. and
allowed to fully wet out over its entire surface. More specifically,
the absorbency can be determined by first weighing a tissue specimen
to be evaluated. This is recorded as W,. A wire basket constructed
of standard grade reinforced stainless steel wire cloth, used to
contain the sample during testing, is lowered into the water bath to
fully wet the basket. The basket is approximately 5.5 inches x 5.5
inches x 1.5 inches (140 mm. x 140 mm. x 38 mm.) and has a wire
diameter of 0.0055 inch, an 80 x 80 mesh, and a 31.4 percent open
area. The basket is removed from the bath and allowed to drain for

- 11 -

Kimberly Clark EX1002, p. 1100
PGR2026-00078



10

15

20

25

30

35

2076615

exactly 30 seconds. The wet basket is placed on a pan scale and
weighed to determine the combined weight of the basket and the amount
of water adhered to the basket during the procedure. This weight is
recorded as W,. The wire basket is then placed into the water bath
again and the tissue test specimen is placed onto the surface of the
water bath above the wire basket. The tissue is allowed to wet out
over its entire surface. The basket containing the tissue sample is
removed from the water bath and allowed to drain for exactly 30
seconds. The drained basket containing the sample is placed onto a
pan scale and weighed. This weight is recorded as W;. The
absorbency, expressed as grams of water per gram of tissue, is
determined by the following formula:

(Wg - W, - W)/W,

The Profile Index is a measure of the degree of surface
irregularity present in the form of protruding fibers and fiber
structures. As such it is indicative of the surface depth or
cushioniness of the tissue and hence the softness. More
specifically, the Profile Index is an index that quantifies the
imaged silhouette of fibrous material protruding from the x-y plane
of a tissue sample.

The Profile Index is measured using a digital image analyzer.
The use of the Model Q-10 image analyzer, previously sold by Olympus
Corporation, Lake Success, New York, in conjunction with Cambridge
Instrument Corporation, Cambridge, England, is described herein,
although other image analyzers can also be adapted to measure the
Profile Index. The Q-10 digitizes a video image into a 512
(horizontal) by 480 (vertical) pixel display. The Q-10 has a 6 bit
analog/digital converter which permits the brightness of each pixel
to be resolved into 64 discrete shades of gray. Input to the Q-10 is
a Dage Series 65 monochrome video camera utilizing an RS-170 output.
This camera uses a vidicon sensing tube and is operated with
automatic gain, pedestal and target voltage adjustments. The camera
has a resolution of greater than 250 line pairs. The Q-10 is also
equipped with an optional shading corrector.

The video camera is mounted on an Olympus BHS microscope with
a stereo viewing port. The measurement is made with a 4X objective
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and a 3.3X intermediate lens such that the field size is
approximately 2.6 millimeters wide and 2.4 millimeters high when the
signal is digitized by the Q-10 into 512 X 480 pixels.

When measuring the Profile Index, samples are illuminated in a
transmission mode with a semi-diffused 1ight source obtained by
placing a diffuser directly on the microscope illumination collimator
lens. For ease of use, a clear glass stage is used to set prepared
samples. The Olympus microscope uses an electronic stage controlled
by a joystick. The auto-stage is not essential to the measurement,
but it does allow more rapid specimen positioning and testing.

Referring to Figures 1A - 1D, 2, 3 and 4, the sample
preparation procedure for measuring the Profile Index will be
described. In order to measure the Profile Index of a tissue, a
sample 60 is cut to a dimension of one inch (machine direction) by
three inches (cross-machine direction) and adhered to the side of a
0.1 mm thick, 22 x 40 mm glass coverslip 61 (No. 1, Corning Glass
Works) using a strip of tape 62 as shown in Figure 1A. The sample is
then draped over the long edge of the glass slide such that the
machine direction of the sample is perpendicular to the edge of the
glass slide. The other end of the tissue sample is then adhered to
the other side of the glass slide with a second strip of tape 63 as
illustrated in cross-section in Figure 1B. Bending the tissue over
the slide exposes protruding fibers 64 (fiber size is greatly
exaggerated for purposes of illustration) which are to be measured by
the Profile Index. Two plain microslides 65 and 66 (1 mm thick, 25 x
75 mm) are then placed on both sides of the U-folded sample. The
first microsiide 65 is taped onto one side of the sample with tape 67
as shown in Figure 1C. The second microslide 66 is taped to the
sample and the first microslide with additional tape 68 as shown in
Figure 1D. This composite “sandwich" arrangement exposes protruding
fibers along a linear edge of the tissue surface at the fold line of
the sample. The composite is placed on a microscope stage in the
path of transmitted 1ight to view the exposed fold edge of the sample
from the side. The prepared sample and resulting image appears
generally as illustrated in Figure 2. The image is then input to the
Q-10 through the video camera. An actual photograph as viewed by the
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Q-10, magnified about 40x, is shown in Figure 3. The area defined by
the white box within the photograph is the measurement frame. Figure
4 is the same as Figure 3, except that the actual area detected by
the Q-10 for measuring the Profile Index is highlighted in white.

In carrying out the Profile Index measurement, the specimen
slide is placed on the microscopic stage such that the top of the
field is clear and the bottom of the field is blocked by the sample
on the slide. A measurement frame with dimensions of 1.2 mm in
height and 2.6 mm in width are electronically placed around the image
such that the tissue edge separating the slide from the clear field
is very near to the bottom of this frame. The microscope is focused
manually to give the sharpest contrast at the surface of the tissue
edge. Individual fibers protruding from the edge are ignored during
focusing to avoid biasing results. Next, the microscope illumination
is adjusted so that the bright portions of the image (the clear part
of the field) exhibit gray levels in the range of 52 to 56 (bright
white has a gray level of 63). At this point, the solid dark regions
of the image should be perfectly black (gray level zero). If this is
not the case, the gain and offset of the analog-to-digital converter
must be adjusted until both the dark and 1ight grey levels are met.
The test is then started over. (On the particular Q-10 image
analyzer used for the Examples, the gain and offset were set to 15
and zero respectively. This equates to maximum gain and minimum
offset. It must be noted that not all Q-10 image analyzers use the
same analog-to-digital converter. These must be set to achieve the
desired grey level range. Once the proper gain and offset are found,
they will not need to be reset). Finally, the image is shade-
corrected.

In order to calculate the Profile Index, several common image
analysis functions are performed on the detected image. First, the
image is thresholded or segmented. This step causes all pixels that
have gray levels between approximately 2 and 45 to be identified.

A11 other pixels are ignored. Following detection, all features
(objects composed of contiguous identified pixels) less than three
pixels in total width are eliminated. If done properly, these steps
leave a single feature bounded by the outline of the specimen surface
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with all protruding fibers. The computer next measures the area of
the feature(s) by counting the number of pixels identified. This
area is composed of all pixels around the boundary of the specimen,
up to the measurement and image frames. The area of all identified
fibers/fibrils protruding away from the edge of the specimen in the
plane of focus is included. When properly imaged and segmented, the
image will appear as shown in Figure 4.

The Profile Index is calculated as the difference between the
identified area, as measured above, and the number of pixels a
perfectly straight edge would form, divided by the number of pixels
on said edge. An ideal imaging system would create a boundary of 512
pixels for such an edge. Experimentation has shown that the
equipment used for this measurement doubles some pixels in a perfect
boundary so that a sharp edge, on average, gives an area of about 650
pixels for a tissue web. To account for this, the Profile Index ts
calculated in accordance with the formula:

Profile Index = (AREA - 650) / 650.
wherein AREA is the pixel area identified by the Q-10. In order to
accurately characterize a particular tissue sample, 52 different
images are measured for individual Profile Index values and the 52
different Profile Index measurements are averaged.

Examples,

Example 1: Milkweed Floss Fibers

In order to illustrate the improved softness obtained using
low coarseness fibers, tissue sheets were made using the seed hairs
or floss of the common milkweed plant (Asclepias syriaca). These
fibers are the white, glossy fibers found within the milkweed seed
pod which develops in late summer. These fibers have an extremely
low Coarseness Index of about 3 or less due to their lightweight,
hollow, thin-walled morphology. Because these fibers are naturally
hydrophobic, slurrying them for papermaking required prior surface
treatment with a nonionic surfactant (a 1% aqueous solution of Triton
X100).

The surface-treated milkweed floss fibers were cut to an
average length of about 1.5 mm and blended with hardwood or softwood
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kraft papermaking fibers to form an aqueous slurry. A tissue
basesheet having a dry basis weight of 7.5 pounds per 2880 square
feet was then made in a conventional manner on a laboratory scale
continuous tissue-making machine operating at a speed of about 60
feet per minute. More specifically, the fiber furnish was wet laid
onto a forming wire, dewatered, adhered to a Yankee dryer, dried,
creped and wound onto a roll. The rolled tissue basesheet was then
converted into two-ply tissue samples for testing. The results are
illustrated in Table 1 below.

TABLE 1
Fiber

Species Furnish

Coarseness Coarseness Tensile!" Profile
Furnish Index Index (GMT) Softness Index Absorbency

€3

100% NSK 11.2 11.2 650 7.0 2.33 8.7
85% NSK 11.2¢3) 7.1 650 9.6 5.26 11.31
15% Milkweed 2.3
70% NSK 11.2 5.2 560 10.2 5.16 12.24
30% Milkweed 2.3 (9.9)®
50% NSK 11.2 9.2 650 8.2 3.21 8.8
50% Eucalyptus 7.8
50% NSK 11.2 10.6 640 8.2 3.76 8.4
50% NHK®’ 10.0
50% NSK 11.2 6.9 500 10.2 4.88 11.04
35% NHK 10.0 9.7¢®
15% Milkweed 2.3

GMT (Geometric Mean Tensile) = \/MDT x CDT

where MDT = the tensile strength (grams) of the web in the machine
direction (MD) and CDT = the tensile strength (grams) of the web in
the cross-machine direction (CD), expressed as grams.
()

Northern softwood kraft fibers (average fiber length of 1.5 mm.
using the Kajaani FS-100)
(3)

Estimated value based on a Coarseness Index measurement of 3.6
obtained by the direct weighing method.
(4) :

Softness corrected to 650 GMT
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) Northern hardwood kraft fibers (average fiber length of 0.6 mm.
using the Kajaani FS-100)

(®) Softness corrected to 640 GMT

These results show the significantly increased softness,
surface depth, and absorbency imparted to a tissue by the addition of
milkweed floss fibers. As shown, it is not necessary to utilize
large amounts of low coarseness fibers. In fact, because of cost
considerations, blends with conventional furnish fibers are
preferred. As illustrated by Table 1, the use of milkweed floss
fibers at a level of only 15% provided a substantial softness
improvement over a furnish blend containing 50% eucalyptus, which is
the hardwood fiber species currently being used on a commercial basis
to improve tissue softness over conventional hardwood/softwood
blends. Preferred levels of milkweed floss fiber content are from
about 5 to about 40 dry weight percent of the tissue product, more
specifically from about 5 to about 30 dry weight percent, and still
more specifically from about 5 to about 15 dry weight percent.

In the same manner as described in connection with the
foregoing example, single-ply creped tissue having a dry basis weight
of 14.5 pounds per 2880 square feet was made with two different
furnishes, including 15 weight percent milkweed floss fiber. The
results are as follows:

TABLE 2
Fiber

Species Furnish

Coarseness Coarseness Tensile Profile
Furnish Index Index (GMT) Softness Index
50% NSK 11.2 9.2 880 -0.2 3.67
50% Eucalyptus 7.8
85% NSK 11.2 7.1 875 4.5 4.61
15% Milkweed 2.3

Although Asclepias syriaca is a preferred seed hair fiber
source, other seed hair-bearing milkweed species are also suitable
low coarseness fiber sources, including, without limitation,
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A.incarnata, A.curassavica, A.fruticosa, A.glaucophylla,
A.semilunata, and A.subulata.

Example 2: Abaca Fibers

As an example of a different low Coarseness Index fiber, two-
ply tissue samples having a dry basis weight of 7.5 pounds per
2880 square feet per ply were prepared with abaca leaf fibers in a
conventional manner on the laboratory scale tissue machine as
described in Example 1, except that a preliminary surface treatment
of the abaca fibers with surfactant was not necessary. The

properties of the resulting two-ply tissue products are summarized in
Table 3 below:

TABLE 3
Fiber
Species Furnish
Coarseness Coarseness Tensile
Furnish Index Index (GMT) Softness
50% NSK 11.2 10.6 1250 6.2
50% NHK¢"? 10.0
20% Abaca 8.4 9.2 1250 6.7
40% NSK 11.2
40% NHK 10.0

Northern hardwood kraft fibers (average fiber length of 0.6 mm.
using the Kajaani FS-100)

As illustrated, substituting abaca fibers for 10% of the
hardwood fibers and 10% of the softwood fibers improved the softness
from 6.2 to 6.7 at equal strengths.

In order to further illustrate the advantage of using abaca
fibers, a handsheet study was conducted to measure the ratio between
the dry tensile strength (GMT) and the specific modulus as an
indicator of softness. In preparing handsheets for purposes of
demonstrating the advantage of using low Coarseness Index fibers, it
is necessary to avoid degradation of the fibers, particularly the
grasses such as abaca. Hence the beating time and intensity of the
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furnish must be only as necessary to achieve good fiber distribution.
The results are set forth below in Table 4.

TABLE 4
Furnish Tensile/
Coarseness Coarseness Modulus
Furnish Index Index Tensile'"> Modulus Ratio
100% NSK 11.2 11.2 1192 146.5 8.14
75% NSK 11.2 10.3 1590 177.9 8.94
25% Abaca 8.4
50% NSK 11.2 9.6 1959 198.4 9.87
50% Abaca 8.4
25% NSK 11.2 8.9 1976 199.4 9.91
75% Abaca 8.4
100% Abaca 8.4 8.4 2309 230.2 10.03

Tensile strength for handsheets was only measured in one
direction. A1l directions are expected to exhibit the same
properties since there is no machine direction or cross-machine
direction for handsheets. The same is true for the specific modulus.

The results of the handsheet study illustrate increasing
Tensile/Modulus Ratio, and hence softness, with increasing abaca
content. A1l of the foregoing data support the conclusion that the
addition of low-Coarseness Index fibers (abaca fibers) to a furnish
can provide measurable objective and subjective improvements to the
softness of tissue products.

To further illustrate the advantage of using low-Coarseness
Index fibers, additional two-ply tissue samples (7.5 pounds per 2880
square feet per ply) were prepared as described above. The results
are summarized in Table 5.
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TABLE 5
Fiber
Species Furnish CD Tensile/
Coarseness Coarseness Tensile CD CD Modulus

Furnish Index Index (GMT) _ Modulus _ Ratio  Softness
40% NSK 11.2 8.9 426" 3.10 105.2 8.8
60% Eucalyptus 7.8

3}
40% NSK 11.2 8.9 601 4.30 101.4 8.4
60% Eucalyptus 7.8

)
20% NSK 11.2 8.4 496 1.93 163.7 9.2
20% Abaca 8.4
60% Eucalyptus 7.8

™ MD Tensile = 557; CD Tensile = 326
)

MD Tensile = 828; CD Tensile = 436
(¢3)

MD Tensile = 779; CD Tensile

L}
w
—
(o)}

The first and second samples of Table 5 are control
samples representing conventional tissue products having the
same furnish but differing strengths, due in part to differing
levels of refining and wet strength additives. The third sample
represents a tissue product in accordance with this invention,
in which half of the NSK fibers were replaced with abaca fibers.
The data illustrate an increase in softness attributable to the
addition of the abaca fibers. The data also confirm the
correlation between softness and the Tensile/Modulus Ratio for

tissue.

Example 4: Pineapple Leaf Fibers

In order to further illustrate the softness benefit of
using fibers of a species having a low average Coarseness I[ndex,
handsheets were prepared with different furnishes, including
abaca and pineapple leaf fibers (average fiber length of about 1
to 2 millimeters), as set forth below in Table 6. In preparing
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handsheets for purposes of demonstrating the advantages of using
low-Coarseness Index fibers for purposes of this invention, it
is necessary to avoid degradation of the fibers, particularly
the grasses such as abaca. Hence the beating time and intensity
of the furnish must be only as necessary to achieve good fiber

distribution.
TABLE 6
Fiber

Species Furnish Tensile/

Coarseness Coarseness Modulus
Furnish Index Index Tensile!” Modulus Ratio
50% Eucalyptus 7.8 9.2 1649 174 9.5
50% NSK 11.2
50% Eucalyptus 7.8 8.1 2243 204 11.0
50% Abaca 8.4
50% Eucalyptus 7.8 5.4 2193 175 12.6
50% Pineapple 4.1

M Tensile strength for handsheets was only measured in one

_direction. A1l directions are expected to exhibit the same

properties since there is no machine direction or cross-machine
direction for handsheets. The same is true for the elastic
modulus.

These results clearly show a correlation of increasing

Tensile/Modulus Ratio (softness) with decreasing Furnish
Coarseness Index.

Example 5: Synthetic Fibers

In order to illustrate the usefulness of synthetic
fibers in connection with this invention, handsheets having a
basis weight of 11 pounds per 2880 square feet were prepared
with a mixture of NSK fibers and synthetic fibers. The
synthetic fibers were poly(ethylene terephthalate) (PET) fibers
having a denier of 0.5 and a fiber length of 5 millimeters. The
results are summarized below:
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TABLE 7
Fiber
Species Furnish Tensile/
Coarseness Coarseness Modulus
Furnish Index Index Tensile Modulus Ratio
T
100% NSK 11.2 11.2 631 203.0 3.11
75% NSK 11.2¢2) 4.3 1023 55.9 18.3
25% PET 1.4

(1) Standard deviation = 63.76

(2) Measurement of the Coarseness Index on the Kajaani FS-100

required the use of denatured alcohol for all sample
dilutions. In addition, the sample was diluted more than
that used in the typical procedure - the final sample run on
the Kajaani FS-100 was 0.00025 grams versus 0.001 grams.

These results further illustrate the improvement in
softness achieved with synthetic fibers having a low Coarseness
Index.

It will be appreciated that the foregoing examples,
shown for purposes of illustration, are not to be construed as
narrowing the scope of this invention, which is defined by the
following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:
A tissue product comprising from about 5 to about 50 dry
weight percent fibers of a nonwoody species having an
average Coarseness Index of 9.0 or less, said tissue
product having a geometric mean tensile strength of
about 500 grams or greater and an increased
Tensile/Modulus Ratio compared to the same tissue
product without any of said fibers.

The tissue product of Claim 1 wherein all species of
fibers comprising the tissue product have a Coarseness
Index of 9.0 or less.

The tissue product of Claim 1 wherein the fibers have an
average fiber length less than 6 millimeters.

The tissue product of Claim 1 wherein the fiber species
is selected from the group consisting of sabai grass,
rice straw, banana leaf fiber, and bast fibers from
paper mulberry.

The tissue product of Claim 1 wherein the fiber species
is abaca leaf fibers.

The tissue product of Claim 1 wherein the fiber species
is pineapple leaf fibers.

The tissue product of Claim 1 wherein the fiber species
is esparto grass fibers.

A tissue product comprising from about 5 to about 30
weight percent seed floss fibers of the genus Asclepias,
wherein the absorbent capacity of the tissue product is

greater than the absorbent capacity of the same tissue
product without said fibers.
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The tissue product of Claim 8 wherein the amount of seed

floss fibers is from about 5 to about 15 weight percent
of the tissue product.

The tissue product of Claim 8 wherein the Asclepias
species is Asclepias syriaca.

A tissue product formed from a fiber furnish having a
Furnish Coarseness Index of 7.5 or less.

A tissue product comprising first and second fiber
species and having from about 5 to about 50 dry weight
percent of the first fiber species, wherein the first
fiber species has an average fiber length greater than 1
millimeter and a Coarseness Index of 10 or less and
wherein the second fiber species has an average fiber
length less than 1 millimeter.

The tissue product of Claim 12 wherein the first fiber
species is a nonwoody fiber species.

The tissue product of Claim 12 wherein the first fiber
species has a Coarseness Index of 9 or less.

The tissue product of Claim 12 wherein the first fiber
species has a Coarseness Index of 8 or less.

The tissue product of Claim 12 wherein the first fiber
species has a Coarseness Index of 7 or less.

The tissue product of Claim 12 wherein the second fiber
species has a Coarseness Index of 7 or less.

The tissue product of Claim 12 wherein the second fiber
species is selected from the group consisting of sabai
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grass fibers, rice straw fibers, pineapple leaf fibers,
esparto grass fibers and bast fibers from paper
mulberry, and mixtures thereof.

The tissue product of Claim 12 wherein the first fiber
species is selected from the group consisting of abaca
leaf fibers, banana leaf fibers, milkweed seed floss
fibers, and mixtures thereof.

A tissue product comprising from about 5 to about 30
weight percent seed floss fibers of the genus Asclepias,
wherein the Profile Index is about 4.0 or greater.

The tissue product of Claim 20 wherein the Profile Index
is about 5 or greater.

The tissue product of Claim 20 further comprising abaca
leaf fibers.

A tissue product comprising a layered fibrous sheet
having first and second layers, said first layer being
the outer surface of the tissue product, said first
layer comprising at least about 5 dry weight percent
fibers of a nonwoody species having an average
Coarseness Index of 7.5 or less.

The tissue product of Claim 23 wherein the nonwoody
fiber species is milkweed seed floss fibers.

The tissue product of Claim 23 wherein the nonwoody
fiber species is pineappie leaf fibers.

The tissue product of Claim 23 wherein the first or
second layer comprises abaca leaf fibers.
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FE MIACAR K 5, 4G 17 AR 11 se R 7 IR H R b A7 e 2 AR CRIBME il sl 3L
FA V), N M NIR B & i (B EvE s e =il K RiEE) IiRIt—M A EX e LE
AR

(00131 WL, Fridk -5 i AT A 287K S oh 42 B S A S

(0014)  AJRE(], Bl fe 5608 6 A K alOBp i R 42 B A .

(0015]  AIIEM], FTikke s b 0 0L / S AL vl 1o

[0016] A&, FTIRVE A MK N K 8 L4547

(0017) A B ifsIa 42 0 7 —FpaR IR LRV i & vk, e UL R AP IR -

(oo18] (1) FCEXE M IA

(00191 (2) A BTIAE iR (A 4% BREE 72 1Y & & L34 50 W i 4E V2 1 A S 25 BHEL e, 15 3
i,

[0020]  AlIEMY, fE0 3R (1) o, HABAE B FE A IR EN E8RE F 6
FERE] 13RS —IRA UL

[0021] 5B E E SR RRAEI R QL HEEZE S SERERMAR LS 7
KR, BEFEE A 13BN IR A

[0022] CERTIRSE TIRGHEIIARIATIRSE — RS, PR A, AT B R, IR A S
TURB WSS IR AR pH YA A 5. 0-7. 0, 5 FIVE 1A

[0023]  nJERY, fEFTIRIG =46 T A M I BB E M E = LR A B I 385, 19 315 — IR
B RS TR IR A& RN 20-30°C.

[0024) A& [, fERTIANG 743 e BEHE 1 4% BB BE 2 ) E B LR B R i HE 5] 193158 —IR

4
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BRI

[0025)  FIribdmdE B4 5E K 1500-2000 5% / 38k Bfa] K 10-20 438k

[0026]  A] k{1, 45 AT IS B 58 IR A M INARURTIA 58 — R A R, B AR S), 33 hnky
BRER, HRAT S IR GRS — IR A pH U2 5. 0-7. 0, 15 B M1 ARG 258

[(0027]  FTARBEFERIELIE R 1000-1500 5% / 4340 BTR) k) 10-20 73 8.

B4 1 152 AR

[0028) iy J S AE Hh i W AC S W] B0 S Jt y ACslERAT SRR B AR 5, B i X B
S 77 3 I A B AR I A B 7 A O B R A i S 4, S S Dk, T o 4
B S AR S T 1 — L85 ity X X T AU 3 £ RN S UE, CEAN B 1 55 B Al
£ 1, 30 ] LUAR 51X 28 ] 5145 FL e Bl 1

[0029] 1 AR S Je 450 DO 2 £X AO92 10 B+ iR e 2 P

BiAxiEA N

[0030] WA B H I B AR 7 SRS i R, N A AR W AR Z U7
AR SEREM A, 2 T AR I T i Bk szt Ay 2, A @ AN 52 A (e A 1
FIAN AT N TSR BT A e Stk S A8 TACK B AT R i va .

[0031] AR PSR A X Findip 11y, B, REVRE 119 AS R IR 3 (6 BT IR0 Th A OF |- AL R TR
AR 2-3 5 R T A

[0032] b, $Z B & 8 7 4y Hok, 4 TR i A, LA AR 4 0. 10% 1.0 %
L E MR 0.60% —6.0% AR AT 0. 10% —0. 30 % 2K H 5 %% 0. 05 % -0. 10 % . 4
HEE 0.05% -0.3%. 25 282K 0. 10% 1. 0% 45 0. 005 % -0. 15 % . £ & K
91.45% -98.995% ; F3 48, VE AL TT &, BT b 7 M AAIESRK b IR BGR T (g prig
Fe SRR N E KT i 4R EGRTE 5 R ok, e S RE AL L / 2L el . JF ., B
T T AR A K R E S5 An, a0 kg BhIREET 4 sk 48 kM) E R AT B LU AR A M R, S 5e
g 30-150 5 /

[0033] US4k, Ak PG A IR 2, S ALt 7L F BAR A st

(0034]  SCjfs)—

[0035] A< St ) RV 11, LRV ) AR RIS I £E BT 2 Ak b H 8 4 i 1)) A (A
2-3 S R T A s Horb, 42 B8 S oy SO, CEBTIRE A, A MRS E 0. 1%
SERL /ORI AIETR 0. 6% RA WA 0. 1% K HL AU 0. 1% HE2EEE 0. 05%. 2518
BUOR 1. 0% F745R2 0. 01 % 32 5 17K 98.04% .

lo036]  SEjffs) —

(0037]  ACSE it A W T, G0 RV T A RRIME i £ BT IR V2 A (A b B dE & 9 BT Vi i A (A
2-3 fE R R R s Kb, 2R E & A o Hut, ERTAR iR A T, HAM TG 0.5%.
SR/ S ILEIMEER 3. 3% R EINIEIUI 0. 2% AR 0. 07% JHi/E R E 0. 2% /5448
HUR 0. 55% FTERfE 0. 07% ., J: 8 £ /K 95. 11 %

foo38] S =

(00391 A it 3 A T, 0 BV T AR RIS i £ BT IRV A& L B & 9 AT i rh Ak

bs]
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2-3 (E AN TR s 3L, d2 B8 B & 2r Bt R BTl e AR, AR5 1.0%.
gL/ B IEATETR 6. 0% VR NI AN 0. 3% RALELER 0. 05% 4K E 0.3%. 25241
HUiR 0. 10% FTA5R8 0. 1% 28 F/K 92. 15%

(0040]  HAh, kT LIRBTA SEbf o, 1F ik — B nT AR 7 5, Ak / B AL wE e LA
(1% 8 (M e 3208 174, 20 APGOS14, APGOS16, APGL1214, APGL216 “SBREEA 7y A~ — K14
SEBE PR MIENER . o, LR BT ST, R IE Y, 0 LEFF MR A 2K R PR BR
13, WG 2K R Je B A3 7 16 1L R A S0 557 5 kRN B B0RM X154, A
ARARMREER, KR Lw LA FH A EFF O e & a& R i, o £ H & &
J 29 R (FDA) WY R &, 2@ s Hob b B TR AR 7 i R 4R AT s oKk
NS I o B M B2 A P R U

(00411 by 7 A4 A< B L oA St 45 v 1 75 2 S AT AR Y, B BN 0N FH 212K e v T
AL P, AR IS LIRS 0] 12k Al 2 4R 4E 7Sl DY, Seiefp DU 45 H T LA sE
T 151 TR T R 70, IR R B IR e 15 S 5 1 1 .

(0042]  SE it Py

[0043]  iHZEE 1, LK, B & T ABEEU T DR

[0044]  DIR 101 P im A R e M ESLIRA RS, G3E A
s

(0045] My T4 AHRESTEAD I, T LV H KB ARR (RS RAWR) P, Hfe
B O/W A FLA R FR, AR STt ) R JH 28 7K 8 P88 (HLB) 74, SR 4% HLB (524 14-16 R KRR
APG (Je st 17 ) (E AL, 5FHLL 6: 1 FIEELLIRA, IR RE3S —IRA .
[0046] SEIR 101 P, N TRIUE G FLAL 7 4 AL ISTR S AR BTk TR A R HIR
H320-30°C (LEi%IRALJEE N, B Fheial tF HLB fA 58 &, ££ 20-30°CVEE A, RIA] 4% 1005
T 48 0B AR ZE T 18] K AR, AE R T R B S B VR N VAR, FRAICIE SR m sk )1, JEp— 2%
IG5 P AL e B TR R, R O/W FLIlR . AE B FLALTE S 5 B2 4E 75°C -85 C Ky [E N
FLA, A= SR T 206 5, (3@ A BRI RN PR T A i A ) T i H B 5518
1500-2000 ¥ / 435 BF1E] 4 10-20 43,

(0047)  3DER 102 M BE ¥ & S ACEL 2R R A TR KL AU S E & B 22BN
B LB KD A, 132058 IREWR

(o048)  H{AMY, M — A L & FAKINERS RE 0 alE R & R KRR
e M R B ZRHGRUNA, BiIR A 2 ), 13815 IR 4.

(0049] B3R 103 o FTIA S IR AN B AT IR 55 — R A 78 , BV A, bk &5
B2, F RT3 IR AR — IR G WM pH A 5. 0-7. 0, 152 M4

(0050]  {EAR 103 T, ik 45 E A 1000-1500 & / 43 F ibla) k 10-20 434,
(0051  JUBE 104 2 B b Vi o ok 4 RREE e 1) & & B 38 20 A0V Vi 2 ViR T AR 18 s & BT
b, 1FENE .

(0052]  HAKHY, (LW A LEFE T R IR AR R B & IR AR 2-3 45, 5346, AR IR
PEOE T LA st ) B At A4V 11 275 RE IR L R B R FIK L B2 i R Bk iR
SRR S AR VEINR s B ARRT, itk — 0 U B A B W SE B (8 B R R SR A JL i 784K
I ZHHAT IR -
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[0053] 1. J:¥56HE 1K

(0054] k36— KW N E 5 EREEERE DL R KR A B, A R EEMIG , FH Sl ] — 42

P A e s B R DL KRR G . EK5C B, B D5 B Rk s RE DL e NBEA & T,

PRAE & B X R K C R

[0055] i — AR AL, LR A FAE (UK FAEHL) 4bhse, 7 BRIk

Fim Y s FHSE 5] — 4R th B 2 i A i . A 5e e, ot LA s R se A B R,

PRAE 7 B u X R RK A EE

[0056] X4 = ZIRY NI EAERERE LR DR &, A S a KR AR5 5, F 2 j 491

IRV MK, e e e i S HERE UL DR R & 15 Y B ASBR, R 1E & IR s X

JZRK TG s

[0057] 2. ECH DR

(0058]  HISEfEfs)—F0 =2 ML HUFE AL, 73 BUAR IC N (B iETETH W 10, B B iE S

W 24, R =TT RU AL IR ¥R GB15979/2002 (— A A T A F & TSR 1 b

HE, X KA IR L & 55 60 R 83K R L SRR 1R A 98 5o T A R A TR K, X TR il 85 AT
By & e e IR gk B R .

[0059] & 1 A KA % S A7) AR T XA [ G B D 3% o 280 S8 0 ik

[0060]
R
SR (I 1a) . AN S
ﬁf&?ﬁfﬁ Smin >99.99% >99.99%
Aj; @8@?9 Smin >99.99% >99.99%
ﬁggm Smin >99.99% >99.99%
Erﬁﬁ?c%?zg Smin >99.99% >99.99%

(00611 3. 5B iy 7 B B 5 kil P AR,

[0062] & 2 A M7 S jf 7] AR ok T i 2 G A 0 1K
[0063]

8 /v 7K 14 K 28 K
VIR RS AV 7.50X 10E* | 2.00X10E* | 1.20X10E* 6.00X10E>

itk o] — <100 <100 <100 <100

S = <100 <100 <100 <100
[0064] 4. 3B R AT PN -

[0065]  IEFE—Hech a)g] B AEMERE]T TRk 1) f9E (R PR RERRFER) il %,
BERFG RS [R) N6, — @ B 18] fe LR 2 AOtE 0t o VRIS h - BB L e i
7

AR
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[0066] & 3 A A B 2% S At 1 frgvhd 5 38 eSS P R AR AR IR
[0067]

6/6

4 pE 3R 7K 14 K
Tl — Rk AT ki ekl
L= &t Bt &M B

[o068] LA L BTIARAN A AR WA AL 2k S ) i 2, OF AN AT T BRI A B Y, A T A s £
RN GIAGE, AR AT LLAT B i SO ANZE A o FLAEAS A ) RORS AR S U 22 ), BT AE RO AT 15
OIS [ R A L A, B R R AEAC R IR CR P VT 2 W
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101
(—
B, A FIERBE TN ETHLRA SIS S
, 133 E RSB
¢ r—lOQ

oL E £ ThLIRAMERIN, KILFEL. 44 KE
. PARBORINE|LBTKY, #FHA, F3FE

TIRAR

l 103

Vi 5 — R immAB| iR & —RSR Ty, WMIR

2), FHiAAATARER, WERA B IRAIRNE —IRAR
#pHIE £5.0-7.0, 338 Pk

l 104

¥ ik R PgARIe R 4G T b 4 049885458 P
ARG B Lk, 1F3ET

K1

Kimberly Clark EX1002, p. 1125
PGR2026-00078



ot

| CN104116454A

Wet tissue and preparation method thereof

Abgtract

The invention relates to the field of daily iife, in carticular to 3 wet tissue snd | preparation methad
af the wet tissue. The wet

v comprises a wel lissue body and wet tesue biguid sprayed on the
wet tissue body, mrd tha weight of the wet tissue figuid is 2 trmes-3 times that of the wat tissue
bogy. Trewert tissus liquid comprises, by waigrt, 0.1-1.0% of limanene, 0.66.0% of alkyi giycoside,
0.1-0.3% of polyarincprapyd biguanide, 2.05-5.1% of sium chicride, 0.08-0.3% of vitarin E,
0.1-1.0% of 3n aios extracting suhition, 8.003-2.15% cf witric acid and 91.45-98.995% of deicnized
ssuz, the formuis of the wet tissue liguict is improved, 5o that potential
safety hexands (such as iritstion, corrasivity snd carsinogenicity} exieting in the pricsy ait sre
efiminatad, and the really safe and nontoxic wat tissue is sugplied 10 seopte for daily cleanness.

watgr. doenrding o the wet
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3. awettissur, is charecterized i that, comprises that wet tissue body and spray drap on describes wet vissue bady eng weight is vasaribed wet tissue body 2-4 wet tissie

inguid doubly;

Warain, socording 10 percetage by weight meater, in desarided wat tissue tigdd, its compaonent 320 Kus Emanene §.10%-1.0%, APG 0.60%-5.0%, polvaminopropyl sgumnice
0.10%-0.30%, berzakonium chicride C.056%-0.10%, vitzmin £ 0.08%-£.3%, exwrac: sofution fram afea 6.1 0%-1.0%, titric acid £.005%-0.75%, deinnized water 31.45%-03.345%,

N

(2%

s

(¥4

&, a preparstion method for wet t

1), configuration wet tissue figuid;

. wet tissus avsording 1o olaim 1, s cherasterized in that, Suo Shu Himonens exiracts and obtaing frarms ciirus fruit

. the prepargtion of wet tissee aecording to cleim 1 and 2, s charscierized in that, desoribed ARG extracts and obtains from com o1 conon oif,
. the preparation of wet tizsue according o cleim 3, is cherasterizad in thas, desorinad ARG it ooty sroup/Plantacers 818,

. wet Higsue acconding ta claim 4, s charasterized inihet, desvribedd wet Hissue body is spuniace norwaven cloth,

sue aovording to ofaim 1, s characterized in thay, comprises the following steps

12). sescribed wettissue liquid is spilt uniformiy afier dropoing in wettissuebsdy and packed accurding to setwaight ratic, obtain wettissus.

7. the praperation method of wet tgsue aceording to clirm &, I8 charsciarizad in that, in step (1), specifically oumprises:

After Bmonens, ARG mix srcerding 1o set weight ratio, atir, abtain the first rixed fiquor;

The polyaminopropyt biguaride of set waight proportion, benzalkonium chisride, vitamin £ extract salution from gioe e juines in deionized water, stis, cbizin the sacond

mixed ficuar,

Jaseribed the second mixad ficuor is joined in described tha fest mixad Houor, stir and evanly mix, and drip citric acid, the pH of thafirst mixad fiquer that is mmixed with

thesecond mixed finuor is adjusted to 5.0-7.0, shitainwet tissue figuid.

8. ihe preparation methed of wet tissius aecerding ta oizim 7, is characterized in that, stirs s%=r imonens, ARG mix accarding ¥3 set weight ratio described, obisins in the

step of the S5t mixed Bquor:

Tamperature whan dascribed mixing Is 20-30 DEG ©.
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9. the preparation mathod of wit Hssue accnrding 1o claim 3. is charactsrized i311hat, stirs after fimenane ARG
e step of the first mixes liguor:

xeg azcording o setweight ratio described, odtains in

The rotating speed of desuribied stiing s that 15002000 rev/min, Time are 1020 minute.

16. axcording to the nreparation methed of the vaet tiszue gescribes in ci’im &-2 anv ong, it is sharacterized in that, descrised, descritbed the second mixed fizuor is joned
in degerived the first mixed figuos, strand eve ix, 301G drip citric acid, the pii of the t¥st mixed Bisuor that is mixed with the secend mixed tguor is adjusied to 5.0-2.8,
abtatng in the step of wet tissue Howd:

Tha rotating spesd of deseribed strring s et 10001300 rev/min, e are 1020 minate.

Bageripiion

& Ko oF wt

e srd prenarstion imethod thereof

Technical fiefd

The present invantion refates to dally sphars of fife, in particufar 1o & king of wet tissus and preparation method therect.
Baokground technnlogy

fri the daify fifa (iat wet tissue has been widely used as a Kind of clegning sroducts Gensally spesking, it comprises wet tissus body and the sprayed coating thimerosal
compesition on wet tissue body.Ang Tor thimercesal, it is generally rmade up of organic sobvent, surfactznt ang the chemicst reagent with sterifization anc znticarrasion
effect.

fr1 cosrelaticn tecritiqus, riousshold cleaning saries produsts {comprising
prosiuct, and therefaons, it is swonger 10 the excitant of skin in tha process wsing, and akss has karger coamasivity. Foy organic saiverit, b mostly srgamic synthasis grined, its
sirang detergensy simuliencousty tu eriicle stimulate, corrosivity is large.snd targe mutti-scivent contains toxicity. s fat-schilsie can absorpticn rasidly thrsugh compiete
skin, Long Varm Contant, has 3 negative impact 1o heslth snevsidably. For surfactars. conventionad petrolesm base surfeciant in correlation fechnigue, this surfecisnt is
voiclabie taxie byproduatioxanes, Gxir « itsssamine et of aroducing in syhetic srovess; Whers long-tarn use, upaveiciably the heabth of hummr vodyis
procunec o adverse influence; in 4dition, it has certain corrasivity o piastics nouserolc this et oleum base surfaciany, therefore, whils using its fong-term wiping
plasticshcuschald, can produce o camage to plastics housshaid For the chemicairesgantwith sterifization and anticerrozion 2ifact, convertionst BMDMH, the

irerent ofug aroles of methy! quinoline ketone/methyl chiorice gifferent plug aroles quinotine vexene {athan CB}, Srovopo, IPBC or parabanselc. al present; But,
MM §s that formsidelyde rafeaser, the different plug s2cies of rethy! quinoline ketore/methyd chionde di7erent plug s2ofes guindtine ketone {Kasthion G8 e
chfoside, may chisfa, Bronopol may cause formaton, the $33¢ of earcinegen pitroasimineg in the procsss using. may csusethatisdine istaken in, parabens contains phanyd
rirg, 1t easily increasss tre danger that womerns suffers from hrass? cameer #ftar adding up invivo.

the thimerczalthat formz wat tissue} mosthy is oM vaiue and is Highly acid or strong basicity

i

Fo UM UR, Bommuas wet Tissue in correiauon laehnigue, thare is certain potertial saledy hesard Fheting are sxcitant, coresivity or carcinoganicty ete.) in s thisnerosst
compesition, Therefore he, thoss skilied in the art's technicsi progiernz wgently 1 be rescived humily for pecple's daily cleaning (kitchen cleaning, bathreom cieaner,
fumiture clean) provides 2 kind of wat tissue of safaty nontaudc.

Summary of the invention

The object of the arasent nvention is to pravide » kind of wat tissue, 10 solve ahovasnantioned technicst areblem Ancther objeit of the presentinverntion ig 1o arovide 3
king of preparation methnd of abovamentioned wel tssue.

Wat tissue is provided in sn embodiment of the bresent invention, has comprised that wet tissue body snid sovay drop on desoribed wattissue budy and weight is
descrined wet tissue bady 2-2 wet tissusa linuid 3oubly; Wherein, according to peraetage by weight metar in descrinad wet Hasue finuid, 15 comaonesnt Bao .o fimonens
0.10%-1.0%, ARG 0.50%-£.0%, clyaminoprepyt higuanide C.10%-5.30%, benzalitoniunt chioride 8.058%-Q.1C%. vitarrin £ 0.08%-8.3%, extract soluticn frem alce 8.10%-1.0%,
citric anid 0.505%-Q.15%. deionizes water 91.45%-98.985%.

This wet tissus previded by the invantian, itis that its 2.3 wet tissue liquis doubly forms by wet tissus boidy znd weight, wherain, in wettiss

active orinciphes such as limaonene, APG, rolyaminzprogyt biguanide, benzatkonium chleris, vitamin £, extract solutinn frem aloe.

Ui, it comprises the

Juibody , Fmonene is 8 king of green znd envirmment-friendly sofivent, has the fragrant fragrance of swsetorange, nas sironger tiean effest simultaneouzy, 873 has
nstural Sactericidal action, natural, nentaxic, nuisancelnss. Substitite with It varicus crganic sclvents ange the heavy chemicals poisanous and

N3t use at pregent,
hasrratul i correlation technigue ar there is axcitant or this defect of curosiviyy

APG wertting power is streng, strong detergancy, foam sre atundant fine and smzoth, nontaude, hatriess, non-stimulated ie gkin, and Siodegradation is tharsugh rapidly,
is intarmatianally recogrized frst-selaction " green " funciions surface activating agent.Substituts existing petroleisn hase surfactant with it do not contain soxie
byareduet dickanes, oXirana and rifrasaming a1, 3nd thers is good compatibility with plastic products, and ther overcome i priot 312 bacsuse peyoleum Base
surfsetant is poisermus ar the tachanlogiess deficieney of corrosivity and damags plastics househeld,

Poalyaminopropyt biguasnide and herzalkomum chimide comnaouns sterilizing system, two cornpasitions all belong ta non oxidizing bactericide, by affecting (e asmotic
piessure of micrabizi cell. maka mermbianalysis, shrink and debydration, thareby wach the offect of stavili2ation Wherain, polyserinopronyt higuanids is a Novel stariizing
sterifization antisapric, and 1o bacterium, sacchareryeate and maould have the bacteriostatic activity of wide spectrun it has gentds natural charaster, oan be used for
mucous mambrane cz2ss ang comprisss eye mucaus mambrane preduct And Benzatkenium shioride is 8 traditicnal Jisifectant, tacterium midd is had to the inhibitory
action of wide spectrum After tiwa components are composiie, reach the effact of Synergistic, carry out 8 detection trrouch labarstory, it is (o bacierial cirssifications
such as Escherichia cob, Stashylecocous aureus, Pszudumonas eeruginosz, Kiebsiella Pneumarines, contact ¢ 3 i, and 1 stenliang fate reaches $4 38%,
sapergitiug : is had to bacieriostssis simuftanesusty: Tharefure can be offectively as the antisepsis ane sterifizstion dismfeisnt in the spplication's wet tissue figuid.

b addition, set percetage by weight viismin i has the effet of skincare, does nut hinder hang, safety nunsoxs; xtract salistion from aloe bias 3t skin surface forrnation
Hir-permeadls srotective fHm; easily isvlting axterior pofiutes the nfingemert o hand; sirmullanecusiy clesn; thare is the alfacts such as the skin contraction of making,
artisiiargy, maisturizing, anti @ flarmmatory; and the citric acid 07 sat perzetags by waight its zan make the pH of whoie wat tissue ticuid maintdin between 3.6-7.0 (34 be
faintly acit); this srope is prassad closs 10 the pH of hurman dody skin, 3nd then makes it not injurs skin aparing fifm, ivintly resches theeitect of cen: both hands.

Thereiore, covpared with price art. se application’s wat tiszue is By imnproving the prescrintion of wet tissuafiguid, and set specific comeatibility relationship, make e
wet tizsue of making overcome the peterttiaf safety hazard {axcitant, corrosivity or carcinogenicity . existing in prize art, thersby provide 2 Knd of wet tissue ot rea!
safery non-iuxic for pesple's dally cleaning («itchsn cleaning, bathroom deaner, fumiture are clean).

Optionally, Suc Shu imonene axtracts and ciiains from citrus frud,
Upticivally, deseribed ARG extracts and obizins from com or cozosust oil,

Cptisnally, de

sibed ARG is actyl group/Plartaosre 818,
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Qutionally, described wet tissue body is spuniace non-woven aloth.

ttis a kind of according to the preparation method of above menticnad wet tissus 1hat the embediment of the presentinvention sise provides, and comprisss the
fotlowing steps:

(3}, cunfiguration wet tiszue figuid;
(2}, describad wet tissue fiquid I8 Spilt unifarmly after dronping in wet Hissue boady and packed socording 1o set weight ratio, obiain wat tssue.
Ontionally, in step (1), specifically comprise (et SHirs after imonene, AP mix srcording (0 e waight ratio, ohiaing the first sixed figuor

The solyamineprapyl biguanids of se¥ weight preporiion, benzali
mizad fguer,

aium ehioride, vivamin £, extrasi sofutian from wloe are isined in deionized water, sts, aktain the second

Qesoribed the sevond mixed figuer s joined in desribed the first mixed Hgunr, stiv arid evenly mix, and drip Citric acid. the pH of e frst mixed fiquar that is mired with
the second rrixed fguor is adhested o 5.0-7.0, obstain wat Hasue fiauid,

Ootivrally, stir s¥ier linsnene, APE mix sceording i s& weight satio destnbed, cbisin in the step of ihe firstraixed liguor: temoersture when described mixing is 26-3¢
0OEG .

Optivnally, stir sfier imonens, ASE mix scourding 1o s waight ratio described, obisin in the step of the first mixes fuuor:
The rotating speed ot desorited stirring is that 1 800-2000 rev/min, time are 10-20 minute.

Opticnally, described, dascribed the secand mixed Higior is joined in descrined the first mixed figuor, stifs and evenly mixs, and Crip citric adid, the pH of the frst miked
giquor that is mixed with the secand mixed ¥quor is adjusted to £.5-2.0, obtain it the step of wat dssue liquid:

The rotating speed of descrined stiring is that 1000~ 500 rev/min, time are 10-20 minuta,
Brif deseription of the drawings

fr arder o be Riustiaied more cleaty in the specific embodimernt of the vention o echnical scheme ofthe prios 0, 1o the accompanying drawing of requires vse in
detaited descrintion of the iventicn or cescristion of the Prior Art be triefly Cescrited inlcw, apparande: accumpanying drawing in the fofiowing describes i3 some
emkodiments of the pressint Fivention, for thase of ordinary skiff in the art, do not paying under the prerequisite #¢ creative work, can sisc obtain 2oxorcing 1o thase
3rcompanying srawings other accormpanying drawing.

The preparation fow schermatic gisgram of the wer tissuz that Fig. 1 provides for the embodiment of the present invention four.
Detaiied description of the inverdion

For maldng the ohject, wehuical solistions ane adwantages of the present invertion Clesrer, (o teciniost schme of the prasent invertion ha carried out e clear, complate
descrintion helow; based ofsthe detailac description: of the inventian in the mwasent inventiun; aff other embcdiments that those of ardinery skill in tae art chiain under the

prevsguisite of not making crxative work, 2ff belong 16 the scopa thit the ressent invention pradacts.

This wet tissus provided Sytne invantion, comprizes that wet tissue body mnd spray drop o Cescribed wet tissue body and weisht |s Sescribad wer tissus body 2-3 wet
tizsue quic doubly;

Werein, according 1o percetage by weight meter, in desaribes wet tissue tiguid, its component Bao Kua Himonene U 10%-1.0%, ARG 850%-6 8%, polyaminopropyt
biguemide &.18%0.30%, benzatkontum chioride D.05%0.16%, vitamin E §.85%-0.3%, extract sciuticn from afoe 0.10%-1.0%, citvic scid 0.605%C.1 8%, deonized water
@7.45%-98.635%: §r addition, 3s preferred scheme, Suo Shi fimonena extracts and obtains frarn oitrus frult; With or descrized ARG from com or coronut oil, extrast and
okizin; In addition, APG is preferably outyf group/Plantacare §118.And Sesuribed wat tissue body is spurdace ron-waven sioth, as belng vissass fiber orterylene or
material that buth mix i any proponion, Nk granimes per suuare matra is 26-150 Besni.

fn addition, the prasent invention, afss in conjuntton with shove-mentionsd content, provides folluwing specific emboedirnent to the compositon of wet Hesue:
Emnbodiment mane-

The wet tisst:e of the presant embediment, cemprises that wat tissise body ans spray drzp on described wat tissue body and wight is described wet tisaue hody 2.3 wet
tizst e liquid doudly; Wherein, scoarding o perceiags by waight meter, in described wet tizsue liguic, its compenent Bao Kua imonens €.1'%, octyl graup/Plentacare 318
0.6%, pulyaminepropyt biguantde 0.1%, henzaloniurn chiloride 01 %, vitamin £ (L05%, extract sofuiion fram alee 1.0%, cityic acld (LCT%, delonized water 98 04%,

Embodiment big-

The wet dssue ot the present embediment, comiprises that wit tssue body ans spray drap on deseribed wet tssue body ang wiaight is described wet tiszue body 2.3 wet
tizsue liquid doubfy: Wherein, acoerding $ perceiags by wiight meter, in described wet tissue Higuic, its compenent Bao Kus imonens §.5%, octyl graup,/Plentscsre 818
3 3%, selyamincpropy! bigumnids 0.2%, henzadonium chicride 0.67%, witamir: i 82%, extract solution from aloe £.55%, citrin acid Q.87 %, deionized water 95,17 %.

Embodiment tri-

Tha wat dsste of the presant embediment, comiprises that wat tissize body and spray drop on descriced wattissue body ans waight Is described wet tiszue hody 2.3 wet
tizsue liquid doudly; Wherein. scoarding o pernetags by waight mieter, i described wer tizsus liquic, s romponent Bao Kun imansnz 1 .2%, octyl gravip/Plentiscare 818
&0%. nolyarnineprapyt biguanide 0.3%, henzaaninm chicride (105%, vitamir: £ 003%, exiract sofution fram ales £.10%, citrin acid 0.1%. deionized water 42 5%,

§ acdition, in above-mentionad st embodimment, as furthar sfiamativescheme, octvl groip/Planiscare 818 can by sio. his APT .« weight substitute, s5 APG2314,
APGHE1 6. APGI214, the ARG class surfaciant that the carbuchaln comoonents such 3z APH 1216 differ. i 2daition, in aunve-mentioned alf embudiment, preferred
Brnonene is seletted to extact and obtain from citrus frdt, from oitng Tru, extract iBe fragrant ragranee with sweet mange of s gat imonene and there i stronge’
ciean effeot simuRanecusly, anc #reve is nrtural hactericidal action, nataal, nosioxic, mdsancelass.Be itentified as i the wordt focd flavar additivs, for the frecg-irom-
inspection praduct of LS. foad and FAD {FDA), safz; APG extractz and obtains fram corn ansd coconut of; Oom saurce is #asier, can be s preperation suffichnt
guaraniee is provigec.

For the wet tissue that makes the above smbodimers ot the presant inveistion is satter sppilied, more effactively de applied in the tield of furniture cleaning-sterftizing, the
pressnt invertion alsa provides emuadiment tetrz-on the basis of sBove-deserived emzdiment, smbodiment tetra-has pravidad the preparation method of the wet tissue
of 2bave-zescrived emasdiment, riow ke doscribed in dotai and explein, pleesareferto Fig. 1t

Embodiment istra-
Please refar 1o Fig. 1, it the prasent embodinant, the nreparation methed of wet tissue comprises the foliawing steps:

Step 101: stirs after imonene, AP5 mix accarding to ot waight ratic, obtaing the first mixed figuny;
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You Y fimor = Bizosciudie sunsiance, apply it in water-sofulle systerm {foBlow-up the sacend mived fisuar), nesd ohtaln QW type ermulsifization system, e present
smbagiment adopis hycrephitic tiposhiic batarce (-L3) method, setect the natwral & PG (APG) that HUB value Is 18416 10 mixy with the weight ratio of 81 Yu bmonene ss
ernulsif ying sgent, alter stiving anu evenly mixing, aviasin the first mived finuor,

tn step 161, i order o reafics Hang Hmonene emuisification fully and the effect mixing fast, temperature when described miking be 2030 BEG C (it this temperaiie
range, because ARG »LE valus is ighe:; within the scope of $0-36 0BG & can ving o play 5 awtivity, ite larger polar group s stretcher] te water, nonpalar nyrrocssbion
oy gos deer inte off phase; reduce its interfacial tangton; form fayer protecting fim, be surrounded compietely tc ol interis?, Torm /W emulsion. Conventienat
emulsification nroduct need 10 he 3t the scope internal enwizitication of 75 REG -85 DES 4, and thiz product avulsifying process is simate and casy, has reduced
productica cast i enhancing proguctivity); The rotating speest of descried stirring is that 1508-2060 rev/min, thne are 10-20 minus,

Step 102: the polyaminoprepyd tiguznide of set weight proportizn. tenzalkoniur chiorice, viamin E, axiract soiution: from aioe are jrined in deionized watsy, stir, chit
the sezond mixed figuer;

Cenerete, by a containey that defonized water is housad in advance, then raspeetively pelyaminoprenyl biguanids, benzalkanium chioride, vitamin B, sxtrast soluticn feom
aloe are adued, after stirring and evenly mixing, obtain the second mixed figuor.

Step 103: descrinad the secenit mixed figucr is joined in described the first mixed fizuor, stir and everdy mix, and ¢rip citsic acid, the pH of the firat miked Eowar that is
mixed with the second mixed figuer is adjusted tc 5.3-7.93, alstain wet tissue figuid;

in step 103, the rotating speed of descriped stirring is that 1600-1500 rev/min, time mre 10-20 minute.

Step 104: dusoribed wet Hasue fauid is spift uniforraly after dropaiig n wek Hesue body and packed socording to set weight ratio, sbiain wet tissue,

Cororee, spiffing i the srovess of dripping, the weighn of wel Hissue figuid be wet tissue boudy 2-3 doubly by addition, the present siversion diss provide the dint-remaving
powver tast, bactericidal affect test, tha test of hlack-kaj maulc areservation chalienge of the wet tissue that ahove-described smbadiment srevides, with the campatibifty
test of plastizs anaduct; Concrate, for fusther ustrating practics! effect of the prezent mventicn, 3dopt ssveral raistine type testing cases 10 doscribe:

1, dirkremoving power test

Test gne: tested material is kitchen tle wall and manis countertop, has medeate grossy ofirt, the wet tissue wining kitchen
pres

tike wil] snd the rarbls counterap that
ide with arabodiment manc-Wining is cormplete, gnd bitohen tile wakl and maibls countertop are without greasy ditt, and spaister feels shin nonirritant.

Test bwr tested abjent is glass tes table, snd household slectrics appliance Fefngerator, television set) shell has sbght tes stain and dirg, the wet tissue wiping tested
matarial surface providing with ambadiment dis- Wining is compiete, and tea stain and dirt are eliminated cormpletely, and oparator feals skin nordrian.

Test thraw: tested material is bathroorn fle wall and sanitary bath eGuipment, have soap soum, incristation scale, humans hody diry the we Hissue wining obiect sroviding
amusdimernt tri-, after wiping, showes wal and ssnitary bathsquipmaent 3iit sre ramoved substantialy, snd sosistor faels shin noni

wit

2, beotencidst effect tegt

‘The sempie praviding with embagimers morio-end three, is labeles o8 respecti kitchers cleaning pastenrizstion tawelsrtie 18, Kitcher cleaning pasteurization
towsletta 22 8ctording 1o the standand of SBTSWR/2002 " disposabie use mrenities sanitary standard . Eschenchis coll, staphyiovoncus aurses, Psesdomonas
amuginoss, Kieksiela Phaumoniae are carried cut to sterilixatien tast through third party authority testing agency Black-bhinf avouid is cerried out 4 preservation
chaffznge test.Test result is as follows:

The bactericids! effect tast of the wet tissus of table 1 various embodirments of the present invention 1o different strain

3, blaok-kaji mousld presereation ehalienge est

‘The wet tiesue of sble 2 various embodiments of the present invention is to black-kajl mouid preservative challengs testing
4. with the compstibifity test of plastics product:

In the middie of sefecting one, naif has plastics ipclymettyl methzcrylate) test-strips of STAINLESS STEEL NAILS {formaticn tension force}, and short iime every day ls
irnmersed sofiation 1 be wieasured, the situstion of observation test bar ahter certain hour Evaluatian grase is dividzd inte: unichanged; Form crack; Quvianisky crank;
Fraciuse.

The wet lissue of table 3 various embodimants of the present invention and the campatitdiity test of plastios product

¥ 4 hpsurs 3 cays 7 gnys 14 days ) )
. Embodiment mono- Unohanged  Unohanged  Unchanged — Unchanged
£mbodiment 1 tnchanged  Unchangsd  Linchanged  Unchangsd

The toregoing is anly the preterrad emsdiments of the nresentinvention, be not fimited 1o the present invention, for 8 nersea skilied in the art, the present nvention can
have varinus modificatians #nc variations. Withinthe soirit and principles i the presert invention afl, any amendrent of daing, be equat 10 replacarmient, improverment
e, within alf shouké helng inchided in protestion scogpe of the prasant inventinn.

Patent Sitstions {7) N
Publisation number Priotitydate  Pubfication date  Aasignee fite
200701425 20085788 IMBISHRIROE] Cleaning method and combination
ZU08-02-23 20101317 Buck-Chemie Gmb Adhesier agent for spofication on a sanitary obisct
2011925 20124425 EANSRERRLERGER Medical rursing wet tissue with fusctions of deadorizing ansg preventing
AN fedsors 3 oreparation meihod thereof

pACH

2012-07-23 WTA208 FTATTIEYERRS  Weshing-free okin cleaning care product and prepsration rmethod therest
BROE

ONTQHAS25FA* 204120623 2AN3N102 S EREMPERISER  Herd susee clagning disinfacting wet Besus

CNTU3SDEI4A » 21341811 2014-01-18 Antiaflergic composition and paper
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(57) Abstract: There are provided a method for manufacturing a bamboo chip used to manufacture a
natural fiber and a method for manufacturing a natural fiber using the bamboo chip. The method for
manufacturing a bamboo chip includes steps of obtaining a soluble pulp from a bamboo chip; and manu-
facturing a rayon stable fiber from the soluble pulp using a viscose process as lsxown in the prior art; and
directly extracting only alpha-cellulose, in the form of fiber, from the bamboo chip by treating the bulky
bamboo chip prepared in the present invention at a certain condition without undergoing a complicated
process using raw materials for fiber articles as the rayon stable fiber. The alpha-cellulose in the form
of fiber according to the present invention may be useful to apply to a variety of fields such as fibers,
nonwoven fabrics and other sanitary articles, etc.
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Description
MANUFACTURING METHOD OF BAMBOO CHIP AND MANU-
FACTURING METHOD BAMBOO FIBER USING THE

BAMBOO CHIP
Technical Field

[1] The present invention relates to a method for manufacturing a bamboo chip used to
manufacture a natural fiber and a method for manufacturing a bamboo fiber using the
bamboo chip, and more particularly to a method for manufacturing a bamboo chip
including steps of obtaining a soluble pulp from a bamboo chip; and manufacturing a
rayon stable fiber from the soluble pulp using a viscose process as known in the prior
art; and directly extracting only alpha-cellulose, in the form of fiber, from the bamboo
chip by treating the bulky bamboo chip prepared in the present invention at a certain
condition without undergoing a complicated process using raw materials for fiber
articles as the rayon stable fiber, wherein the alpha-cellulose in the form of fiber
according to the present invention may be useful to apply to a variety of fields such as
fibers, nonwoven fabrics and other sanitary articles, etc.

(2]

Background Art

[3] Generally, a cotton fiber is mainly obtained as natural cellulose fiber from cotton
plants, but the cultivation of the cotton plants has decreased due to a variety of reasons
such as environmental changes. Therefore, there has been an urgent need for novel
natural cellulose fibers.

[4] Accordingly, there have been attempts to obtain natural fiber materials from
bamboo, hemp, rice straw, corn stalk and the like in addition to the natural cellulose
obtained from the cotton plant. Among them, there has been the most active attempt
using a bamboo, but the studies using bamboo stems have been mainly attempted and a
study as fiber materials is unsatisfactory until now.

[5] Meanwhile, bamboo mainly grows and cultivates in Southeast Asian nations, and
may be used as natural resources since the bamboo grows very rapidly for a short
period.

[6] A process of manufacturing fiber materials from a bamboo, as known in the art, will
be described schematically.

[7] First, a bamboo is harvested, bamboo leaves and stems are removed from the
bamboo to obtain a cylindrical bamboo, and the cylindrical bamboo is then cut to
obtain a flat fragmental chip.

[8] The flat fragmental chip has an approximately size with a width 0f20 to 30 mm, a
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(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2

length of 30 to 40 mm and thickness of 2 to 4 mm, as shown in FIG. 4, and includes a
hard bark region, an inner bark and a joint region. In this case, a soluble pulp may be
prepared by treating the fragmental chip 1 with chemical agents under a various
conditions.

As a result, a large amount of the chemical agents are increasingly used to penetrate
the chemical agents into the hard fragmental chip 1 in the above-mentioned chemical
treatment process, and therefore the treatment process may be uneconomic due to the
increase in the treatment temperature and time.

Also, even when the bamboo chip 1 is treated under the condition as described
above, the content of alpha-cellulose, which is required for fibrosis, is low due to the
insufficient delignification and the low efficiency to remove unnecessary components
such as hemicellulose, and therefore it is difficult to manufacture a good soluble pulp.

Furthermore, when the above-mentioned technique is used herein, a yield of a
soluble pulp is very low with a level of 30 to 37%, based on the total amount of the
bamboo chip, and thus this process is not efficient.

In addition, a soluble pulp is gelated when the unnecessary components such as
lignin and hemicellulose, which act as obstacles to fibrosis, is removed insufficiently,
and then spun through a spinning process to obtain a filament yarn, or the soluble pulp
is cut in a constant length to manufacture a stable fiber. However, the soluble pulp is
increasingly cut finely since the components acting as obstacles to fibrosis are present
in a large amount, and physical properties of fiber, such as strength, uniforimity and
productivity, may be deteriorated, which leads to the poor articles.

In particular, it is more difficult to manufacture a filament yarn as a long fiber using
the poor soluble pulp as described above.

In addition to the above-mentioned problems, large base facilities such as chemical
treatment facilities, spinning facilities, energy supply facilities and waste-water
purifying facilities are required in a fibrosis process using the soluble pulp, but some of
the nations in the world inhibit the operations of the base facilities since waste water
and environmental pollutions are seriously caused in the operations of the base
facilities.

Therefore, there is an urgent demand for a method capable of solving the obstacles
to fibrosis industries of bamboo that may grow in a large scale and be used as natural
resources due to the rapid growth rate, as well as having a more excellent antimicrobial
activity than cotton fiber and excellent feeling sense, and therefore the above obstacles

remains to be solved.

Disclosure of Invention
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Technical Problem

[17] Accordingly, the present invention is designed to solve the above problems, and
therefore it is an object of the present invention to provide a method for manufacturing
a bamboo chip, wherein bamboo fibers may be easily prepared through the simplified
fibrosis process (a dissolution process is omitted) by extracting alpha-cellulose from a
bamboo and manufacturing the alpha-cellulose into fibers, the method is environment-
friendly, the facility investment and maintenance costs are high, and it is possible to
mass-produce good bamboo fiber materials with the low cost.

Technical Solution

[18] In order to accomplish the above object, one embodiment of the present invention
provides a method for manufacturing a bamboo chip used to manufacture a natural
fiber, the method including steps of obtaining a cylindrical bamboo 10 by removing
leaves and twigs from harvested bamboo; obtaining a bamboo 12 having only bamboo
stems by cutting and removing bamboo joints 11 from the cylindrical bamboo 10; and
tearing the bamboo 12 into pieces in a longitudinal direction so as to give bulkiness by
pressing the bamboo 12 with a pressure roller and a convex roller to crush the bamboo
12 in a longitudinal direction.

[19] In order to accomplish the above object, another embodiment of the present
invention provides a method for manufacturing a natural fiber using a bamboo chip,
the method including steps of adding the bamboo chip 20 prepared in the method as
defined in claim 1 and water in a solution ratio of 1:2.5 to 3.5 to a cooking container,
heating the bamboo chip 20 at 160 to 180°C for 100 to 180 minutes, and discharging
steam and prehydrolyzing the bamboo chip 20 under a reduced pressure; washing the
prehydrolyzed bamboo chip 20; adding 16 to 26% by weight of caustic soda (NaOH)
(in a solution ratio of 1:2.5 to 3.5) and 0.1 to 1.0% by weight of anthraquinone to a
cooking container based on the total weight of the bamboo chip, and heating the
mixture of the washed bamboo chip 20 at 130 to 150°C for 60 to 120 minutes, heating
the mixture at 155 to 175°C for 60 to 120 minutes once more, and discharging steam at
a reduced pressure; and washing the cooked bamboo chip.

[20] Also, additional processes includes steps of arranging and cutting the obtained
bamboo fiber (alpha-cellulose fiber) into pieces having a constant length, undergoing a
reeling process and a concentration process, bleaching the fibers several times, acid-
treating the bleached fibers, washing the fibers, and concentrating, pressing, drying and
packaging the washed fibers.

[21]

Advantageous Effects

[22] As described above, the method for manufacturing a bamboo fiber from a bamboo
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[23]

[24]

[25]
[26]

[27]

[28]

[29]

according to the present invention may be useful to easily dissolve and remove
impurities except for hemicellulose or alpha-cellulose such as lignin and pentoic acid
that are unnecessary in the fibrosis process using a bamboo chip manufactured from a
cylindrical bamboo in which bamboo joints are removed from a bamboo since
chemical agents are easily penetrated into the bamboo chip in a prehydrolysis and
cooking process by pressing the bamboo with a pressure roller or a convex roller to
crush the bamboo and tearing the bamboo into pieces with scratches in a longitudinal
direction so as to give rich bulkiness to the bamboo chip. Also, the manufacturing
according to the present invention may be useful to mass-produce good and en-
vironment-friendly bamboo fibers without any investment of expensive facilities since
a bamboo fiber may be directly extracted from the above-mentioned bamboo chip in
the prehydrolysis and cooking process, and the bamboo fiber may be then spun to
produce a yarn, or used for various fiber articles such as nonwoven fabrics, sanitary
articles, etc.
Brief Description of the Drawings

These and other teatures, aspects, and advantages of preferred embodiments of the
present invention will be more fully described in the following detailed description,
taken accompanying drawings. In the drawings:

FIG. 1 is a configuration view showing a cylindrical bamboo used in the present
invention,

FIG. 2 is a cross-sectional view showing a joint-free bamboo as shown in FIG. 1,

FIG. 3 is a cross-sectional view showing a bamboo chip having bulkiness through
the pressing of the bamboo as shown in FIG. 2, and

FIG. 4 is a diagram showing a rectangular fragmental chip used in the convention
method for manufacturing a bamboo fiber.
Best Mode for Carrying Out the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail referring to the accompanying drawings. Prior to the description, it should be
understood that the terms used in the specification and appended claims should not be
construed as limited to general and dictionary meanings, but interpreted based on the
meanings and concepts corresponding to technical aspects of the present invention on
the basis of the principle that the inventor is allowed to define terms appropriately for
the best explanation. Therefore, the description proposed herein is just a preferable
example for the purpose of illustrations only, not intended to limit the scope of the
invention, so it should be understood that other equivalents and modifications could be

made thereto without departing from the spirit and scope of the invention.
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[30]
[31]

[32]

[33]

[34]
[35]
[36]

[37]

[38]

[39]

[40]

[41]
[42]

Step 1: Preparation of materials

Well-grown bamboo is harvested, and branches and leaves are removed from the
harvested bamboo to obtain a cylindrical bamboo 10. Then, the cylindrical bamboo 10
is cut, and a region of bamboo joint 11is removed from the cylindrical bamboo 10 to
obtain a bamboo 12 that does not have a joint 11 (see FIG. 2).

In this case, the length of the resulting bamboo 12 is varied according to the growth
conditions and states of the harvested bamboo, but the bamboo 12 has a length of about
15 to 50 cm.

However, there is no particular limitation on the length of the cut bamboo 12, but
the bamboo 12 obtained by cutting off the joint 11 of the harvested cylindrical bamboo
10 is generally used as it is. Therefore, the length of the bamboo is preferably selected

depending on the use and purpose of the resulting bamboo fiber.

Step 2: Manufacture of bamboo chip

This process is important for the bamboo fiber provided in the present invention. In
this process, a bamboo chip 20 having bulkiness is obtained by pressing the bamboo 12
prepared in the Step 1 with a pressure roller or a convex roller with protrusions to
crush the bamboo 12 and tearing the bamboo 12 into pieces with scratches ina lon-
gitudinal direction (see FIG. 3).

As shown in FIG. 3, the subsequent process is preferably effectively carried out by
pressing the entire bamboo 12 to crush the entire part of the bamboo 12 while making
scratches to the bamboo 12, and the bamboo 12 is simultaneously torn in a longitudinal
direction to give bulkiness.

Articles, which are manufactured under the conditions as described in the Korean
Patent Application No. 2006-99406 filed by the present inventors, may be used herein
without manufacturing a bamboo chip under the conditions as described above in the
present invention.

Referring to the context of the prior application filed by the present inventors, a
bamboo from which leaves and twigs are removed is pressed with a plurality of convex
rollers to tear the bamboo while crushing the bamboo in a longitudinal direction,
thereby to give bulkiness to the bamboo, and the bamboo is cut into pieces having
desired length using a cutting machine. In the crushing and cutting processes, joints,
thin-walled tissues and silicated cuticles of the bamboo, which are obstacles to a

pulping process, are crushed and removed partially.

Step 3: Washing process
This process is to remove foreign substances attached to the bamboo chip and

cleanly wash impurities such as small fragments and dusts generated in the process of
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manufacturing a bamboo chip at the same time.

Step 4: Prehydrolysis process

This process is to maximize a yield of fibrous alpha-cellulose included in the
bamboo chip by dissolving hemicellulose and lignin in the bamboo chip.

In order to treat the bamboo chip, the prepared bamboo chip and water are added to
a cooking container and treated at a hot temperature for a suitable period.

In this case, a mixing ratio of the added bamboo chip and water ranges from 1 : 2.5
to 3.5 % by weight, and the bamboo chip is sufficiently immersed in water in the
cooking container. The bamboo chip is treated at a temperature of 160 to 180°C for
100 to 180 minutes, a steam is discharged into a reduced pressure, and the bamboo
chip treated in the cooking container is transferred into a washing process.

When the bamboo chip 20 is added to the cooking container together with the
bamboo chip 20 and treated at high temperature and high pressure for an extended time
as described above, hemicellulose and some of lignin in the bamboo chip are
structurally changed, dissociated and dissolved by the heating.

At the same time, pentoic acid that is present at a large amount of about 20 % is
also removed from the bamboo.

Particularly, the bulkiness is given to the bamboo chip used in the present invention
since the bamboo chip is crushed in a longitudinal direction and simultaneously torn
into pieces with scratches during the pressing process. Therefore, it is possible to easily

dissolve hemicellulose or lignin and pentoic acid in the prehydrolysis.

Step 5: Washing process.
This process is to wash dissolved hemicellulose or partially dissolved lignin and

pentoic acid in the prehydrolysis process so as to facilitate a cooking process.

Step 6: Cooking process

This process is to remove lignin, which is not dissolved in the prehydrolysis
process, in the most effective manner, but to extract only pure alpha-cellulose without
any damage to the alpha-cellulose in the bamboo chip.

Therefore, a process using caustic soda (NaOH) and anthraquinone may apply to
this process to improve the strength and yield of the alpha-cellulose.

That is to say, the bamboo chip undergoing the prehydrolysis and washing
processes is added to a cooking container together with a suitable amount of caustic
soda and a small amount of anthraquinone, and then treated at a high temperature to
sufficiently dissolve lignin and pentoic acid that are not dissolved and removed in the

prehydrolysis process. As a result, only the pure fibrous alpha-cellulose remains in the

Kimberly Clark EX1002, p. 1139
PGR2026-00078



WO 2008/063014 PCT/KR2007/005891

[59]
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[62]

[63]

[64]
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[66]

[67]

[68]

[69]
[70]
[71]
[72]

[73]
[74]
[75]

cooking container.

In the above treatment conditions, the alkaline compound is added at a ratio of 16 to
26%, based on the compound (NaOH) used in the bamboo chip undergoing the pre-
hydrolysis process. In this case, a solution ratio of the medicinal fluid (water, caustic
soda and anthraquinone) ranges from about 1 : 2.5 to 3.5, based on the bamboo chip.

Also, the added anthraquinone is used to facilitate the removal of lignin but prevent
the dissolution of alpha-cellulose, and the ratio of the added anthraquinone ranges from
about 0.1 to 1.0% by weight, based on the total weight of the bamboo chip.

The caustic soda and the anthraquinone are added to a cooking container together
with bamboo chip under the conditions as described above, and then primarily treated
at 130 to 150°C for about 60 to 120 minutes and secondarily at 155 to 175°C for 60 to
120 minutes.

Only the fibrous alpha-cellulose remains in the cooking container since the lignin
and pentoic acid that are not dissolved in the prehydrolysis process are sufficiently
dissolved in the heat treatment process.

When the bamboo chip is completely cooked under the above-mentioned
conditions, a steam is discharged into a reduced pressure, and the fibrous product
including only alpha-cellulose is then harvested from the cooking container, followed

by undergoing a washing process.

Step 7: Washing process

This process is to selectively extract the fibrous alpha-cellulose, for example a
bamboo fiber, by washing the dissolved lignin and pentoic acid in the cooking process
with water.

During the washing process (Step 7), a desired bamboo fiber according to the
present invention is actually obtained.

That is to say, a fibrous alpha-cellulose, that is, a bamboo fiber is extracted from the
bamboo chip. Then, the bamboo fiber may be spun to obtain a thread, or used to obtain
various articles such as nonwoven fabrics and sanitary articles.

However, the subsequent process is required to obtain a good bamboo fiber.

Step 8: Alignment and Length adjustment
This process is to align the bamboo fiber extracted in the previous process and

adjust any length of the bamboo fiber as the same time.

Step 9: Removal of Foreign substances,
This process is to remove other foreign substances such as sands in the bamboo

fiber by centrifuging the bamboo fiber aligned with any of lengths.
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The centrifugation is carried out in a centrifuge under conditions including a con-
centration of 0.5 to 0.8% and a pressure of 2 kg/ll, and therefore it is possible to ef-
fectively remove the foreign substances that have a higher specific gravity than the

bamboo fiber.

Step 10: Concentration process,
The foreign substance-free bamboo fiber prepared in the Step 9 is concentrated into
a density of 2 to 3.5%.

Step 11: Bleaching process

This is a bleaching process to obtain a good bamboo fiber by removing pigments in
the bamboo fiber to improve brightness.

The bamboo fiber is primarily bleached with chlorine. In this case, the bleaching
condition is as follows: 3.0 to 3.5% by weight of the bamboo fiber is treated in 60% of
the total amount of used chlorine for a chlorinating time of 40 to 60 minutes, and then
washed several time until the remaining chlorine is 0.20g/1 and pH of the bamboo fiber
is pH<2.

The primarily chlorine-bleached chlorine bamboo fiber undergoes a secondary
bleaching process.

In this case, the secondary bleaching condition is as follows: = 5.0% by weight of
the bamboo fiber is treated in 2.0 to 2.5% of an alkaline compound (based on a dry
fiber) at a temperature of 50 to 90°C for 60 to 90 minutes, and then washed until the
remaining alkaline compound is =50g/0.

The secondarily bleached bamboo fiber undergoes the third bleaching process.

The third bleaching condition is as follows: the secondarily bleached bamboo fiber
is treated in 40% of the total amount of a used chlorine solution including =250g/0 of
an alkaline compound at a temperature of 38 to 45°C for a chlorinating time of 120 to
240 minutes, and then washed several time until a desired brightness is =75%, a
content of alpha-cellulose fiber is =93% and the remaining alkaline compound is
=50g/0.

The bleached bamboo fiber has an excellent brightness and a good quality.

Step 12: Acid-treatment process

This process is to stably maintain the brightness of the bamboo fiber bleached in the
bleaching process. In this case, the bleached bamboo fiber is treated in 2.0 to 5.0% of
used acid (HCI]) (based on a dry fiver) at a room temperature for 40 to 60 minutes, and

then washed until the remaining acid is =50g/0.
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9
[93] Step 13: Concentration process,
[94] The acid-treated bamboo fiber is concentrated to a density of 3.0 to 3.5% using a
concentrator.
[95]
[96] Step 14: Pressing and drying process
[97] The concentrated bamboo fiber is pressed using a pressure roller to remove more

than 80% of water from the bamboo fiber, and the water-remove bamboo fiber is dried
into a dryness of about 8.5 to 10% using a hot-wind dryer.

(98]

[99] Step 15: Packaging process,

[100] The suitably dried bamboo fiber is pressed into a reduced volume and packed with
easy handling and transportation at the same time. Therefore, the manufacture of the
bamboo chip according to the present invention and the bamboo fiber extracted from
the bamboo chip are completed.

[101]

Mode for the Invention

[102] As described above, as a substitute natural fiber from a cotton plant whose
cultivation tends to decrease, a natural fiber having more excellent antimicrobial
activity than the cotton fiber and a smooth feeling sense is extracted from a bamboo for
use. In this case, articles having excellent physical properties such as tensile strength,
feeling sense and antimicrobial activity may be mass-produced by manufacturing a
bamboo chip so that the bamboo can be treated in the process of extracting a bamboo
fiber without using the complicated process, investing the expensive facilities and
causing the environment friend- associated problems, thereby to directly extract a
bamboo fiber from a bamboo in a simple process, followed by directly extracting a
bamboo fiber including only alpha-cellulose from the bamboo chip, which is used later
in a spinning process or for nonwoven fabrics. That is to say, the use of the bamboo
fiber in the spinning process or for the nonwoven fabrics means that a bamboo fiber is
spunas it is, or manufactured into a nonwoven fabric without undergoing a con-
ventional rayon viscose process (pulp dissolution-spinning-cutting processes).

[103] For the present invention, the condition of the bamboo chip is very important to
directly extract a bamboo fiber including only alpha-cellulose from the bamboo.

[104] That is to say, the bamboo chip used in the present invention is not a conventional
hard and fragment-type bamboo chip, but it is easily manufactured by crushing a joint-
free cylindrical bamboo with a length of 15 to 40 cm while pressing the cylindrical
bamboo in a pressing unit, and tearing the cylindrical bamboo into fine chips in a lon-

gitudinal direction, thereby to give bulkiness, which makes it easy to remove foreign
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substances, which is unnecessary in the fibrosis, such as hemicellulose or lignin, and
pentoic acid, which are included in the bamboo, during the prehydrolysis and cooking
process.

In particular, the bamboo fiber according to the present invention may be useful to
obtain a good bamboo fiber using a simple manufacturing process of directly
extracting a bamboo fiber from a bamboo chip through the prehydrolysis and cooking
process, the bamboo chip being prepared by pressing a long bamboo whose joints are
removed from a cylindrical bamboo to crush the bamboo and tearing the bamboo in a
longitudinal direction, unlike the conventional process of obtaining a soluble pulp from
a fragment-type hard bamboo chip; gelating the soluble pulp; obtaining a stable fiber
using a viscose process and using the stable fiber as a fiber article material.

Referring again to the conventional process of extracting a bamboo fiber, the con-
ventional process includes a four-step process including a bamboo chip - a soluble pulp
- a bamboo stable fiber in a viscose process - a fiber article, but the process according
to the present invention includes a three-step process including a bamboo chip - a
bamboo fiber - a fiber article (treads, nonwoven fabrics, sanitary articles). Therefore,
the process according to the present invention is carried out in a simple manner since
the articles are produced without manufacturing a stable fiber using the viscose
process.

In addition, a process for manufacturing a stable fiber using a conventional viscose
process may be omitted in the present invention since a bamboo fiber is directly
extracted from the bamboo chip, and therefore it is possible to mass-produce a bamboo
fiber with low expense without any of the environmental pollutions and the dete-
rioration of productivity and quality that are caused by the huge investment and
operation of the facilities.

The results obtained by comparing the conventional method for manufacturing a
bamboo fiber with the manufacturing method according to the present invention are
listed in the following Table 1.

Table 1

Comparison of the conventional method and the inventive method

Conventional method Inventive method
Bamboo chip Hard and rectangular Torn in a longitudinal direction
shape with bulkiness
Hard bark,inner Very rich Very low
bark and joint
Bulkiness Very hard but not bulky Bulkiness by scratches
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Cooking time
Dose of agents
Alpha-cellulose
Tensile strength

No. of Processes

Manufacturing cost

and other expenses

Peeling

Antimicrobial

activity
Feeling
Rarity
Application

11
Long
Large
Highly damaged
Weak

4 Processes

Expensive

High

Low

Mediocre
Under production

Restricted

PCT/KR2007/005891

Short

Small

Rarely damaged
Strong

3 Processes (a stable fiber

process omitted)

Cheap (about 37%)

Low

High

Very smooth
First development

Various

The present invention has been described in detail. However, it should be

understood that the detailed description and specific examples, while indicating

preferred embodiments of the invention, are given by way of illustration only, since

various changes and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art from this detailed description.
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Claims

A method for manufacturing a bamboo chip used to manufacture a natural fiber,
the method comprising:

obtaining a cylindrical bamboo 10 by removing leaves and twigs from harvested
bamboo;

obtaining a bamboo 12 having only bamboo stems by cutting and removing
bamboo joints 11 from the cylindrical bamboo 10; and

tearing the bamboo 12 into pieces in a longitudinal direction so as to give
bulkiness by pressing the bamboo 12 with a pressure roller and a convex roller to
crush the bamboo 12 in a longitudinal direction,

wherein the joint 11-free bamboo 12 has a length of 15 to 50 cm.

A method for manufacturing a natural fiber using a bamboo chip, the method
comprising:

adding the bamboo chip 20 prepared in the method as defined in claim 1 and
water in a solution ratio of 1:2.5 to 3.5 to a cooking container, heating the
bamboo chip 20 at 160 to 180°C for 100 to 180 minutes, and discharging steam
and prehydrolyzing the bamboo chip 20 under a reduced pressure;

washing the prehydrolyzed bamboo chip 20;

adding 16 to 26% by weight of caustic soda (NaOH) (in a solution ratio of 1:2.5
to 3.5) and 0.1 to 1.0% by weight of anthraquinone to a cooking container based
on the total weight of the bamboo chip, and heating the mixture of the washed
bamboo chip 20 at 130 to 150°C for 60 to 120 minutes, heating the mixture at
155 to 175°C for 60 to 120 minutes once more, and discharging steam at a
reduced pressure; and

washing the cooked bamboo chip.

The method for manufacturing a natural fiber according to claim 2, further
comprising a step of bleaching the washed bamboo chip so as to improve

brightness of a fiber after the step of washing the cooked bamboo chip.
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(57) Abstract: The present invention provides multi-layered tissue webs, and tissue products comprising the same, the multi-layered
webs comprising wood fibers and non-wood cellulosic fibers where the non-wood cellulosic tibers are selectively deposited in one or
more outer layers of the multi-layered web. Surprisingly disposing non-wood cellulosic tibers in the outer layers, even in relatively
modest amounts, alters the machine and/or cross-machine direction properties of the resulting web, such that MD:CD tensile ratio may
be reduced.
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LAYERED TISSUE COMPRISING NON-WOOD FIBERS

BACKGROUND OF THE DISCLOSURE

Papermakers, and in particular tissue paper makers, have long sought to balance the strength
and softness of paper products by treating or altering the papermaking furnish. For example, one
common practice in the manufacture of tissue products is to provide two furnishes (or sources) of wood
pulp fiber. Sometimes, a two-furnish system is used in which the first furnish comprises a wood pulp
fiber having a relatively short fiber length, such as a hardwood kraft pulp fiber, and the second furnish is
made of wood pulp fiber having a relatively long fiber length, such as softwood kraft pulp fiber. The short
fiber furnish may be used to provide the finished product with a softer handfeel, while the long fiber

furnish may be used to provide the finished product with strength.

While surface softness in tissue products is an important attribute, a second element in the
overall softness is stiffness. Stiffness can be measured from the tensiie siope of stress-strain tensie
curve. The lower the slope the lower the stiffness and the better overall softness the product will display.
Stiffness and tensiie strength are positively correiated, however at a given tensiie strength shorter fibers
will display a greater stiffness than long fibers. While not wishing to be bound by theory, it is believed
that this behavior is due io the higher number of hydrogen bonds reguired fo produce a product of a
given tensile strength with short fibers than with iong fibers. Thus, easily collapsible, low coarseness
long fibers, such as those provided by Northern Softwood Kraft (NSWK) fibers typically supply the best
combination of durability and softness in tissue products when those fibers are used in combination with
hardwood Kraft fibers such as Eucalyptus hardwood Kraft fibers. While Northern Softwood Kraft Fibers
have a higher coarseness than Eucalyptus fibers their small cell wall thickness relative to lumen diameter
combined with their long length makes them the ideal candidate for optimizing durability and softness in

tissue.

Unfortunately, supply of NSWK is under significant pressure both economically and
environmentally. As such, prices of NSWK fibers have escalated significantly creating a need to find
alternatives to optimize softness and strength in tissue products. Another type of softwood fiber is
Southern Softwood Kraft (SSWK) widely used in fluff pulp containing absorbent products such as
diapers, feminine care absorbent products and incontinence products. Unfortunately while not under the
same supply and environmental pressures as NSWK, fibers from SSWK are too coarse for tissue
products and are unsuitable for making soft tissue products. While having long fiber length, the SSWK
fibers have too wide a cell wall width and too narrow a lumen diameter and thus create stiffer, harsher
feeling products than NSWK.
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The tissue maker who is able to identify fibers having a desirable combination of fiber length
and coarseness from fiber blends generally regarded as inferior with respect to average fiber properties
may reap significant cost savings and/or product improvements. For example, the tissue maker may
wish to make a tissue paper of superior strength without incurring the usual degradation in softness
which accompanies higher strength. Alternatively, the papermaker may wish a higher degree of paper
surface bonding to reduce the release of free fibers without suffering the usual decrease in softness
which accompanies greater bonding of surface fibers. As such, a need currently exists for a tissue
product formed from a fiber that will improve durability without negatively affecting other important

product properties, such as softness.

SUMMARY OF THE DISCLOSURE

It has now been surprisingly discovered that the short, low-coarseness fiber fraction of the tissue
making furnish may be substituted with non-wood fibers and more specifically non-wood cellulosic fibers
having an average fiber length from about 1.0 to about 2.0 mm, without negatively affecting important
tissue properties such as strength and stiffness. In some instances tissue product properties may
actually be improved by substituting short, low-coarseness fiber with non-wood cellulosic fibers. For
example, in one embodiment, the present invention provides a soft and durable tissue comprising from
about 10 to about 50 percent non-wood cellulosic fiber and having a ratio of machine direction tensile
strength (MD Tensile) to cross-machine direction tensile strength (CD Tensile) of less than about 2.0
and a geometric mean tear strength greater than about 12.0 N. Surprisingly, the foregoing properties
are comparable or better than those observed in similarly manufactured tissue products consisting

essentially of short wood pulp fibers and long, low-coarseness wood pulp fibers.

Accordingly, in one embodiment, the present disclosure provides a multi-layered tissue web
comprising a fabric contacting fibrous layer and a non-fabric contacting, also referred to as the air-side
layer, fibrous layer, wherein the fabric contacting fibrous layer comprises wood pulp fibers and the non-
fabric contacting fibrous layer comprises a blend of non-wood cellulosic fibers and wood pulp fibers.
Preferably the fabric contacting layer is substantially free of non-wood cellulosic fibers and the tissue
web comprises from about 5 to about 30 weight percent non-wood cellulosic fibers. In a particularly
preferred embodiment the fabric contacting fibrous layer comprises softwood kraft fibers and the non-

fabric contacting fibrous layer comprises non-wood cellulosic fibers and hardwood kraft fibers.

In yet other embodiments the present disclosure provides a multi-layered tissue web comprising
a fabric contacting fibrous layer and a non-fabric contacting fibrous layer, wherein the fabric contacting
fibrous layer consists essentially of wood pulp fibers and is substantially free of non-wood cellulosic

fibers and the non-fabric contacting fibrous layer comprises from about 5 to about 30 weight percent
2
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non-wood cellulosic fibers, the tissue web having a basis weight greater than about 20 grams per square
meter (gsm) a MD:CD Tensile Ratio less than about 2.0 and a geometric mean tear strength greater

than about 12.0 N.

In other embodiments the present invention provides a tissue product comprising at least one
multi-layered tissue web having first and second outer layers and a middle layer disposed there-between,
the web comprising from about 5 to about 30 weight percent non-wood cellulosic fibers having an
average fiber length from about 1.0 to about 2.0 mm, the product having a MD:CD Tensile Ratio less
than about 2.0, a geometric mean tensile (GMT) greater than about 700 g/3" and a MD Slope less than
about 10.0 kg.

In still other embodiments the present disclosure provides a method of forming a tissue web
comprising the steps of dispersing a wood pulp fiber and a non-wood cellulosic fiber in water to form a
first fiber slurry, dispersing a wood pulp fiber to form a second fiber slurry, depositing the second fiber
slurry onto a forming fabric, depositing the first fiber slurry adjacent to the second fiber slurry to form a
wet web, dewatering the wet web to a consistency from about 20 to about 30 percent, and drying the
wet web to a consistency of greater than about 90 percent thereby forming a dry tissue web, the dry

tissue web comprising from about 5 to about 30 weight percent non-wood cellulosic fibers.

In yet other embodiments the present disclosure provides a method of modifying at least one
cross-machine direction property of a tissue web comprising the steps of dispersing hardwood kraft pulp
and a non-wood cellulosic fiber selected from the group consisting of Hesperaloe funifera, Hesperaloe
nocturna, Hesperaloe parviflova, Hesperaloe chiangii, Agave tequilana, Agave sisalana, Agave
fourcroydes, Phyllostachys edulis, Bambusa vulgaris, Phyllostachys nigra and combinations thereof, in
water to form a first fiber slurry, dispersing softwood kraft pulp fiber to form a second fiber slurry,
depositing the second fiber slurry onto a forming fabric, depositing the first fiber slurry adjacent to the
second fiber slurry to form a wet web, dewatering the wet web to a consistency from about 20 to about
30 percent, and drying the wet web to a consistency of greater than about 90 percent thereby forming a
dry tissue web, the dry tissue web comprising from about 5 to about 30 weight percent non-wood
cellulosic fibers and having a CD tensile, CD slope, CD tear or CD tensile energy absorption different
than a similarly manufactured tissue web substantially free from non-wood cellulosic fiber. In certain

embodiments first fiber slurry is not subject to refining and the second fiber slurry is optionally refined.
DESCRIPTIONS OF THE DRAWINGS

Figure 1 is a graph of CD slope (y-axis) versus geometric mean tensile (GMT, x-axis) for three

different tissue products manufactured at three different geometric mean tensile strengths, - @ - are

3
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tissue products having three layers and comprising 40% NSWK and 60% EHWK, -A- are tissue
products having three layers and comprising 40% NSWK, 45% EHWK and 15% bamboo; and - ® - are
tissue products having three layers and comprising 40% NSWK, 30% EHWK and 30% bamboo;

Figure 2 is a graph of MD slope (y-axis) versus geometric mean tensile (GMT, x-axis) for three
different tissue products manufactured at three different geometric mean tensile strengths, - @ - are
tissue products having three layers and comprising 40% NSWK and 60% EHWK, -A- are tissue
products having three layers and comprising 40% NSWK, 45% EHWK and 15% bamboo; and - ® - are
tissue products having three layers and comprising 40% NSWK, 30% EHWK and 30% bamboo; and

Figure 3 is a graph of GM tear (y-axis) versus geometric mean tensile (GMT, x-axis) for three
different tissue products manufactured at three different geometric mean tensile strengths, - ® - are
tissue products having three layers and comprising 40% NSWK and 60% EHWK, -A- are tissue
products having three layers and comprising 40% NSWK, 45% EHWK and 15% bamboo; and - B - are
tissue products having three layers and comprising 40% NSWK, 30% EHWK and 30% bamboo.

DEFINITIONS

As used herein, the term “Average Fiber Length” means the length weighted average fiber length
(LWAFL) of fibers determined utilizing OpTest Fiber Quality Analyzer, model FQA-360 (OpTest
Equipment, Inc., Hawkesbury, ON). According to the test procedure, a pulp sample is treated with a
macerating liquid to ensure that no fiber bundles or shives are present. Each pulp sample is disintegrated
into hot water and diluted to an approximately 0.001 percent solution. Individual test samples are drawn
in approximately 50 to 100 ml portions from the dilute solution when tested using the standard OpTest
Fiber Quality Analyzer fiber analysis test procedure. The weighted average fiber length may be

expressed by the following equation:

K
Z (xi xn))/n
x;=0

where k = maximum fiber length

xi = fiber length

ni = number of fibers having length x;
n = total number of fibers measured.

As used herein, the term “Coarseness’ means the fiber mass per unit of unweighted fiber length
reported in units of milligrams per one hundred meters of unweighted fiber length (mg/100 m) as
4
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measured using a suitable fiber coarseness measuring device such as the above OpTest Fiber Quality
Analyzer. The coarseness 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 described above.

As used herein the term "Fiber" means an elongate particulate having an apparent length greatly
exceeding its apparent width. More specifically, and as used herein, fiber means such fibers suitable for

a papermaking process and more particularly the tissue paper making process.
As used herein the term "Cellulosic Fiber" means a fiber composed of or derived from cellulose.

As used herein, the term “Long Cellulosic Fibers” means a cellulosic fiber having an average
fiber length greater than 1.2 mm and more preferably greater than about 1.5 mm and still more preferably
greater than about 1.8 mm, such as from about 1.2 to about 3.0 mm and more preferably from about 1.5

to about 2.5 mm.

As used herein the term “Short Cellulosic Fibers” means a cellulosic fiber having an average
length less than about 1.2 mm, such as from about 0.4 to about 1.2 mm, such as from about 0.5 to about
0.75mm, and more preferably from about 0.6 to about 0.7 mm. One example of short cellulosic fibers
are hardwood pulp fibers, which may be derived from hardwoods selected from the group consisting of
Acacia, Eucalyptus, Maple, Oak, Aspen, Birch, Cottonwood, Alder, Ash, Cherry, EIm, Hickory, Poplar,

Gum, Walnut, Locust, Sycamore and Beech.

As used herein the term “Non-Wood Cellulosic Fiber” means a fibers derived from non-wood
plants including, for example, non-wood plants in the genus Hesperaloe in the family Agavaceae
including, such as H. funifera, H. nocturna, H. parviflova, and H. changii, non-wood plants in the genus
Agave, of the family Asparagaceae including, for example A. tequilana, A. sisalana and A. fourcroydes
and non-wood plants in the genus Phyllostachys or Bambusa, of the family Poaceae including, for

example, Phyllostachys edulis, Bambusa vulgaris and Phyllostachys nigra variant Henon.

As used herein, the term “Tissue Product’ means products made from tissue webs and includes,
bath tissues, facial tissues, paper towels, industrial wipers, foodservice wipers, napkins, medical pads,

and other similar products.

As used herein, the term “Tissue Web” means a fibrous sheet material suitable for use as a

tissue product.

As used herein, the term “Ply’ means a discrete product element. Individual plies may be
arranged in juxtaposition to each other. The term may refer to a plurality of web-like components such

as in a multi-ply facial tissue, bath tissue, paper towel, wipe, or napkin.
5
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As used herein, the term “Layer” means a plurality of strata of fibers, chemical treatments, or

the like, within a ply.

As used herein, the terms “Layered,” “Multi-Layered,” and the like, refer to fibrous sheets
prepared from two or more layers of aqueous papermaking furnish which are preferably comprised of
different fiber types. The layers are preferably formed from the deposition of separate streams of dilute
fiber slurries, upon one or more endless foraminous screens. If the individual layers are initially formed
on separate foraminous screens, the layers are subsequently combined (while wet) to form a layered

composite web.

As used herein the term “Basis Weight” means the bone dry weight per unit area of a tissue and
is generally expressed as grams per square meter (gsm). Basis weight is measured using TAPPI test
method T-220. While basis weight may be varied, tissue products prepared according to the present
invention and comprising one, two or three plies, generally have a basis weight greater than about

30 gsm, such as from about 30 to about 60 gsm and more preferably from about 35 to about 45 gsm.

As used herein the term “Caliper” is the representative thickness of a single sheet (caliper of
tissue products comprising two or more plies is the thickness of a single sheet of tissue product
comprising all plies) measured in accordance with TAPPI test method T402 using an EMVECO 200-A
Microgage automated micrometer (EMVECO, Inc., Newberg, OR). The micrometer has an anvil
diameter of 2.22 inches (56.4 mm) and an anvil pressure of 132 grams per square inch (per 6.45 square
centimeters) (2.0 kPa). The caliper of a tissue product may vary depending on a variety of manufacturing
processes and the number of plies in the product, however, tissue products prepared according to the
present invention generally have a caliper greater than about 500 um, more preferably greater than
about 575 pm and still more preferably greater than about 600 um, such as from about 500 to about

800 um and more preferably from about 600 to about 750 um.

As used herein the term “Sheet Bulk” refers to the quotient of the caliper (generally having units
of um) divided by the bone dry basis weight (generally having units of gsm). The resulting sheet bulk is
expressed in cubic centimeters per gram (cc/g). Through-air dried tissue products prepared according
to the present invention generally have a sheet bulk greater than about 8 cc/g, more preferably greater
than about 10 cc/g and still more preferably greater than about 12 cc/g, such as from about 8 to about
20 cc/g and more preferably from about 12 to about 18 cc/g. Creped wet pressed tissue products
prepared according to the present invention generally have a sheet bulk greater than about 7 cc/g, more

preferably greater than about 9 cc/g, such as from about 7 to about 10 cc/g.

As used herein, the term “Geometric Mean Tensile” (GMT) refers to the square root of the

product of the machine direction tensile strength and the cross-machine direction tensile strength of the
6
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tissue product. While the GMT may vary, tissue products prepared according to the present invention
generally have a GMT greater than about 500 g/3’, more preferably greater than about 600 g/3” and still
more preferably greater than about 800 g/3”, such as from about 500 to about 1,200 g/3".

As used herein, the term “Slope” refers to the slope of the line resulting from plotting tensile
versus stretch and is an output of the MTS TestWorks™ in the course of determining the tensile strength
as described in the Test Methods section herein. Slope is reported in the units of grams (g) per unit of
sample width (inches) and is measured as the gradient of the least-squares line fitted to the load-
corrected strain points falling between a specimen-generated force of 70 to 157 grams (0.687 to 1.540 N)
divided by the specimen width. Slopes are generally reported herein as having units of grams (g) or

kilograms (kg).

As used herein, the term “Geometric Mean Slope” (GM Slope) refers to the square root of the
product of machine direction slope and cross-machine direction slope. GM Slope generally is expressed
in units of kilograms (kg). While the GM Slope may vary, tissue products prepared according to the
present invention generally have a GM Slope less than about 10.0 kg, more preferably less than about

8.0 kg and still more preferably less than about 6.0 kg.

As used herein, the term “Stiffness Index” refers to GM Slope (having units of kg), divided by
GMT (having units of g/3") multiplied by 1,000. While the Stiffness Index may vary, tissue products
prepared according to the present invention generally have a Stiffness Index less than about 10.0 and

more preferably less than about 8.0, such as from about 6.0 to about 10.0.

As used herein, the term “Geometric Mean Tensile Energy Absorption” (GM TEA) refers to the
square root of the product MD TEA and CD TEA, which are measured in the course of determining

tensile strength as described below. GM TEA has units of gm*cm/cm?2.

As used herein the term “Substantially Free” when used in reference to a given layer of a multi-
layered fibrous web means the given layer comprises less than about 0.25 percent of the subject fiber,
by weight of the layer. The foregoing amounts of fiber are generally considered negligible and do not
affect the physical properties of the layer. Moreover the presence of negligible amounts of subject fibers
in a given layer generally arise from fibers disposed in an adjacent layer, and have not been purposefully
disposed in a given layer. For example where a given layer of a multi-layered tissue web is said to be
substantially free of wood pulp fibers, the given layer generally comprises less than about 0.25 percent

wood pulp fiber, by weight of the layer.
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DETAILED DESCRIPTION OF THE DISLOSURE

The present invention provides multi-layered tissue webs, and tissue product comprising the
same, the multi-layered webs comprising wood fibers and non-wood cellulosic fibers where the non-
wood cellulosic fibers are selectively deposited in one or more outer layers of the multi-layered web.
Surprisingly disposing non-wood cellulosic fibers in the outer layers, even in relatively modest amounts,
alters the machine and/or cross-machine direction properties of the resulting web, such that MD:CD
tensile ratio may be reduced. For example, in one embodiment, the present invention provides a method
of manufacturing a tissue web comprising the steps of dispersing hardwood kraft pulp and a non-wood
cellulosic fiber in water to form a first fiber slurry, dispersing softwood kraft pulp fiber to form a second
fiber slurry, depositing the second fiber slurry onto a forming fabric, depositing the first fiber slurry
adjacent to the second fiber slurry to form a wet web, dewatering the wet web to a consistency from
about 20 to about 30 percent, and drying the wet web to a consistency of greater than about 90 percent
thereby forming a dry tissue web, the dry tissue web comprising from about 5 to about 30 weight percent
non-wood cellulosic fibers and having a MD:CD tensile ratio less than about 2.0. In particularly preferred
embodiments the first fiber slurry is not refined, thatis neither the hardwood kraft pulp nor the non-wood
cellulosic fibers are refined. The second fiber slurry may optionally be refined to modify the strength of

the resulting tissue web.

Tissue webs and products of the present invention generally comprise at least about 5.0 weight
percent non-wood cellulosic fibers and more preferably at least about 10 weight percent, such as from
about 5.0 to about 30 percent and more preferably from about 10 to about 25 weight percent. in
particularly preferred embodiments the inventive tissue products comprise a multi-layered web
comprising a first layer, such as a fabric contacting layer, and a second layer, such as an air layer, where
the first layer comprises non-wood cellulosic fiber and wood pulp fibers, preferably short wood fibers,
and the second layer comprises wood pulp fibers and is substantially free from non-wood cellulosic

fibers.

Non-wood cellulosic fibers useful in the present invention are generally derived from non-wood
plants in the genus Hesperaloe in the family Agavaceae including, for example H. funifera, H. nocturna,
H. parviflova, and H. changii, non-wood plants in the genus Agave, of the family Asparagaceae including,
for example A. tequilana, A. sisalana and A. fourcroydes and non-wood plants in the genus
Phyllostachys or Bambusa, of the family Poaceae including, for example, Phyilfostachys edulis, Bambusa
vulgaris and Phylfostachys nigra variant Henon. Preferably the non-wood cellulosic fiber has an average
fiber length greater than about 1.0 mm, more preferably greater than about 1.2 mm and still more

preferably greater than about 1.4 mm, such as an average fiber length from about 1.0 to about 3.0 mm

8
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and more preferably from about 1.2 to about 2.8 mm. In certain embodiments the tissue webs and

products may comprise two or more different non-wood cellulosic fibers.

In particularty preferred embodiments the non-wood cellulosic fiber is a bamboo fiber derived
from one or more bamboo fiber species selected from the group consisting of Acidosasa sp.,
Ampleocalamus sp., Arundinaria sp., Bambusa sp., Bashania sp., Borinda sp., Brachystachyum sp.,
Cephalostachyum sp., Chimonotambusa sp., Chusquea sp., Dendrccalamus sp., Dinochioa sp.,
Drepanostachyum sp., Eremifis sp., Fargesia sp., Gaoligongshania sp., Gelidocalamus sp.,
Gigantochioa sp., Guadua sp., Hibanobambusa sp., Himalayacalamus sp., Indocalamus sp., Indosasa
sp., Lithachne sp., Melocanna sp., Menstruocalamus sp., Nastus sp., Na&ohouzaaua sp.,
Neomicrccalamus sp., Ochiandra sp., Ofigostachyum sp., Oimeca sp., Otatea sp., Oxytenanthera sp.,
Phyiiostachys sp., Pleioblastus sp., Pseudosasa sp., Raddia sp., Rhipidocladum sp., Sasa sp., Sasaelia
sp., Sasamoipha sp., Schizostachyum sp., Semiarundinaria sp., Shibatea sp., Sinobambusa sp.,

Thamnocafamus sp., Thyrsostachys sp., and Yushania sp.

Tissue webs and products made in accordance with the present disclosure are formed from a
stratified fiber furnish producing layers within the web or product. Stratified base webs can be formed
using equipment known in the art, such as a multi-layered headbox. For example, in certain
embodiments, the tissue products may be prepared from multi-layered webs having a first outer layer, a
middle layer and a second outer layer. In one embodiment the first and second outer layers may
comprise non-wood cellulosic fiber and short cellulosic fiber, such as hardwood pulp fibers. The short
cellulosic fibers can be mixed, if desired, with paper broke in an amount up to about 10 percent by weight
and/or long cellulosic fiber in an amount up to about 10 percent by weight. The middle layer, which is
generally positioned in between the first outer layer and the second outer layer may comprise wood
fibers, and more preferably long, low coarseness wood pulp fibers, such as Northern softwood kraft pulp

fibers (NSWK). Preferably the middle layer is substantially free from non-wood cellulosic fibers.

In other embodiments the non-wood cellulosic fibers are utilized in the tissue web as a
replacement for short wood fibers such as hardwood kraft pulp fibers and more specifically Eucalyptus
kraft fibers. In one particular embodiment, non-wood cellulosic fibers are incorporated into a multi-
layered web having an air contacting layer (non-fabric contacting layer) and a fabric contacting layer
where the air contacting layer comprises a blend of hardwood fibers and non-wood cellulosic fibers and
the fabric contacting layer comprises long wood fibers. In the foregoing embodiment the non-wood
cellulosic fiber may be added to the air contacting layer such that the total web comprises about 5.0 to

about 30 percent, by total weight of the web, non-wood cellulosic fibers. Further, it may be preferred to
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selectively dispose the non-wood cellulosic fibers in the air layer such that the fabric contacting layer is

substantially free from non-wood cellulosic fibers.

In a particularly preferred embodiment, the present disclosure provides a tissue web having
modified machine and/or cross-machine direction physical properties and a MD:CD tensile ratio less
than about 2.0. For example, the invention provides a tissue product having a GMT greater than about
500 g/3", such as from about 500 to about 1,200 g/3", and more preferably from about 700 to about
1,000 g/3”, a MD:CD tensile ratio less than about 2.0, such as from about 1.5 to about 2.0 and more
preferably from about 1.6 to about 1.80 and a reduced MD Slope, such as a MD Slope less than about
10.0 kg, and more preferably less than about 8.0 kg, such as from about 6.0 to about 10.0 kg and more

preferably from about 6.0 to about 8.0 kg.

In other embodiments, the addition of non-wood fibers to one or more outer layers of a multi-
layered tissueweb may alter the CD Slope and in some instances may increase the CD Slope, compared
to a similarly manufactured tissue web that is substantially free from non-wood fibers. For example, a
tissue multi-layered web comprising from about 10 to about 50 percent non-wood fiber, where the non-
wood fiber is selectively incorporated in one or more outer layers may have a CD Slope from about 4.5
to about 6.0 kg.

In still other embodiments, the present disclosure provides tissue products having enhanced
durability, such as improved tear strength. For example, tissue products prepared as described herein
may have a geometric mean tear (GM tear) greater than about 12.0 N and more preferably greater than
about 14.0 N and still more preferably greater than about 16.0 N, such as from about 12.0 to about 20.0

at geometric mean tensile strengths from about 700 to about 1,200 g/3”.

The increase in durability is generally achieved without a corresponding increase in stiffness,
such that the instant tissue products are durable, yet flexible and soft. For example, tissue products
prepared as described herein may have a GM Slope less than about 8.0 and more preferably less than
about 7.0, such as from about 5.0 to about 8.0. The foregoing GM Slopes are generally achieved at
GMTs from about 700 to about 1,200 g/3" and more preferably from about 750 to about 1,000 g/3”
yielding Stiffness Indexes less than about 9.0, and more preferably less than about 8.0 and still more

preferably less than about 7.0, such as from about 6.0 to about 9.0.

Webs prepared as described herein may be converted into either single or multi-ply rolled tissue
products that have improved properties over the prior art. In one embodiment the present disclosure
provides a rolled tissue product comprising a spirally wound tissue web having at least two layers

wherein the air contacting layer comprises at least about 5 percent, by weight of the web, non-wood
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cellulosic fiber and wherein the tissue web has a bone dry basis weight greater than about 35 gsm, a

sheet bulk greater than about 10 cc/g and a Stiffness Index less than about 9.0.

The tissue webs may also be incorporated into tissue products that may be either single- or
multi-ply, where one or more of the plies may be formed by a multi-layered tissue web having non-wood
cellulosic fiber selectively incorporated in one of its layers. In one embodiment the tissue product is
constructed such that the non-wood cellulosic fibers are brought into contact with the user's skin in-use.
For example, the tissue product may comprise two multi-layered through-air dried webs wherein each
web comprises a fabric contacting fibrous layer substantially free from non-wood cellulosic fiber and a
non-fabric contacting fibrous layer comprising non-wood cellulosic fiber. The webs are plied together
such that the outer surface of the tissue product is formed from the fabric contacting fibrous layers of
each web, such that the surface brought into contact with the user's skin in-use comprises non-wood

cellulosic fiber.

If desired, various chemical compositions may be applied to one or more layers of the multi-
layered tissue web to further enhance softness and/or reduce the generation of lint or slough. For
example, in some embodiments, a wet strength agent can be utilized to further increase the strength of
the tissue product when wet. As used herein, a “wet strength agent’ is any material that when added to
pulp fibers can provide a resulting web or sheet with a wet geometric tensile strength to dry geometric
tensile strength ratio in excess of about 0.1. Typically these materials are termed either “permanent” wet
strength agents or “temporary” wet strength agents. As is well known in the art, temporary and
permanent wet strength agents may also sometimes function as dry strength agents to enhance the

strength of the tissue product when dry.

Wet strength agents may be applied in various amounts depending on the desired
characteristics of the web. For instance, in some embodiments, the total amount of wet strength agents
added can be between about 1 to about 60 pounds per ton (Ibs/T), in some embodiments between about
5 to about 30 Ibs/T, and in some embodiments between about 7 to about 13 Ibs/T of the dry weight of
fibrous material. The wet strength agents can be incorporated into any layer of the multi-layered tissue

web.

A chemical debonder can also be applied to soften the web. Specifically, a chemical debonder
can reduce the amount of hydrogen bonds within one or more layers of the web, which results in a softer
product. Depending on the desired characteristics of the resulting tissue product, the debonder can be
utilized in varying amounts. For example, in some embodiments, the debonder can be applied in an

amount between about 1 to about 30 Ibs/T, in some embodiments between about 3 to about 20 Ibs/T,
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and in some embodiments, between about 6 to about 15 Ibs/T of the dry weight of fibrous material. The

debonder can be incorporated into any layer of the multi-layered tissue web.

Any material capable of enhancing the soft feel of a web by disrupting hydrogen bonding can
generally be used as a debonder in the present invention. In particular, as stated above, it is typically
desired that the debonder possess a cationic charge for forming an electrostatic bond with anionic
groups present on the pulp. Some examples of suitable cationic debonders can include, but are not
limited to, quaternary ammonium compounds, imidazolinium compounds, bis-imidazolinium compounds,
diquaternary ammonium compounds, polyquaternary ammonium compounds, ester-functional
quaternary ammonium compounds (e.g., quaternized fatty acid trialkanolamine ester salts), phospholipid
derivatives, polydimethylsiloxanes and related cationic and non-ionic silicone compounds, fatty and
carboxylic acid derivatives, mono and polysaccharide derivatives, polyhydroxy hydrocarbons, etc. For
instance, some suitable debonders are described in U.S. Pat. Nos. 5,716,498, 5,730,839, 6,211,139,
5,543,067, and WO/0021918, all of which are incorporated herein in a manner consistent with the

present disclosure.

Still other suitable debonders are disclosed in U.S. Pat. Nos. 5,529,665 and 5,558,873, both of
which are incorporated herein in a manner consistent with the present disclosure. In particular, U.S. Pat.

No. 5,529,665 discloses the use of various cationic silicone compositions as softening agents.

Tissue webs of the present disclosure can generally be formed by any of a variety of
papermaking processes known in the art. Preferably the tissue web is formed by through-air drying and
be either creped or uncreped. For example, a papermaking process of the present disclosure can utilize
adhesive creping, wet creping, double creping, embossing, wet-pressing, air pressing, through-air
drying, creped through-air drying, uncreped through-air drying, as well as other steps in forming the
paper web. Some examples of such techniques are disclosed in U.S. Pat. Nos. 5,048,589, 5,399,412,
5,129,988 and 5,494,554 all of which are incorporated herein in a manner consistent with the present
disclosure. When forming multi-ply tissue products, the separate plies can be made from the same

process or from different processes as desired.

For example, in one embodiment, tissue webs may be creped through-air dried webs formed
using processes known in the art. To form such webs, an endless traveling forming fabric, suitably
supported and driven by ralls, receives the layered papermaking stock issuing from the headbox. A
vacuum box is disposed beneath the forming fabric and is adapted to remove water from the fiber furnish
to assist in forming a web. From the forming fabric, a formed web is transferred to a second fabric, which

may be either a wire or a felt. The fabric is supported for movement around a continuous path by a
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plurality of guide rolls. A pick up roll designed to facilitate transfer of web from fabric to fabric may be

included to transfer the web.

Preferably the formed web is dried by transfer to the surface of a rotatable heated dryer drum,
such as a Yankee dryer. The web may be transferred to the Yankee directly from the throughdrying
fabric or, preferably, transferred to an impression fabric which is then used to transfer the web to the
Yankee dryer. In accordance with the present disclosure, the creping composition of the present
disclosure may be applied topically to the tissue web while the web is traveling on the fabric or may be
applied to the surface ofthe dryer drum for transfer onto one side of the tissue web. In this manner, the
creping composition is used to adhere the tissue web to the dryer drum. In this embodiment, as the web
is carried through a portion of the rotational path of the dryer surface, heat is imparted to the web causing
most of the moisture contained within the web to be evaporated. The web is then removed from the dryer
drum by a creping blade. The creping web as it is formed further reduces internal bonding within the web
and increases softness. Applying the creping composition to the web during creping, on the other hand,

may increase the strength of the web.

In other embodiments, the base web is formed by an uncreped through-air drying process such
as those described, for example, in U.S. Pat. Nos. 5,656,132 and 6,017,417, both of which are hereby
incorporated by reference herein in a manner consistent with the present disclosure. The uncreped
through-air drying process may comprise a twin wire former having a papermaking headbox which injects
or deposits a furnish of an aqueous suspension of wood fibers onto a plurality of forming fabrics, such
as an outer forming fabric and an inner forming fabric, thereby forming a wet tissue web. The forming
process may be any conventional forming process known in the papermaking industry. Such formation
processes include, but are not limited to, Fourdriniers, roof formers such as suction breast roll formers,

and gap formers such as twin wire formers and crescent formers.

The wet tissue web forms on the inner forming fabric as the inner forming fabric revolves about
a forming roll. The inner forming fabric serves to support and carry the newly-formed wet tissue web
downstream in the process as the wet tissue web is partially dewatered to a consistency of about 10
percent based on the dry weight of the fibers. Additional dewatering of the wet tissue web may be carried
out by known paper making techniques, such as vacuum suction boxes, while the inner forming fabric
supports the wet tissue web. The wet tissue web may be additionally dewatered to a consistency of at
least about 20 percent, more specifically between about 20 to about 40 percent, and more specifically

about 20 to about 30 percent.

The forming fabric can generally be made from any suitable porous material, such as metal
wires or polymeric filaments. For instance, some suitable fabrics can include, but are not limited to,
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Albany 84M and 94M available from Albany International (Albany, N.Y.) Asten 856, 866, 867, 892, 934,
939, 959, or 937; Asten Synweve Design 274, all of which are available from Asten Forming Fabrics,
Inc. (Appleton, Wis.); and Voith 2164 available from Voith Fabrics (Appleton, Wis.). The wet web is then
transferred from the forming fabric to a transfer fabric while at a solids consistency of between about 10
to about 35 percent and, particularly, between about 20 to about 30 percent. As used herein, a “transfer
fabric” is a fabric that is positioned between the forming section and the drying section of the web

manufacturing process.

Transfer to the transfer fabric may be carried out with the assistance of positive and/or negative
pressure. For example, in one embodiment, a vacuum shoe can apply negative pressure such that the
forming fabric and the transfer fabric simultaneously converge and diverge at the leading edge of the
vacuum slot. Typically, the vacuum shoe supplies pressure at levels between about 10 to about 25
inches of mercury. As stated above, the vacuum transfer shoe (negative pressure) can be supplemented
or replaced by the use of positive pressure from the opposite side of the web to blow the web onto the
next fabric. In some embodiments, other vacuum shoes can also be used to assist in drawing the fibrous
web onto the surface of the transfer fabric. The wet tissue web is then transferred from the transfer fabric

to a throughdrying fabric.

While supported by the throughdrying fabric, the wet tissue web is dried to a final consistency
of about 94 percent or greater by a throughdryer. The drying process can be any noncompressive drying
method which tends to preserve the bulk or thickness of the wet web including, without limitation,
throughdrying, infra-red radiation, microwave drying, etc. Because of its commercial availability and
practicality, throughdrying is well known and is one commonly used means for noncompressively drying
the web for purposes of this invention. Suitable throughdrying fabrics include, without limitation, fabrics
with substantially continuous machine direction ridges whereby the ridges are made up of multiple warp
strands grouped together, such as those disclosed in U.S. Pat. No. 6,998,024. Other suitable
throughdrying fabrics include those disclosed in U.S. Pat. No. 7,611,607, which is incorporated herein
in a manner consistent with the present disclosure, particularly the fabrics denoted as Fred (11207-77),
Jetson (11207-6) and Jack (11207-12). The web is preferably dried to final dryness on the throughdrying

fabric, without being pressed against the surface of a Yankee dryer, and without subsequent creping.

Additionally, webs prepared according to the present disclosure may be subjected to any
suitable post processing including, but not limited to, printing, embossing, calendering, slitting, folding,
winding, combining with other tissue webs, and the like. Post processing of the web generally results in

a tissue product that is intended for use by a consumer.
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TEST METHODS
Sheet Bulk

Sheet Bulk is calculated as the quotient of the dry sheet caliper (um) divided by the basis weight
(gsm). Dry sheet caliper is the measurement of the thickness of a single tissue sheet measured in
accordance with TAPPI test methods T402 and T411 om-89. The micrometer used for carrying out T411
om-89 is an Emveco 200-A Tissue Caliper Tester (Emveco, Inc., Newberg, OR). The micrometer has a
load of 2 kilo-Pascals, a pressure foot area of 2500 square millimeters, a pressure foot diameter of 56.42

millimeters, a dwell time of 3 seconds and a lowering rate of 0.8 millimeters per second.

Tear

Tear testing was carried out in accordance with TAPPI test method T-414 “Internal Tearing
Resistance of Paper (Elmendorf-type method)” using a falling pendulum instrument such as Lorentzen

& Wettre Model SE 009. Tear strength is directional and MD and CD tear are measured independently.

More particularly, a rectangular test specimen of the sample to be tested is cut out of the tissue
product or tissue basesheet such that the test specimen measures 63 + 0.15 mm (2.5 + 0.006 inches)
in the direction to be tested (such as the MD or CD direction) and between 73 and 114 millimeters (2.9
and 4.6 inches) in the other direction. The specimen edges must be cut parallel and perpendicular to the
testing direction (not skewed). Any suitable cutting device, capable of the prescribed precision and
accuracy, can be used. The test specimen should be taken from areas of the sample that are free of
folds, wrinkles, crimp lines, perforations or any other distortions that would make the test specimen

abnormal from the rest of the material.

The number of plies or sheets to test is determined based on the number of plies or sheets
required for the test results to fall between 20 to 80 percent on the linear range scale of the tear tester
and more preferably between 20 to 60 percent of the linear range scale of the tear tester. The sample
preferably should be cut no closer than 6 mm (0.25 inch) from the edge of the material from which the
specimens will be cut. When testing requires more than one sheet or ply the sheets are placed facing in

the same direction.

The test specimen is then placed between the clamps of the falling pendulum apparatus with
the edge of the specimen aligned with the front edge of the clamp. The clamps are closed and a
20-millimeter slit is cut into the leading edge of the specimen usually by a cutting knife attached to the
instrument. For example, on the Lorentzen & Wettre Model SE 009 the slit is created by pushing down
on the cutting knife lever until it reaches its stop. The slit should be clean with no tears or nicks as this

slit will serve to start the tear during the subsequent test.
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The pendulum is released and the tear value, which is the force required to completely tear the
test specimen, is recorded. The test is repeated a total of ten times for each sample and the average of
the ten readings reported as the tear strength. Tear strength is reported in units of grams of force (gf).
The average tear value is the tear strength for the direction (MD or CD) tested. The “geometric mean
tear strength” is the square root of the product of the average MD tear strength and the average CD tear
strength. The Lorentzen & Wettre Model SE 009 has a setting for the number of plies tested. Some
testers may need to have the reported tear strength multiplied by a factor to give a per ply tear strength.
For basesheets intended to be multiple ply products, the tear results are reported as the tear of the
multiple ply product and not the single ply basesheet. Thisis done by multiplying the single ply baseshest
tear value by the number of plies in the finished product. Similarly, multiple ply finished product data for
tear is presented as the tear strength for the finished product sheet and not the individual plies. A variety
of means can be used to calculate but in general will be done by inputting the number of sheets to be
tested rather than number of plies to be tested into the measuring device. For example, two sheets would

be two 1-ply shests for 1-ply product and two 2-ply sheets (4-plies) for 2-ply products.

Tensile

Tensile testing was done in accordance with TAPPI test method T-576 “Tensile properties of
towel and tissue products (using constant rate of elongation)” wherein the testing is conducted on a
tensile testing machine maintaining a constant rate of elongation and the width of each specimen tested
is 3 inches. More specifically, samples for dry tensile strength testing were prepared by cutting a 3 +
0.05 inches (76.2 + 1.3 mm) wide strip in either the machine direction (MD) or cross-machine direction
(CD) orientation using a JDC Precision Sample Cutter (Thwing-Albert Instrument Company,
Philadelphia, PA, Model No. JDC 3-10, Serial No. 37333) or equivalent. The instrument used for
measuring tensile strengths was an MTS Systems Sintech 11S, Serial No. 6233. The data acquisition
software was an MTS TestWorks® for Windows Ver. 3.10 (MTS Systems Corp., Research Triangle Park,
NC). The load cell was selected from either a 50 Newton or 100 Newton maximum, depending on the
strength of the sample being tested, such that the majority of peak load values fall between 10 to 90
percent of the load cell's full scale value. The gauge length between jaws was 4 + 0.04 inches (101.6 +
1 mm) for facial tissue and towels and 2 + 0.02 inches (50.8 + 0.5 mm) for bath tissue. The crosshead
speed was 10 + 0.4 inches/min (254 + 1 mm/min), and the break sensitivity was set at 65 percent. The
sample was placed in the jaws of the instrument, centered both vertically and horizontally. The test was
then started and ended when the specimen broke. The peak load was recorded as either the "MD tensile
strength” or the "CD tensile strength” of the specimen depending on direction of the sample being tested.

Ten representative specimens were tested for each product or sheet and the arithmetic average of all
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individual specimen tests was recorded as the appropriate MD or CD tensile strength the product or
sheet in units of grams of force per 3 inches of sample. The geometric mean tensile (GMT) strength was
calculated and is expressed as grams-force per 3 inches of sample width. Tensile energy absorbed
(TEA) and slope are also calculated by the tensile tester. TEA is reported in units of gm*cm/cmz2. Slope
is recorded in units of kg. Both TEA and Slope are directional dependent and thus MD and CD directions
are measured independently. Geometric mean TEA and geometric mean slope are defined as the

square root of the product of the representative MD and CD values for the given property.

Multi-ply products were tested as multi-ply products and results represent the tensile strength
of the total product. For example, a 2-ply product was tested as a 2-ply product and recorded as such.
A basesheet intended to be used for a 2-ply product was tested as two plies and the tensile recorded as
such. Alternatively, a single ply may be tested and the result multiplied by the number of plies in the final

product to get the tensile strength.
EXAMPLES

Base sheets were made using a through-air dried papermaking process commonly referred to
as “uncreped through-air dried” (“UCTAD”) and generally described in U.S. Pat. No. 5,607,551, the
contents of which are incorporated herein in a manner consistent with the present invention. Initially,
northern softwood kraft (NSWK) pulp was dispersed in a pulper for 30 minutes at 4 percent consistency
at about 100°F. The NSWK pulp was then transferred to a dump chest and subsequently diluted to
approximately 3 percent consistency. The NSWK pulp was refined at about 1 HP-days/MT as set forth
in Table 2, below. The softwood fibers were added to the middle side layer in the 3-layer tissue structure.

The virgin NSWK fiber content contributed approximately 40 percent of the final sheet weight.

Eucalyptus hardwood kraft (EHWK) pulp was dispersed in a pulper for 30 minutes at about 4
percent consistency at about 100°F. The EHWK pulp was then transferred to a dump chest and

subsequently diluted to about 3 percent consistency. The EHWK was not refined.

The non-wood cellulosic fibers were bamboo kraft pulp, which had the following properties:

TABLE 1
Non-wood cellulosic fiber Average Fiber Length Coarseness
(mm) (mg/100 m)
Bamboo Kraft Pulp 1.30 9.17

Bamboo pulp fibers were dispersed in a pulper for 30 minutes at4 percent consistency at about 100°F.
The bamboo pulp was then transferred to a dump chest and subsequently diluted to approximately

3 percent consistency. The bamboo pulp was not refined.
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In certain instances starch (Redibond 2038A, Ingredion Incorporated, Englewood, CO) was

added to each furnish layer prior to formation of the web. Starch was added to the machine chest where

it was mixed prior to the headbox. Starch addition levels are set forth in Table 2.

The pulp fibers from the machine chests were pumped to the headbox at a consistency of about

0.1 percent. Pulp fibers from each machine chest were sent through separate manifolds in the headbox

to create a 3-layered tissue structure. The specific furnish layer splits are set forth in Table 2.

TABLE 2
. Redibond Refining
Sample M"z\j’\}f t/a)y er O”(t\i;tLi}yers 2038A Starch (min.)
% - %) (kg/MT)
Control 1 NSWK (40%)  EHWK (60%) ; - 3
Control 2 NSWK (40%)  EHWK (60%) ; 1 3
Control 3 NSWK (40%)  EHWK (60%) 2 3
venive 1 NSWK (40%)  EHWK (45%)  Bamboo (15%) - 0
Inventive 2 NSWK (40%)  EHWK (45%)  Bamboo (15%) 2 0
Inventive 3~ NSWK (40%)  EHWK (45%)  Bamboo (15%) 4 0
Inventive 4 NSWK (40%)  EHWK (30%)  Bamboo (30%) - 0
Inventive 5 NSWK (40%)  EHWK (30%)  Bamboo (30%) 2 0
Inventive 6 NSWK (40%)  EHWK (30%)  Bamboo (30%) 4 0

The tissue web was formed on a Vaith Fabrics TissueForm V forming fabric, vacuum dewatered
to approximately 25 percent consistency and then subjected to rush transfer when transferred to the
transfer fabric. The layer splits, by weight ofthe web, are detailed in Table 2, above. The transfer fabric
was the fabric described as t1207-11 (commercially available from Voith Fabrics, Appleton, WI). The
web was then transferred to a through-air drying fabric. Transfer to the through-drying fabric was done
using vacuum levels of greater than 10 inches of mercury at the transfer. The web was then dried to

approximately 98 percent solids before winding.

The base sheet webs were converted into rolled bath products by calendering using a
conventional polyurethane/steel calender comprising a 4 P&J polyurethane roll on the air side of the
sheet and a standard steel roll on the fabric side. The finished product comprised a single ply of base
sheet. The finished products were subjected to physical testing, the results of which are summarized in
Tables 3 and 4, below.
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TABLE 3
Basis . MD:.CD MD:CD )
Code  Weight Caliper  SheetBulk G e ‘slope  omr OM  Stiffness
(gsm) (microns) (cclg) Ratio Ratio Slope Index
Control 1 365 476 13.1 2.07 222 989 6.80 6.88
Control 2 36.3 499 13.8 198 219 1108 727 6.57
Control 3 37.1 534 14.4 198 211 1245 7.61 6.11
Inventive 1 36.7 506 13.8 1.83 157 741 6.19 8.36
Inventive 2 371 492 13.3 178 1.82 968 6.82 7.04
Inventive 3 36.7 525 14.3 1.78 1.86 1128 7.15 6.34
Inventive 4 36.3 455 12.5 172 1.28 742 6.17 8.31
Inventive 5 36.3 498 13.7 1.80 1.69 975 6.88 7.05
Inventive 6 36.2 489 135 1.65 1.66 1094 7.37 6.74
TABLE 4
Code CD Tensile CD Slope MD Tensile  MD Slope GM TEA GM Tear
(9/3) (kg) (9/3)) (kg) (g*cm/cm?) (N)
Control 1 690 4.60 1421 10.10 10.67 1422
Control 2 790 4.93 1556 10.74 12.11 16.28
Control 3 885 5.25 1753 11.03 13.97 17.71
Inventive 1 549 4.95 1002 7.76 7.74 1217
Inventive 2 727 5.10 1292 9.16 10.72 15.30
Inventive 3 846 5.26 1503 9.76 13.25 17.17
Inventive 4 567 5.49 972 6.95 7.84 11.76
Inventive 5 729 5.30 1305 8.93 11.06 15.95
Inventive 6 853 5.75 1404 9.46 12.92 18.31

The foregoing represents several examples of inventive tissue products prepared according to
the present disclosure. In other embodiments, such as a first embodiment, the present invention provides
a tissue product comprising at least one multi-layered tissue web comprising a first air contacting layer
and a second fabric contacting layer, wherein the first air contacting layer comprises from about 5 to
about 30 weight percent, by weight of the web, non-wood cellulosic fibers and the tissue product has a
geometric mean tensile from about 500 to about 1,200 g/3" and a MD:CD Tensile ratio less than
about 2.0.

In a second embodiment the present invention provides the tissue product of the first

embodiment wherein the fabric contacting layer is substantially free from non-wood cellulosic fiber.

In a third embodiment the present invention provides the tissue product of the first or second
embodiments wherein the non-wood cellulosic fiber is derived ffom a non-wood plant selected from the
group consisting of Hesperaloe funifera, Hesperaloe nocturna, Hesperaloe parviflova, Hesperaloe
chiangii, Agave tequilana, Agave sisalana, Agave fourcroydes, Phyllostachys edulis, Bambusa vulgaris,

Phyllostachys nigra and combinations thereof.
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In a fourth embodiment the present invention provides the tissue product of any one of the first
through third embodiments wherein the non-wood cellulosic fiber has an average fiber length from about

1.0 to about 3.0 mm.

In a sixth embodiment the present invention provides the tissue product of any one of the first
through fifth embodiments having a GMT from about 700 to about 1,000 g/3" and a MD Slope from about
6.0 to about 10.0 kg.

In a seventh embodiment the present invention provides the tissue product of any one of the
first through sixth embodiments having a GMT from about 700 to about 1,000 g/3" and a Stiffness Index
from about 6.0 to about 9.0.

In an eighth embodiment the present invention provides the tissue product ofany one of the first
through seventh embodiments wherein the product has a MD:CD slope ratio less than 2.0, such as from

about 1.5 to about 2.0 and more preferably from about 1.5 to about 1.75.

In a ninth embodiment the present invention provides the tissue product of any one ofthe first

through eighth embodiments wherein the tissue product has a GM Tear from about 12 to about 20 N.

In a tenth embodiment the present invention provides the tissue product of any one ofthe first
through ninth embodiments wherein the tissue product has a GM TEA greater than about 7.0 g*cm/cm2,
such as from about 7.0 to about 14.0 g*cm/cm?2 and more preferably from about 9.0 to about 12.0

g*cm/cm2,

In an eleventh embodiment the present invention provides the tissue product of the first through

tenth embodiments wherein the product has a MD:CD tensile ratio from about 1.50 to about 1.80.

In a twelfth embodiment the present invention provides the tissue product of the first through

eleventh embodiments wherein the product has a GM Slope from about 6.0 to about 10.0 kg.

In a thirteenth embodiment the present invention provides the tissue product of the first through
twelfth embodiments wherein the non-wood cellulosic fiber is derived from a non-wood plant selected
from Phyllostachys edulis, Bambusa vulgaris, Phyiflostachys nigra and combinations thereof and has an

average fiber length from about 1.2 to about 1.6 mm.

In a fourteenth embodiment the present invention provides a tissue product comprising at least
one multi-layered tissue web comprising a first and a second outer layer and a middle layer disposed
therebetween, wherein the outer layers comprise from about 5 to about 30 percent, by weight of the
web, non-cellulosic fiber and the tissue product has a geometric mean tensile from about 500 to about

1,200 g/3” and a MD:CD Tensile ratioless than about 2.0.
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In a fifteenth embodiment the present invention provides the tissue product of the fourteenth

embodiment wherein the middle layer is substantially free from non-wood cellulosic fiber.

In a sixteenth embodiment the present invention provides the tissue product of the fourteenth or
fifteenth embodiments wherein the non-wood cellulosic fiber has an average fiber length from about 1.0

to about 3.0 mm.

In a seventeenth embodiment the present invention provides the tissue product of any one of
the fourteenth through sixteenth embodiments wherein the tissue product has a MD:CD slope ratio less

than 2.0, such as from about 1.5 to about 2.0 and more preferably from about 1.5 to about 1.75.

In an eighteenth embodiment the present invention provides the tissue product of any one of
the fourteenth through seventeenth embodiments wherein the tissue product has a GM Tear greater
than about 12 N, such as from about 12 to about 20 N.

In a nineteenth embodiment the present invention provides a method of forming a soft and
durable wet laid tissue product comprising the steps of (a) providing a first fiber furnish consisting
essentially of short wood pulp fibers and non-wood cellulosic fibers; (b) providing a second fiber furnish
consisting essentially of long wood pulp fibers; (c) depositing the first and second fiber furnish on a
forming fabric to form a wet tissue web; (d) partially dewatering the wet tissue web; (e) drying the tissue
web; and (f) converting the tissue web into a tissue product, wherein the product comprises from 5 to 30
weight percent non-wood cellulosic fiber and has a geometric mean tensile from about 500 to about
1,200 g/3” and a MD:CD Tensile ratioless than 2.0.

In a twentieth embodiment the present invention provides the method of the nineteenth
embodiment wherein the converting step comprises calendering, embossing, printing, or combinations

thereof.

In a twenty-first embodiment the present invention provides the method of the nineteenth or
twentieth embodiments further comprising the step of refining the second fiber furnish and wherein the

first fiber furnish is not refined.
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WHAT IS CLAIMED IS:

1. A tissue product comprising at least one multi-layered tissue web comprising a first air
contacting layer and a second fabric contacting layer, wherein the first air contacting layer comprises
from about 5 to about 30 weight percent, by weight of the web, non-wood cellulosic fibers and the tissue

5  product has a geometric mean tensile from about 500 to about 1,200 g/3” and a MD:CD Tensile ratio

less than about 2.0.

2. The tissue product of claim 1 wherein the fabric contacting layer is substantially free

from non-wood cellulosic fiber.

3. The tissue product of claim 1 wherein the non-wood cellulosic fiber is derived from a
10  non-wood plant selected from the group consisting of Hesperaloe funifera, Hesperaloe nocturna,
Hesperaloe parviflova, Hesperaloe chiangii, Agave tequilana, Agave sisalana, Agave fourcroydes,

Phyllostachys edulis, Bambusa vulgaris, Phyllostachys nigra and combinations thereof.

4, The tissue product of claim 1 wherein the non-wood cellulosic has an average fiber

length from about 1.0 to about 3.0 mm.

15 5. The tissue product of claim 1 having a GMT from about 700 to about 1,000 g/3" and a
MD Slope from about 6.0 to about 10.0 kg.

6. The tissue product of claim 1 having a GMT from about 700 to about 1,000 g/3" and a
Stiffness Index from about 6.0 to about 9 0.

7. The tissue product of claim 1 having a MD:CD slope ratio less than 2.0.

20 8. The tissue product of claim 1 having a GM Tear from about 12 to about 20 N.
9. The tissue product of claim 1 having a GM TEA from about 9.0 to about 12.0 g*cm/cm2.
10. The tissue product of claim 1 having a MD:CD tensile ratio from about 1.5 to about 1.80.

11. The tissue product of claim 1 having a GMT from about 700 to about 1,000 g/3" and a
GM Slope from about 6.0 to about 10.0 kg.

25 12. The tissue product of claim 1 wherein the non-wood cellulosic fiber is derived from a

non-wood plant selected from Phyllostachys edulis, Bambusa vulgaris, Phyllostachys nigra and
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combinations thereof and the non-wood cellulosic fiber has an average fiber length from about 1.2 to

about 1.6 mm.

13. A tissue product comprising at least one multi-layered tissue web comprising a first and
a second outer layer and a middle layer disposed therebetween, wherein the outer layers comprise from
5 about 5 to about 30 percent, by weight of the web, non-cellulosic fiber and the tissue product has a

geometric mean tensile from about 500 to about 1,200 g/3" and a MD:CD Tensile ratio less than 2.0.

14, The tissue product of claim 13 wherein the middle layer is substantially free from non-

wood cellulosic fiber.

15. The tissue product of claim 13 wherein the non-wood cellulosic fiber has an average

10 fiber length from about 1.0 to about 3.0 mm.
16. The tissue product o fclaim 13 having a MD:CD slope ratio from about 1.5 to about 1.75.
17. The tissue product of claim 13 having a GM Tear greater than about 12 N.

18. The tissue productofclaim 13 having a GMT from about 700 to about 1,000 g/3" and a
MD Slope from about 6.0 to about 10.0 kg.
15 19. A method of forming a soft and durable wet laid tissue product comprising the steps of:

a. providing a first fiber furnish consisting essentially of short wood pulp fibers and

non-wood cellulosic fibers;

b. providing a second fiber furnish consisting essentially of long wood pulp fibers;

c. depositing the first and second fiber furnish on a forming fabric to form a wet
20 tissue web;

d. partially dewatering the wet tissue web;

e. drying the tissue web; and

f. converting the tissue web into a tissue product, wherein the product comprises

from 5 to 30 weight percent non-wood cellulosic fiber and has a geometric mean tensile from
25 about 500 to about 1,200 g/3" and a MD:CD Tensile ratio less than 2.0.

20. The method of claim 19 wherein the converting step comprises calendering, embossing,

printing, or combinations thereof.
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21, The method of claim 19 wherein the non-wood cellulosic fiber is derived from a non-
wood plant selected from the group consisting of Hesperaloe funifera, Hesperaloe nocturna, Hesperaloe
parviflova, Hesperaloe chiangii, Agave tequilana, Agave sisalana, Agave fourcroydes, Phyllostachys

edulis, Bambusa vulgaris, Phyllostachys nigra and combinations thereof..

22, The method of claim 21 wherein the non-wood cellulosic fiber has an average fiber

length from about 1.0 to about 3.0 mm.
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TISSUE PAPER MATERIAL AND TISSUE PAPER PRODUCT

TECHNICAL FIELD

The present disclosure relates to a single-ply tissue paper material, to a single-ply tissue
paper product, and to a multi-ply tissue paper product, comprising at least one non-wood
tissue ply comprising non-wood cellulose pulp fibres.

BACKGROUND

Tissue paper materials find extensive use in modern society. Toilet paper, and paper
towels such as hand towels or household (kitchen) towels, facial tissues, tissue
handkerchiefs, napkins, and industrial wipes are staple items of commerce. These
products are typically made from papermaking pulp comprising wood fibres, such as

hardwood and softwood fibres.

In the following, a “tissue paper product” relates to an absorbent paper product based on
cellulose wadding which is also called tissue paper material or tissue paper base-sheet in

this field of technology.

Tissue paper material is defined as a soft absorbent paper material having a low basis
weight, of for example 8 to 45 g/m?, preferably 10 to 35 g/m? per ply. The total basis
weight of multi-ply tissue paper products may preferably be up to a maximum of 110 g/m?,
more preferably to a maximum of 80 g/m?. Its density is typically below 0.6 g/cm?,
preferably below 0.30 g/cm® and more preferably in the range of 0.02 g/cm® and 0.20
g/cm?®. The production of tissue paper material is distinguished from conventional paper
production, e.g. printing paper production, by its relatively low basis weight and relatively
high tensile energy absorption index (see ISO 12625-4). Conventional paper and tissue
paper also differ in general with regard to the modulus of elasticity that characterises the

stress/strain properties of these generally planar products as a material parameter.

The fibres contained in the tissue paper are mainly cellulosic fibres, such as pulp fibres
from chemical pulp (e.g. Kraft or sulphite), or mechanical pulp (e.g. ground wood, thermo
mechanical pulp, chemo-mechanical pulp and/or chemo- thermo-mechanical pulp
/CTMP). Pulps derived from both deciduous (hardwood) and coniferous (softwood) can be

used. Fibres may also come from non-wood plants e.g. cereal, bamboo, jute, or sisal. The

Kimberly Clark EX1002, p. 1182
PGR2026-00078



10

15

20

25

30

WO 2023/282812 PCT/SE2021/050715

2

fibres or a portion of the fibres may be recycled fibres, which may belong to any or all of
the above categories. The fibres can be treated with additives, e.g. fillers, softeners, such
as, but not limited to, quaternary ammonium compounds and binders, conventional dry-
strength agents, temporary wet strength agents or wet-strength agents, in order to

facilitate the original paper making or to adjust the properties thereof.

Tissue paper products in particular for use as hygiene- or wiping products primarily
include all kinds of tissue paper materials including dry-creped tissue paper material, wet-
creped tissue paper material, NTT (flat), TAD-paper material (Through Air Drying), tissue
paper material based on structured or textured technologies such as ATMOS, NTT
(textured), UCTAD, eTAD, QRT, PrimeLineTEX etc. and cellulose or pulp-wadding, or
combinations, laminates or mixtures thereof. Typical properties of these hygiene- and
wiping products include the ability to absorb tensile stress energy, their drapability, good
textile-like flexibility, properties which are frequently referred to as bulk softness, a high
surface softness and a high specific volume with a perceptible thickness. A liquid
absorbency as high as possible and, depending on the application, a suitable wet and dry
strength as well as an appealable visual appearance of the outer product's surfaces are
desired. These properties, among others, allow these hygiene and wiping products to be
used, for example, as cleaning wipes such as windscreen cleaning wipes, industrial
wipes, kitchen paper or the like; as sanitary products such as for example bathroom
tissue, handkerchiefs, household towels, towels and the like; as cosmetic wipes such as
for example facials and as serviettes or napkins, just to mention some of the products that
can be used. Furthermore, the hygiene- and wiping products can be dry, moist, wet,
printed or pre-treated in any manner. In addition, the hygiene- and wiping products may
be folded, interleaved or individually placed, stacked or rolled, connected or not, in any

suitable manner.

The products described above can be used for personal and household use as well as
commercial and industrial use. They are adapted to absorb fluids, remove dust, and for

other cleaning purposes.

If tissue paper material is to be made out of pulp, the process essentially comprises a
forming step that includes a headbox- and a forming wire section, and a drying section,
e.g. including through air drying or conventional drying on a Yankee cylinder. The
production process can also include a crepe process for tissue paper and, finally, typically

a monitoring and winding area.
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Tissue paper material can be formed by placing the fibres, in an oriented or random
manner, on one or between two endless continuously rotating wires or felts of a paper

making machine while simultaneously removing water.

Further dewatering and drying the formed primary fibrous web occur in one or more steps
by mechanical and thermal means until a final dry-solid content of usually about 90 to

99% has been reached.

In case of creped tissue paper material making, this stage is followed by the crepe
process which influences the properties of the finished tissue paper product in
conventional processes. The conventional dry crepe process involves creping on a
usually 3.0 to 6.5 m diameter drying cylinder, the so-called Yankee cylinder, by means of
a crepe doctor blade with the aforementioned final dry-solids content of the raw tissue
paper. Wet creping can be used as well, if lower demands are made of the tissue quality.
The creped, finally dry raw tissue paper material, the so-called base tissue, is then

available for further processing into the tissue paper product.

Instead of the conventional tissue making process described above, the use of a modified
technique is possible in which an improvement in specific volume is achieved by a special
kind of drying which leads to an improvement in the e.g. caliper, bulk, softness, etc. of the
tissue paper material. This process, which exists in a variety of subtypes, is herein
generally termed the structured tissue technique. Examples of structured tissue
techniques are TAD ATMOS®, NTT(textured), UCTAD, eTAD, QRT, PrimeLineTex etc.

The processing step from the tissue paper material to the finished tissue paper product
occurs in processing machines (converting machines) which include operations such as
unwinding the tissue paper material (base tissue), calendering of the tissue, laminating,

printing or embossing.

Several plies may be combined together by a combining operation of a chemical nature
(e.g. by adhesive bonding), or of a mechanical nature (e.g. by knurling or so-called edge-
embossing), or a combination of both. Examples of such process steps for combining

plies together will be described in more detail in the below.

Further, the processing to finished tissue paper product may involve e.g. longitudinal cut,
folding, cross cut etc. Moreover, individual tissue paper products may be positioned and

brought together to form stacks, which may be individually packaged. Such processing
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steps may also include application of substances like scents, lotions, softeners or other
chemical additives.

When several plies are combined together using adhesive bonding, a film of adhesive is
deposited over some or all of the surface of at least one of the plies, then the adhesive-

treated surface is placed in contact with the surface of at least one other ply.

When several plies are combined together using mechanical bonding, the plies may be
combined by knurling, by compression, by edge-embossing, union embossing and/or

ultrasonic.

Mechanical and adhesive bonding may also be combined to combine several plies

together to form a multi-ply product.

Embossing is to change the shape of a sheet from flat to shaped, so that there are areas
that are raised and/or recessed from the rest of the surface. It therefore constitutes a
deformation of the previously relatively flat sheet, and results in a ply having a particular
relief. The thickness of the ply or of the multiple plies is in most cases increased after

embossing compared with its initial thickness.

An embossing process is carried out between an embossing roll and an anvil roll. The
embossing roll can have protrusions or depressions on its circumferential surface leading
to embossed protrusions/depressions in the paper web. Anvil rolls may be softer than the
corresponding embossing roll and may consist of rubber, such as natural rubber, or
plastic materials, paper or steel. If the anvil roll is made of a softer material like rubber, a
contact area/nip can be formed between the embossing roll (e.g. steel roll) and the anvil

roll by the deformation of the softer roll.

By embossing, a pattern can be applied to a tissue paper fulfilling a decorative and/or

functional purpose.

A functional purpose may be to improve the properties of the hygiene paper product, that

is, the embossment may improve the product thickness, absorbency, bulk, softness etc.
A functional purpose may also be to provide a joint to another ply in a multi-ply product.

Tissue paper products display a number of physical properties which are of importance for
their use for example as toilet paper, hand towels, kitchen towels, facial tissues,
handkerchiefs, napkins, wipe or the like. Examples of such properties are their strength,
softness, and absorbency (primarily for aqueous systems). These physical properties are
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generally tuned for addressing common consumer demand in view of the intended use of
the tissue paper product.

For example, tissue paper products need to retain their strength at least for a time period

of use e.g. for wiping liquids or moisture.

At the same time, there are requirements regarding tactile properties such as softness as
tissue paper products may be intended to come in intimate contact with the body and skin.
Accordingly, it is desired that tissue paper products shall exhibit sufficient softness in

order to ensure consumer’s comfort.

However, some of the desired physical properties of tissue paper products are generally
conflicting properties. One example is strength and softness. Often, as strength in a tissue

paper product rises, the softness declines.

Hence, it is desired to provide a tissue paper product providing a good balance between
required properties. For example, it is desired to provide a tissue paper product achieving

a satisfactory balance between softness and strength.

Further, there is a desire to reduce the consumption of wood fibre to produce tissue paper
products. This desire is advocated by e.g. rising costs for wood fibre, concerns involving
sustainable forest management, and other environmental reasons such as carbon foot

print.

To this end, attempts have been made to replace some or all of the wood fibre in tissue
paper products with for example recycled fibres and/or with non-wood fibres. However,
since the fibre content in the pulp will naturally impact the above-mentioned physical
properties of the resulting tissue paper material, the replacement of virgin wood fibres with

other fibres in the pulp is not uncomplicated.

Thus, there is a need for improvement and/or alternatives for tissue paper products in

view of one or more of the above-mentioned desires.

Kimberly Clark EX1002, p. 1186
PGR2026-00078



10

15

20

25

30

WO 2023/282812 PCT/SE2021/050715

SUMMARY

An object of the present invention is to fulfill said need for improvement and/or

alternatives.

To this end, it is proposed herein to use non-wood cellulose pulp fibres in tissue paper

materials and tissue paper products.

The non-wood cellulose pulp fibres may be chemical pulp fibres.

Optionally, the non-wood cellulose pulp fibres may be never-dried fibres. “Never-dried”
means herein that the fibres have not been subject to drying before use in the tissue
making process. It is believed that the non-wood cellulose pulp fibres being never-dried
may contribute to the non-wood cellulose pulp fibres being suitable for use in tissue paper

materials and tissue paper products.

Optionally, the non-wood cellulose pulp fibres contain at least 15% hemicellulose. It is
believed that such a hemicellulose content may contribute to the non-wood cellulose pulp

fibres being suitable for use in tissue paper materials and tissue paper products.

Optionally, the non-wood cellulose pulp fibres contain no more than 15 % lignin. For
example, the non-wood cellulose pulp fibres may contain no more than 12 % lignin. In yet
another example, the non-wood cellulose pulp fibres may contain no more than 10%
lignin. It is believed that such a lignin content may contribute to the non-wood cellulose

pulp fibres being suitable for use in tissue paper materials and tissue paper products.
For example, the non-wood cellulose pulp fibres may contain at least 15% hemicellulose
and no more than 15 % lignin, such as no more than 12 % lignin or no more than 10%

lignin.

Optionally, the non-wood cellulose pulp fibres are pre-treated, to obtain the desired

amounts of lignin and/or hemicellulose.

Further, the non-wood cellulose pulp fibres may have a relatively low average fibre length.
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Optionally, the non-wood cellulose pulp fibres have an average fibre length of less than
1700 um.

Optionally, the non-wood cellulose pulp fibres have an average fibre length of less than
1200 pm.

Optionally, the non-wood cellulose pulp fibres have an average fibre length of less than
1000 pm.

Optionally, the non-wood cellulose pulp fibres have an average fibre length of less than
900 pm.

Further, it is believed that the non-wood cellulose pulp fibres having a relatively high
breaking length, may contribute to the non-wood cellulose pulp fibres being suitable for
use in tissue paper materials and tissue paper products. The breaking length is the initial
breaking length of the non-wood cellulose pulp fibres as measured on the non-wood

cellulose pulp fibres after the pulping process.

Optionally, the non-wood cellulose fibres have a breaking length of more than 3000 m.

For example, the non-wood cellulose fibres may have a breaking length of more than
3000 m and an average fibre length of less than 1700 um, such as less than 1200 um or
less than 900 um.

Also, itis believed that the non-wood cellulose pulp fibres having a relatively high ratio
between breaking length, and average fibre length may contribute to the non-wood
cellulose pulp fibres being suitable for use in tissue paper materials and tissue paper

products.

Optionally, the non-wood cellulose fibres have a breaking length/average fibre length of

more than 3.7.

Optionally, the non-wood cellulose fibres have a breaking length/average fibre length ratio

of more than 4.0.
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Optionally, the non-wood cellulose fibres have a breaking length/average fibre length ratio
of more than 4.5.

For example, the non-wood cellulose fibres may have a breaking length/average fibre

length ratio of more than 5, such as more than 5.5.

For example, the non-wood cellulose fibres may have a breaking length/average fibre
length ratio of more than 3.7 such as more than 4 and an average fibre length of less than
1700 um, such as less than 1200 um, less than 1000 um, or less than 900 um.

For comparison, it may be mentioned that different types of conventional hardwood and
softwood pulps display lower breaking length/average fibre length ratios, than those
suggested in the above for the non-wood cellulose fibres. This applies also to examples of
never-dried hardwood and softwood pulps. Average ratios as calculated for different types

of hardwood and softwood pulps are indicated in the table in the below.

Average

Type of pulps ratio
[ BEK 2.4
[ BHK 2.0
| BSK 1.0
[ BSS 0.6
[ NBHK 2.3
[ NBSK 1.2
[ Never-dried HW 0.9
| Never-dried SW 1.0

(BEK — Bleached Eucalyptus Pulp, BHK — Bleached Hardwood Kraft, BSK — Bleached
Softwood Kraft, BSS — Bleached Softwood Sulfite, Northern Bleached Hardwood Kraft,
Northern Bleached Softwood Kraft. The never-dried Hardwood (HW) and Softwood (SW)

are sulfite.)

Also, several types of previously used non-wood cellulose pulp fibres have been found to
display lower breaking length/average fibre length ratio than what is proposed in the
above. For example, tested samples of dried bagasse fibre pulp was found to have an
average ratio of 2.6, dried bamboo fibre pulp an average ratio of 1.2 and dried wheat fibre

pulp an average ratio of 3.5.
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For example, the non-wood cellulose fibres may be never-dried non-wood cellulose pulp
fibres and the non-wood cellulose fibres may have a breaking length/average fibre length

ratio of more than 3.7, such as more than 4.0 or more than 4.5.

The non-wood cellulose pulp fibres as proposed herein may be used together with

hardwood cellulose pulp fibres and/or softwood cellulose pulp fibres.

As mentioned in the above, optionally, a portion of or all nhon-wood cellulose pulp fibres

are never-dried non-wood cellulose pulp fibres.

Optionally, the non-wood cellulose fibres are used with softwood cellulose pulp fibres. In
this case, a portion of or all softwood cellulose fibres may be never-dried softwood

cellulose pulp fibres.

For example, the softwood cellulose pulp fibres may comprise never-dried hardwood

cellulose pulp fibres and/or dried softwood cellulose pulp fibres.

Optionally, the non-wood cellulose fibres are used with hardwood cellulose pulp fibres. In
this case, a portion of or all hardwood cellulose fibres may be never-dried hardwood

cellulose pulp fibres.

For example, the hardwood cellulose pulp fibres may comprise never-dried hardwood
cellulose pulp fibres and/or dried hardwood cellulose pulp fibres.

Optionally, the non-wood cellulose pulp fibres as proposed herein may be achieved by
treatment by a non-pressurised process.

Optionally, the non-wood cellulose pulp fibres as proposed herein may be achieved by

treatment by a process with no use of sulfur.

For example, the non-wood cellulose pulp fibres may be achieved by treatment using
methods similar to the methods described EP 2 048281 A1, EP 2 247781 B1,
US20130129573 A1, EP 2 034 090 A1, US20110281298 A1, and/or US20130129573 A1.
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Additionally or alternatively, the non-wood cellulose pulp fibres may be achieved by
treatment using methods similar to the methods described in W02020264311 A1,
W02020264322 A1, US20190091643 A1, US2592983.

For example, the non-wood cellulose pulp fibres may be achieved by the Phoenix Process
TM, of Sustainable Fiber Technologies Inc.

It will be understood that the features as discussed in the above as being contributing to
the non-wood cellulose pulp fibres being suitable for use in tissue paper materials and

tissue paper products may be used separately or in different combinations.

Optionally, the non-wood cellulose pulp fibres are derived from agricultural waste or
byproduct.

Optionally, the non-wood cellulose pulp fibres are derived from a member of the Pocacea
family. For example, the non-wood cellulose pulp fibres may be derived from wheat straw,
rice straw, barley straw, oat straw, rye grass, costal Bermuda grass, Arundo donax,
miscanthus, bamboo, and/or sorghum. Another example of a member of the Pocacea
family is sugar cane, from which non-wood cellulose pulp fibres may be derived, for

example from sugar cane bagasse.

Optionally, the non-wood cellulose pulp fibres are derived from a member of the
Cannabaceae family. For example, the non-wood cellulose pulp fibres may be derived
from hemp and/or hop.

Optionally, the non-wood cellulose pulp fibres are derived from agricultural waste or
byproducts. For example, the non-wood cellulose pulp fibres may be derived from
agricultural waste or byproducts of the members of the Pocacea family and/or
Cannabaceae family such as exemplified in the above, i.e. including agricultural waste or
byproducts from wheat straw, rice straw, barley straw, oat straw, rye grass, sugar cane
bagasse, hemp or hop. In another example, the non-wood cellulose pulp fibres may be
derived from agricultural waste or byproducts such as banana harvest residue (belongs to
the family Musaceae), pineapple residue (belongs to the family Bromeliaceae), nut shell

waste, bagasse from agave, hop residue and/or corn stover.
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Optionally, the non-wood cellulose pulp fibres are derived from kenaf (belongs to the
family Malvaceae), switchgrass , succulents, alfalfa (belongs to the family Fabaceae.), flax
straw (belongs to the family Linaceae), palm fruits (Elaeis or Arecaceae), and/or avocado

(Lauraceae).

Optionally, the non-wood cellulose pulp fibres are derived from one or more of wheat
straw, rice straw, barley straw, oat straw, rye grass, costal Bermuda grass, Arundo donax,
miscanthus, bamboo, sorghum, banana harvest residue, pineapple residue, nut shell
waste, sugar-cane bagasse, industrial hemp, and/or members of the Cannabaceae family,
kenaf, switchgrass, succulents, alfalfa, corn stover, and flax straw.

Optionally, the non-wood cellulose pulp fibres are derived from wheat straw, oat straw,
barley straw, and/or rye grass. For example, the non-wood cellulose pulp fibres may be
derived from agricultural waste or byproducts of wheat straw, oat straw, barley straw,

and/or rye grass.

For example, the non-wood cellulose pulp fibres may be derived from wheat straw, such

as from agricultural waste or byproducts of wheat.

Optionally, the non-wood cellulose pulp fibres are derived from residues from sugar

production. For example, the non-wood cellulose pulp fibres may be residues from beet.

Optionally, the non-wood cellulose pulp fibres are derived from sugarcane bagasse.

Optionally, the non-wood cellulose pulp fibres are derived from agave. For example, the
non-wood cellulose pulp fibres may be derived from resides from agave syrup production
or derived from agave bagasse.

Although the present disclosure relates primarily to tissue paper made of non-wood fibres,
it is understood that the non-wood cellulose pulp fibres as described herein may also find
use in other applications e.g. in wound care, in absorbent articles, for example diapers,
sanitary napkins, and incontinence articles, in beauty care, and/or in nonwoven materials

and products.
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Herein, the non-wood cellulose pulp fibres as described in the above are proposed to be
used to form a non-wood tissue ply, comprising non-wood cellulose pulp fibres in an

amount of at least 10% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount of at least 15% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount of at least 20% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount of at least 30% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount of at least 40% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount from 20 to 50% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount from 25 to 35% by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount of less than 70 % by dry weight of the non-wood tissue ply.

Optionally, said non-wood tissue ply comprises non-wood cellulose pulp fibres in an

amount of less than 60 % by dry weight of the non-wood tissue ply.

Optionally, the non-wood tissue ply further comprises wood pulp fibres, such as hardwood

cellulose pulp fibres and/or softwood cellulose pulp fibres.

Optionally, the non-wood tissue ply further comprises wood pulp fibres in an amount such
that the wood pulp fibre amount plus the non-wood fibre amount constitutes 100% dry

weight of the tissue paper ply.
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Optionally, the hardwood/softwood dry weight proportion of the wood pulp fibres in the
non-wood tissue ply is less than 95/5.

Optionally, the hardwood/softwood dry weight proportion of the wood pulp fibres in the

non-wood tissue ply is less than 90/10.

Optionally, the hardwood/softwood dry weight proportion of the wood pulp fibres in the

non-wood tissue ply is less than 80/20.

Optionally, said non-wood cellulose pulp fibres are present throughout the non-wood
tissue ply. In other words, at least some non-wood cellulose pulp fibres may be found in
all parts of the ply, e.g. in all layers of the ply. The non-wood cellulose pulp fibres need not
be uniformly distributed, but may be a result of e.g. stratified distribution of the non-wood
cellulose pulp fibres. For example, the non-wood cellulose pulp fibres may be
homogenously distributed in the ply. In another example, the non-wood cellulose pulp
fibres may be heterogeneously distributed in the ply.

Optionally, when said non-wood tissue ply comprises two or more layers, at least one
layer of the non-wood tissue ply comprises non-wood fibres. For example, said at least

one layer maybe an outer layer of the non-wood tissue ply.

Optionally, when said non-wood tissue ply comprises two or more layers, each out of said

two or more layers may comprise non-wood fibres.

Optionally, the non-wood tissue ply is produced by conventional wet press technology
(CWP). By “is produced” means that the tissue paper material has been manufactured
using conventional wet press technology, i.e. the tissue paper material is a CWP tissue
paper material. For example, the tissue paper material may be a dry crepe tissue paper

material.
Optionally, the non-wood tissue ply is produced by structured tissue technology. By “is
produced” means that the tissue paper material has been manufactured using structured

tissue technology, i.e. the tissue paper material is a structured tissue paper material.

Optionally, the non-wood tissue ply is produced by TAD (Through Air Drying) technology.
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Optionally, the non-wood tissue ply is produced by ATMOS technology.

Optionally, the non-wood tissue ply is produced by UCTAD technology.

Optionally, the non-wood tissue ply is produced by textured NTT technology.

Optionally, the non-wood tissue ply is produced by eTAD technology, such as Advantage
eTAD technology from Valmet.

Optionally, the non-wood tissue ply is produced by QRT technology.

Optionally, the non-wood tissue ply is produced by PrimeLine TEX technology.

In accordance with the invention, there is provided tissue paper materials and tissue
paper products including the non-wood tissue ply as described in the above with the non-

wood cellulose pulp fibres as described in the above.

Thus, in a first aspect, there is provided a single-ply tissue paper material according to

claim 1.

Thus, there is provided a single-ply tissue paper material having a basis weight less than
40 gsm and a GMT tensile strength of at least 60 N/m, the tissue paper material
comprising a non-wood tissue ply. The non-wood tissue ply comprises non-wood cellulose
pulp fibres being present in an amount of at least 10% by dry weight of the tissue paper
material.

Optionally, the tissue paper material has a GMT tensile strength of at least 70 N/m.
Optionally, the tissue paper material has a GMT tensile strength of at least 80 N/m.
Optionally, the tissue paper material has a basis weight of less than 30 gsm.

Optionally, the tissue paper material has a basis weight of less than 25 gsm.

Optionally, the tissue paper material has a basis weight greater than 10 gsm.

Optionally, the tissue paper material has a basis weight in the range from 14 gsm to 25

gsm.
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In a second aspect, there is provided a single-ply tissue paper product comprising a
single-ply tissue paper material according to the first aspect. This implies that the single-

ply tissue paper product may consist of the single-ply tissue paper material.

In a third aspect, there is provided a multi-ply tissue paper product in accordance with
claim 7. Thus there is provided a multi-ply tissue paper product comprising two or more
plies, wherein an average basis weight of the plies is less than 40 g/m?, and the multi-ply
tissue paper product having a GMT tensile strength of at least 100 N/m, wherein at least
one ply is a non-wood tissue ply, said non-wood tissue ply comprising non-wood cellulose
pulp fibres, said non-cellulose pulp fibres being present in an amount of at least 10% by

dry weight of the non-wood tissue ply.

Optionally, the multi-ply tissue paper product has a GMT tensile strength of at least 120

N/m, such as at least 150 N/m.

Optionally, the multi-ply tissue paper product according to the second aspect or the

single-ply tissue paper product according to the first aspect, has an absorbency of at least

7 g/g.

Optionally, the multi-ply tissue paper product according to the second aspect or the

single-ply tissue paper product according to the first aspect, has an absorbency of at least

8 g/g.

Optionally, the multi-ply tissue paper product according to the second aspect or the
single-ply tissue paper product according to the first aspect, has an absorbency of less

than 20 g/g, such as less than 18 g/g.

Optionally, the multi-ply tissue paper product or the single ply tissue paper product has an

absorbency of 7 to 20 g/g.

Optionally, the multi-ply tissue paper product or the single ply tissue paper product has an

absorbency of 8 to 15 g/g.

Optionally, a majority of the plies of the multi-ply tissue paper material are non-wood

tissue plies.
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Optionally, all of the plies of the multi-ply tissue paper material are non-wood tissue plies.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in

an amount of at least 10% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in

an amount of at least 15% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in

an amount of at least 20% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in

an amount of at least 30% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in

an amount of at least 40% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in
an amount of no more than 70% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in
an amount of no more than 60% by dry weight of the multi-ply tissue paper product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in
an amount in a range from 15 % to 50% by dry weight of the multi-ply tissue paper
product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in
an amount in a range from 15 % to 40% by dry weight of the multi-ply tissue paper

product.

Optionally, the multi-ply tissue paper product comprises non-wood cellulose pulp fibres in
an amount in a range from 25 % to 35% by dry weight of the multi-ply tissue paper

product.
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Optionally, the multi-ply tissue paper product comprises two to five plies.

Optionally, each of the plies of the multi-ply tissue paper product comprises the same

amount of non-wood cellulose pulp fibres.

Optionally, at least two plies in said multi-ply tissue paper product comprise different

amounts of non-wood cellulose pulp fibres.

Optionally, when at least two plies in said multi-ply tissue paper product comprise different

amounts of non-wood cellulose pulp fibres, the amounts differ by at least 5% dry weight.

Optionally, when at least two plies in said multi-ply tissue paper product comprise different

amounts of non-wood cellulose pulp fibres, the amounts differ by at least 10% dry weight.

Optionally, when at least two plies in said multi-ply tissue paper product comprise different

amounts of non-wood cellulose pulp fibres, the amounts differ by at least 20% dry weight.

Optionally, the multi-ply tissue paper product comprises one or more plies with no non-
wood cellulose pulp fibres.

Optionally, said at least one non-wood tissue ply is an outer ply of said multi-ply tissue
paper product.

Optionally, the multi-ply tissue paper product comprises at least two non-wood tissue
plies, wherein the non-wood tissue plies form a first and a second outer ply of the muilti-ply
tissue paper product.

Optionally, for each of the alternatives relating to a multi-ply tissue paper product in the
above, the non-wood ply may be such as defined in the above in any one of the options

relating to the first aspect.

Optionally, the at least one non-wood tissue ply of the multi-ply tissue paper product
comprises a single-ply tissue paper material in accordance with the first aspect as

described in the above.
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The single-ply tissue paper product and the multi-ply tissue paper product as disclosed

herein may for example be a tissue paper product for personal hygiene.

Optionally, the single-ply tissue paper product and the multi-ply tissue paper product
disclosed herein may for example be toilet paper, hand wipes, paper napkins, facial

tissue, handkerchiefs, or a kitchen towel or an industrial wipe.

The single-ply tissue paper product and the multi-ply tissue paper product may be

embossed and/or calendared as is known in the art.

Optionally, the plies of the multi-ply product may be joined by ply bonding, such as for
example embossing or knurling. For example, the multi-ply product may be joined by

nesting.

Optionally, the plies of the multi-ply product may be joined by Goffra-Incolla technology.

Further advantages and advantageous features of the invention are disclosed in the

following description and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a more detailed description of

embodiments of the invention cited as examples.

In the drawings:

Fig. 1 is a diagram illustrating softness and GMT tensile strength for a number of base
sheet samples including various amounts of non-wood fibre;

Fig. 2 is a diagram illustrating softness versus GMT tensile strengths for the base sheet
samples of Fig. 1 comprising 0% non-wood fibre and 30% non-wood fibre;

Fig. 3 is a diagram illustrating softness and GMT tensile strength for a number of muiltiply
tissue samples including various amounts of non-wood fibre;

Fig. 4 is a diagram illustrating the absorption for the tissue samples of Fig. 3; and

Fig. 5 is a diagram illustrating the thickness for the tissue samples of Fig. 3.
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DETAILED DESCRIPTION

The description in the below relates to examples of tissue paper materials and tissue

paper products as obtained using the non-wood cellulose pulp fibres as proposed herein.

Single-ply tissue paper materials (base sheets)

Five different tissue paper materials were prepared.
The five different tissue paper materials are base sheets and suitable for forming

bathroom tissue.

The samples were prepared using CWP technology to provide a dry creped tissue.

Two different grades of tissue were targeted:
Grade 1 (G1): soft bathroom tissue
Grade 2 (G2): standard bathroom tissue

The original fibre recipe for the two grades, without any non-wood fibre content is:

Trial ref Reference furnish

Grade 50% softwood (never-dried pulp) — 50% hardwood (Eucalyptus —
G1 dried pulp)

Grade 70% softwood (never-dried pulp) — 30% hardwood (never-dried
G2 pulp)

The trial aimed at introducing different levels of non-wood fibrous pulp instead of standard
wood pulp to assess base paper properties and consequently finished product quality.

The tissue machine is a Crescent former with suction press roll configuration, with a 2

layers Headbox: 50% Top Layer, 50% Bottom Layer.

The G1 grade was run in a stratified mode (different recipes on the 2 layers of the base
paper), the G2 grade was run in homogenous mode (same recipe on both layers of the

base paper), with target specifications as in the below:
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G1:

Headbox: 2 layers

Blade: 20° ceramic

Basis weight: 16.5 g/m2
Thickness (10p): 0.97 mm/10 plies
MD dry tensile/ ply: 140 N/m

CD dry tensile/ply: 50 N/m

MD stretch: 18%

G2:

Headbox: 1 layer

Blade: 10° ceramic

Basis weight: 16 g/m2

Thickness (10p): 1.15 mm/10 plies
MD dry tensile/ ply: 150 N/m

CD dry tensile/ply: 60 N/m

MD stretch: 16%

20

PCT/SE2021/050715

The amount of non-wood fibres introduced ranged from O to 50% of the total blend. The
compositions of the various base sheets are indicated in the table in the below:

Grade Grade Grade 1 Grade 2
Trial Trial G1A G1B G 2A G2B G2D G2E
Overal hardwood (dried pulp) 50% 50%
[ ) softwood (never-dried pulp) 50% 30% 70% 50% 40% 30%
furnish ~Hardwood (never-dried 30%  30% 30% 20%
ul
ﬁorﬁ)wood fibre (never-dried 0% 20% 0% 20% 30% 50%

pulp)

The non-wood cellulose fibre pulp was derived from wheat straw, being treated according

to the Phoenix TM process by Sustainable Fiber Solutions Inc. The non-wood fibre pulp

was never-dried pulp. The non-wood fibre pulp had a lignin content of 12.8% and a

hemicellulose content of 18.0%.
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The conventional short fibre content was made out of Hardwood dried pulp being a

Eucalyptus dried pulp, and Hardwood never-dried pulp being a hardwood never-dried

sulfite pulp.

5 The conventional long fibre content was made out of Softwood. In this example, the

Softwood fibre pulp was also never-dried sulfite pulp. The breaking length, average fibre

length, and ratio breaking length/average fibre length of the hardwood never-dried pulp,

softwood never-dried pulp and hardwood dried pulp (eucalyptus) were as indicated in the

table below:
10

Breaking length (m)
Average fibre length
(um)

Ratio breaking
length/fibre length (-

/micro)

Non-wood Hardwood

3775

748

5.05

(dried)

1724
714

2.41

Softwood Hardwood

(never- (never-dried)
dried)

1755 882

2165 929

0.81 0.95

The non-wood cellulose pulp fibres substituted mostly conventional long fibre both for its

intrinsic strength properties and the tensile developed after refining. Despite this,

15 additional strength generated needed a decrease on the long fibre refining line.

Grade Grade
Trial Trial

Long softwood
fibre (never-
line dried
pulp)
non-wood
fibre
Refining
kwh/T
Short hardwood
fibre (dried
line pulp)

Grade 1
G 1A G1iB
100% 100%
60 50
100% 70%

G 2A
100%

70

Grade 2
G2B Ga2D G2E
100% 80% 60%
20% 40%
32 32 37
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Headb
ox

hardwood
(never-
dried
pulp)
non-wood
fibre
Refining
Configurat
ion
Yankee
layer
Hood
layer

30%
none
Stratifi Stratifi
ed ed
100% 100%
SF SF
100% 40%
LF SF +
60%
LF

22

100%

none

Homogen
ous

30% SF +
70% LF
30% SF +
70% LF

PCT/SE2021/050715
60% 60% 40%
40% 40% 60%
15 18 48
Homogen Homogen Homogen
ous ous ous
50% SF + 50% SF + 50% SF +
50% LF 50% LF 50% LF
50% SF + 50% SF + 50% SF +
50% LF 50% LF 50% LF

The content of non-wood fibres, conventional long fibres, and conventional short fibres in

each of the tissue paper materials is indicated in the table in the below:

5
. Non wood  Long fibre | Shortfibre Long fibre  Short fibre
Trial . . L. . .
Grade fibre content content line refining line refining
reference
content
% % kwh/T kwh/T
Grade 1 G1-A 0% 50% | 50% 60 0 l
(soft grade) G1-B 20% 30% | 50% 50 0 |
Grade 2 G2-A 0% 70% 30% 70 0
rta z ) G2B 20% 50% 30% 32 15
(standar G2D 30% 40% 30% 32 18
grade)
G2-E 50% 30% 20% 37 48
Dry tensile strength in CD and MD directions and panel softness, were measured for the
various samples, with the results as indicated in the table in the below and in Figs. 1 and
10 2.

G1
G1
G2
G2
G2

MD dry CDdry GMT dry
Basis weight| tensile tensile tensile MD stretch Panel
g/m? | N/m-1ply N/m-1ply N/m-1ply %
-A 168 [ 145 T s1 86 " 201 2.7
-8B 172 | 1s1 56 92 18.6 2.7
-A " 161 [ 130 ¥ =4 83 " 192 T 25
-B 162 | 156 64 100 18.2 26
-E 16.5 | 192 81 125 18.8 2.1
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Fig. 1 is a combined bar chart and linear chart, where the bars represent the softness
values and the line indicates the GMT tensile strength of the tissue paper materials G1-A,
G1-B, G2-A, G2-B, and G2- E of Table 1.

The samples of the different Grades denoted A, are all samples with no non-wood fibre
content, whereas the samples of the different Grades denoted with other letters comprise

increasing amounts of non-wood fibre content (in alphabetical order).

No general trend for the relationship between the GMT strength and the softness in view
of the non-wood cellulose fibre content may be seen which is valid for all of the different
Grades. For the grade G1 being the softer grade, the softness values with or without non-
wood fibres are similar. For the grade G2 being the standard grade, the softness values

deviate more, but the GMT strength is increasing with increasing non-wood content.

Surprisingly the GMT strength is seen to increase with increasing content of non-wood
fibre in the two different grades. Turning to Fig. 2, the basesheet softness and strength
are again visualized, this time for samples including 0% non-wood versus samples
including 30% non-wood. The samples with 30% non-wood display advantageous
softness and GMT tensile strength.

Further, another surprising result is that all of the Grades display a GMT strength and a

softness which is within limits rendering them useful for tissue paper products.

Multi-ply products

Three different types of multi-ply products, MP1, MP2 and MP3 were prepared. For each
type of multi-ply product, samples were made with different overall non-wood fibre
content, using the base sheets of different grades and non-wood fibre content as

described in the above.

The plies of the multi-ply products were assembled by means of Goffra-Incolla
technology. All converting parameters were the same for the different non-wood content
of each of the products MP1, MP2, MP3.
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MP1:

4-ply product

MP1 0%

MP1 32%

MP2:
4-ply product

MP2 0%

MP2 20%

MP2 30%

10 MP3:
3-ply product

MP3 0%

MP3 20%

MP3 30%

24

Embossing Basesheet Basesheet

top ply

Feather (RT

20D)

Feather (RT

20D)

Embossing
top ply

Ornament
(RT71D)

Ornament
(RT71D)

Ornament
(RT71D)

Embossing
top ply

Seven

(RT305)

Seven
(RT305)
Seven
(RT305)

Top ply

Grade 1 A

Grade 1 B

Basesheet
Top ply

Grade 1 A

Grade 1 B

Grade 1 B

Basesheet
Top ply

Grade 1 A
Grade 1B

Grade 1 B

Middle ply

Grade 2 A

Grade 2 E

Basesheet
Middle ply

Grade 2 A

Grade 2 B

Grade 2 E

Basesheet
Middie ply

Grade 2 A
Grade 2B

Grade 2 E

PCT/SE2021/050715

Basesheet
Middle ply
2

Basesheet
Bottom ply

Grade2 A Grade 1 A

Grade2E Grade 1B

Basesheet
Middle ply
2

Basesheet
Bottom ply

Grade2 A Grade 1 A
Grade2B Grade 1B

Grade2E Grade 1B

Basesheet Basesheet

Middle ply
2 Bottom ply

- Grade 1 A
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The resulting multi-ply tissues were tested for various parameters, and the results are

displayed in the below table.

MP1 0%
MP1 32%

MP2 0%
MP2 20%
MP2 30%

MP3 0%
MP3 20%
MP3 30%

Number of

plies

4
4

I

w

Non-wood

dry weight
(average)

%

0]
32

20
30

0
20
30

Firmness

61
60

59
55
54

54
47
48

Basis
weight

(g/m?)

64,8

63,0
65,8
65,9

46,3
48,2
48,2

Thickness

(1 sheet)
mm

0,43
0,44
0,44

GMT

N/m

267
335

255
309
329

167
200
206

Softness
Panel

1,7
1,7

1,7
1,6
1,5

1.6
1,6
1,6

Absorption

/9

9,0
8,6

9,3
8,8
9,0

9,6
9,0
9,3

10

15

The results will be further discussed in the below with reference to Figs. 3 to 6.

20 Fig. 3 is a combined bar chart and linear chart, where the bars represent the softness

values of the samples and the line indicates the GMT tensile strength.

In Fig. 3, as well as in the following Figs 4 to 6, for each type of multiply tissue paper

material MP1, MP2, MP3, the samples are presented from left to right and with the

25 sample having O percentage non-wood content to the left, and in increasing order of non-

wood content towards the right in the figures.

As demonstrated by Fig. 3, the softness values for each type of multiply tissue paper

material MP1, MP2, and MP3 is relatively constant or decreases only insignificantly with

30 increasing amount of non-wood content. (A significant difference in the softness values

(panel softness) would be about 0.2 points.) Thus, the results indicate that the softness is
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not significantly affected in the samples comprising various amounts of non-wood as

compared to the samples comprising no non-wood.

Further, for each of the types MP1, MP2, and MP3, the GMT tensile strength increases
with increasing amount of non-wood content. The increase in GMT tensile strength is
significant, which was surprising. Thus, the results indicate that the GMT tensile strength
is significantly increased in the samples comprising various amounts of non-wood as

compared to the samples comprising no non-wood.

Thus, the results indicate that the balance between the softness and GMT strength in the
samples comprising various amounts of non-wood, is better than for the samples with no

non-wood content, i.e. increased GMT strength is achieved at about the same softness.

A satisfactory result for a tissue paper product comprising non-wood would be a balance
being about the same as for a tissue paper product with no non-wood content. Based on
the tests performed, it may therefore be assumed that the non-wood cellulose pulp fibres
used herein are useful for replacing wood fibres in numerous different multi-ply and single
ply tissue paper products while achieving at least satisfactory results in terms of softness

and strength.

Turning to absorption, Fig. 4 is a bar chart illustrating the absorption g/g of the different
samples of the three types of tissue paper material MP1, MP2, and MP3. As seen in the
results, for each of the types MP1, MP2, and MP3, the highest value for absorption is
obtained for the sample with no non-wood content. However, no general trend regarding
the impact of increasing non-wood amount on the absorption values may be seen.
Further, the variations in the measured absorption values are mainly insignificant, as a

significant difference for absorption is about 0,5 g/g.

Thus, the results indicate that the absorption is not significantly affected in the samples
comprising various amounts of non-wood, and instead the absorption is as good in the
samples with various amounts of non-wood content as in the sample comprising no non-

wood.

Turning to thickness, Fig. 5 is a bar chart illustrating the thickness (mm) of the different

samples of the three types of tissue paper material MP1, MP2, and MP3. The results
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indicate that the thickness is not significantly affected in the samples comprising various

amounts of non-wood as compared to the samples comprising no non-wood.

Thus, in summary, the results indicate that introduction of various amounts of the non-
wood cellulose fibres into different tissue paper materials results in acceptable or
insignificant changes in parameters relevant for the function of the tissue paper material,
such as the GMT strength, the softness, the absorption and/or the thickness, as

compared to the same tissue paper material without non-wood fibre content.

The advantageous results are believed to be at least partially due to the use of the non-
wood fibres, and in particular the various features which may be contributing to the
advantageous properties of tissue paper materials and products including the non-wood
fibres as set out in the above.

For example, as in the samples in the above, the non-wood cellulose pulp fibre may have
a breaking length/average fibre length ratio greater than 4. Also, the non-wood pulp fibres
may be never-dried. Further, the non-wood cellulose pulp fibres may be derived from
agricultural waste or byproducts such as one out of wheat straw, oat straw, barley straw,

and/or rye grass, for example wheat.

However, other combinations of features as described in the above for the non-wood
cellulose fibres may be made by a person skilled in the art to provide the tissue materials

and tissue products as proposed herein.

Hence, the results, although relating to specific examples of tissue paper materials and
tissue paper products are believed to indicate that the non-wood fibres as such may be
used to provide advantageous results in for a wider range of tissue paper materials and

tissue paper products.

DEFINITIONS

Tissue paper material:._ The term “tissue paper material” as used herein refers to the one-

ply base tissue as obtained from a tissue machine.
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Layer: The tissue paper material may comprise one or more layers, i.e. it may be a single-
layered or a multi-layered web. The term “layer” refers to a stratum within the web having
a defined fibre composition. The one or more layers is/are formed by depositing one or
more streams of pulp furnishes onto a wire with a pressurized single-or multi-layered

headbox.

Ply: The term “ply” as used herein refers to the one or more plies of tissue paper material
in the final tissue paper product as are obtained after processes, i.e. converting, one or
more base tissue webs. Each individual ply consists of a tissue paper material comprising
one or more layers, e.g. one, two, or three layers.

Hardwood: As hardwood we understand herein fibrous pulp derived from the woody
substance of deciduous trees (angiosperms). For example, hardwood includes
eucalyptus. Typically, hardwood fibres are relatively short fibres. For example, the
hardwood fibres may have an average fibre length less than 1700 um. The hardwood

fibres may for example have a diameter of 15 to 40 um and a wall thickness of 3 to 5 um.

Softwood:_as softwood we understand fibrous pulp derived from the woody substance of
coniferous trees (Gymnosperms). Typically, softwood fibres are relatively long fibres. For
example, the softwood fibres may have an average fibre length above 1700 um, such as
above 1950 micron, for example the soft wood fibres may have an average fibre length in
arange from 1700 to 2500. um. The softwood fibres may for example have a diameter of

from 30 to 80 um, and a wall thickness of from 2 to 8 um.

Conventional short fibres: As conventional short fibres we understand herein hardwood
fibres as described in the above. Generally, the conventional short fibres may have an

average fibre length less than 1700 um.
Conventional long fibres: As conventional long fibres we understand herein softwood
fibres as described in the above. Generally, the conventional long fibres may have an

average fibre length greater than 1700 pm.

CWP & structured tissue technology:
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As described in the above, paper tissue webs can be produced in several ways.
Conventional paper machines have been used for many years for that purpose, to

produce such conventional webs at a relatively low cost.

An example of a conventional paper tissue web process is the dry crepe process which
involves creping on a drying cylinder, the so-called yankee cylinder, by means of a crepe
doctor. Wet creping can be used as well, if there are lower demands on the tissue quality.
The creped, finally dry raw tissue paper, the so-called base tissue, is then available for
further processing into the paper product for a tissue paper product.

Recently, more advanced methods have been developed, such as e.g. Through Air
Drying (TAD), Advanced Tissue Molding System (ATMOS) and similar methods for
producing structured tissue webs. A common feature for these latter methods is that they
result in a more structured web with a lower density than a web produced on a
conventional paper machine.

As used herein the term CWP technology (Conventional Wet Pressed technology) refers
to conventional paper web processes, in which the tissue is formed on a forming fabric
and dewatered by pressing with one or more pressure roll nips. The process may involve
transfer of the sheet to a Yankee dryer and removing the sheet from the Yankee surface
by a doctor blade in a creping process. CWP technology as used herein includes for
example dry crepe technology, wet crepe technology, and flat NTT (New Tissue
Technology).

As used herein, the term structured tissue technology relates to the newer technologies
for producing a structured tissue web. Such methods will not employ the high pressure
used to dewater the web in the CWP process. Therefore, structured tissue technology is
sometimes referred to as non-compressing de-watering technology. The structured
tissue technology may for example be TAD (Thru-Air-Dried), UCTAD (Uncreped-
Through-Air-Dried) or ATMOS (Advanced-Tissue- Molding-System), textured NTT,
QRT, PrimeLineTEX technology and eTAD technology.

The structured tissue technology methods are known from prior art, for example TAD
is known from US5853547; and ATMOS from US 7744726, US7550061 and
US7527709; and UCTAD from EP 1 156925 and WO 02/40774.
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TAD technology has been developed since the 1960’s and is well known to a person
skilled in the art. It generally involves developing functional properties of the tissue by
moulding the fibre mat on a structured fabric. This results in the fibre mat forming a
structured tissue which may acquire high bulk and absorption due to air passing through

the web while drying the web when still on the structured fabric.

ATMOS technology is a production method developed by Voith and which is also well

known to a person skilled in the art.

Another example is textured NTT (New Tissue Technology). Textured NTT was designed
to overcome some of the limitations of ATMOS by pressing at even higher pressures
before transferring to the Yankee. A shoe press is used in the first pressing section
between the former felt and a belt with cells designed to provide absorptive capacity and
increase strength. The NTT technology may reduce the Yankee Hood drying load as
compared to ATMOS.

Yet other examples are Prime Line Tex technology as rendered available by Andritz for

production of textured tissue, and eTAD technology as rendered available by Valmet.

METHODS

Lignin content:

The measurement of residual lignin content in the pulp fibres has been carried out
according to the draft standard ISO/DIS 21436: Pulps-Determination of lignin content —
Method of acid hydrolysis 1), which includes:

i) the gravimetric measurement of the residue after acid hydrolysis (AlIL : Acid
Insoluble Lignin or Klason Lignin), also described in the Tappi T222 om-02
method 2 ; and

ii) the measurement of soluble lignin (ASL : Acid Soluble Lignin), also described
in the technical note Tappi UM2503 .

3.1) Sample preparation: The samples were disintegrated with a grinder/mixer. Their dry
matter contents were determined before analysis, by drying in an oven of an aliquot of 2-3
g at 105°C, according to the 1ISO 638 standard 4 .
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3.2) Measurement of acid insoluble lignin (AlL or Klason lignin) after acid hydrolysis An
aliquot of ~1 g was hydrolysed with a solution of sulfuric acid, firstly at ambient
temperature (2 h) and then under reflux during 4 h (Procedure B of the future standard).
After cooling, the suspension was filtered and washed and the solid residue

was collected, dried and weighted. The acid insoluble lignin content in the sample was
determined by difference between the dry hydrolysis residue weight and the ash weight,
reported to the dry mass content of the initial sample. Note 1 : Detection limit (DL) ~0.1% ;
Quantification limit (QL) ~0.5%.

3.3) Measurement of acid soluble lignin. The absorbance at 205 nm of the hydrolysate
(i.e. the filtrate collected during the filtration of the suspension, cf 3.2), were measured.
The acid soluble lignin content (ASL) was determined according to the predefined
extinction coefficient of the lignin (i.e. 110 L/g.cm). Note 2 : : Detection limit (DL) ~0.1%
; Quantification Limit (QL) ~0.5% Remark: This quantification method is sensitive to the
contaminants being present into the sample. Each compound other than hemicelluloses
and cellulose and the acid insoluble minerals are susceptible to interfere with the

measurement of the hydrolysis residue and with the acid soluble lignin.

Hemicellulose

The determination of the contents of the main polysaccharides in the pulp (arabinane,
galactane, glucane, xylene, and mannane) has been made by using high performance
anion exchange chromatography with a pulsed amerometric detector,
HPAE/PAD-Dionex® analysis of free monosaccharides (arabinose, galactose, glucose,
xylose and mannose) after sulphuric acid hydrolysis of the sample pulp. The cellulose and
the hemicellulose content in the pulp sample is determined according to standard method
ISO / DIS21437 — Pulps: Determination of carbohydrate (under publication) after
calibration. The samples studied are chemical pulp which has not required extraction of
aceton beforehand. In contrast, the samples have been dried. However, considering the
pulp state (wet lap sheets), samples were grinded before analysis. Dry content of the
grinded samples was measured according to NF EN ISO 638:2008.

Basically the method is quantifying the amounts of sugars (monosaccharides) after
hydrolysis of cellulose and hemi using the ISO / DIS 21437 — Pulps: Determination of
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carbohydrate. Then, calculation is made backwards to estimate level of hemicelluloses
(knowing proportion of sugars in hemi and cellulose)

Basis weight

Basis weight is determined in accordance with ISO 12625-6: 2016.

The basis weight is determined in g/m?.

Thickness per sheet:

Thickness is determined in accordance with ISO 12625-3.

GMT strength:

GMT strength (Geometric Mean Tensile strength) refers to the square root of the product
of the machine direction dry tensile strength and the cross-direction dry tensile strength of

a tissue web/product.

The GMT strength is determined in accordance with ISO 12625-4.
A load cell of 100N was used.

Absorption:

Absorption is herein the water absorption capacity of the tissue paper. Water absorption
capacity is the amount of water the sample is able to absorb, reported in g/g (i.e. g water /

g material in sample).
Absorption was measured according to 1SO12625-8:2011.

The water is deionized water, conductivity < 0.25 mS/m at 25°C, in accordance with
1SO14487.

Softness panel:

Panel softness is determined by evaluation made by panel members. The panelists rank
products in terms of softness. The Softness Panel values are therefore comparative
values enabling a comparison between the samples tested, rather than an absolute

parameter.

The softer the product/tissue base sheet is rated the higher the value will be.
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Softness values of tissue paper products (finished goods) and tissue base sheets are not
directly comparable as there are different scales/reference products.

Each sample is composed of one product, i.e. a multi-ply tissue paper product.
The dimensions of the samples are therefore the dimensions of the finished products.
Samples are placed in MD before the panelists.

Samples are conditioned for minimum 2 hours in a controlled area at 23°C and 50%

relative humidity.

The different samples are comfort rated by ten panelists, and an average comfort rating

for each product is determined over the panelists.

Hence, softness panel values are comparative values within a test and indicate the

perceived softness of a product.

For the purpose of this application, softness panel values given in one and the same table
are comparable and indicate the perceived relative softness of the products tested. The
higher the value of the rating, the more comfortable is the product.

Average fibre length measurement:

Fibre length measurement was made using the standard for fibre analyser: ISO 16065-
2:2014: Pulps — Determination of fibre length by automated optical analysis — Part 1:
Unpolarized light method.

Length-weighted mean length was used and the average of the length — weighted fibre-

length distribution.

Breaking length measurement

The breaking length is the calculated upper limit of length of a uniform paper strip that
would support its own weight if it were suspended at one end. Breaking length (m) = 102 x
T/R, where T = Tensile strength, N/m, and R = basis weight, g/m2.

The breaking length is a pulp characteristic obtained by tensile strength and basis weight
measurements as measured on lab handsheets produced in accordance with EN 1SO
5269-2. (Tensile strength: ISO 12625-4; basis weight: ISO 12625-6: 2016)
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Ratio of breaking length measurement/average fibre length measurement

The ratio of breaking length/average fibre length is herein using the values of the fibre
length measurement and the breaking length measurements as achieved according to the
methods in the above, the average fibre length measurement being reported in um, and

the breaking length being reported in m.

It may be noted that the breaking length, as well as the average fibre length, are pulp
characteristics. Accordingly, the measurements of these properties are to be performed
on the pulp as received from the pulping process, before reaching the papermaking
process, such as before entering the stock preparation in a paper machine. Thus, the
measurements are done prior to any mechanical and/or chemical and/or enzymatic

treatment for strength adjustment which may occur during the paper making process.
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A single-ply tissue paper material having a basis weight less than 40 gsm and a
GMT tensile strength of at least 60 N/m, comprising a non-wood tissue ply, said
non-wood tissue ply

comprising non-wood cellulose pulp fibres in an amount of at least 10% by dry

weight of the of the non-wood tissue ply.

A single-ply tissue paper material according claim 1, wherein the tissue paper

material has a GMT tensile strength of at least 70 N/m.

A single-ply tissue paper material according claim 1 or 2, wherein the tissue

paper material has a GMT tensile strength of at least 80 N/m.

A single-ply tissue paper material according to any one of the preceding claims,

having a basis weight of less than 30 gsm.

A single-ply tissue paper material according to any one of the preceding claims,

having a basis weight of less than 25 gsm.

A single-ply tissue paper product consisting of a single-ply tissue paper material
according to any one of the claims 1 to 5.

A multi-ply tissue paper product comprising two or more plies, wherein an
average basis weight of the plies is less than 40 gsm, and the multi-ply tissue
paper product having a GMT tensile strength of at least 100 N/m, wherein at
least one ply is a non-wood tissue ply, said non-wood tissue ply

comprising non-wood cellulose pulp fibres in an amount of at least 10% by dry
weight of the of the non-wood tissue ply.

A multi-ply tissue paper product according to claim 7,
wherein the multi-ply tissue paper product has a GMT tensile strength of at least
120 N/m.
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9. A multi-ply tissue paper product according to claim 7 or 8, wherein the multi-ply

10.

11.

12.

13.

14.

15.

16.

tissue paper product has a GMT tensile strength of at least 150 N/m.

A multi-ply tissue paper product according to any one of the claims 7 to 9,
wherein at least 50 % of the plies in said multi-ply tissue paper products are
non-wood tissue plies, each non-wood tissue ply

comprising non-wood cellulose pulp fibres in an amount of at least 10% by dry

weight of the of the non-wood tissue ply.

A multi-ply tissue paper product according to any one of the claims 7 to 10,
wherein all of the plies in said multi-ply tissue paper products are non-wood
tissue plies, each non-wood tissue ply

comprising non-wood cellulose pulp fibres in an amount of at least 10% by dry

weight of the of the non-wood tissue ply.

A multi-ply tissue paper product according to any one of the claims 7 to 11, the
multi-ply tissue paper product comprising non-wood cellulose pulp fibres in an

amount of at least 10% by dry weight of the multi-ply tissue paper product.

A multi-ply tissue paper product according to any one of the claims 7 to 12, the
multi-ply tissue paper product comprising non-wood cellulose pulp fibres in an

amount of at least 15% by dry weight of the multi-ply tissue paper product.

A multi-ply tissue paper product according to any one of the claims 7 to 13, the
multi-ply tissue paper product comprising non-wood cellulose pulp fibres in an
amount of at least 20% by dry weight of the multi-ply tissue paper product.

A multi-ply tissue paper product according to any one of the claims 7 to 14,
wherein said multi-ply tissue paper material or product comprises two to five

plies.

A multi-ply tissue paper product according to any one of the claims 7 to 15,
wherein each ply of the muilti-ply product comprises the same amount of non-

wood cellulose pulp fibres.
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18.

19.

20.

21.

22.

23.

24.

25.

37

A multi-ply tissue paper product according to any one of the claims 7 to 15,
wherein at least two plies comprise different amounts of non-wood cellulose pulp

fibres.

A multi-ply tissue paper product according to any one of the claims 7 to 17,
wherein said at least one non-wood tissue ply is an outer ply of said multi-ply

tissue paper material.

A multi-ply tissue paper product according to claim 18, wherein the multi-ply
tissue paper material comprises at least two non-wood tissue plies, the non-
wood tissue plies forming a first and a second outer ply of the multi-ply tissue

paper product.

A multi-ply tissue paper product according to any one of the claims 7 to 19,
wherein said non-wood tissue ply is formed by a single-ply tissue paper material
in accordance with any one of claims 1to 5.

A single-ply tissue paper product or a multi-ply tissue paper product according to
any one of the claims 6 to 20, wherein the tissue paper product has an

absorbency of at least 7 g/q.

A single-ply tissue paper product or a multi-ply tissue paper product according
to any one of the claims 6 to 21, wherein the tissue paper product has an
absorbency of at least 8 g/g.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein

the non-wood cellulose pulp fibres contains at least 15% hemicellulose.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein

the non-wood cellulose pulp fibres contains no more than 15 % lignin.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-

ply tissue paper product according to any one of the preceding claims, wherein
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26.

27.

38

the non-wood cellulose pulp fibres have an average fibre length of less than
1700 um.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose pulp fibres have an average fibre length of less than
1200 pm.

A single-ply tissue paper material, a single-ply tissue paper product or a muilti-
ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose pulp fibres have an average fibre length of less than 900

Hm.

28. A single-ply tissue paper material, a single-ply tissue paper product or a muilti-

ply tissue paper product according to any one of the preceding claims, wherein

the non-wood cellulose fibres have a breaking length of more than 3000 m.

29. A single-ply tissue paper material, a single-ply tissue paper product or a multi-

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose fibres have a breaking length/average fibre length ratio

of more than 3.7.

30. A single-ply tissue paper material, a single-ply tissue paper product or a multi-

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose fibres have a breaking length/average fibre length ratio

of more than 4.0.

31. A single-ply tissue paper material, a single-ply tissue paper product or a muilti-

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose fibres have a breaking length/average fibre length ratio

of more than 4.5.

32. A single-ply tissue paper material, a single-ply tissue paper product or a muilti-

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose pulp fibres are derived from a member of the Pocacea

family, such as from wheat straw, rice straw, barley straw, oat straw, rye grass,
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costal Bermuda grass, Arundo donax, miscanthus, bamboo, sugar cane
bagasse and/or sorghum.

33. A single-ply tissue paper material, a single-ply tissue paper product or a muilti-

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose pulp fibres are derived from a member of the

Cannabaceae family, such as from hemp and/or hop.

34. A single-ply tissue paper material, a single-ply tissue paper product or a muilti-

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose pulp fibres are agricultural waste or byproduct, such as
derived from agricultural waste or byproduct of the Pocacea family and/or
Cannabaceae family such as exemplified in the above, including agricultural
waste or byproduct from wheat straw, rice straw, barley straw, oat straw, rye
grass, sugar cane bagasse, hemp or hop and/or wherein the non-wood
cellulose pulp fibres are derived from agricultural waste or byproduct such as
banana harvest residue (belongs to the family Musaceae), pineapple residue
(belongs to the family Bromeliaceae), nut shell waste, bagasse from agave, hop

residue and/or corn stover.

35. A single-ply tissue paper material, a single-ply tissue paper product or a multi-

36.

37.

ply tissue paper product according to any one of the preceding claims, wherein
the non-wood cellulose pulp fibres are derived from kenaf (belongs to the
family Malvaceae) , switchgrass , succulents, alfalfa (belongs to the family
Fabaceae.), flax straw (belongs to the family Linaceae), palm fruits (Elaeis or

Arecaceae), and/or avocado (Lauraceae).

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood tissue ply or plies comprises said non-wood cellulose pulp fibres
in an amount of at least 15%.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood tissue ply or plies comprises said non-wood cellulose pulp fibres

in an amount of at least 20% by dry weight.
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38.

39.

40.

41.

42.

43.

44.

40

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood tissue ply or plies comprises said non-wood cellulose pulp fibres

in an amount of less than 70 % by dry weight.

A single-ply tissue paper material, a single-ply tissue paper product or a muilti-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood tissue ply or plies comprises said non-wood cellulose pulp fibres
in an amount of less than 60 % by dry weight.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood tissue ply further comprises wood pulp fibres, such as hardwood

cellulose pulp fibres and/or softwood cellulose pulp fibres.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to claim 40, wherein said non-wood tissue ply
comprises wood pulp fibres in an amount such that the wood pulp fibre amount
plus the non-wood fibre amount constitutes 100% dry weight of the non-wood

tissue ply.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to claim 40 or 41, wherein the
hardwood/softwood dry weight proportion of the wood pulp fibres in said non-
wood tissue ply is less than 95/5.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the claims 40 to 42, wherein
the hardwood/softwood dry weight proportion of the wood pulp fibres in said

non-wood tissue ply is less than 90/10.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the claims 40 to 43, wherein
the hardwood/softwood dry weight proportion of the wood pulp fibres in said

non-wood tissue ply is less than 80/20.
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46.

47.

48.

49.

50.

51.

41

A single-ply tissue paper material, a single-ply tissue paper product or a muilti-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood cellulose pulp fibres are present throughout the non-wood tissue

ply or plies.

A single-ply tissue paper material, a single-ply tissue paper product or a muilti-
ply tissue paper product according to any one of the preceding claims, wherein
said non-wood tissue ply or plies comprises two or more layers, and at least one
layer comprises non-wood fibres.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, said non-
wood tissue ply or plies being produced by conventional wet press technology
(CWP).

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, said non-
wood tissue ply or plies being produced by structured tissue technology, for
example TAD (Through Air Drying), ATMOS, NTT(textured), UCTAD, QRT,
eTAD or PrimeLineTEX.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims, wherein a
portion of or all non-wood cellulose pulp fibres are never-dried non-wood

cellulose pulp fibre.

A single-ply tissue paper material, a single-ply tissue paper product or a muilti-
ply tissue paper product according to any one of the preceding claims,
comprising softwood cellulose pulp fibres and wherein a portion of or all

softwood cellulose fibres are never-dried softwood cellulose pulp fibre.

A single-ply tissue paper material, a single-ply tissue paper product or a multi-
ply tissue paper product according to any one of the preceding claims,
comprising hardwood cellulose pulp fibres and wherein a portion of or all
hardwood cellulose fibres are never-dried hardwood cellulose pulp fibre.

Kimberly Clark EX1002, p. 1222
PGR2026-00078



WO 2023/282812 PCT/SE2021/050715
42

52. Single-ply tissue paper product or multi-ply tissue paper product according to
any one of the claims 6 to 51, the tissue paper product being for personal
hygiene, such as toilet paper, hand wipes, paper napkins, facial wipes,
handkerchiefs or the tissue paper product being a kitchen towel or industrial

wipe.
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