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DIRECTIONAL PROPERTIES

BACKGROUND OF THE INVENTION

In the manufacture of tissue products such as bath tissue, a wide variety of
product characteristics must be given attention in order to provide a final product
with the appropriate blend of attributes suitable for the product's intended
purposes. Improving the softness of tissues without compromising strength is a
continuing objective in tissue manufacture, especially for premium products.
Softness, however, is a perceived property of tissues comprising many factors
including thickness, smoothness, and fuzziness.

In order to improve the softness of tissue products while retaining sufficient
strength, vario-us two-ply tissue products have been proposed. However, in terms
of manufacturing economy, multiple-ply products are typically more expensive to
produce than single-ply products. Thus, a need exists for a single-ply tissue
product with high bulk and softness while retaining strength.

Traditionally, tissue products have been made using a wet-pressing process
iIn which a significant amount of water is removed from a wet-laid web by pressing
the web prior to final drying. In one embodiment, for instance, while supported by
an absorbent papermaking felt, the web is squeezed between the felt and the
surface of a rotating heated cylinder (Yankee dryer) using a pressure roll as the
web is transferred to the surface of the Yankee dryer for final drying. The dried
web is thereafter dislodged from the Yankee dryer with a doctor blade (creping),
which serves to partially debond the dried web by breaking many of the bonds
previously formed during the wet-pressing stages of the process. Creping
generally improves the softness of the web, albeit at a loss in strength.

Recently, throughdrying has increased in popularity as a means of drying
tissue webs. Throughdrying provides a relatively noncompressive method of
removing water from the web by passing hot air through the web until it is dry.
More specifically, a wet-laid web is transferred to a coarse, highly permeable
throughdrying fabric and retained on the throughdrying fabric until it is at least
almost completely dry. The resulting dried web can be softer and bulkier than a
wet-pressed sheet because fewer papermaking bonds are formed and because

the web is less dense. Squeezing water from the wet web is eliminated, although
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subsequent trarisferof'the web to a Yankee dryer for creping is still often used to
final dry and/or soften the resulting tissue.

Even more recently, significant advances have been made in high bulk
sheets as disclosed in US patents 5,607,551; 5,772,845; 9,656,132; 5,932,068:
and 6,171,442, which are all incorporated herein by reference. These patents
disclose soft throughdried tissues made without the use of a Yankee dryer.

Even in view of the advances disclosed in the above patents, further
improvements are still needed in processes used to produce tissue products, such
as bath tissues, facial tissues and paper towels. The present disclosure is
generally directed to tissue products having improved properties, especially in the
cross-machine direction.

DEFINITIONS

A tissue product as described in this disclosure is meant to include paper
products made from base webs such as bath tissues, facial tissues, paper towels,
industrial wipers, foodservice wipers, napkins, medical pads, and other similar
products.

Pulp fibers, as used herein, include all known cellulosic fibers or fiber mixes
comprising cellulosic fibers. Fibers suitable for making the webs of this disclosure
comprise any natural cellulosic fibers including, but not limited to nonwoody fibers,
such as cotton, abaca, kenaf, sabai grass, flax, esparto grass, straw, jute hemp,
bagasse, milkweed floss fibers, and pineapple leaf fibers: and woody fibers such
as those obtained from deciduous and coniferous trees, including softwood fibers,
such as northern and southern softwood kraft fibers: hardwood fibers, such as
eucalyptus, maple, birch, and aspen. Woody fibers can be prepared in high-yield
or low-yield forms and can be pulped in any known method, including kraft, sulfite,
high-yield pulping methods and other known pulping methods. Fibers prepared
from organosolv pulping methods can also be used, including the fibers and
methods disclosed in U.S. Patent No. 4,793,898, issued December 27, 1988, to
Laamanen et al.; U.S. Patent No. 4,594,130, issued June 10, 1986, to Chang et
al.; and U.S. Patent No. 3,585,104. Useful fibers can also be produced by
anthraquinone pulping, exemplified by U.S. Patent No. 5,595,628, issued January
21, 1997, to Gordon et al. A portion of the fiber furnish, such as up to 50% or less
by dry weight, or from about 5% to about 30% by dry weight, can be synthetic
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- Tibers such as rayon, polyolefin fibers, polyester fibers, bicomponent sheath-core
fibers, multi-component binder fibers, and the like. An exemplary polyethylene
fiber is Pulpex®, available from Hercules, Inc. (Wilmington, Delaware). Any known
bleaching method can be used. Synthetic cellulose fiber types include rayon in all
its varieties and other fibers derived from viscose or chemically modified cellulose.
Chemically treated natural cellulosic fibers can be used such as mercerized pulps,
chemically stiffened or crosslinked fibers, or sulfonated fibers. For good
mechanical properties in using papermaking fibers, it can be desirable that the
fibers be relatively undamaged and largely unrefined or only lightly refined. While
recycled fibers can be used, virgin fibers are generally useful for their mechanical
properties and lack of contaminants. Mercerized fibers, regenerated cellulosic
fibers, cellulose produced by microbes, rayon, and other cellulosic material or
cellulosic derivatives can be used. Suitable papermaking fibers can also include
recycled fibers, virgin fibers, or mixes thereof. In certain embodiments capable of
high bulk and good compressive properties, the fibers can have a Canadian
Standard Freeness of at least 200, more specifically at least 300, more specifically
still at least 400, and most specifically at least 500.

Other pulp fibers that can be used in the present disclosure include papér
broke or recycled fibers and high yield fibers. High yield pulp fibers are those
papermaking fibers produced by pulping processes providing a yield of about 65%
or greater, more specifically about 75% or greater, and still more specifically about
75% to about 95%. Yield is the resulting amount of processed fibers expressed as
a percentage of the initial wood mass. Such pulping processes include bleached
chemithermomechanical pulp (BCTMP), chemithermomechanical pulp (CTMP),
pressure/pressure thermomechanical pulp (PTMP), thermomechanical pulp (TMP),
thermomechanical chemical pulp (TMCP), high yield sulfite pulps, and high vield
Kraft pulps, all of which leave the resulting fibers with high levels of lignin. High
yield fibers are well known for their stiffness in both dry and wet states relative to
typical chemically pulped fibers.

Tensile Strength, Geometric Mean Tensile Strength (GMT), Tensile Enerqgy
Absorbed (TEA), and Percent Stretch: |

The tensile test is performed using tissue samples that are conditioned at
23° C+/-1°C and 50% +/-2% relative humidity for a minimum of 4 hours. The
3
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" samples are"cut ifitd"3 Inch wide strips in the machine direction (MD) and cross-
machine direction (CD) using a precision sample cutter model JDC 15M-10,
available from Thwing-Albert Instruments, a business having offices located in
Philadelphia, Pennsylvania, U.S.A.

The gauge length of the tensile frame is set to 4 inches. The tensile frame
may be an Alliance RT/1 frame run with TestWorks 4 software. The tensile frame
and the software are available from MTS Systems Corporation, a business having
offices located in Minneapolis, Minnesota, U.S.A.

A 3" strip is then placed in the jaws of the tensile frame and subjected to a
strain of 10 inches per minute until the point of sample failure. The stress on the
tissue strip is monitored as a function of the strain. The calculated outputs include
the peak load (grams-force/3”, measured in grams-force), the peak stretch (%,
calculated by dividing the elongation of the sample by the original length of the
sample and multiplying by 100%), the % stretch @ 500 grams-force, the tensile
energy absorption (TEA) at break (grams-force*cm/cm?, calculated by integrating
or taking the area under the stress-strain curve up to 70% of sample failure), and
the slope A (kilograms-force, measured as the slope of the stress-strain curve from
57-150 grams-force).

Each tissue code (minimum of five replicates) is tested in the machine
direction (MD) and cross-machine direction (CD). Geometric means of the tensile
strength and tensile energy absorption (TEA) are calculated as the square root of
the product of the machine direction (MD) and the cross-machine direction (CD).
This yields an average value that is independent of testing direction.

Machine Direction Slope A or Cross-Machine Direction Slope A is a
measure of the stiffness of a sheet and is also referred o as elastic modulus. The
slope of a sample in the machine direction or the cross-machine direction is a
measure of the slope of a stress-strain curve of a sheet taken during a test of
tensile testing (see tensile strength definition above) and is expressed in units of
grams of force. In particular, the slope A is taken as the least squares fit of the
data between stress values of 70 grams of force and 157 grams of force.

Cross-Machine Direction Tensile/Cross-Machine Direction Stretch is the
amount of tensile strength needed to generate 1% of stretch in the sample in the

cross-machine direction. This value is calculated by taking the cross-machine
4



CA 02630867 2008-05-23
WO 2007/070124 PCT/US2006/032204

direction peak load and dividing it by the stretch obtained at 500 grams force or
peak load whichever is lower.

Cross-Machine Direction Tensile Energy Absorbed/Cross-Machine Direction
Stretch is the amount of tensile energy absorbed needed to create 1% of stretch.
This value is calculated by dividing the tensile energy absorbed in the cross-
machine direction by the stretch of the sample in the cross-machine direction.

The bulk is calculated as the quotient of the caliper of a dry tissue sheet,
expressed in microns, divided by the dry basis weight, expressed in grams per
square meter. The resulting sheet bulk is expressed in cubic centimeters per gram.
More specifically, the caliper is measured as the total thickness of a stack of ten
representative sheets and dividing the total thickness of the stack by ten, where
each sheet within the stack is placed with the same side up. Caliper is measured in
accordance with TAPPI test method T411 om-89 "Thickness (caliper) of Paper,
Paperboard, and Combined Board” with Note 3 for stacked sheets. The
micrometer used for carrying out T411 om-89 is an Emveco 200-A Tissue Caliper
Tester available from Emveco, Inc., Newberg, Oregon. The micrometer has a load
of 2.00 kilo-Pascals (132 grams per square inch), 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.

SUMMARY OF THE INVENTION

The present disclosure is generally directed to tissue products having
enhanced cross-machine directional properties.. These properties include
relatively high peak stretch, relatively low slope, and increased tensile energy
absorbed in the cross-machine direction. Thus, products made according to the
present disclosure have relatively low stiffness with increased extensibility at
relatively high strength levels.

The present inventors have discovered that the above properties can be
obtained particularly on uncreped through-air dried webs. Further, the properties
can be obtained without having to apply any bonding materials or binders to the
surfaces of the web or to otherwise incorporate such materials into the web. In
accordance with the present disclosure, the webs are formed in a through-air
drying process in which a transfer fabric and a through-air drying fabric are both
textured fabrics having a substantially uniform high strain distribution in the cross-

5
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- machine direction. Tn the past, the transfer fabric tended to be more smooth and
less textured than the through-air drying fabric.

In one embodiment, the present disclosure is directed to a single ply tissue
product that comprises a tissue web containing pulp fibers. For instance, the
tissue web may contain pulp fibers in an amount greater than about 50% by
weight, such as in an amount greater than about 90% by weight. The tissue web
may have a dry bulk of at least about 3 cc/g, such as at least about
5 cc/g, such as at least about 10 cc/g. In accordance with the present disclosure,
the tissue web may have a geometric mean tensile strength of less than about
1,000 g/3 in, such as less than about 900 g/3 in, such as less than about 700 g/3
in. At these strength levels, the tissue web can have a cross-machine direction
stretch of greater than about 11%, such as greater than about 13%, such as
greater than about 15%. The cross-machine directional slope A of the product can
be less than about 3 kg, such as less than about 2.5 kg. The cross-machine
direction tensile/cross-machine directional stretch can be less than about 50, such
as less than about 30. The cross-machine directional tensile energy
absorbed/cross-machine directional stretch, on the other hand, can be less than
about 0.4, such as less than about 0.35, such as less than about 0.3.

In one embodiment, the tissue web may comprise an uncreped through-air
dried web. For instance, the web may be formed in a wetlaid through-air dried
process. During the process, the web can be conveyed on a transfer fabric
positioned immediately upstream from a through-air dryer. From the transfer
fabric, the web may be transferred to a through-air dryer fabric that is configured to
convey the web through the through-air dryer. In order to obtain the above
properties, both the transfer fabric and the through-air dryer fabric may comprise
textured fabrics having a machine direction dominant design.

For instance, the transfer fabric and the through-air dryer fabric may
comprise multi-layered fabrics having from about 5 to about 15 raised elements
per centimeter, such as from about 9 to about 11 raised elements per centimeter in
the machine direction. The raised elements may have a height of from about
0.3 mm to about 5 mm, such as from about 0.3 mm to about 1 mm, such as from
about 0.3 mm to about 0.5 mm. The raised elements may comprise ridges that

have a width of from about 0.3 mm to about 1 mm. When viewed in the cross-
6
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machine direction, the ridges may have a sinusoidal ridge frequency of from about
0.5 mm to about 2 mm. |

While being conveyed on at least one of the transfer fabric or the through-
air dryer fabric, the tissue web may be molded against the fabric which has been
found to enhance the properties of the web, especially in the cross-machine
direction.

In one embodiment, the tissue product can demonstrate improved
properties even in relation to many commercially available two-ply products. For
instance, in one embodiment, the tissue product may have a cross-machine
directional stretch of greater than about 15%, while having a cross-machine
direction tensile/cross-machine direction stretch of less than about 30 and a cross-
machine directional TEA/cross-machine directional stretch of less than about 0.4.
The tissue product can also have a cross-machine direction slope of less than
about 3 kg at geometric mean tensile strengths of less than about 1,000 g/3 in,
such as less than about 700 g/3 in, such as less than about 500 g/3 in.

Other features and aspects of the present disclosure are discussed in
greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present disclosure, including the best
mode thereof to one of ordinary skill in the art, is set forth more particularly in the
specification, including reference to the accompanying Figures iin which:

Figure 1 is a cross-sectional view of one embodiment of a process for
making tissue webs in accordance with the present disclosure; and

Figure 2 is a cross-sectional view in the cross-machine direction of an
exemplary illustration showing one embodiment of a transfer fabric that may be
used in the process of the present disclosure.

Repeat use of reference characters in the present specification and
drawings is intended to represent the same or analogous features or elements of
the present disclosure.

DETAILED DESCRIPTION
It is to be understood by one of ordinary skill in the art that the present

discussion is a description of exemplary embodiments only, and is not intended as
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limiting the broader aspects of the present disclosure, which broader aspects are
embodied in the exemplary construction.

In general, the present disclosure is directed to tissue products having a
unique combination of properties and to a process for producing the products.
More particularly, tissue products made according to the present disclosure have
enhanced properties especially in the cross-machine direction or the width
direction of the tissue web as it is formed during a tissue making process. Tissue
products made according to the present disclosure may comprise single ply
products or multiple ply products, such as two-ply products. Such tissue products
may include bath tissues and facial tissues. Paper towels, napkins, and other
similar products may also be produced.

Tissue webs made according to the present disclosure generally comprise
uncreped through-air dried webs. In order to produce the webs with the enhanced
properties, the tissue web is conveyed through the through-air drying process
using a transfer fabric immediately upstream from a through-air drying fabric in
which both fabrics comprise substantially uniform and highly strained fabrics. For
Instance, the fabrics may have a uniform cross-machine direction strain distribution
with from about 5% to about 25% cross-machine direction path-length strain, such
as from about 10% to about 20% cross-machine direction path-length strain. In
one particular embodiment, for instance, the fabric may have a path-length strain
in the cross-machine direction of approximately 15%.

As described above, tissue webs made according to the present disclosure
have enhanced properties, especially in the cross-machine direction. For instance,
the tissue webs have relatively low stiffness, have increased extensibility and have
enhanced durability all in the cross-machine direction.

For example, in one embodiment, a tissue web may be made according to
the present disclosure that has, at a geometric mean tensile strength (GMT) of less
than about 1,000 g/3 in, such as less than about 700 g/3 in, such as less than
about 500 g/3 in, and a cross-machine stretch of at least about 11%, such as at
least about 13%, such as at least about 15%. Additionally, the tissue web may
have a cross-machine direction tensile strength/cross-machine direction stretch of
less than about 50, such as less than about 40, such as less than about 30, which
indicates the amount of grams tensile strength in order to obtain 1% of stretch.

8



CA 02630867 2008-05-23
WO 2007/070124 PCT/US2006/032204

The tissue webs may also have a cross-machine direction tensile energy
absorbed (TEA)/cross-machine direction stretch of less than about 0.4, such as
less than about 0.3. In addition to having improved stretch and strength
characteristics in the cross-machine direction, the products also exhibit relatively
low stiffness. For instance, the products can have a cross-machine direction slope
of less than about 3 kg, such as less than about 2.5 kg.

The basis weight of tissue products made in accordance with the present
disclosure can vary depending upon the particular application and whether or not
the product is a single ply product or a multiple ply product. For single ply
products, for instance, the basis weight of the products can be from about 15 gsm
to about 45 gsm. For multiple ply products, on the other hand, the basis weight
can be from about 15 gsm to about 50 gsm. As stated above, such products have
a geometric mean tensile strength of generally less than about 1,000 g/3 in and
are particularly well suited for producing facial tissues and bath tissues. The tissue
product may be sold to consumers as a spirally wound product or may be sold to
consumers as separately stacked sheets.

The tissue products can also be produced with the above properties while
also minimizing the presence of pinholes. The degree to which pinholes are
present can be quantified by the Pinhole Coverage Index, the Pinhole Count Index
and the Pinhole Size Index, all of which are determined by an optical test method
known in the art and described in U.S. Patent Application No. US 2003/0157300

A1 to Burazin, et al. entitled “Wide Wale Tissue Sheets and Method of Making
Same”, published on August 21, 2003, and which is incorporated herein by
reference. More particularly the “Pinhole Coverage Index” is the arithmetic mean
percent area of the sample surface area, viewed from above, which is covered or
occupied by pinholes. Tissue webs made according to the present disclosure can
have a Pinhole Coverage Index of about 0.25 or less, such as from about 0.20 or
less, such as from about 0.15 or less, and, in one embodiment, from about 0.05 to
about 0.15.

The "Pinhole Count Index” is the number of pinholes per 100 square
centimeters that have an equivalent circular diameter (ECD) greater than 400
microns. Webs made according to the present disclosure can have a Pinhole

Count Index of about 65 or less, such as about 60 or less, such as about 50 or
9



CA 02630867 2008-05-23
WO 2007/070124 PCT/US2006/032204

less, such as about 40 or less, and, in one embodiment, from about 5 to about 50,
such as from about 5 to about 40.

The "Pinhole Size Index” is the mean equivalent circular diameter (ECD) for
all pinholes having an ECD greater than 400 microns. For webs made according
to the present disclosure, the Pinhole Size Index can be about 600 or less, such as
about 500 or less, such as from about 400 to about 600, such as from about 450 to
about 550.

Base webs that may be used in the process of the present disclosure can
vary depending upon the particular application. For instance, the webs can be
made from any suitable type of fiber. For example, the base web can be made
from pulp fibers, other natural fibers, synthetic fibers, and the like.

Pulp fibers useful for purposes of this disclosure include any cellulosic fibers
which are known to be useful for making tissue products, particularly those fibers
useful for making relatively low density webs such as facial tissue, bath tissue,
paper towels, dinner napkins and the like. Suitable fibers include virgin softwood
and hardwood fibers, as well as secondary or recycled cellulosic fibers, and
mixtures thereof. Especially suitable hardwood fibers include eucalyptus and
maple fibers. As used herein, secondary fibers means any cellulosic fiber which
has previously been isolated from its original matrix via physical, chemical or
mechanical means and, further, has been formed into a fiber web, dried to a
moisture content of about 10 weight percent or less and subsequently reisolated
from its web matrix by some physical, chemical or mechanical means.

Tissue webs made in accordance with the present invention can be made
with a homogeneous fiber furnish or can be formed from a stratified fiber furnish
producing layers within the single ply product. Stratified base webs can be formed
using equipment known in the art, such as a multi-layered headbox. Both strength
and softness of the base web can be adjusted as desired through layered tissues,
such as those produced from stratified headboxes.

For instance, different fiber furnishes can be used in each layer in order to
create a layer with the desired characteristics. For example, layers containing
softwood fibers have higher tensile strengths than layers containing hardwood
fibers. Hardwood fibers, on the other hand, can increase the softness of the web.
In one embodiment, the single ply base web of the present invention includes a

10
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first outer layer aiida Second outer layer containing primarily hardwood fibers.

The hardwood fibers can be mixed, if desired, with paper broke In an amount up to
about 30% by weight and/or softwood fibers in an amount up to about 30% by
weight. The base web further includes a middle layer positioned in between the
first outer layer and the second outer layer. The middle layer can contain primarily
softwood fibers. If desired, other fibers, such as high-yield fibers or synthetic fibers
may be mixed with the softwood fibers.

When constructing a web from a stratified fiber furnish, the relative weight of
each layer can vary depending upon the particular application. For example, in
one embodiment, when constructing a web containing three layers, each layer can
be from about 15% to about 50% of the total weight of the web, such as from about
25% to about 35% of the weight of the web.

The tissue web can contain pulp fibers and can be formed in a wet-lay
process incorporating a through-air dryer. In a wet-lay process, the fiber furnish is
combined with water to form an aqueous suspension. The aqueous suspension is
spread onto a wire or felt and dried to form the web.

In one embodiment, the base web is formed by an uncreped through-air
drying process. More particularly, according to the present disclosure, a textured
and highly strained transfer fabric and a similar textured and highly strained
through-air drying fabric are used in the process during production of the webs and
contributes to the improved and unique properties obtained. Referring to Figure 1,
a schematic process flow diagram illustrating a method of making uncreped
throughdried sheets in accordance with this embodiment is illustrated. Shown is a
twin wire former having a papermaking headbox 10 which injects or deposits a
stream 11 of an aqueous suspension of papermaking fibers onto the forming fabric
13 which serves to support and carry the newly-formed wet web downstream in the
process as the web is partially dewatered to a consistency of about 10 dry weight
percent. Specifically, the suspension of fibers is deposited on the forming fabric 13
between a forming roll 14 and another dewatering fabric 12. Additional dewatering
of the wet web can be carried out, such as by vacuum suction, while the wet web
IS supported by the forming fabric.

The wet web is then transferred from the forming fabric to a transfer fabric

17 traveling at a slower speed than the forming fabric in order to impart increased
11
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- stretch into the web.” Transfer is preferably carried out with the assistance of g
vacuum shoe 18 and a kiss transfer to avoid compression of the wet web. If
desired, the web may be transferred against the transfer fabric 17 under sufficient
pressure to cause the sheet to conform to the fabric.

The web is then transferred from the transfer fabric to the throughdrying
fabric 19 with the aid of a vacuum transfer roll 20 or a vacuum transfer shoe. The
throughdrying fabric can be traveling at about the same speed or a different speed
relative to the transfer fabric. If desired, the throughdrying fabric can be run at a
slower speed to further enhance stretch. Transfer is preferably carried out with
vacuum assistance to ensure deformation of the sheet to conform to the
throughdrying fabric, thus yielding desired bulk and appearance.

As described above, in accordance with the present disclosure, the process
s carried out such that both the transfer fabric 17 and the through-air drying fabric
19 comprise textured fabrics having a substantially uniform cross-machine
direction strain distribution. For instance, the fabrics can have a cross-machine
direction path-length strain of from about 10% to about 20%, such as from about
14% to about 16%.

Suitable textured or 3-dimensional fabrics that may be used as the transfer
fabric and the through-air drying fabric are fabrics that can include a top surface
and a bottom surface. During molding and/or through-air drying, the top surface
supports the wet tissue web. The wet tissue web conforms to the top surface and
during molding is strained into a 3-dimensional topographic form corresponding to
the 3-dimensional topography of the top surface of the fabric. Adjacent the bottom
surface, the fabric can have a load-bearing layer which integrates the fabric and
provides a relatively smooth surface for contact with various tissue machine
elements.

The transfer fabric and the through-air drying fabric, for instance, may have
textured sheet-contacting surfaces comprising substantially continuous machine-
direction ridges separated by valleys (see, for instance, U.S. Patent Application
No. 2003/0157300 A1 to Burazin, et al., which is incorporated herein by reference).

For instance, both fabrics can have a machine-direction dominant design
comprising from about 5 to about 15 raised elements per centimeter in the

machine direction, such as from about 9 to about 11 raised elements per
12
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centimeter. The raised elements may have a height of from about 0.3 mm to about
5 mm, such as from about 0.3 mm to about 1 mm, such as from about 0.3 mm to
about 0.5 mm. The raised elements may comprise ridges that have a width of
from about 0.3 mm to about 1 mm. A cross-machine direction line trace of the
fabric, for instance, may have the approximate structure of a wave, such as a sine
wave. For example, referring to Fig. 2, for exemplary purposes only, a cross
section of a fabric 100 in the cross-machine direction is shown llustrating the
structure of a wave. For fabrics used in accordance with the present disclosure,
the wave can have an amplitude of from about 0.3 mm to about 0.7 mm, such as
about 0.5 mm and a frequency of from about 0.5 mm to about 2 mm, such as
about 1 mm.

In one embodiment, both the transfer fabric and the through-air drying fabric
may comprise the same fabric or a different but similar fabric. In one particular
embodiment, the transfer fabric and the through-air drying fabric comprise the
t-1207-6 fabric obtained from Voith Fabrics, Inc.

The use of textured and highly strained fabrics as described above in both
the transfer fabric position and the through-air drying fabric position has
unexpectedly produced products having a unique combination of properties and
improved characteristics, especially in the cross-machine direction. In the past,
many conventional processes used a transfer fabric that had a relatively smooth
surface (less textured than the throughdrying fabric) in order to impart smoothness
to the web. The present inventors, however, have discovered that using a textured
and highly strained fabric as described above may provide various benefits and
advantages.

The level of vacuum used for the web transfers can be, for instance, from
about 3 to about 25 inches of mercury, such as about 6 inches of mercury to about
15 inches of mercury. The vacuum 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 addition to or as a replacement for
sucking it onto the next fabric with vacuum. Also, a vacuum roll or rolls can be
used to replace the vacuum shoe(s).

While supported by the throughdrying fabric, the web is dried to a
consistency of about 94 percent or greater by the throughdryer 21 and thereafter

13
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transferred to a"carrier fabric 22. The dried basesheet 23 is transported to the reel
24 using carrier fabric 22 and an optional carrier fabric 25. An optional pressurized
turning roll 26 can be used to facilitate transfer of the web from carrier fabric 22 to
fabric 25. Suitable carrier fabrics for this purpose are Albany International 84M or
94M and Asten 959 or 937, all of which are relatively smooth fabrics having a fine
pattern.

Softening agents, sometimes referred to as debonders, can be used to
enhance the softness of the tissue product and such softening agents can be
incorporated with the fibers before, during or after formation of the aqueous
suspension of fibers. Such agents can also be sprayed or printed onto the web
after formation, while wet. Suitable agents include, without limitation, fatty acids,
waxes, quaternary ammonium salts, dimethyl dihydrogenated tallow ammonium
chloride, quaternary ammonium methyl sulfate, carboxylated polyethylene,
cocamide diethanol amine, coco betaine, sodium lauryl sarcosinate, partly
ethoxylated quaternary ammonium salt, distearyi dimethyl ammonium chloride,
polysiloxanes and the like. Examples of suitable commercially available chemical
softening agents include, without limitation, Berocell 596 and 584 (quaternary
ammonium compounds) manufactured by Eka Nobel Inc., Adogen 442 (dimethyl
dihydrogenated tallow ammonium chloride) manufactured by Sherex Chemical
Company, Quasoft 203 (quaternary ammonium salt) manufactured by Quaker
Chemical Company, and Arquad 2HT-75 (di (hydrogenated tallow) dimethyl
ammonium chloride) manufactured by Akzo Chemical Company. Suitable
amounts of softening agents will vary greatly with the species selected and the
desired results. Such amounts can be, without limitation, from about 0.05 to about
1 weight percent based on the weight of fiber, more specifically from about 0.25 to
about 0.75 weight percent, and still more specifically about 0.5 weight percent.

In order to provide stretch to the tissue in the machine direction, a speed
differential may be provided between fabrics at one or more points of transfer of
the wet web. This process is known as rush transfer. The speed difference
between the fabrics can be from about 5 to about 75 percent or greater, such as
from about 10 to about 35 percent. For instance, in one embodiment, the speed
difference can be from about 20 to about 30 percent, based on the speed of the

slower fabric. The optimum speed differential will depend on a variety of factors,
14
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~Including the particulartype of product being made. As previously mentioned, the
increase in stretch imparted to the web is proportional to the speed differential.
For a single-ply uncreped throughdried bath tissue having a basis weight of about
30 grams per square meter, for example, a speed differential of from about 20 to
about 30 percent between the forming fabric and a transfer fabric produces a
stretch in the machine direction in the final product of from about 15 to about 25
percent. The stretch can be imparted to the web using a single differential speed
transfer or two or more differential speed transfers of the wet web prior to drying.
Hence there can be one or more transfer fabrics. The amount of stretch imparted
to the web can hence be divided among one, two, three or more differential speed
transfers.

The web is transferred to the throughdrying fabric for final drying preferably
with the assistance of vacuum to ensure macroscopic rearrangement of the web to
give the desired bulk and appearance.

As described above, webs made according to the process of the present
disclosure possess a combination of unique properties especially in the cross-
machine direction. It may be possible to obtain these properties by applying a
flexible binder to the web as it is produced. As used herein, a “binder” refers to
any suitable bonding agent thét s applied to a tissue web for bonding the web
together and may include materials, such as ethylene vinyl acetate copolymers
and the like. The properties of webs made according to the present disclosure,
however, are produced without having to apply a binder to either surface of the
web.

Atter the web is formed and dried, the tissue product of the present
disclosure may undergo a converting process where the formed base web is
prepared for final packaging. For instance, in one embodiment, the tissue web
may be spirally wound into rolls to produce, for instance, a bath tissue product.
Alternatively, the tissue web may be cut into sheets to serve as a bath tissue
product or a facial tissue product. In one embodiment, the tissue web may be
combined with another web to produce a two-ply tissue product.

The following example is intended to illustrate particular embodiments of the

present disclosure without limiting the scope of the appended claims.
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EXAMPLE

An uncreped through-dried bath tissue was produced similar to the process
illustrated in Fig. 1. In accordance with the present disclosure, the transfer fabric
immediately upstream from the through-air dryer and the following through-air
dryer fabric were both a t-1207-6 fabric obtained from Voith Fabrics, Inc.

The base web was made of about 28 to 29% Northern Softwood Kraft
(NSWK) and about 71 to 72% Kraft eucalyptus, which was layered as follows: 36%
eucalyptus / 28% NSWK / 36% eucalyptus by weight.

The eucalyptus was treated with 1.75 kg/mt active debonder and the NSWK
was refined between 0 and 2.5 HPD/T with § kg/mt of PAREZ wet strength resin
added.

The tissue was vacuum dewatered to approximately 26-28% consistency
prior to entering the through-air dryer and then dried in the through-air dryer to
approximately 1% final moisture prior to winding of the parent rolls.

Eleven different tissue samples made according to the above process were
prepared and tested for various properties. Also, numerous bath tissue products

obtained world-wide were also tested. The following results were obtained:
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As’'stiowh"aliove, the samples made according to the present disclosure
exhibited improved properties especially in the cross-machine direction in
comparison to the commercially available samples. The samples made according
to the present disclosure had the highest cross-machine directional stretch and the
lowest amount of cross directional tensile needed to create 1% of stretch. The
samples made according to the present disclosure also exhibited the lowest
amount of cross directional tensile energy absorbed to create 1% of stretch.
Further, the samples made according to the present disclosure exhibited the

lowest cross-machine directional slope compared to the commercial products.
These and other modifications and variations to the present invention may
be practiced by those of ordinary skill in the art, without departing from the spirit
and scope of the present invention, which is more particularly set forth in the
appended claims. In addition, it should be understood that aspects of the various
embodiments may be interchanged both in whole or in part. Furthermore, those of
ordinary skill in the art will appreciate that the foregoing description is by way of
example only, and is not intended to limit the invention so further described in such

appended claims.
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What Is Claimed:

1. A single ply tissue product comprising:

a single ply tissue web comprising pulp fibers, the tissue web having
a dry bulk of at least 3 cc/g, the tissue web having a geometric mean tensile
strength of less than about 1,000 g/3 in, a cross-machine direction stretch of at
least 11%, a cross-machine direction tensile strength/cross-machine direction
stretch of less than about 50 and a cross-machine direction slope of less than
about 3 kg.

2. A tissue product comprising:

at least one tissue web comprising pulp fibers, the tissue web having
a dry bulk of at least 3 cc/g, the tissue web having a geometric mean tensiie
strength of less than about 1,000 g/3 in, a cross-machine direction stretch of at
least 15%, a cross-machine direction tensile strength/cross-machine direction
stretch of less than about 30 and a cross-machine direction slope of less than
about 3 kg.

3. A tissue product as defined in claim 1 or 2, wherein the tissue web
also has a cross-machine direction tensile energy absorbed/cross-machine
direction stretch of less than about 0.4.

4, A tissue product as defined in claim 1, 2 or 3, wherein the tissue web
has a cross-machine direction stretch of greater than about 14% and a cross-
machine direction tensile strength/cross-machine direction stretch of less than
about 30.

D. A tissue product as defined in claim 1, 2, 3 or 4, wherein the tissue
web has a geometric mean tensile strength of less than 900 g/3 in, such as less
than 700 g/3 in, such as less than 500 g/3 in.

6. A tissue product as defined in claim 1, 2, 3, 4 or 5, wherein the tissue
web comprises an uncreped through-air dried web.

7. A tissue product as defined in claim 1, 2, 3, 4, 5 or 6, wherein the
tissue web has a basis weight of from about 15 gsm to about 45 gsm.

8. A tissue product as defined in any of the preceding claims, wherein
the tissue web has a Pinhole Coverage Index of about 0.25 or less, has a Pinhole
Count Index of about 65 or less, and/or has a Pinhole Size Index of about 600 or

less.
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07" " K'tidsiie product as defined in any of the preceding claims, wherein
the tissue web has been formed in a wetlaid through-air dried process by being
conveyed on a transfer fabric positioned immediately upstream of a through-air
dryer fabric that is configured to convey the web through a through-air dryer, both
the transfer fabric and the through-air dryer fabric comprising textured fabrics
having a machine direction dominate design comprising from about 5 to about 15
raised elements per centimeter in the machine direction, the raised elements
having a height of from about 0.3 mm to about 5 mm.

10. A tissue product as defined in claim 9, wherein the raised elements
have a height of from about 0.3 mm to about 1 mm.

11. A tissue product as defined in claim 9 or 10, wherein the transfer
fabric and the through-air dryer fabric have a machine direction dominate design
that comprises from about 9 to about 11 raised elements per centimeter in the
machine direction, the raised elements having a height of from about 0.3 mm to
about 0.5 mm.

12. A tissue product as defined in claim 9, 10 or 11, wherein the raised
elements on the transfer fabric and on the through-air dryer fabric comprise ridges,
the ridges having a width of from about 0.3 mm to about 1 mm, the ridges, when
viewed from the cross-machine direction, having a ridge frequency of from about
0.5 mm to about 2 mm.

13.  Atissue product as defined in claim 9, 10, 11 or 12, wherein the
tissue web has been molded against at least one of the transfer fabric and the
through-air dryer fabric during formation.

14. A method of producing a tissue web comprising the steps of:

forming a tissue web from an aqueous suspension of fibers, the
aqueous suspension of fibers containing pulp fibers;

conveying the formed web on a transfer fabric positioned
immediately upstream from a through-air dryer;

transferring the tissue web from the transfer fabric to a through-air
dryer fabric that conveys the web through the through-air dryer, both the transfer
fabric and the through-air dryer fabric comprising textured fabrics having a
machine direction dominant design comprising from about 5 to about 15 raised

:
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- efemEnts per Eetititrieter in the machine direction, the raised elements having a
height of from about 0.3 mm to about 5 mm; and |
drying the web so that the web has a final moisture content of less
than about 8%.

15. A process as defined in claim 14, wherein the raised elements have
a height of from about 0.3 mm to about 1 mm.

16. A process as defined in claim 14 or 15, wherein the transfer fabric
and the through-air dryer fabric have a machine direction dominate design that
comprises from about 9 to about 11 raised elements per centimeter in the machine
direction, the raised elements having a height of from about 0.3 mm to about 0.5
mm.

17. A process as defined in claim 14, 15 or 16, wherein the raised
elements on the transfer fabric and on the through-air dryer fabric comprise ridges,
the ridges having a width of from about 0.3 mm to about 1 mm, the ridges, when
viewed from the cross-machine direction, having a ridge frequency of from about
0.5 mm to about 2 mm.

18. A process as defined in claim 14, 15, 16 or 17, wherein the transfer
fabric and the through-air dryer fabric comprise multi-layered fabrics.

19. A process as defined in claim 14, 15, 16, 17 or 18, wherein the tissue
web during the process is molded against at least one of the transfer fabric and the
through-air fabric.

20. A process as defined in claim 14, 15, 16, 17, 18 or 19, wherein the

tissue web is formed without applying a binder to the web.
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