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(57) Abstract: The present invention is a tissue product
comprising at least one tissue sheet. Each tissue sheet
comprises a first side and an opposing second side. At least
one tissue sheet comprises selectively treated pulp fiber
treated with at least one hydrophobic chemical additive
distributed non-uniformly in the z-direction within the tissue
sheet. The tissue sheet has a % z-directional hydrophobic
chemical additive gradient between the first side of the
tissue sheet and the second side of the tissue sheet of about
20 % or greater.
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Soft Tissue Products Containing Selectively Treated Fibers

Backgqround of the Invention

In the manufacture of tissue products, such as facial tissue, bath tissue, paper
towels, dinner napkins and the like, a wide variety of product properties are imparted to
the final product through the use of chemical additives. One common attribute imparted to
tissue sheets through the use of chemical additives is softness. There are two types of
softness that are typically imparted to tissue sheets through the use of chemical additives.

The two types are bulk softness and topical or surface softness.

Bulk softness may be achieved by a chemical debonding agent. Such debonding
agents are typically quaternary ammonium entities cdntaining long chain alkyl groups.
The cationic quaternary ammonium entity allows for the agent to be retained on the
cellulose via ionic bonding to anionic groups on the cellulose fibers. The long chain alkyl
groups provide .softness to the tissue sheet by disrupting fiber-to-fiber hydrogen bonds
within the tissue sheet.

Such disruption of fiber-to-fiber bonds provides a two-fold purpose in increasing
the softness of the tissue sheet. First, the reduction in hydrogen bonding produces a
reduction in tensile strength thereby reducing the stiffness of the tissue sheet. Secondly,
the debonded fibers provide a surface nap to the tissue sheet enhancing the “fuzziness” of
the tissue sheet. This tissue sheet fuzziness may also be created through use of creping
as well, where sufficient interfiber bonds are broken at the outer tissue surface to provide

a plethora of free fiber ends on the tissue surface.

Most bulk softener and debonder agents are added in the wet end of the tissue
making process. The agents are typically added prior to the formation of the tissue sheet
while the pulp fibers are in a slurry of water, typically at a consistency of about 5% or less.
A specific limitation of wet end chemical additive addition may be a need for the chemical
additives to possess a charge, cationic, anionic or amphiphilic. The cationic charge of the
chemical additive is attracted to the anionic charge of the pulp fibers, allowing for the
chemical additives to be retained on the pulp fibers. Where anionic chemical additives are
used, a cationic promoter may be required to retain the chemical additives on the pulp

fibers. A host of additional chemical additives may also be added in the wet end of the
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tissue making process to help modify the tissue product properties including, but not

limited to, wet strength agents, dry strength agents, sizing agents, opacifiers, and the like.

A multi-layered tissue structure may be utilized to enhance the softness of the
tissue sheet. In one embodiment of the present invention, a thin layer of strong softwood
kraft pulp fibers is used in the inner layer to provide the necessary tensile strength for the
tissue product. The outer layers of such structures may be composed of shorter
hardwood kraft pulp fibers while the inner layer or layers may be composed of longer
softwood kraft pulp fibers. The hardwood kraft pulp fibers may be treated with a
debonding agent and the softwood kraft pulp fibers may be treated with a strength agent.
Such chemical additive additions may be accomplished in the wet end of the tissue
making process by adding the chemical additives to the individual pulp fiber slurries. This
may be accomplished as well with blended pulp fiber furnishes as described in U.S. Patent
No. 5,785,813, issued on July 28, 1998 to Smith et al.

One limitation associaied with wet end chemical additive addition is the limited
availability of adequate bonding sites on the pulp fibers to which the chemical additives
may attach themselves. Under such circumstances, the various molecules of the wet end
chemical additive or additives compete for the limited available bonding sites, resuilting In
incomplete retention of the chemical additives on the pulp fibers. The unretained chemical
additive or additives, being water soluble or dispersible, are free to attach itself to other
oulp fibers within the tissue sheet as the water is drained from the tissue sheet. The
unretained chemical additive may also be removed with the process water during
dewatering. As the process water is recycled in the tissue making process, the
concentration of the chemical additives may build up in the system and again are free to
attach itself to other pulp fibers within the tissue sheet.

Hence, in the case of both muliti-layered and blended tissue sheets, despite the
treatment of individual pulp fiber species, chemical contamination by chemical additives
from treatments of other pulp fiber species may occur. Thus, despite attempts to keep the
chemical additives from contaminating other pulp fibers, such as debonder agents, using
the example from above, becoming attached to softwood kraft pulp fibers and strength
agents becoming attached to hardwood kraft pulp fibers may occur, resulting in an overall
detriment to tissue product quality and low chemical additive performance. At other times,
certain chemical additives may not be compatible with other chemical additives being used

in the tissue making process. Such incompatible interactions may be detrimental to the
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efficiency of the tissue making process, causing issues such as felt and fabric filling,
deposit formation either in the tissue sheet or on process equipment, or effect the

downstream efficiency of such things as creping adhesives.

U.S. Patent No. 6,423,183, issued on July 23, 2002 to Goulet et al. discloses a
process to reduce levels of unadsorbed chemical additives in the tissue making process
water by treating a pulp fiber slurry with an adsorbable, water soluble or water dispersible
chemical additive, dewatering the pulp fiber slurry to a consistency of about 20 to about 30
percent to remove the unretained adsorbable chemical additive, redispersing the
dewatered pulp fiber slurry at a consistency of about 3 to about 5 percent, further diluting
the pulp fiber slurry, forwarding to a stratified headbox and forming a layered tissue
product using conventional tissue making processes. Process water contamination is
reduced by insuring that the filtrate containing the unretained chemical additive is not
brought forward in the tissue making process. The effects of unretained chemical
additives are reduced, but unretained chemical additives may be still present in the
process water that is forwarded with the dewatered pulp fiber slurry.

Many methods require that a chemical additive be substantive to the pulp fibers és
the chemical additive is applied to the pulp fibers while the pulp fibers are in a dilute slurry
with water. As such, one skilled in the art would not be expect the tissue making process
of the present invention to work with hydrophobic, low water solubility chemical additives
such as polysiloxanes, mineral oils, and the like. While such hydrophobic, low water
solubility chemical additives may be made into water dispersible emulsions using
surfactants, generally these chemical additives may have poor adsorptio'n onto pulp fibers
and unless the resulting emulsion is evaporated to dryness to separate the emulsified
hydrophobic chemical additive from the emulsifying particle, the emulsified hydrophobic
chemical additive may be easily stripped from the pulp fibers when the pulp fibers are
reslurried in the tissue making process. Even if the process disclosed in U.S. Patent No.
6,423,183, discussed above, chemical additive systems employing poorly substantive
chemical additives may show cross contamination of the chemical additives across the
various pulp fiber species in the tissue sheet as well as unacceptably poor retention of the

chemical additives.

The topical or surface softness of a tissue sheet, and ultimately the resulting tissue
product, may be achieved by topically applying a softener agent to the surface of the

tissue sheet and/or tissue product. Typically, topical softener agents are generally non-
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ionic and hydrophabic. One effective softener agent may be polysiloxane. Polysiloxane
treated tissue sheets are described in U.S. Patent Nos. 4,950,545, issued on August 21,
1990 to Walter et al.; 5,227,242, issued on July 13, 1993 to Walter et al.; 5,558,873,
issued on September 24, 1996 to Funk et al.; 6,054,020, issued on April 25, 2000 to
Goulet et al.; 6,231,719, issued on May 15, 2001 to Garvey et al.; and, 6,432,270, issued

on August 13, 2002 to Liu et al. A variety of substituted and non-substituted
polysiloxanes may be used.

While polysiloxanes may provide improved softness in a tissue sheet, there may
be some drawbacks to their use. First, polysiloxanes may be relatively expensive. Only |
polysiloxane on the outermost surface of the tissue sheet may contribute to topical or
surface softness of the tissue sheet. Polysiloxanes may be effective debonding agents.
However, when present in the z-direction of the tissue sheet, the polysiloxanes may
negatively impact the strength of the tissue sheet while contributing to the bulk softness of
the tissue sheet from debonding. Polysiloxanes and other hydrophobic chemistries tend
to be poorly retained in the wet end of the tissue making process, and therefore may
require topical application to a formed tissue sheet. This topical application usually
involves applying the chemical additive as an emulsion to the tissue sheet using spray or .

~printing applications. As tissue sheets are relatiVely thin and non-dense, topical printing

and spraying may cause significant penetration of the chemical additive in the z-direction,
and hence, contamination of the various pulp fiber species with the topically applied
chemical additive even in a layered tissue sheet.

Therefore, there is an interest for preparing tissue products cohtaining hydrophobic
chemical additives, such as polysiloxane, wherein the hydrophobic chemical additive is
selectively applied to only certain pulp fibers within the tissue sheet. There is an interest
for the incorporation of hydrophobic chemical additives in the wet end of the tissue making
process, avoiding the need for additional application equipment after the tissue machine
and whereby the hydrophobic chemical additive is substantially located on specific pulp
fiber species. There is an interest in minimizing cross contamination of pulp fibers not
treated with the hydrophobic chemical additives so as to improve the performance of the
hydrophobic chemical additive in the tissue sheet. For example, if polysiloxane is used,
minimizing the z-directional penetration of the polysiloxane within the tissue sheet may
provide more polysiloxane on the surface of the tissue sheet and better topical or surface
softness of the tissue sheet is achieved at lower levels of polysiloxane. By avoiding cross
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contamination of strength layers within the tissue sheet, the polysiloxane does not
contribute to significant strength loss within the tissue sheet, providing softer tissue

sheets, and ultimately, tissue products comprising higher strength levels.

Summary of the Invention

It has now been discovered that hydrophaobic chemical additives, typically not
substantive to pulp fibers when applied in the wet end of the tissue making process, may
be retained in the wet end of the tissue making process by first treating dried or
substantially dried pulp fibers with the hydrophobic chemical additives. Such an addition
may be accomplished at the pulp mill during production of the dry lap pulp. Furthermore, it
has been discovered that once the pulp fibers are dried to about 80% or higher
consistency, the hydrophobic chemical additives of the present invention may be adsorbed
in such a manner that the hydrophobic chemical additives have little tendency to be
desorbed from the pulp fibers in the wet end of the tissue making process. Furthermore,
when the hydrophobic chemical additives of the present invention are desorbed in the wet
end of the tissue making process, the hydrophobic chemical additives have little tendency
to be re-adsorbed by the wet pulp fibers. Hence, tissue products containing pulp fibers
selectively treated with the hydrophobic chemical additives may be produced.

Furthermore, it has been discovered that tissue products comprising selectively treated

nulp fibers have unique properties not achievable with traditional application technologies.

In accordance with one embodiment of the present invention, a tissue sheet, such
as a soft tissue sheet or towel sheet, comprises pulp fibers selectively treated with a
hydrophobic chemical additive. The term “selectively treated” as used herein, means that
the hydrophobic chemical additive is homogenously distributed on specific pulp fibers. In
one embodiment of the present invention, the distribution of the pulp fibers is based on .
pulp fiber length. That is, the hydrophobic chemical additive may be located on a certain
pulp fiber size range, whereas pulp fibers outside this size range comprise little or none of
the hydrophobic chemical additive. In one embodiment, the hydrophobic chemical
additive may be located primarily on the short pulp fiber (typically hardwood kraft pulp
fibers). In another embodiment, the hydrophobic chemical additive may be located on the
longer pulp fibers (typically softwood kraft pulp fibers). If the hydrophobic chemical
additive is to provide a softening function, in one embodiment, the hydrophobic chemical

additive may be selectively located on the hardwood kraft pulp fibers.
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In U.S. Patent No. 6,582,560, a method for preparing
fibers containing hydrophobic entities, including hydrophobic
polysiloxanes, at a pulp mil is disclosed. These so called

“polysiloxane pretreated pulp fibers” may then be re-dispersed in the wet end of a paper-
making process to manufacture tissue sheets or the resulting tissue products containing
polysiloxane. It has been found that pulp fibers pretreated with polysiloxane and dried
prior to being re-dispersed and formed into a tissue sheet may demonstrate excellent
retention of the polysiloxane through the tissue making process. |n the present invention,
it has also been found that any hydrophobic chemical additive which may be desorbed
from the selectively treated pulp fibers during the tissue making process may have little or

no tendency to be adsorbed by selectively non-treated pulp fibers during the tissue making
process.

While the tissue sheets of the present invention' may be applicable to any tissue
sheet, particular interest may be in tissue and towel products. It is understood that the
term “tissue sheet” as used herein refers to tissue and towel sheets. The term “tissue
product’ as used herein refers to tissue and towel products. Tissue and towel products as
used herein are differentiated from other paper products in terms of their bulk. The bulk of
the tissue and towel products of the present invention is calculated as the quotient of the
caliper (hereinafter deﬁned), expressed in microns, divided by the basis weight, expressed
in grams per square meter. The resulting bulk is expressed as cubic centimeters per
grém. Writing papers, newsprint and other such papers have higher strength, stiffness
and density (low bulk) in comparison to tissue and towel products which tend to have
much higher calipers for a given basis weight. The tissue and towel products of the
present invention may have a bulk of about 2 cm® / g or greater, more specifically about
2.5 cm® / g or greater, and still more specifically about 3 cm?®/ g or greater.

The tissue sheet and/or tissue products of the present invention may comprise
layered or blended tissue sheets or a combination of layered and blended tissue sheets.
The term “blended tistsue sheet” as used herein refers to the process of blending various
pulp fiber types prior to formation of the tissue sheet. In accordance with some
embodiments of the present invention, selectively treated fibers may be blended with
selectively non-treated fibers prior to formation of the tissue sheet. The tissue sheet may
have a heterogeneous distribution of the various pulp fibers in the z-direction within the ply |
(tissue sheet). |
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The term "average fiber length,” refers to the length weighted average fiber length
as determined with a fiber length analysis instrument. An instruments suitable for such a
measurement is a KajaanEMModel FS-200 fiber analyzer available from Kajaani Electronics
located at Norcross, Georgia or with the OptesTtMFQA LDA36 instrument available from
Optest Instruments, Inc. located at Hawkesbury, Ontario.

The term “layered tissue sheet’ as used herein refers to the formation of a stratified
tissue sheet, wherein a particular tissue sheet or tissue sheets making up a multi-ply
tissue product contain a z-directional pulp fiber gradient. In one method of the formation
of a layered tissue sheet, individual slurries of pulp fibers are sent to a divided headbox
and applied to a moving b'elt where the pulp fibers are dewatered by any of a variety of
processes and further dried to form a tissue sheet that has a specific distribution of pulp
fibers in the z-direction based on the split of the individual furnishes. Two or more layers
may be present in a given tissue sheet of a multi-ply tissue product. One embodiment of
the present invention may employ a three-layer structure.

The term “selectively non-treated pulp fibers™ as used herein refers to pulp fibers
that have not been treated with a hydrophobic chemical additive of the present invention.
It is understood that the pulp fibers may be treated with other chemical additives used in
tissue making processes. Where it states that a tissue sheet or a layer of a tissue sheet is
comprised of or otherwise contains selectively non-treated pulp fibers or is free of or
otherwise does not contain hydrophobic chemical additive selectively treated pulp fibers, it
is understood that about 30 or less percent of the total amount of the selectively treated
pulp fibers in the tissue sheet is present in the given tissue sheet or layer of the tissue
sheet being described unless specifically disclosed otherwise. Where it states that a
tissue sheet or a layer of a tissue sheet is comprised of or otherwise contains selectively
treated pulp fibers, it is understood that about 70 percent or greater of the total amount of
the selectively treated pulp fibers in the tissue sheet is present in the given tissue sheet or
layer of the tissue sheet being described unless specifically disclosed otherwise.

it has been found that if a hydrophobic chemical additive, for example a
polysiloxane, penetrates the tissue sheet to too great of a depth that the hydrophobicity of
the tissue sheet is increased greatly. Hydrophobicity may be an undesirable characteristic
of an absorbent tissue sheet or certain applications of a soft tissue sheet. One example is
where the hydrophobic chemical additive is able to migrate to other pulp fibers within the
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tissue sheet the hydrophobicity of the tissue sheet will be increased. In one embodiment
of the present invention, the selectively treated pulp fibers may be concentrated towards
the outer surfaces and/or the outer layers the tissue sheet, thereby mitigating
hydrophobicity limitations caused by migration of the hydrophobic chemical additive. Such
tissue sheets possess a high z-directional gradient of the hydrophobic chemical additive
that allows for softer tissue products made from such tissue sheets to be obtained at lower '
levels of hydrophobic chemical additive. Thus, soft, economical, absorbent tissue sheets
comprising pulp fibers selectively treated with hydrophobic chemical additives may be
prepared.

The selectively treated fibers may be used to enhance the absorbency of a tissue
product relative to a tissue product containing the hydrophobic chemical additive but
wherein the location of the hydrophobic chemical additive is not constrained to selectively
treated pulp fibers. For example, in one embodiment of the present invention, the
hydrophobic chemical additive may be a polysiloxane. To obtain acceptable absorbent
characteristics within the tissue sheet comprising the polysiloxane selectively treated pulp
fibers, it may be beneficial to have thé layer or layers of the tissue sheet comprising the
selectively treated pulp fiber be adjacent to a layer within the tissue sheet comprising
selectively non-treated pulp fibers. Contamination of the adjacent layer with the
polysiloxane would significantly increase the hydrophobicity of the tissue sheet. Itis also
found that the polysi'loxane should not penetrate the tissue sheet in z-direction beyond a
predetermined depth. Penetration of the hydrophobic chemical additive within the z-
direction of the tissue sheet beyond the predetermined depth would again increase the
hydrophobicity of the tissue sheet. Penetration of the polysiloxane in the z-direction of the
tissue sheet may be controlled with selectively treated pulp fibers by controlling the depth
of the layer comprising the selectively treated pulp fibers relative to the depth of the ply
comprising the selectively treated pulp fibers. |

The depth of one layer of a tissue sheet (ply) relative to the total depth of the tissue
sheet (ply) is determined from the weight ratio of that layer relative to the total weight of
the tissue sheet (ply), often referred to as the pulp fiber split. For example, a three layered
tissue sheet (ply) having a pulp fiber split of about 30/40/30 NHWK/NSWK/NHWK will
have a construction wherein about 30% by weight of the total tissue sheét (ply) weight
consists of northern hardwood kraft (NHWK) pulp fibers located in one of the outer layers
of the tissue sheet (ply), about 40% by weight of the total tissue sheet (ply) weight consists
of northern softwood kraft (NSWK) pulp fibers located in the inner layer, and about 30% by
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weight of the total tissue sheet (ply) weight consists of northern hardwood kraft pulp fibers

located in the other outer layer of the tissue sheet (ply).

The absorbency of the tissue sheet is determined by the Wet Out Time. As used
herein, thé term "Wet Out Time" is related to absorbency and is the time it takes for a
given sample of a tissue sheet to completely wet out when placed in water. In specific
embodiments of the present invention the Wet Out Time (hereinafter defined) about 300
seconds or less. In other specific embodiments the wet out time is about 150 seconds or
less, more specifically about 120 seconds or less, and still more specifically about 90

seconds or less.

In one embodiment of the preseht invention, the hydrophobic chemical additive
that may be used to selectively treat the pulp fibers is polysiloxane. The particular
structure of the polysiloxanes of the present invention may provide the desired tissue
sheet and/or tissue product properties while having little tendency to be desorbed from the
selectively treated pulp fibers and be readsorbed by selectively non-treated pulp fibers in

the tissue sheet. The polysiloxanes are characterized in having a backbone structure:

=

Si—O

R

wherein R’ and R” may be a broad range of organo and non-organo groups including
mixtures of such groups and where n is an integer =2. These polysiloxanes may be
linear, branched, or cyclic. They may include a wide variety of polysiloxane copolymers
containing various compositions of functional groups, hence, R’ and R" actually may
represent many different types of groups within the same polymer molecule. The organo
or non-organo groups may be capable of reacting with pulp fibers to covalently, ionically or
hydrogen bond the polysiloxane to the pulp fibers. These functional groups may also be
capable of reacting with themselves to form crosslinked matrixes with the pulp fibers. The
scope of the present invention should not be construed as limited by a particular
polysiloxane structure so long as that polysiloxane structure delivers the atorementioned

product benefits to the tissue sheet and/or the final tissue product.




10

15

20

29

30

39

CA 02503739 2005-04-25

WO 2004/044318 PCT/US2003/033633

While not wishing to be bound by theory, the softness benefits that polysiloxanes
deliver to pulp fibers selectively treated with the polysiloxanes of the present invention
may be, in part, related to the molecular weight of the polysiloxane. Viscosity is often
used as an indication of molecular weight of the polysiloxane as exact number or weight
average molecular weights may be difficult to determine. The viscosity of the
polysiloxanes of the present invention may be about 25 centipoise or greater, more
specifically about 50 centipoise or greater, and most specifically about 100 centipoise or
greater. The term “viscosity” as referred to herein refers to the viscosity of the neat
polysiloxane itself and not to the viscosity of an emulsion if so delivered. It should also be
understood that the polysiloxanes of the present invention may be delivered as solutions
containing diluents. Such diluents may lower the viscosity of the polysiloxane solution
below the limitations set above, however, the efficacious part of the polysiloxane should
conform to the viscosity ranges given above. Examples of such diluents include but is not
limited to oligomeric and cyclo-oligomeric polysiloxanes such as
octamethylcyclotetrasiloxane, octamethyltrisiloxane, decamethylcyclopentasiloxane,
decamethyltetrasiloxane and the like, including mixtures of these diluents.

In another embodiment of the present invention, the selectively treated pulp fibers
are utilized in a multi-layer tissue sheet in a manner such that there is a z-directional
gradient of the hydrophobic chemical additive within the tissue sheet. The z-directional
gradient of the hydrophobic chemical additive may be such that the highest concentration
of the hydrophobic chemical additive is located in an inner layer or in the center of the
layered tissue sheet, or alternatively, at one or both outer surfaces of the layered tissue

sheet.

The z-directional polysiloxane gradient may be determined via X-ray photoelectron
spectroscopy (XPS) as described hereinafter. Surface polysiloxane levels are reported as
atomic concentration of the Si as determined by the spectrometer. The atomic Si
concentration is measured to a depth of around 100 nhanometers and is indicative of the
polysiloxane content at the surface of the tissue sheet specimen(s). Z-directional
polysiloxane gradient is defined as the percent difference in atomic Si concentration
between the high polysiloxane content side and the low polysiloxane content side of a

tissue sheet. The z-directional polysiloxane gradient is defined via the following equation:
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% z-directional polysiloxane gradient = (X-=Y )/ X™* 100

wherein X is the atomic % Si on the high content side and Y is the atomic % Si on the low
content side of the layer comprising the polysiloxane selectively treated pulp fibers and/or
pulp fibers treated with polysiloxane. (In the alternative, wherein X is the atomic % Si on
the high content side of the tissue sheet treated with polysiloxane and Y is the atomic % Si
on the low content side of the tissue sheet treated with polysiloxane.) The higher the % of
the z-directional polysiloxane gradient the more soft a tissue sheet may be at a given {otal
polysiloxane content. Where the hydrophobic chemical additive is not a polysiloxane, X
will be the concentration of the hydrophobic chemical additive on the high content side and

Y will be the concentration of the hydrophobic chemical additive on the low content side.

According to one embodiment, the present invention is a soft, single or multi-ply
tissue product. Each ply of the tissue product compriSes a first side and an opposing
second side. One or more of the plies of the tissue product may comprise a hydrophobic
chemical additive wherein the hydrophobic chemical additive is distributed non-uniformly
in the z-direction within the ply. That is, the difference between the level of the
hydrophobic chemical additive on the first side and the level of the hydrophobic chemical
additive on the opposing second side is measured. The % z directional gradient of the
hydrophobic chemical additive as defined previously between the first and second sides of
the ply of the tissue product may be about 20% or greater, more specifically about 25% or
greater, still more specifically about 30% or greater, and most specifically about 35% or

greater.

For example, in one embodiment of the present invention, one or more of the plies
of the tissue product may comprise a polysiloxane wherein the polysiloxane is distributed
non-uniformly in the z-direction within the ply. That is, the level of polysiloxane on the first
side as measured in terms of atomic % Si is different from the atomic % Si measured on
the opposing second side. The difference in the atomic % Si on the opposing first and
second sides of the ply may be about 3 atomic % or greater, more specifically about 4
atomic % or greater, and most specifically about 5 atomic % or greater. The % z |
directional polysiloxane gradient as defined previously between the first and second sides
of the ply may be about 20% or greater, more specifically about 25% or greater, still more

specifically about 30% or greater, and most specifically about 35% or greater.
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In a multi-ply tissue product, the overall orientation of the plies relative to one
another may be varied. However, as polysiloxane treatments are typically applied to
improve topical or surface softness of a ply or finished tissue product, one embodiment of
a multi-ply tissue product of the present invention may have at least one outer surface
being the first or second sides of one of the plies comprising the polysiloxane, thereby
placing at least one ply comprising a high or the highest level of polysiloxane outwardly
facing so as to be on the one of the outer surfaces of the tissue product contacting the
user's skin. In other embodiments of the present invention wherein the multi-ply tissue
products comprising more than two plies, polysiloxane may be present in one or more of
the plies. In some of these embodiments, the z-directional polysiloxane gradient may be
present in at least one of the plies. It may be desirable to have the z-directional
polysiloxane gradient in more than one of the plies. In one embodiment of the present
invention, the structure of the tissue product comprises at least two plies, wherein the plies
having the highest levels of the polysiloxane form the outer surfaces of the tissue product.
In one embodiment of the present invention, the inner plies comprise little or no

polysiloxane.

In one embodiment of the present invention, the layered tissue sheet (ply) may

comprise hardwood and softwood kraft pulp fibers. In other embodiments of the present

~invention at least one layered tissue sheet (ply) may comprise hardwood and softwood

kraft pulp fibers. In some embodiments of the present invention, the hydrophobic
chemical additive may be treated on the hardwood kraft pulp fibers with the hydrophobic

chemical additive (selectively treated pulp fibers). In other embodiments of the present

| invention, selectively treéted pulp fibers may be applied to at least one of the outer

surfaces of the layered tissue sheet (ply). In variations of this embodiment of the present
invention, additional layers of the layered tissue sheet (ply) may or may not comprise
selectively treated pulp fibers, the order of the layers of the tissue sheet (ply) and/or the
order of tissue sheets (plies) within the tissue product may be varied in any order. Any
number of additional layers of a tissue sheet (ply) and/or tissue sheets (plies) may be

employed in the tissue product of the present invention.

In one embodiment of the present invention, a single ply tissue product may
comprise a three-layer tissue sheet (ply). At least one outer layer of the layered tissue
sheet (ply) comprises selectively treated pulp fibers. The selectively treated pulp fibers

may comprise hardwood kraft pulp fibers. The outer layers of the layered tissue sheet

~(ply) form the outer surfaces of the single ply tissue product. In a variation of this
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embodiment, the inner layer of the layered tissue sheet (ply) may comprise softwood pulp
fiber and/or may comprise selectively non-treated pulp fibers. In another variation of this
embodiment, the opposing outer layer of the layered tissue sheet (ply) may comprise
selectively non-treated pulp fiber. In another embodiment of the present invention, the
layered tissue sheet (ply) may be a three layer tissue sheet (ply). One outer layer of the
layered tissue sheet (ply) may comprise selectively treated pulp fibers. The inner layer of
the layered tissue sheet (ply) may comprise selectively treated pulp fibers which may or
may not be hardwood kraft pulp fibers. Alternatively, the inner layer of the layered tissue
sheet (ply) may comprise selectively non-treated pulp fibers which may or may not be
hardwood kraft pulp fibers. The opposing outer layer of the layered tissue sheet (ply) may
comprise selectively non-treated pulp fibers which may or may not be softwood kraft pulp
fibers.

In another embodiment of the present invention, a soft, absorbent, single or muiti-
ply layered tissue product may have one or more of the tissue sheets (plies) of the tissue
product may comprise pulp fibers selectively treated with a hydrophobic chemical additive
wherein the layers of the tissue sheet (ply) or plies containing the selectively treated pulp
fibers are adjacent to at least one layer comprising selectively non-treated pulp fibers. In
one embodiment, the tissue product is a multi-ply tissue product wherein only the outside
layer of one or preferably both the exterior tissue sheets (plies) comprise selectively
treated pulp fibers. The structure of the tissue product may be arranged such that there is
a gradient of the hydrophobic chemical additive in the z-direction of the tissue sheet (ply)
In going from the outer surface of the outer tissue sheet (ply) or tissue sheets (plies) to the

Inner surface of the outer tissue sheet (ply) or tissue sheets (plies).

In another embodiment of the present invention, the single ply tissue product may
comprise a three-layer tissue sheet (ply) wherein the outer layers comprise selectively
treated pulp fibers and the inner layer comprises selectively non-treated pulp fibers. The |
structure of the layered tissue sheet (ply) may be arranged such that there is a z-
directional gradient of the hydrophobic chemical additive of the layered tissue sheet (ply)
measured from one outer layer, and/or the outer surface formed by the outer layer, to the
other outer layer, and/or outer surface formed by the other outer layer, wherein the
hydrophobic chemical additive content decreases at the center of the layered tissue sheet
(ply) and increases at or adjacent the outer surfaces of the layered tissue sheet (ply). In

some embodiments of the present invention, at least one of the inner layers of a layered
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tissue sheet (ply) comprising at least three layers may have a hydrophobic chemical
additive content of about 0%.

One embodiment of the present invention is @ method for making a soft,
economical, absorbent layered tissue sheet comprising selectively treated pulp fibers, pulp
fibers treated with at least one hydrophobic chemical additive. The method comprises:
(a) forming a first aqueous suspension of pulp fibers comprising pulp fibers selectively
treated with at least one hydrophobic chemical additive; (b) forming at least a second
aqueous suspension of pulp fibers wherein the second aqueous suspension of pulp fibers
comprised of selectively non-treated pulp fibers; (c) forwarding the first aqueous
suspension of pulp fibers to a stratified headbox; (d) forwarding the second aqueous
suspension of pulp fibers comprising selectively non-treated pulp fibers to the stratified
headbox; (e) depositing the first and second aqueous suspensions of pulp fibers onto a
forming fabric to form a wet layered tissue sheet; (f) dewatering the wet layered tissue
sheet to form a dewatered layered tissue sheet; and, (g) optionally drying the dewatered
layered tissue sheet to form a dried layered tissue sheet. The selectively treated pulp
fibers within the layered tissue sheet comprise about 95% or less of the total weight of the
tissue sheet, more specifically about 90% or less of the total weight of the tissue sheet,
and most specifically about 85% or less of the total weight of the tissue sheet. Optionally,
the tissue sheet may have a % z-directional gradient of the hydrophobic chemical additive
of about 20% or greater, more specifically about 25% or greater, and still more specifically
about 30% or greater. The first aqueous suspension of pulp fibers may further comprise
selectively non-treated pulp fibers. The first and second aqueous suspensions of pulp
fibers may be deposited onto the forming fabric such that a layer of the selectively treated

pulp fibers of the first aqueous suspension of pulp fibers is adjacent to a layer of the

- selectively non-treated pulp fibers of the second aqueous suspension of pulp fibers. Itis

understood that the tissue sheet may be converted Into a tissue product or may become at

least one ply of a multi-ply tissue product.

In another embodiment of the present invention is a method for making a soft,
economical, absorbent blended tissue sheet comprising selectively treated pulp fibers,
pulp fibers treated with at least one hydrophobic chemical additive. The method
comprises: (a) forming at least one aqueous suspension of pulp fibers wherein the
aqueous suspension of pulp fibers comprises seiectively treated pulp fibers treated with a
hydrophobic chemical additive and selectively non-treated pulp fibers; (b) forwarding the

aqueous suspension of pulp fibers to a headbox; (c) depositing the aqueous suspension
14
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of pulp fibers onto a forming fabric to form a wet tissue sheet; (e) dewatering the tissue
sheet to form a dewatered tissue sheet; and, (f) optionally drying the dewatered tissue
sheet to form a dried tissue sheet. At least a portion of the tissue sheet of this
embodiment is comprised of a blend of selectively treated pulp fibers and selectively non-
treated pulp fibers. The selectively treated pulp fibers within the tissue sheet comprise
about 95% or less of the total weight of the tissue sheet, more specifically about 90% or
less of the total weight of the tissue sheet, and most specifically about 85% or less of the
total weight of the tissue sheet. Optionally, the tissue sheet may have a % z-directional
gradient of the hydrophobic chemical additive of about 20% or greater, more specifically
about 25% or greater, and still more specifically about 30% or greater. It is understood
that the tissue sheet may be converted into a tissue product or may become at least one

ply of a multi-ply tissue product.

Description of the Drawings

Figure 1 is a diagram of a tissue sheet of the present invention comprising three layers.

Figure 2 is a diagram of two tissue sheets of the present invention, each tissue sheet

comprising three layers.

Figure 3 is a diagram of a tissue sheet of the present invention comprising two layers.

Detailed Description of the Invention

As stated above, the present invention is applicable to any tissue sheet, such
sheets include tissue and towel sheet and the resulting tissue and towel products. Tissue
products as used herein are differentiated from other tissue products in terms of its bulk.
The bulk of the tissue products of the present invention may be calculated as the quotient
of the caliper (hereinafter defined), expressed in microné, divided by the basis weight,
expressed in grams per square meter. The resulting bulk is expressed as cubic
centimeters per gram. Writing papers, newsprint and other such papers have higher
strength, stiffness and density (low bulk) in comparison to tissue products of the present
invention which tend to have much higher calipers for a given basis weight. The tissue

products of the present invention have a bulk of about 2 cm®/ g or greater, more
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specifically about 2.5 cm® / g or greater, and still more specifically about 3 cm®/ g or

greater.

The basis weight and caliper of the multi-ply tissue products of the present
invention may vary widely and may be dependent on, among other things, the number of
plies (tissue sheets). Typically the basis weight of a tissue product may range from about
5 g/m* to about 200 g/m?, still more specifically from about 5 g/m* to about 140 g/m?, and
most specifically from about 5 g/m* to about 80 g/m*. The caliper of the tissue products of
the present invention may be about 2000 microns or less, more specifically about 1500

microns or less, and more specifically about 1000 microns or less.

The location of the selectively treated pulp fibers may be determined by the length
of the pulp fibers that are treated by‘the hydrophobic chemical additive. That is, the tissue
sheet and/or tissue products of the present invention may have one distribution of pulp
fiber lengths wherein the majority of the hydrophobic chemical additive is applied and one
distribution of pulp fiber lengths comprising little or no hydrophobic chemical additive(s).

In one embodiment of the present inv'ention, the hydrophobic chemical additive is applied
to the long pulp fibers having an average fiber length of about 1.50 mm or greater, h’lore
specifically of about 1.75 mm or gfeater, and most specifically of about 2.00 mm or
greater. In another embodiment of the present invention, the hydrophobic chemical
additive is located on the short pulp fibers having an average fiber length of about 1.50
mm or less, more specifically of about 1.25 mm or less, and most specifically of about 1.00
mm or less. In other embodiments, the length of the long pulp fibers may be set to a
predetermined value and the short pulp fibers may be any length of a predetermined value
or shorter than the long pulp fiber predetermined value. To determine location of the
hydrophobic chemical additive, the pulp fibers may be fractionated by methods known in
the art. The pulp fibers may be collected into specific pulp fiber fractions based on the
length of the pulp fibers, such as at least a short pulp fiber fraction and a long pulp fiber
fraction. The amount of hydrophobic chemical additive in the short pulp fiber fraction is
compared to the amount of hydrophobic chemical additive in the long pulp fiber fraction.
The amount of hydrophaobic chemical additive is expressed as a weight % of the .
hydrophobic chemical additive based on total dry weight of the specific pulp fiber fraction
being measured. The ratio of the weight % of hydrophobic chemical additive in the
fraction comprising the highest amount of hydrophobic chemical additive (typically the pulp
fiber fraction comprising the selectively treated pulp fibers) relative to the weight % of
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hydrophobic chemical additive in the other pulp fiber fraction is about 1.5 or greater, more

specifically about 2.0 or greater, and still more specifically about 2.5 or greater.

For multi-layered sheets and/or tissue products, selectively non-treated pulp fibers
may be blended with selectively treated pulp fibers in a layer comprising the selectively
treated pulp fibers. For example, where the selectively treated pulp fibers are eucalyptus
hardwood kraft pulp fibers, the selectively treated eucalyptus hardwood kraft pulp fibers
may be blended with selectively non-treated eucalyptus hardwood kraft pulp fibers within a
layer of the tissue sheet. The ratio of selectively treated pulp fibers to the selectively non-
treated pulp fibers in any layer of a tissue sheet (ply) comprising at least the selectively
treated pulp fibers may vary widely and may range from about 5% to about 100% by
weight on a dry fiber basis, more specifically from about 10% to about 100% by weight on
a dry fiber basis, and still more specifically from about 20% to about 100% by weight on a
dry fiber basis. For both blended and layered tissue sheets, the total weight of the
selectively treated pulp fibers relative to the total weight of the pulp fibers in the tissue
shéet (ply) containing the selectively treated pulp fibers may vary widely from about 0.5%
to about 90% on a dry fiber basis, more specifically from about 2% to about 80% on a dry
fiber basis, and most specifically from.about 5% to about 80% on a dry fiber basis.

One embodiment of the present invention may employ a three-layer structure.
Figure 1 shows a tissue sheet 12 comprising three layers 14, 16, and 18. Figure 2 shows
two tissue sheets 12 and 12a, each layer 12 and 12a comprises three-layer structure. The
layer or layers of the tissue sheets 12 and/or 12a may or may not Compfise the selectively
treated pulp fibers. In the alternative, at least one of the outer surfaces 30 and 32 may
comprise the selectively treated pulp fibers. The relative width of the layer or layers
comprising the selectively treated pulp fibers may be calculated. The width of the layer
comprising the selectively treated pulp fibers may be expressed in terms of weight % of
the total of selectively treated pulp fibers and the weight of tissue sheet 12. Single ply or
multi-ply tissue products 10, in some embodiments of the present invention, may be made
from blended tissue sheets 12 and, in some other embodiments of the present invention,

the tissue products 10 may be made from layered tissue sheets 12.

It is understood that a single or multi-ply tissue product 10 may be made from

layered tissue sheets 12. Referring to Figure 1, in a single ply layered tissue product 10,
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the selectively treated pulp fibers may lie in the first outer layer 14 or the second layer
outer 16 or both the first and second outer layers 14 and 16 of the tissue sheet 12
comprising the single ply tissue product 10. In another embodiment of a single ply layered
tissue product 10, the selectively treated pulp fibers may reside one the outer surface 30
or the outer surface 32 or on both outer surfaces 30 and 32 of the tissue sheet 12
comprising the single ply tissue product 10. In one embodiment of a single ply tissue
product 10, the selectively treated pulp fibers may be positioned in the first and second
outer layers 14 and 16 while the inner layer 18 comprises of selectively non-treated pulp
fibers. In another embodiment of a single ply tissue product 10, the selectively treated
pulp fibers are positioned in one of the first and second outer layers 14 and 16 while the
inner layer 18 comprises of selectively non-treated pulp fibers and the other outer layer 16
or 14 comprises selectively non-treated pulp fibers. In another embodiment of the present
invention, as shown in Figure 3, in a two layer single ply tissue product 10, the selectively
treated pulp fibers may be positioned in only one of the first and second outer layers 14 or
16 while the other outer layer 16 or 14 would comprise selectively non-treated pulp fibers.
In another embodiment, the selectively treated pulp fibers may reside the outer surface 30
of outer layer 14 or on the outer surface 32 of the outer layer 16 or on both outer surfaces
30 and 32 of the outer layers 14 and 16 of the tissue sheet 12, wherein the tissue éheet
12. In such a two layered embodiment, the inner layer 18 is understood not to be present

in the two layered single tissue sheet 12.

Referring to Figure 2, in multi-ply tissue products 10, the selectively treated pulp
fibers may be positioned in at least one of the outer first layers 14 and 22 of the tissue
sheets 12 and 12a which form the outer surfaces 30 and 32, respectively, of a multi-ply
tissue product 10. In another embodiment of the present invention, thé selectively treated
pulp fibers may be positioned in the first outer layers 14 and 22 of the tissue sheets 12
and 12a, respectively, which form the outer surfaces 30 and 32 of the multi-ply tissue
product 10. It should also be recognized that Figure 2 represents only the outer tissue
sheets 12 and 12a of the multi-ply tissue product 10. Any number of additional tissue
sheets 12 may be contained between the two outer sheets 12 and 12a. Additional tissue
sheets 12 may or may not comprise the selectively treated pulp fibers. The tissue sheets

12 comprising selectively non-treated pulp fibers may be layered or non-layered.

In some embodiments of the present invention, it is understood that the discussion
of first outer layers 14 and 22 may be applied to the second outer layers 16 and 20 as

shown in Figure 2. Additionally, in some embodiments of the present invention, the |

18




10

15

20

25

30

35

CA 02503739 2005-04-25

WO 2004/044318 PCT/US2003/033633

discussion of the first outer layers 14 and 22, the second outer layers 16 and 20, and the
inner layers 18 and 24 may be applied to additional tissue sheets 12 that may be

incorporated into multi-ply tissue products 10.

It is understood that tissue sheet 12 may or may not be the same as tissue sheet
12a, but the designation of 12 and 12a is provided to more clearly differentiate between
the various tissue sheets 12 within the multi-ply tissue products 10 the present invention.
It is also understood that the tissue sheets 12 (and tissue sheets 12 and 12a) of the
present invention may or may not be the same as in that the tissue sheets 12 (or tissue
sheets 12 and 12a) may comprise different pulp types and/or different percents of pulp

types and of the selectively treated pulp fibers to selectively non-treated pulp fibers.

In another embodiment of the present invention, a multi-ply tissue product 10 may
haVe the selectively treated pulp fibers positioned in first outer layers 14 and 22 of the two
outer tissue sheets 12 and 12a while at least one of the inner layer or layers 16, 18, 20,
and 24 of the tissue sheets 12 and 12a are comprised of selectively non-treated pulp
fibers. In another embodiment of the present invention, a multi-ply tissue product 10 may
have the selectively treated pulp fibers positioned in first outer layers 14 and 22 and In the
second outer layers 16 and 20 of the two outer tissue sheets 12 and 12a while the inner
layer or layers 20 and 24 of the tissue sheets 12 and 12a may be comprised of selectively

non-treated pulp fibers.

In some embodiments of the present invention, it may be desirable in the tissue
product 10 to position the outer layer or layers (for example, outer layers 14 and/or 22 as
shown in Figure 2 or outer layers 14 and/or 16 as shown in Figure 1) comprising
selectively treated pulp fibers of the tissue sheets 12 and/or 12a such that the outer layer
or layers 14 and/or 22 (or alternatively, outer layers 14 and/or 16) comprising the
selectively treated pulp fibers are adjacent to an inner layer (for example, inner layers 18
and/or 24 as shown in Figure 2 or inner layer 18 as shown in Figure 1) comprising non-
treated pulp fibers. In another embodiment of the present invention, one of the first and
second outer layers 14 and 16 of the layered single ply tissue product 10 may comprise
the selectively treated pulp fibers while the other outer layer 16 or 14 comprising non-
treated pulp fibers is adjacent the outer layer 14 or 16 comprising the selectively treated

pulp fibers.
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In some embodiments of the present invention, as shown in Figures 1 and 3, the
selectively tréated pulp fibers may be positioned in all layers (layers 14, 16, and 18 in
Figure 1 and layers 14 and 16 in Figure 3). It is also understand that any combination of
layers comprising the selectively treated pulp fibers may be utilized in the layers shown in
Figures 1 and 3 (layers 14, 16, and 18 in Figure 1 and layers 14 and 16 in Figure 3). In
some embodiments of the present invention, one layer may comprise the selectively
treated pulp fibers while at least one of the outer surfaces comprises the selectively
treated pulp fibers. Some examples would include, as shown in Figure 1, at least one of
the outer surfaces 30 and/or 32 of a tissue sheet 12 comprises selectively treated pulp
fibers while the inner layer 18 of the tissue sheet comprises the selectively treated pulp
fibers, or in the alternative, the outer surfaces 30 of layer 14 comprises the selectively
treated pulp fibers and the layer 16 comprises the selectively treated pulp fibers. Some
examples would include, as shown in Figure 3, at least one of the outer surfaces 30
and/or 32 of the tissue sheet 12 comprises the selectively treated pulp fibers while at least

one of the outer layers 14 and/or 16 comprises the selectively treated pulp fibers.

In a multi-ply tissue product 10, the overall orientation of the tissue sheets 12
relative to one another may be varied. One embodiment of a multi-ply tissue product 10 of
the present invention may have at least one outer surface 30 and/or 32 of the layers (for
example 14 and/or 22 as shown in Figure 2 or 14 and/or 16 as shown in Figure 1)
comprising the selectively treated pulp fibers in at least one of the tissue sheets 12,
thereby placing at least one layer of the tissue sheets 12 comprising a high or the highest
level of hydrophobic chemical additive outwardly facing so as to be on the outer surface
30 and/or 32 contacting the user’s skin. In other embodiments of the present invention
wherein the multi-ply tissue products 10 comprising more than two tissue sheets 12, the
selectively treated pulp fibers may be present in one or more of the tissue sheets 12. In
some of these embodiments, the z-directional hydrophobic chemical additive gradient may
be present in at least one of the tissue sheets 12. It may be desirable to have the z-
directional hydrophobic chemical additive gradient in more than one of the tissue sheets
12. In one embodiment of the present invention, the structure of the tissue product 10
comprises at least two tissue sheets 12 and 12a, wherein the layers 14 and 22 comprise
the selectively treated pulp fibers, thus having the highest levels of the hydrophobic
chemical additive, forming the outer surfaces 30 and 32 of the tissue prdduct 10. In this
embodiment of the present invention, the inner tissue sheets 12 may comprise selectively

non-treated pulp fibers.
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In another embodiment of the present invention, the tissue product 10 may
comprisé hardwood and softwood kraft pulp fibers. In other embodiments of the present
invention, at least one tissue sheet 12 may comprise hardwood and softwood kraft pulp
fibers. It may be desirabie in some embodiments for the selectively treated pulp fibers to
comprise hardwood kraft pulp fibers. It may also be desirable in some embodiments of
the present invention to position the selectively treated pulp fibers comprised of hardwood
kraft pulp fi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>