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The present invention is a tissue product. The tissue product 
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SOFT TISSUE PRODUCTS CONTAINING 
POLYSILOXANE HAVING A HIGH 
Z-DIRECTIONAL GRADENT 

BACKGROUND OF THE INVENTION 

0001. 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 chemi 
cal 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. 
0002 Bulk softness may be achieved by a chemical 
debonding agent. Such debonding agents are typically qua 
ternary ammonium entities containing 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. 
0.003 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. 
0004. A multi-layered tissue structure may be utilized to 
enhance the Softness of the tissue sheet. In this embodiment, 
a thin layer of Strong Softwood fiberS is used in the center 
layer to provide the necessary tensile Strength for the tissue 
product. The outer layers of Such Structures may be com 
posed of the shorter hardwood fibers, which may or may not 
contain a chemical debonder. 

0005 The topical or surface softness of a tissue sheet, and 
ultimately the resulting tissue product, may be achieved by 
topically applying an emollient to the Surface of the tissue 
sheet or tissue product. One Such emollient is polysiloxane. 
Polysiloxane treated tissues are described in U.S. Pat. No. 
4.950,545, issued on Aug. 21, 1990 to Walter et al.; U.S. Pat. 
No. 5,227,242, issued on Jul. 13, 1993 to Walter et al., U.S. 
Pat. No. 5,558,873, issued on Sep. 24, 1996 to Funk et al.; 
U.S. Pat. No. 6,054,020, issued on Apr. 25, 2000 to Goulet 
et al.; U.S. Pat. No. 6,231,719, issued on May 15, 2001 to 
Garvey et al.; and, U.S. Pat. No. 6,432,270, issued on Aug. 
13, 2002 to Liu et al., which are incorporated by reference 
to the extent that they are non-contradictory here with. A 
variety of Substituted and non-Substituted polysiloxanes may 
be used. 

0006 While polysiloxanes may provide improved soft 
neSS 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. Polysiloxane present within the z-direction of the 
tissue sheet may contribute to bulk Softness, i.e., its ability 
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to impact Softness is dependent on its ability to reduce 
interfiber hydrogen bonding. Interfiber hydrogen bonding 
may be more efficiently controlled with traditional quater 
nary ammonium debonding agents. 
0007 Polysiloxanes may also be effective debonders. 
Typically polysiloxanes are applied to a tissue sheet as an 
emulsion in a printing or spraying process. Some polysilox 
anes penetrates the Z-direction of the tissue sheet and 
reduces the relative bonded area of the tissue sheet, espe 
cially at the topmost Surface. This reduction in relative 
bonded area is typically accompanied by a loSS of tensile 
Strength. Along with this loSS in Strength comes an increase 
in the amount of lint and Slough in the product. 
0008. It is known to add certain binders to the tissue sheet 
to mitigate the tensile loSS and higher lint associated with 
application of the polysiloxane. For example See U.S. Pat. 
No. 5,389.204, issued on Feb. 14, 1995 to Ampulski; U.S. 
Pat. No. 5,385,643, issued on Jan. 13, 1995 to Ampulski; 
and, U.S. Pat. No. 5,573,637, issued on Nov. 12, 1996 to 
Ampulski, the disclosures of which are herein incorporated 
by reference to the extent that they are non-contradictory 
herewith. Typically, these binders are limited to traditional 
dry and wet strength resins for paper. Additionally, Such 
binders must be added as a separate Step either as a Second 
post treatment or in the wet end of the tissue making process. 
While such an application may help offset the tensile loss 
and increase in lint that occurs with application of the 
polysiloxane Such application may not prevent migration of 
the polysiloxane into the bulk of the tissue sheet. Hence, 
high levels of polysiloxane may still be required to achieve 
acceptable Softness. 
0009. As an alternative to a separate application of a 
binder, Such as a chemical Strength agent, Such binderS may 
be added concurrently with a polysiloxane, that is, the binder 
may be blended directly with the polysiloxane. However, 
very few materials are compatible with polysiloxane. 
Although concurrent addition of polysiloxane and the binder 
may be possible, incompatibility of the binder and the 
polysiloxane would make Simultaneous application detri 
mental to the process and do nothing to mitigate penetration 
of the polysiloxane into the bulk of the tissue sheet. As a 
further restriction, the binders known in the art may only be 
applied as dilute Solutions, or in the case of lateX binders, 
Specifically Styrene-butadiene rubber latexes, require Sig 
nificant level of emulsifiers to keep the binders from pre 
cipitating out of Solution. Hence, if these binders are applied 
concurrent with the polysiloxane, the polysiloxane emulsion 
may need to be diluted even further or have high loads of 
additional Surfactants present. Diluting the polysiloxane 
further or adding Surfactants may further enhance the Z-di 
rectional penetration of the polysiloxane and reduce the 
efficacy of the polysiloxane with regards to improving tactile 
or Surface Softness of the tissue sheet. 

0010. Therefore, there is a need for improving softness of 
a tissue sheet using lower levels of polysiloxane. There is a 
further need to improve this Softness while maintaining 
Strength and low slough. There is a further need to minimize 
the Z-directional penetration of the polysiloxane So as to 
improve softness of the tissue sheet with lower levels of 
polysiloxane. By minimizing the Z-directional penetration of 
the polysiloxane, more polysiloxane may be available on the 
Surface of the tissue and better tactile or Surface Softness 
may be achieved at lower levels of polysiloxane. 



US 2004/0O84164 A1 

SUMMARY OF THE INVENTION 

0011. It has now been discovered that unique polysilox 
ane treated tissue products having a high Z-directional 
polysiloxane gradient may be prepared via a variety of 
unique processes. Furthermore, it has been found that by 
increasing the Z-directional polysiloxane gradient in the 
polysiloxane treated tissue sheets that may provide Softer 
tissue products at lower levels of polysiloxanes. Further 
more, it has been found that products having Significantly 
greater Z-directional gradients than those commercially 
available in the art can be prepared from these processes. 
0012 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 gram. 
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. 
0013 The particular structure of the polysiloxanes of the 
present invention may provide the desired product properties 
to the tissue sheet and/or tissue product. Polysiloxanes 
encompass a very broad class of compounds. They are 
characterized in having a backbone structure: 

R 

Si-O 

l R 

0.014 where 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 22. These polysiloxanes may be 
linear, branched, or cyclic. They may include a wide variety 
of polysiloxane copolymers containing various composi 
tions 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 aforemen 
tioned product benefits to the tissue sheet and/or the final 
tissue product. 
0015 While not wishing to be bound by theory, the 
softness benefits that polysiloxanes deliver to pulp fibers 
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pretreated 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 
average or weight average molecular weights may be diffi 
cult 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 “vis 
cosity” 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 polysi 
loxanes of the present invention may be delivered as Solu 
tions 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, deca 
methylcyclopentasiloxane, decamethyltetrasiloxane and the 
like, including mixtures of these diluents. 
0016. The particular form in which the polysiloxanes of 
the present invention are delivered to the pulp fibers pulp 
fiber may be any form known in the art. Polysiloxanes useful 
for the present invention may be delivered as neat fluids, 
aqueous or non-aqueous Solutions, aqueous or non-aqueous 
dispersions, and, emulsions, including microemulsions, Sta 
bilized by Suitable Surfactant Systems that may confer a 
charge to the emulsion micelles. Nonionic, cationic, and 
anionic Systems may be employed. To maximize retention of 
the polysiloxane during the manufacturing process of the 
tissue sheet, it may be desirable to add the polysiloxane to 
the pulp fiber as a neat fluid. 
0017. 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 nanometers 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: 

% z-directional polysiloxane gradient=(X-Y)/X*100 

0018 wherein X is the atomic % Si on the high content 
side and Y is the atomic % Si on the low content side of the 
tissue sheet The higher the 9% of the z-directional polysi 
loxane gradient the more polysiloxane on the Surface of the 
tissue sheet relative to the bulk of the tissue sheet and the 
more Soft a tissue sheet may be at a given total polysiloxane 
COntent. 

0019. According to one embodiment, the present inven 
tion 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 
comprises a polysiloxane wherein the polysiloxane is dis 
tributed 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 
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measured on the opposing Second Side. The atomic % Si on 
the side of the tissue sheet having the highest level of 
polysiloxane may be about 3 atomic % or greater, more 
Specifically about 4 atomic % or greater, and most specifi 
cally 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 specifi 
cally about 30% or greater, and most specifically about 35% 
or greater. 

0020. 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 comprising the 
higher polysiloxane level, thereby placing at least one ply 
comprising 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 embodi 
ments of the present invention wherein the multi-ply tissue 
products comprise 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 outside plies of the multi-ply tissue 
product have a z-directional polysiloxane gradient, the out 
Side plies arranged Such that the Sides of the plies having the 
highest levels of the polysiloxane form the two outer Sur 
faces of the tissue product. In one embodiment of the present 
invention, the tissue product comprises three or more plies, 
wherein each outer ply has a Z-directional polysiloxane 
gradient, the outside plies arranged Such that the Sides of the 
plies having the highest level of polysiloxane form the two 
outer Surfaces of the tissue product wherein at least one of 
the inner plies comprises little or no polysiloxane. 
0021. In co-pending U.S. patent application Ser. No. 
09/802,529 filed on Apr. 3, 2001 under the name Runge, et. 
al., a method for preparing fibers containing hydrophobic 
entities, including hydrophobic polysiloxanes, at a pulp mill 
is disclosed. These So called “polysiloxane pretreated pulp 
fibers” may then be re-dispersed in the wet end of a 
papermaking process to manufacture tissue sheets or the 
resulting tissue products containing polysiloxane. It has 
been found that pulp fibers treated with polysiloxane and 
dried prior to being re-dispersed and formed into a tissue 
sheet may demonstrate excellent retention of the polysilox 
ane through the tissue making process. Furthermore, it has 
also been found that the polysiloxane which may be des 
orbed from the pulp fibers in the tissue making proceSS may 
have little to no tendency to be adsorbed by untreated pulp 
fibers. It has now been discovered that these polysiloxane 
pretreated pulp fiberS may be used in conjunction with a 
multi-layer tissue structure to produce tissue products com 
prising polysiloxane distributed non-uniformly in the Z-di 
rection of the ply conforming to the products of the present 
invention. 

0022. Another embodiment of the present invention is a 
method of making a Soft, Single or multi-ply tissue product 
wherein one or more of the plies of the tissue product 
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comprisies a polysiloxane distributed non-uniformly in the 
Z-direction of at least one ply. The method comprising: (a) 
forming at least a first aqueous Suspension of pulp fibers 
pretreated with polysiloxane; (b) forming at least Second 
Suspension of papermaking fibers not comprising polysilox 
ane; (c) delivering at least the first and Second aqueous 
Suspensions of pulp fibers to a layered headbox; (d) depos 
iting at least the first and Second aqueous Suspensions of 
pulp fibers onto a forming fabric to form a wet layered tissue 
sheet; (e) dewatering the wet layered tissue sheet to form a 
dewatered layered tissue sheet; and, (f) drying the dewatered 
layered tissue sheet to form a dried layered tissue sheet 
wherein the dried layered tissue sheet has a % z-directional 
polysiloxane gradient of about 20% or greater, more spe 
cifically about 25% or greater, and Still more specifically 
about 30% or greater. The layered tissue sheet may be 
converted into a Single ply tissue product, or may be used in 
a multi-ply tissue product with other tissue sheets, wherein 
the tissue sheets may or may not be the same. 
0023. In one embodiment of the present invention, the 
layered tissue ply comprising polysiloxane pretreated fibers 
may comprise hardwood, Softwood pulp fibers or a mixture 
of hardwood and softwood kraft pulp fibers. In some 
embodiments of the present invention, the polysiloxane 
pretreated pulp fiberS may be hardwood kraft pulp fibers, 
Softwood kraft pulp fibers or a blend of hardwood and 
Softwood kraft pulp fibers. In other embodiments of the 
present invention, polysiloxane pretreated pulp fibers are 
applied to one of the outer Surfaces of the layered tissue ply. 
0024. In one embodiment of the present invention, a 
Single ply tissue product may comprise a three-layer tissue 
ply, with one outer layer of the layered tissue ply comprising 
polysiloxane pretreated pulp fibers. The polysiloxane pre 
treated pulp fiberS may comprise hardwood kraft pulp fibers. 
The outer layers of the layered tissue ply form the outer 
Surfaces of the Single ply tissue product. In a variation of this 
embodiment, the inner layer of the layered tissue ply may 
comprise Softwood kraft pulp fiber and/or may comprise 
non-treated pulp fibers. In another variation of this embodi 
ment, the opposing Outer layer of the layered tissue ply may 
comprise non-treated pulp fiber. In another embodiment of 
the present invention, the layered tissue ply may be a three 
layer ply. One outer layer of the layered tissue ply may 
comprise polysiloxane pretreated pulp fibers. The inner 
layer of the layered tissue ply may comprise polysiloxane 
pretreated pulp fibers which may or may not be hardwood 
pulp fibers. Alternatively, the inner layer of the layered tissue 
ply may comprise non-treated pulp fibers which may or may 
not be hardwood pulp fibers. The opposing Outer layer of the 
layered tissue ply may comprise non-treated pulp fibers 
which may or may not be softwood kraft pulp fibers. 
0025 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 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 belt 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 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. 
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0026. The non-treated pulp fibers used in the present 
invention may or may not be the same type of pulp fibers that 
are treated with a polysiloxane of the present invention. The 
polysiloxane pretreated pulp fibers of the present invention 
containing the pretreated polysiloxane pulp fibers may com 
prise any pulp fiber type or combinations thereof, including 
but not limited to hardwood kraft pulp fibers, softwood kraft 
pulp fibers, or combinations thereof. The layers comprising 
non-treated pulp fiberS may be composed of any pulp fiber 
type or combinations thereof, the same or different from the 
outer layers containing the polysiloxane pretreated pulp 
fibers, including but not limited to hardwood pulp kraft 
fibers, softwood kraft pulp fibers, or combinations thereof. It 
is understood that the pulp fibers comprising the non-treated 
pulp fibers of the present invention may or may not be the 
Same as the polysiloxane pretreated pulp fibers or combi 
nations thereof of the present invention. 
0027. The term “non-treated pulp fibers” as used herein 
refers to pulp fibers that have not been pretreated with a 
polysiloxane of the present invention. It is understood that 
the pulp fibers may be treated with other chemical additives, 
including the binders of the present invention without pol 
ySiloxane, used in tissue making processes. Where it is States 
that a tissue sheet or a layer of a tissue sheet is comprised of 
or otherwise contains non-treated pulp fibers or is free of or 
otherwise does not contain polysiloxane pretreated pulp 
fibers, it is understood that about 30 or less percent of 
polysiloxane pretreated pulp fiberS 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 polysiloxane pre-treated pulp fibers, it is 
understood that about 70 percent or greater of the total 
polysiloxane pretreated pulp fiberS is present in the given 
layer of the tissue sheet being described unless Specifically 
disclosed otherwise. 

0028. It has been found that when certain water dispers 
ible or water Soluble Synthetic copolymers are combined 
with certain polysiloxanes, in fluid or emulsion forms, and 
then topically applied to a formed tissue sheet, increased 
Z-directional polysiloxane gradients of polysiloxane may be 
achieved. While not wishing to be bound by theory, it is 
believed that the Synthetic co-polymers of the present inven 
tion form compatible blends with the polysiloxanes. Hence, 
the polysiloxane is retained on the fiber Surfaces by the 
binders and less prone to Z-directional migration. These 
Synthetic co-polymers have low glass transition tempera 
tures and are also good film forming agents, hence sheet 
StiffneSS and therefore tissue sheet SoftneSS is not negatively 
impacted by the presence of the Synthetic co-polymers. AS 
Such, pulp fibers treated with blends of polysiloxane and the 
Synthetic co-polymers produce a tissue sheet having equiva 
lent Softness at higher tensile Strength and lower polysilox 
ane concentrations. 

0029. The term “water dispersible” as used herein, means 
that the binder, Such as Synthetic co-polymers, are either 
water Soluble or capable of existing as Stable colloidal, 
Self-emulsifiable or other type dispersions in water without 
the presence of added emulsifiers. Added emulsifiers may be 
employed within the Scope of the present invention to aid in 
the polymerization of the Synthetic co-polymers or assist in 
compatiblizing the binder, Such as Synthetic co-polymers, 
with other chemical agents used in the tissue sheet or 
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tissue-making process, however, the emulsifiers are not 
essential to the formation of Stable dispersions or Solutions 
of the binder, Such as a cationic Synthetic co-polymer, in 
water. It is contemplated within the Scope of the present 
invention that the binders, Such as Synthetic co-polymers, 
may be delivered to the polysiloxane, fluid or emulsion, 
without the aid of additional emulsifiers. 

0030 The term “compatible” as used herein, means that 
when dried, the polysiloxane and binder composition forms 
a film that does not show groSS phase Separation or curdling. 
The polysiloxane, binder, and/or polysiloxane and binder 
composition may or may not be miscible. The term "mis 
cible” as used herein, means that when dried, the polysilox 
ane and binder composition forms a film that is a Single 
phase and the polysiloxane and binder composition may not 
be distinguishable as Separate phase entities. By definition, 
the term miscibility also implies compatibility although 
compatibility does not imply miscibility. 

0031. In one embodiment of the present invention, a 
method of making a Soft, Single or multi-ply tissue product 
wherein one or more of the plies of the tissue product 
comprises a polysiloxane distributed non-uniformly in the 
Z-direction of the ply. The method comprising: (a) forming 
an aqueous Suspension of pulp fibers; (b) depositing the 
aqueous Suspension of pulp fibers onto a forming fabric to 
form a wet tissue sheet; and, (c) dewatering the wet tissue 
sheet to form a dewatered tissue sheet; (d) drying the 
dewatered tissue sheet to form a dried tissue sheet; and, (e) 
optionally converting the tissue sheet to form a tissue 
product wherein a polysiloxane and compatible binder com 
position may be topically applied to the wet tissue sheet, the 
dewatered tissue sheet, the dried tissue sheet and/or the 
tissue product. The polysiloxane and binder composition 
may comprise a polysiloxane and a low Tg Synthetic water 
dispersible Synthetic co-polymer that is compatible with the 
polysiloxane to form a polysiloxane treated tissue sheet. The 
resulting polysiloxane treated tissue sheet, when dry, may 
have a % z-directional polysiloxane gradient of 20% or 
greater, more Specifically about 25% or greater, and Still 
more specifically about 30% or greater. The polysiloxane 
treated tissue sheet may be layered or blended, that is, the 
distribution of pulp fiber types within the tissue sheet may be 
homogenous or heterogeneous in the Z-direction. In one 
embodiment of the present invention, a Suitable compatible 
binder includes but is not limited to cationic water disperS 
ible Synthetic co-polymers having the general Structure: 

-- (CRR2- fr’), (Q), (Q), - 
Z1 

0032) Wherein: 
0033 R', R, R are independently H; C alkyl radi 
cals, and, mixtures thereof. 

0034) R' is a C-C alkyl radical or mixtures thereof. 
0035) Z' is a bridging radical attaching the R' func 
tionality to the polymer backbone. Examples include, 
but are not limited to, -O-, -COO-, -OOC-, 
-CONH-, -NHCO-, and mixtures thereof. 
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0036) Q' is a cationic functionality. One example of 
Such a cationic functionality is a functional group 
containing a cationic quaternary ammonium radical. 

0037 Q° is an optional non-ionic hydrophilic or water 
Soluble monomer (and mixtures thereof) incorporated 
into the Synthetic co-polymer So as to make the Syn 
thetic co-polymer more hydrophilic. Q possess limited 
ability to hydrogen or covalently bond to cellulose 
fibers, Such bonding resulting in an increase in StiffneSS 
of the tissue sheet. Suitable hydrophilic monomers or 
water-Soluble nonionic monomers for use in the cat 
ionic Synthetic co-polymers of the present invention 
include, but are not limited to monomers, Such as, 
hydroxyalkyl acrylates and hydroxyalkyl methacry 
lates, such as hydroxyethyl methacrylate (HEMA); 
hydroxyethyl acrylate; polyalkoxyl acrylates, Such as 
polyethyleneglycol acrylates, and, polyalkoxyl meth 
acrylates, Such as polyethyleneglycol methacrylates 
(“PEG-MA'). Other suitable hydrophilic monomers or 
water-Soluble nonionic monomers for use in the ion 
Sensitive cationic Synthetic co-polymers of the present 
invention include, but are not limited to, diacetone 
acrylamide, N-vinylpyrrolidinone, N-vinylformamide, 
and mixtures thereof. 

0.038. The mole ratio of Z:X will specifically range from 
about 0:1 to about 4:1, more specifically from about 0:1 to 
about 1:1, and most specifically from about 0:1 to about 1:3. 
The mole ratio of (x+z):y may be from about 0.98:0.02 to 
about 1:1, most specifically from about 0.95:0.05 to about 
0.70:0.30. 

0.039 The polysiloxane and binder composition may be 
applied to the tissue sheet at any point after sheet formation. 
For example, the polysiloxane and binder composition may 
be applied prior to the drying Section of the tissue machine 
where the tissue sheet has a consistency of from about 10% 
to about 60%. In another embodiment, the polysiloxane and 
binder composition may be applied in the drying Section of 
the tissue machine where the tissue sheet has a consistency 
of about 30% to about 100%. In another embodiment of the 
present invention, the polysiloxane and binder composition 
may be applied to the tissue sheet on the tissue machine after 
the drying section before the winder where the tissue sheet 
has a consistency of from about 90% to about 100%. The 
polysiloxane and binder composition may also be applied 
via a Secondary post treatment process where the tissue sheet 
has a consistency of from about 90% to about 100%. The 
method by which the polysiloxane and binder composition 
is applied to the tissue sheet may include any method known 
in the art for topically applying materials. Such as the 
polysiloxane and binder compositions to a formed tissue 
sheet are Suitable for means of the present invention. 
0040 Part of the migration of polysiloxane into the 
Z-direction of the tissue sheet may be due to the use of water 
and added Surfactants in the polysiloxane fluids or emul 
Sions. The added water and Surfactants may facilitate the 
movement of the polysiloxane in the Z-direction of the tissue 
sheet. Application of neat polysiloxanes to a formed tissue 
sheet may be one way to minimize Z-directional penetration 
of the polysiloxane into the tissue sheet. 
0041. The z-directional polysiloxane gradient may be 
determined via X-ray photoelectron spectroscopy (XPS) as 
described hereinafter. Surface polysiloxane levels are 
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reported as atomic concentration of the Si as determined by 
the Spectrometer. The atomic Si concentration is measured to 
a depth of around 100 nanometers 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: 

% z-directional polysiloxane gradient=(X-Y)/X*100 

0042 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 pretreated pulp fibers. 
The higher the % of the Z-directional polysiloxane gradient 
the more Soft a tissue sheet may be at a given total polysi 
loxane content. 

0043 Another embodiment of the present invention is a 
method of making a Soft, Single or multi-ply tissue product 
wherein one or more of the plies of the tissue product 
contains a polysiloxane distributed non-uniformly in the 
Z-direction of the ply. The method comprises: (a) forming an 
aqueous Suspension of pulp fibers; (b) depositing the aque 
ouS Suspension of pulp fibers onto a forming fabric to form 
a wet tissue sheet; (c) dewatering the wet tissue sheet to form 
a dewatered tissue sheet; (d) drying the dewatered tissue 
sheet to form a dried tissue sheet; and, (e) optionally 
converting the dried tissue sheet to form a tissue product. A 
neat polysiloxane may be topically applied to formed tissue 
sheet (wet tissue sheet, dewatered tissue sheet, dried tissue 
sheet and/or tissue product). The dried tissue sheet may have 
a % z-directional polysiloxane gradient of about 20% or 
greater, more specifically about 25% z-directional polysi 
loxane gradient or greater, and Still more Specifically about 
30%. Z-directional polysiloxane gradient or greater. The 
tissue sheet may be layered or blended, that is, the distri 
bution of pulp fiber types within the tissue sheet may be 
homogenous or heterogeneous in the Z-direction of the tissue 
sheet. 

DESCRIPTION OF THE DRAWINGS 

0044 FIG. 1 is a diagram of a tissue sheet of the present 
invention comprising three layers. 
004.5 FIG. 2 is a diagram of two tissue sheets of the 
present invention, each tissue sheet comprising three layers. 
0046 FIG. 3 is a diagram of a tissue sheet of the present 
invention comprising two layers. 
0047 FIG. 4 is a schematic diagram of testing equipment 
used to measure lint and Slough. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0048 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 bulk. The bulk of the tissue products of 
the present invention may be 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 
gram. Writing papers, newSprint and other Such paperS have 
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higher strength, Stiffness and density (low bulk) in compari 
Son 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 specifically about 2.5 cm/g or 
greater, and still more specifically about 3 cm/g or greater. 
0049. 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). The caliper of the individual ply or plies 
comprising the polysiloxane gradient may be about 1200 
microns or less, more specifically about 1000 microns or 
less, and still more specifically about 800 microns or less. 
The bulk of the individual ply or plies comprising the 
polysiloxane pretreated pulp fibers, polysiloxane, or polysi 
loxane and binder composition may have a Z-directional 
polysiloxane gradient of about 2 g/cm or greater, more 
specifically about 2.5 g/cm or greater, and most specifically 
about 3 g/cm or greater. 
0050. One embodiment of the present invention may 
employ a three-layer structure. FIG. 1 shows a tissue sheet 
12 comprising three layers 14, 16, and 18. FIG. 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 comprise polysiloxane, 
binder, and/or polysiloxane and binder composition. In the 
alternative, at least one of the outer surfaces 30 and 32 may 
comprise polysiloxane and/or polysiloxane and binder com 
position. The relative width of the layer or layerS comprising 
the polysiloxane and/or polysiloxane and binder composi 
tion may be calculated. The width of the layer comprising 
the polysiloxane and/or polysiloxane and binder composi 
tion may be expressed in terms of weight % of the total of 
polysiloxane and/or polysiloxane and binder composition 
and the weight of tissue sheet 12. 
0051. It is understood that a single or multi-ply tissue 
product 10 may be made from layered tissue sheets 12. 
Referring to FIG. 1, in a single ply layered tissue product 10, 
the polysiloxane and/or polysiloxane and binder composi 
tion 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 polysiloxane and/or polysiloxane and 
binder composition 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 
polysiloxane and/or polysiloxane and binder composition is 
positioned in the first and second outer layers 14 and 16 
while the inner layer 18 comprises of non-treated pulp fibers. 
In another embodiment of a Single ply tissue product 10, the 
polysiloxane pretreated pulp fibers and/or polysiloxane and 
binder composition pretreated pulp fibers are positioned in 
one of the first and second outer layers 14 and 16 while the 
inner layer 18 comprises of non-treated pulp fibers and the 
other outer layer 16 or 14 comprises non-treated pulp fibers. 
In another embodiment of the present invention, as shown in 
FIG. 3, in a two layer single ply tissue product 10, the 
polysiloxane pretreated pulp fibers and/or polysiloxane and 
binder composition pretreated 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 non-treated 
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pulp fibers. In another embodiment, the polysiloxane and/or 
polysiloxane and binder composition 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 sheet 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. 
0052 Referring to FIG. 2, in multi-ply tissue products 
10, polysiloxane pretreated pulp fibers and/or polysiloxane 
and binder composition pretreated pulp fiberS may be posi 
tioned 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, the polysilox 
ane pretreated pulp fibers and/or polysiloxane and binder 
composition pretreated 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 
FIG. 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 contain polysiloxane pretreated pulp fibers and/or pol 
ySiloxane and binder composition pretreated pulp fibers. The 
tissue sheets 12 comprising non-treated pulp fibers may be 
layered or non-layered. 

0053 Referring again to FIG. 2, in multi-ply tissue 
products 10, 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, 
may comprise polysiloxane and/or polysiloxane and binder 
composition. In another embodiment of the present inven 
tion, the polysiloxane and/or polysiloxane and binder com 
position 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 FIG. 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. Addi 
tional tissue sheets 12 may or may not contain polysiloxane 
and/or polysiloxane and binder composition. The tissue 
sheets 12 comprising non-treated pulp fiberS may be layered 
or non-layered. 

0054. 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 FIG. 2. Additionally, in some embodiments of the 
present invention, the 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. 

0055. 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 
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sheets 12 (or tissue sheets 12 and 12a) may comprise 
different pulp types and/or different percents of pulp types 
and of polysiloxane pretreated pulp fibers and/or polysilox 
ane and binder composition pretreated pulp fibers to non 
treated pulp fibers and/or of polysiloxane and/or binder 
and/or polysiloxane and binder composition. 

0056. In another embodiment of the present invention, a 
multi-ply tissue product 10 may have the polysiloxane 
pretreated pulp fibers and/or polysiloxane and binder com 
position pretreated 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 non-treated pulp 
fibers. In another embodiment of the present invention, a 
multi-ply tissue product 10 may have the polysiloxane 
pretreated pulp fibers and/or polysiloxane and binder com 
position pretreated 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 non-treated pulp fibers. 

0057. In another embodiment of the present invention, a 
multi-ply tissue product 10 may have the polysiloxane 
and/or polysiloxane and binder composition 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 
non-treated pulp fibers. In another embodiment of the 
present invention, a multi-ply tissue product 10 may have 
the polysiloxane and/or polysiloxane and binder composi 
tion 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 non-treated 
pulp fibers. 

0.058. 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 FIG. 2 or outer layers 14 and/or 16 as shown 
in FIG. 1) comprising polysiloxane pretreated pulp fibers 
and/or polysiloxane and binder composition pretreated 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 polysiloxane pretreated pulp 
fibers and/or polysiloxane and binder composition pre 
treated pulp fibers are adjacent to an inner layer (for 
example, inner layers 18 and/or 24 as shown in FIG. 2 or 
inner layer 18 as shown in FIG. 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 polysi 
loxane pretreated pulp fibers and/or polysiloxane and binder 
composition pretreated 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 polysiloxane pre 
treated pulp fibers and/or polysiloxane and binder compo 
Sition pretreated pulp fibers. 

0059. 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 FIG. 2 or outer layers 14 and/or 16 as shown 
in FIG. 1) comprising polysiloxane and/or polysiloxane and 
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binder composition 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 polysiloxane 
and/or polysiloxane and binder composition are adjacent to 
an inner layer (for example, inner layers 18 and/or 24 as 
shown in FIG. 2 or inner layer 18 as shown in FIG. 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 polysiloxane and/or polysiloxane and binder 
composition while the other outer layer 16 or 14 comprising 
non-treated pulp fibers is adjacent the outer layer 14 or 16 
comprising the polysiloxane and/or polysiloxane and binder 
composition. 
0060. It is understood that in the discussions of the 
embodiments of the present invention referring to polysi 
loxane pretreated pulp fibers and/or polysiloxane and binder 
composition pretreated pulp fibers are equally applicable to 
embodiments of the present invention wherein polysiloxane 
and/or polysiloxane and binder composition is applied or 
where a combination of polysiloxane pretreated pulp fibers 
and/or polysiloxane and binder composition pretreated pulp 
fibers and/or polysiloxane and/or polysiloxane and binder 
composition is applied. In addition, it is understood that in 
the discussions of the embodiments of the present invention 
referring to polysiloxane and/or polysiloxane and binder 
composition are equally applicable to embodiments of the 
present invention wherein polysiloxane pretreated pulp 
fibers and/or polysiloxane and binder composition pre 
treated pulp fibers or wherein a combination of polysiloxane 
pretreated pulp fibers and/or polysiloxane and binder com 
position pretreated pulp fibers and/or polysiloxane and/or 
polysiloxane and binder composition is applied. 
0061. In some embodiments of the present invention, as 
shown in FIGS. 1 and 3, polysiloxane pretreated pulp fiber 
and/or polysiloxane and binder composition pretreated pulp 
fibers may be positioned in all layers (layers 14, 16, and 18 
in FIG. 1 and layers 14 and 16 in FIG. 3). Again referring 
to FIGS. 1 and 3, polysiloxane and/or polysiloxane and 
binder composition may be positioned in all layers (layers 
14, 16, and 18 in FIG. 1 and layers 14 and 16 in FIG. 3). 
It is also understand that any combination of layerS com 
prising polysiloxane pretreated pulp fiber and/or polysilox 
ane and binder composition pretreated pulp fibers and/or 
polysiloxane and/or polysiloxane and binder composition 
may be utilized in the layers shown in FIGS. 1 and 3 (layers 
14, 16, and 18 in FIG. 1 and layers 14 and 16 in FIG. 3). 
In Some embodiments of the present invention, one layer 
may comprise polysiloxane pretreated pulp fibers and/or 
polysiloxane and binder composition pretreated pulp fibers 
while at least one of the Outer Surfaces comprises polysi 
loxane pretreated pulp fibers and/or polysiloxane and binder 
composition pretreated pulp fibers. Some examples would 
include, as shown in FIG. 1, at least one of the outer Surfaces 
30 and/or 32 of a tissue sheet 12 comprises polysiloxane 
pretreated pulp fibers and/or polysiloxane and binder com 
position pretreated pulp fibers while the inner layer 18 of the 
tissue sheet comprises polysiloxane pretreated pulp fibers 
and/or polysiloxane and binder composition pretreated pulp 
fibers or in the alternative, the outer Surfaces 30 of layer 14 
comprises polysiloxane pretreated pulp fibers and/or polysi 
loxane and binder composition pretreated pulp fibers and the 
layer 16 comprises polysiloxane pretreated pulp fibers and/ 
or polysiloxane and binder composition pretreated pulp 
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fibers. Some examples would include, as shown in FIG. 3, 
at least one of the outer Surfaces 30 and/or 32 of the tissue 
sheet 12 comprises polysiloxane pretreated pulp fibers and/ 
or polysiloxane and binder composition pretreated pulp 
fibers while at least one of the outer layers 14 and/or 16 
comprises polysiloxane pretreated pulp fibers and/or polysi 
loxane and binder composition pretreated pulp fibers. 
0.062. In a multi-ply tissue product 10, the overall orien 
tation of the tissue sheets 12 relative to one another may be 
varied. However, as polysiloxane treatments are typically 
applied to improve topical or Surface Softness of a tissue 
sheet 12 or finished tissue product 10, 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 FIG. 2 or 14 and/or 16 
as shown in FIG. 1) comprising the polysiloxane pretreated 
pulp fibers and/or polysiloxane and binder composition 
pretreated 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 polysiloxane 
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, polysiloxane 
pretreated pulp fibers and/or polysiloxane and binder com 
position pretreated pulp fiberS may be present in one or more 
of the tissue sheets 12. In some of these embodiments, the 
Z-directional polysiloxane gradient may be present in at least 
one of the tissue sheets 12. It may be desirable to have the 
Z-directional polysiloxane gradient in more than one of the 
tissue sheets 12. In one embodiment of the present inven 
tion, the Structure of the tissue product 10 comprises at least 
two tissue sheets 12 and 12a, wherein the layers 14 and 22 
comprise polysiloxane pretreated pulp fibers and/or polysi 
loxane and binder composition pretreated pulp fibers, thus 
having the highest levels of the polysiloxane, forming the 
outer surfaces 30 and 32 of the tissue product 10. In this 
embodiment of the present invention, the inner tissue sheets 
may comprise non-treated pulp fibers. 
0.063. In another embodiment of the present invention, 
the tissue product 10 may comprise hardwood and softwood 
pulp fibers. In other embodiments of the present invention, 
at least one tissue sheet 12 may comprise hardwood and 
Softwood pulp fibers. It may be desirable in some embodi 
ments for the polysiloxane pretreated pulp fibers and/or 
polysiloxane and binder composition pretreated pulp fibers 
to comprise hardwood fibers. It may also be desirable in 
Some embodiments of the present invention to position the 
polysiloxane pretreated pulp fibers and/or polysiloxane and 
binder composition pretreated pulp fibers comprised of 
hardwood in the at least one of the outer layers of the tissue 
sheets 12 that form the outer Surfaces 30 and/or 32 of the 
tissue product 10. In variations of this embodiment of the 
present invention, the remaining layers of the tissue sheets 
12 of the tissue product 10 may or may not comprise 
polysiloxane pretreated pulp fibers and/or polysiloxane and 
binder composition pretreated pulp fibers, the order of the 
layerS and/or tissue sheets 12 may be varied in any order. 
Any number of additional layers and/or tissue sheets 12 may 
be employed in the tissue product 10 of the present inven 
tion. More specifically, according to one embodiment, the 
tissue product 10 is a Single ply product. The tissue sheet 12 
has a structure comprised of three layers 14, 16, and 18. The 
first outer layer 14 comprises polysiloxane pretreated pulp 
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fibers and/or polysiloxane and binder composition pre 
treated pulp fibers comprised of hardwood pulp fibers, 
forming the outer Surface 30 of the tissue product 10. The 
inner layer 18 comprises non-treated pulp fibers comprised 
of Softwood pulp fibers. The second outer layer 16 com 
prises non-treated pulp fibers comprised of hardwood fibers, 
forming the outer Surface 32 of the tissue product 10. In 
another embodiment of the present invention, the tissue 
sheet 12 has a structure comprised of three layerS 14, 16, and 
18. The first outer layer 14 comprises polysiloxane pre 
treated pulp fibers and/or polysiloxane and binder compo 
Sition pretreated pulp fibers comprised of hardwood pulp 
fibers, forming the outer surface 30 of the tissue product 10. 
The inner layer 18 comprises non-treated pulp fibers com 
prised of hardwood pulp fibers. The second outer layer 16 
comprises non-treated pulp fibers comprised of Softwood 
fibers, forming the outer surface 32 of the tissue product 10. 

0064. In another embodiment of the present invention, 
the Single ply tissue product 10 may comprise a three-layer 
tissue sheet 12 wherein the first and second outer layers 14 
and 16, as shown in FIG. 1, comprise polysiloxane pre 
treated pulp fibers and/or polysiloxane and binder compo 
Sition pretreated pulp fibers and the inner layer 18 comprises 
non-treated pulp fibers. The structure of the tissue sheet 12 
may be arranged Such that there is the Z-directional polysi 
loxane gradient of the tissue sheet 12 measured from the 
outer Surface 30 to the outer Surface 32 of the tissue sheet 12 
wherein the polysiloxane content decreases at the center 40 
of the tissue sheet 12 and increases at or adjacent the outer 
Surfaces 30 and 32 of the tissue sheet 12. In Some of the 
embodiments of the present invention, the inner layer 18 of 
the three-layer tissue sheet 12 of the Single ply tissue product 
10 has a polysiloxane content of about 0%. 

0065. In some of the embodiments of the present inven 
tion, the tissue products 10 may have a high Z-directional 
polysiloxane gradient in the outer layer or layerS 12 of the 
tissue product 10. The present invention may comprise a 
soft, absorbent single or multi-ply tissue product 10. Each 
tissue sheet 12 of the tissue product 10 have an outer surface 
42 and an opposing outer Surface 44. One or more of the 
tissue sheets 12 of the multi-ply tissue product 10 contains 
a polysiloxane wherein the polysiloxane is distributed non 
uniformly in the z-direction of the tissue sheet 12. As one 
example, the level of polysiloxane on or adjacent the outer 
Surface 42 of the tissue sheet 12 as measured in terms of 
atomic % Si is different from the atomic % Sion or adjacent 
the opposing outer Surface 44 of the tissue sheet 12. The 
difference in the atomic % Si on or adjacent the outer 
surfaces 42 and 44 may be about 3% or greater, more 
Specifically about 4% or greater, and most specifically about 
5% or greater. The Z-directional polysiloxane gradient, as 
calculated by the equation above and as defined above, 
between the outer Surfaces 42 and 44 is about 20%, more 
Specifically about 25% or greater, Still more specifically 
about 30% or greater, and most specifically about 35% or 
greater. 

0.066 Pulp Fibers 
0067. A wide variety of natural and synthetic pulp fibers 
are Suitable for use in the tissue sheets 12 and tissue products 
10 of the present invention. The pulp fibers may include 
fibers formed by a variety of pulping processes, Such as kraft 
pulp, Sulfite pulp, thermomechanical pulp, etc. In addition, 
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the pulp fiberS may consist of any high-average fiber length 
pulp, low-average fiber length pulp, or mixtures of the same. 
Any of the natural pulp fiberS Species may be pretreated with 
the polysiloxane of the present invention. 

0068 One example of suitable high-average length pulp 
fibers include softwood fibers. Softwood pulp fibers are 
derived from coniferous trees and include pulp fiberS Such 
as, but not limited to, northern Softwood, Southern Softwood, 
redwood, red cedar, hemlock, pine (e.g., Southern pines), 
Spruce (e.g., black Spruce), combinations thereof, and the 
like. Northern Softwood kraft pulp fibers may be used in the 
present invention. One example of commercially available 
northern softwood kraft pulp fibers suitable for use in the 
present invention include those available from Kimberly 
Clark Corporation located in Neenah, Wis. under the trade 
designation of "Longlac-19. 

0069. Another example of suitable low-average length 
pulp fibers are the so called hardwood pulp fibers. Hardwood 
pulp fibers are derived from deciduous trees and include 
pulp fiberS Such as, but not limited to, eucalyptus, maple, 
birch, aspen, and the like. In certain instances, eucalyptus 
pulp fibers may be particularly desired to increase the 
Softness of the tissue sheet. Eucalyptus pulp fiberS may also 
enhance the brightness, increase the opacity, and change the 
pore Structure of the tissue sheet to increase its wicking 
ability. Moreover, if desired, secondary pulp fibers obtained 
from recycled materials may be used, Such as fiber pulp from 
Sources Such as, for example, newSprint, reclaimed paper 
board, and office waste. 

0070 The overall ratio of hardwood pulp fibers to soft 
wood pulp fibers within the tissue product 10, including 
tissue sheets 12 may vary broadly. The ratio of hardwood 
pulp fibers to softwood pulp fibers may range from about 9:1 
to about 1:9, more specifically from about 9:1 to about 1:4, 
and most specifically from about 9:1 to about 1:1. In one 
embodiment of the present invention, the hardwood pulp 
fibers and softwood pulp fibers may be blended prior to 
forming the tissue sheet thereby producing a homogenous 
distribution of hardwood pulp fibers and softwood pulp 
fibers in the z-direction of the tissue sheet. In another 
embodiment of the present invention, the hardwood pulp 
fibers and Softwood pulp fibers may be layered So as to give 
a heterogeneous distribution of hardwood pulp fibers and 
Softwood pulp fibers in the z-direction of the tissue sheet. In 
another embodiment, the hardwood pulp fibers may be 
located in at least one of the outer layers of the tissue product 
10 and/or tissue sheet 12 wherein at least one of the inner 
layerS may comprise Softwood pulp fibers. 

0071. In addition, synthetic fibers may also be utilized in 
the present invention. The discussion herein regarding pulp 
fibers is understood to include synthetic fibers. Some suit 
able polymers that may be used to form the synthetic fibers 
include, but are not limited to: polyolefins, Such as, poly 
ethylene, polypropylene, polybutylene, and the like; poly 
esters, such as polyethylene terephthalate, poly(glycolic 
acid) (PGA), poly(lactic acid) (PLA), poly(B-malic acid) 
(PMLA), poly(e-caprolactone) (PCL), poly(p-dioxanone) 
(PDS), poly(3-hydroxybutyrate) (PHB), and the like; and, 
polyamides, Such as nylon and the like. Synthetic or natural 
cellulosic polymers, including but not limited to: cellulosic 
esters, cellulosic ethers, cellulosic nitrates, cellulosic 
acetates, cellulosic acetate butyrates, ethyl cellulose, regen 
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erated celluloses, Such as Viscose, rayon, and the like; 
cotton, flax, hemp, and mixtures thereof may be used in the 
present invention. The synthetic fibers may be located in the 
layers of the tissue sheet 12 comprising polysiloxane pre 
treated pulp fibers, the layers of the tissue sheet 12 com 
prising non-treated pulp fibers, or in any or all layers of the 
tissue sheet 12. AS discussed for tissue sheets 12, in multi 
ply tissue products 10 of the present invention, the Synthetic 
fibers may be located in any or all tissue sheets 12 of the 
multi-ply tissue product 10. 
0072 Polysiloxanes 

0073. The particular structure of the polysiloxanes of the 
present invention may provide the desired product properties 
to the tissue sheet 12 and/or tissue product 10. Functional 
and non-functional polysiloxanes are Suitable for use in the 
present invention. Polysiloxanes encompass a very broad 
class of compounds. They are characterized in having a 
backbone Structure: 

R 

Si-O 

0074 where 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 22. These polysiloxanes may be 
linear, branched, or cyclic. They may include a wide variety 
of polysiloxane copolymers containing various composi 
tions 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 aforemen 
tioned product benefits to the tissue sheet and/or the final 
tissue product. 

0075 Aspecific class of polysiloxanes suitable for use in 
the present invention may have the general formula: 

0.076 wherein the R-R moieties may be independently 
any organofunctional group including C, or higher alkyl 
groups, ethers, polyethers, polyesters, amines, imines, 
amides, or other functional groups including the alkyl and 
alkenyl analogues of Such groupS and y is an integer >1. 
Specifically, the R'-R moieties may be independently any 
C, or higher alkyl group including mixtures of Said alkyl 
groups. Examples of polysiloxanes that may be useful in the 
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present invention are those in the DC-200 fluid series, 
manufactured and Sold by Dow Corning, Inc., located in 
Midland, Mich. 
0.077 Functionalized polysiloxanes and their aqueous 
emulsions are typically commercially available materials. 
These amino functional polysiloxanes having the general 
following Structure may be useful in the present invention: 

|| || | 
R2-Si-O--Si-O Si-O--Si-R5 

k k k k 
y X 

0078 wherein, X and y are integers >0. The mole 
ratio of X to (x+y) may be from about 0.005 percent 
to about 25 percent. The R'-R moieties may be 
independently any organofunctional group including 
C, or higher alkyl groups, ethers, polyethers, poly 
esters, amines, imines, amides, or other functional 
groups including the alkyl and alkenyl analogues of 
Such groups. The R' moiety may be an amino 
functional moiety including but not limited to pri 
mary amine, Secondary amine, tertiary amines, qua 
ternary amines, unsubstituted amides and mixtures 
thereof. In one embodiment, the R' moiety may 
comprise at least one amine group per constituent or 
two or more amine groups per Substituent, Separated 
by a linear or branched alkyl chain of C, or greater. 
Examples of Some polysiloxanes that may be useful 
in the present invention include, but are not limited 
to, DC 2-8220 commercially available from Dow 
Corning, Inc., locate at Midland, Mich., DC 2-8182 
commercially available from Dow Corning, Inc., 
located at Midland, Mich., and Y-14344 commer 
cially available from Crompton, Corp., located at 
Greenwich, Conn. 

0079 Another class of functionalized polysiloxanes that 
may be Suitable for use in the present invention is the 
polyether polysiloxanes. Such polysiloxanes may be used 
with other functional polysiloxanes as a means of improving 
hydrophilicity of the polysiloxane treated tissue products. 
Such polysiloxanes generally have the following Structure: 

R1 R7 R9 R0 R4 

R-j-o -o -o -o Si-Rs 
R3 R8 R10 R11 k 

X y 2. 

0080 wherein, X and Z are integers >0. y is an integer 20. 
The mole ratio of X to (x+y+z) may be from about 0.05 
percent to about 95 percent. The ratio of y to (x+y+z) may 
be from about 0 percent to about 25%. The R-R moieties 
may be independently any organofunctional group including 
C or higher alkyl groups, ethers, polyethers, polyesters, 
amines, imines, amides, or other functional groups including 
the alkyl and alkenyl nalogues of Such groups. The R' 
moiety may be an amino functional moiety including, but 
not limited to, primary amine, Secondary amine, tertiary 
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amines, quaternary amines, unsubstituted amides, and mix 
tures thereof. An exemplary R' moiety may contain one 
amine group per constituent or two or more amine groups 
per Substituent, Separated by a linear or branched alkyl chain 
of C or greater. R' may be a polyether functional group 
having the generic formula: -R-(R'-O)-(R'O)- 
R" wherein R', R', and R' may be independently C, 
alkyl groups, linear or branched; R may be H or a C-so 
alkyl group; and, “a” and “b' are integers of from about 1 
to about 100, more specifically from about 5 to about 30. 
Examples of aminofunctional polysiloxanes that may be 
useful in the present invention include the polysiloxanes 
provided under the trade designation of Wetsoft CTW family 
manufactured and Sold by Wacker, Inc., located Adrian, 
Mich. Other examples of such polysiloxanes may be found 
in U.S. Pat. No. 6,432,270, issued on Aug. 13, 2002 to Liu, 
et al., the disclosure of which is incorporated herein by 
reference to the extent that it is non-contradictory herewith. 

0081 Polysiloxane Pretreated Pulp Fibers 
0082 The preparation of polysiloxane pretreated pulp 
fibers can be accomplished by methods Such as those 
described in co-pending U.S. patent application Ser. No. 
09/802,529 filed on Apr. 3, 2001 under Runge et al. It has 
been found that pulp fibers treated with polysiloxane in this 
manner demonstrate excellent retention of the polysiloxane 
through the tissue making process. Furthermore, it has been 
found that a polysiloxane which may be desorbed from the 
fibers in the tissue making process has little to no tendency 
to be adsorbed by non-treated pulp fibers. The polysiloxane 
pretreated pulp fibers may contain from about 0.1% to about 
10% polysiloxane by weight, more specifically from about 
0.2% to about 4% polysiloxane by weight, and most spe 
cifically from about 0.3% polysiloxane to about 3% polysi 
loxane by weight. Using a stratified headbox to make a 
multi-layered tissue sheet comprising polysiloxane pre 
treated pulp fibers, the tissue sheets may be used to produce 
tissue products containing polysiloxane distributed non 
uniformly in the Z-direction of the tissue sheet. 
0083. The polysiloxane pre-treated pulp fibers may be 
directed towards at least one of the outer Surfaces 30 and 32 
formed by the outer layers (such as 14 and 16 as shown in 
FIG. 1 or 14 and 22 as shown in FIG. 2) adjacent the outer 
surfaces 30 and 32 of the multi-layered tissue sheet 12. The 
layer of the multi-layer tissue sheet 12 comprising the 
polysiloxane pre-treated pulp fibers may constitute about 
60% or less by of the weight of the total tissue sheet, more 
specifically about 50% or less by weight of the total tissue 
sheet, and still more specifically about 40% or less by weight 
of the total tissue sheet. The polysiloxane pre-treated pulp 
fibers may be blended with any of various non-treated pulp 
fibers before being formed into the multi-layered tissue sheet 
12. The polysiloxane pretreated pulp fiberS may constitute 
from about 5% to about 100% of the pulp fibers in the layer 
of the tissue sheet 12 comprising the polysiloxane pretreated 
fibers, more specifically from about 5% to about 90% of the 
pulp fibers in the layer comprising the polysiloxane pre 
treated pulp fibers, and most specifically from about 10% to 
about 90% of the pulp fibers in the layer comprising the 
polysiloxane pretreated pulp fibers. 

0084. In other embodiments of the present invention, the 
polysiloxane may be topically applied to the tissue sheet 12 
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and/or tissue product 10. The polysiloxane may also be 
applied to the pulp fiber Slurry during the tissue making 
proceSS. 

0085 Cationic Synthetic Co-polymer Composition 

0.086. In one embodiment of the present invention, a 
polysiloxane is mixed with a cationic hydrophobically 
modified Synthetic co-polymer that is compatible or miscible 
with the polysiloxane. The polysiloxane may be delivered as 
either an emulsion or as a neat fluid. The cationic Synthethic 
co-polymers as described herein may be water Soluble, water 
dispersiable, organic Soluble, and/or Soluble in mixtures of 
water and water miscible organic compounds. In Some 
embodiments, the Synthetic co-polymerS may be water 
soluble or water dispersible. If mixed with polysiloxane 
emulsions, the cationic Synthetic co-polymerS may be deliv 
ered as colloidal Suspensions or Solutions in water with or 
without added emulsifiers. 

0.087 Suitable hydrophobic monomers for incorporating 
a hydrophobic aliphatic hydrocarbon functionality into the 
cationic Synthetic co-polymers of the present invention 
include, but are not limited to, alkyl acrylates, methacry 
lates, acrylamides, methacrylamides, tiglates and crotonates, 
including butyl acrylate, butyl methacrylate, methyl acry 
late, methyl methacrylate, ethyl acrylate, ethyl methacrylate, 
1-Ethylhexyl tiglate, t-butyl acrylate, butyl crotonate, butyl 
tiglate, Sec-Butyl tiglate, Hexyl tiglate, Isobutyl tiglate, 
hexylcrotonate, butyl crotonate, n-butyl acrylamide, t-butyl 
acrylamide, N-(Butoxymethyl)acrylamide, N-(Isobutoxym 
ethyl)acrylamide, and the like including mixtures of the 
monomerS all of which are known commercially available 
materials. Also known are various vinyl ethers including, but 
not limited to, n-butyl vinyl ether, 2-ethylhexyl vinyl ether, 
and the corresponding esters including vinyl pivalate, Vinyl 
butyrate, 2-ethylhexanoate, and the like including mixtures 
of the monomers, all of which are Suitable for incorporation 
of the hydrophobic aliphatic hydrocarbon moiety. 

0088 Suitable monomers for incorporating a cationic 
charge functionality into the Synthetic co-polymer include, 
but are not limited to, 2(methacryloyloxy)ethyltrimethy 
lammonium methosulfate (METAMS); dimethyldiallyl 
ammonium chloride (DMDAAC); 3-acryloamido-3-methyl 
butyl trimethyl ammonium chloride (AMBTAC); trimethy 
lamino methacrylate; Vinyl benzyl trimethyl ammonium 
chloride (VBTAC); 2-(acryloyloxy)ethyltrimethylammo 
nium chloride; and, 20methacryloyloxy)ethyltrimethylam 
monium chloride. 

0089 Examples of preferred cationic monomers for the 
cationic Synthetic co-polymers of the present invention are 
2-(methacryloyloxy)ethyl trimethyl ammonium chloride; 
2(methacryloyloxy)ethyl trimethyl ammonium methosul 
fate; and, 2-(methacryloyloxy)ethyl trimethyl ammonium 
ethosulfate. 

0090 The cationic charge functionality may also be 
incorporated into the Synthetic co-polymer through use of 
monomers having free Secondary or tertiary amine group 
functionality. Examples of Such monomers include, but is 
not limited to, N-(B-dimethylamino)ethyl acrylamide, N-(B- 
dimethylamino)ethyl acrylamide, diethylaminohexyl meth 
acrylate, diethylaminoethyl vinyl ether, dimethylaminoethyl 
Vinyl ether, 1-dimethylamino-2-propyl methacrylate, 4-vi 
nylpyridine and the like. The cationic charge may be incor 
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porated into the Synthetic co-polymers either through quat 
ernization with methylating agents Such as methyl chloride, 
dimethylsulfate, diethylsulfate, and the like. Optionally, the 
cationic charge may be developed by Simple acidification of 
the monomer or Synthetic co-polymer containing the mono 
mer units. To avoid potential Sensitivity to pH, it may be 
desirable that the cationic charge be a quaternary ammonium 
grOup. 

0091 Suitable hydrophilic monomers or water-soluble 
nonionic monomers for use in the cationic Synthetic co 
polymers of the present invention include, but are not 
limited to, N- and N,N-substituted acrylamide and meth 
acrylamide based monomers, Such as N,N-dimethyl acryla 
mide, N-ethyl acrylamide, N-isopropyl acrylamide, and 
hydroxymethyl acrylamide, acrylate or methacrylate based 
monomers, Such as, hydroxyalkyl acrylates, hydroxyalkyl 
methacrylates, such as hydroxyethyl methacrylate (HEMA); 
hydroxyethyl acrylate; polyalkoxyl acrylates, Such as poly 
ethyleneglycol acrylates, and, polyalkoxyl methacrylates, 
such as polyethyleneglycol methacrylates (“PEG-MA”). 
Other suitable hydrophilic monomers or water-soluble non 
ionic monomers for use in the ion-Sensitive cationic Syn 
thetic co-polymers of the present invention include, but are 
not limited to, N-vinylpyrrolidinone and N-vinylformamide. 
0092 For the cationic synthetic co-polymers of the 
present invention the mole % of hydrophobic monomers will 
range from about 40 mole % to about 98 mole % of the total 
monomer composition, the amount of cationic monomers 
will range from about 2 mole % to about 50 mole % of the 
total monomer composition. The amount of optional hydro 
philic monomers will range from about 0 mole % to about 
58 mole % of the total monomer composition. More spe 
cifically, the mole percent of hydrophobic monomers is from 
about 50 mole % to about 95 mole % of the total monomer 
composition, the mole % of cationic monomerS is most 
specifically from about 5 mole % to about 30 mole % of the 
total monomer composition, and the amount of optional 
hydrophilic monomers is most specifically from about 0 
mole % to about 20 mole percent of the total monomer 
composition. 
0093. The synthetic co-polymers of the present invention 
may have an average molecular weight average molecular 
weight ranging from about 10,000 to about 5,000,000. More 
Specifically, the Synthetic co-polymers of the present inven 
tion have a weight average molecular weight ranging from 
about 20,000 to about 2,000,000, or, more specifically still, 
from about 30,000 to about 1,000,000. 
0094. Another advantage to the disclosed synthetic co 
polymers is ability to produce tissue sheets having low 
StiffneSS due to relatively low glass transition temperatures. 
While the synthetic co-polymers of the present invention 
may have a wide range of glass transition temperature, the 
preferred glass transition temperature is about 100° C. or 
less, more specifically about 70° C. or less, and most 
specifically about 40 C. or less. 
0095 The low glass transition temperatures combined 
with the compatibility of the synthetic co-polymers with the 
polysiloxane allow blends of the polysiloxane and the Syn 
thetic co-polymer to form films having very low modulus. 
Modulus measures the ease of deformation of the film by 
determining the amount of Stress (force) needed to produce 
a certain amount of Strain (deformation). The lower the 
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modulus value, the more flexible the film as it can be 
deformed with very little force. In these formulations, a low 
modulus is desirable to avoid any increase in tissue sheet 
StiffneSS. Films are cast from the polysiloxane/synthetic 
co-polymer compositions and modulus tested via the pro 
cedure hereinafter described. The modulus values of the 
films is specifically about 5 MPa or less, more specifically 
about 3 MPa or less, still more specifically about 1 MPa or 
less, and most specifically about 0.8 MPa or less. 
0096. The synthetic co-polymers of the present invention 
may be prepared according to a variety of polymerization 
methods, desirably a Solution polymerization method. Suit 
able Solvents for the polymerization method include, but are 
not limited to, lower alcohols Such as methanol, ethanol, and 
propanol; a mixed Solvent comprising water and one or more 
lower alcohols mentioned above, and, a mixed Solvent 
comprising water and one or more lower ketones Such as 
acetone or methyl ethyl ketone. A Solvent exchange proceSS 
is then used to make acqueous colloidal Suspensions or 
solutions of the synthetic co-polymers whereby the solvent 
is removed and replaced by water. 
0097 Alternatively, the synthetic co-polymer formula 
tions may also be delivered in emulsion form whereby an 
aqueous polymerization proceSS is used in conjunction with 
a Surfactant or Set of Surfactants. The Surfactants may be 
cationic or non-ionic, but more specifically non-ionic. 
0098. In the polymerization methods which may be uti 
lized in the present invention, any free radical polymeriza 
tion initiator may be used. Selection of a particular initiator 
may depend on a number of factors including, but not 
limited to, the polymerization temperature, the Solvent, and 
the monomers used. Suitable polymerization initiators for 
use in the present invention include, but are not limited to, 
2,2'-azobisisobutyronitrile, 2,2'azobis(2-methylbutyroni 
trile), 2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(2- 
amidinopropane)dihydrochloride, 2,2'-azobis(N,N'-dimeth 
yleneisobutylamidine), potassium perSulfate, ammonium 
perSulfate, and aqueous hydrogen peroxide. The amount of 
polymerization initiator may desirably range from about 
0.01 to about 5 weight percent based on the total weight of 
monomer present. 
0099. The polymerization temperature may vary depend 
ing on the polymerization Solvent, monomers, Surfactants, 
and polymerization initiator used, but in general, ranges 
from about 20° C. to about 90° C. The polymerization time 
generally ranges from about 2 to about 8 hours. 
0100. The total amount of cationic synthetic co-polymer 
in the tissue sheet will depend upon the amount of polysi 
loxane applied to the tissue sheet. The amount of the cationic 
Synthetic co-polymer relative to polysiloxane on a dry 
weight to dry weight basis may be from about 2 percent to 
about 98 percent, more specifically from about 5% to about 
70%, and most specifically from about 10% to about 50%. 
0101 Methods of Application 
0102) The polysiloxanes or polysiloxane and binder com 
positions may be applied to the pulp fibers or the formed 
tissue sheet at any point in the tissue making proceSS with 
any method and in any form So long as the claimed product 
benefits are not compromised. In Some embodiments, the 
polysiloxane or polysiloxane and binder composition may 
be applied to the tissue sheet after the tissue sheet has been 
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formed (wet tissue sheet, dewatered tissue sheet, dried tissue 
sheet, and/or tissue product). If a polysiloxane or polysilox 
ane and binder composition is applied to a formed wet or 
dewatered tissue sheet, the Solids level of Such a tissue sheet 
may range from about 10% or greater (i.e., the tissue sheet 
comprises about 10 grams of dry Solids and 90 grams of 
water). More specifically the solids level of the tissue sheet 
during the application of the polysiloxane and/or polysilox 
ane and binder composition may be about 15% or greater, 
and most specifically about 20% or greater. In embodiments 
wherein the polysiloxane and/or polysiloxane and binder 
composition may be applied to a dried tissue sheet and/or 
tissue product, the Solids level of the dry tissue sheet and/or 
tissue product may be about 80% or greater, more specifi 
cally about 85% or greater, and most specifically about 90% 
or greater. 
0103) The application of a polysiloxane, a synthetic co 
polymer, and/or a polysiloxane and binder composition of 
the present invention formed tissue sheet may be accom 
plished by any method known in the art including, but not 
limited to: 

0104 Contact printing methods such as gravure, 
offset gravure, flexographic printing and the like. 

0105 Aspray applied to a tissue sheet. For example, 
Spray nozzles may be mounted over a moving tissue 
sheet to apply a desired dose of a Solution to the 
tissue sheet. Nebulizers may also be used to apply a 
light mist to a Surface of a tissue sheet. 

0106 Non-contact printing methods such as inkjet 
printing, digital printing of any kind, and the like. 

0107 Coating onto one or both surfaces of the a 
tissue sheet, Such as blade coating, air knife coating, 
Short dwell coating, cast coating, and the like. 

0.108 Extrusion from a die head such as UFD spray 
tips, such as those available from ITW-Dynatec 
located at HenderSon, Tenn., of the polysiloxane, 
Synthetic co-polymer, and/or polysiloxane and 
binder composition in the form of a Solution, a 
dispersion or emulsion, or a Viscous mixture. 

0109 Foam application of the polysiloxane, syn 
thetic co-polymer, and/or polysiloxane and binder 
composition to the tissue sheet (e.g., foam finishing), 
either for topical application or for impregnation of 
the polysiloxane, Synthetic co-polymer, and/or pol 
ySiloxane and binder composition into the tissue 
sheet under the influence of a pressure differential 
(e.g., vacuum-assisted impregnation of the foam). 
Principles of foam application of additives Such as 
binders and polysiloxanes are described in U.S. Pat. 
No. 4,297.860, issued on Nov. 3, 1981 to Pacificiet 
al. and U.S. Pat. No. 4,773,110, issued on Sep. 27, 
1988 to G. J. Hopkins, both of which are herein 
incorporated by reference to the extent that they are 
non-contradictory herewith. 

0110 Application of the polysiloxane, synthetic co 
polymer, and/or polysiloxane and binder composi 
tion by Spray or other means to a moving belt or 
fabric which in turn contacts the tissue sheet to apply 
the polysiloxane, Synthetic co-polymer, and/or pol 
ySiloxane and binder composition to the tissue sheet, 
Such as is disclosed in WO 01/49937 under the name 
S. Eichhorn, published on Jun. 12, 2001. 
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0111. The polysiloxane may also be added prior to for 
mation of the tissue sheet. The polysiloxanes of the present 
invention may be added to pulp fibers by any method known 
in the art to form polysiloxane pretreated pulp fibers. Such 
treatments may include when the pulp fibers are Suspended 
in water or added to the pulp fibers at the pulp mill. One 
method is to add the polysiloxane to the pulp fibers at the 
pulp mill after formation of the pulp sheet to form a dried 
pulp sheet containing polysiloxane as described in co 
pending U.S. patent application Ser. No. 09/802,529 filed on 
Apr. 3, 2001 under the name Runge et al. Other methods of 
treating individualized pulp fibers with the polysiloxane are 
possible. For example, comminuted or flash dried fiberS may 
be entrained in an air Stream combined with an aerosol or 
Spray of the polysiloxane to treat individual pulp fibers prior 
to incorporation into the tissue sheet. Other embodiments 
involving Secondary processes may be utilized with the 
present invention. Examples of Such processes include, but 
are not limited to: 

0112 Preparing a slurry of non-treated, once dried 
pulp fibers, dewatering and optionally drying the 
Slurried non-treated pulp fibers to form a partially 
dried or dried web of non-treated pulp fibers, treating 
partially dried or dried web of non-treated pulp fibers 
with a polysiloxane to form a partially dried or dried 
polysiloxane pretreated pulp fiber web, further dry 
ing Said partially dried or dried polysiloxane pre 
treated pulp fiber web to form a dried polysiloxane 
pretreated pulp fiber web comprising polysiloxane 
pretreated pulp fibers. 

0113 Applying a polysiloxane directly to a roll of 
dried or partially dried non-treated pulp fibers to 
form a roll of polysiloxane pretreated pulp fibers. 

0114. It should be understood that while such secondary 
processes may be used to pretreat the pulp fibers with 
polysiloxane that utilizing Such processes may result in 
undesirable issues, Such as a significant economic penalty to 
the overall tissue product characteristics or properties. 
0115 Tissue Preparation 
0116. At the tissue machine, the dried polysiloxane pre 
treated pulp fiber is mixed with water to form at least one 
pulp fiber slurry of the polysiloxane pretreated pulp fiber 
wherein the polysiloxane may be retained by the individual 
pulp fibers coated with polysiloxane. Non-treated pulp fibers 
may also be added to the pulp fiber Slurry comprising the 
polysiloxane pretreated pulp fibers. At least one additional 
pulp fiber Slurries may be prepared using non-treated pulp 
fibers in the same manner as the pulp fiber Slurry comprising 
polysiloxane pretreated pulp fibers. In one embodiment of 
the present invention, a pulp fiber Slurry comprising the 
polysiloxane pre-treated pulp fibers and at least one pulp 
fiber Slurry comprising non-treated pulp fibers may be 
passed to a stratified headbox. The pulp fiber slurries may be 
deposited from the Stratified headbox onto a moving wire or 
belt, wherein the pulp fiber Slurry comprising the polysilox 
ane pre-treated pulp fibers may be directed to at least one of 
the outside layers of the stratified headbox. The pulp fiber 
Slurries are deposited to form a wet layered tissue sheet 12 
wherein the polysiloxane pretreated pulp fibers may com 
prise at least one of the outer layers of the wet tissue sheet 
12 (such as outer layers 14 and/or 16 as shown in FIG. 1 or 
outer layers 14, 16, 20, and/or 22 as shown in FIG. 2). The 
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wet tissue sheet may be dewatered, dried, and processed to 
form a dried tissue sheet 12. The dried tissue sheet 12 may 
be converted into a tissue product 10. 

0117 The tissue sheet 12 to be treated may be made by 
any method known in the art. The tissue sheet 12 may be 
wetlaid, Such as a tissue sheet formed with known paper 
making techniques wherein a dilute aqueous fiber Slurry is 
disposed on a moving wire to filter out the fibers and form 
an embryonic tissue sheet which is Subsequently dewatered 
by combinations of units including Suction boxes, wet 
presses, dryer units, and the like. Examples of known 
dewatering and other operations are given in U.S. Pat. No. 
5,656,132, issued on Aug. 12, 1997 to Farrington, Jr. et al. 
Capillary dewatering may also be applied to remove water 
from the tissue sheet, as disclosed in U.S. Pat. No. 5,598, 
643, issued on Feb. 4, 1997 and U.S. Pat. No. 4,556,450, 
issued on Dec. 3, 1985, both to S. C. Chuang et al., the 
disclosures of both which are herein incorporated by refer 
ence to the extent that they are non-contradictory herewith. 

0118 For the tissue sheets 12 of the present invention, 
both creped and uncreped methods of manufacture may be 
used. Uncreped tissue production is disclosed in U.S. Pat. 
No. 5,772,845, issued on Jun. 30, 1998 to Farrington, Jr. et 
al., the disclosure of which is herein incorporated by refer 
ence to the extent it is non-contradictory here with. Creped 
tissue production is disclosed in U.S. Pat. No. 5,637,194, 
issued on Jun. 10, 1997 to Ampulski et al., U.S. Pat. No. 
4,529,480, issued on Jul. 16, 1985 to Trokhan; U.S. Pat. No. 
6,103,063, issued on Aug. 15, 2000 to Oriaran et al.; and, 
U.S. Pat. No. 4,440,597, issued on Apr. 3, 1984 to Wells et 
al., the disclosures of all of which are herein incorporated by 
reference to the extent that they are non-contradictory here 
with. Also suitable for application of the above mentioned 
polysiloxanes are tissue sheets 12 that are pattern densified 
or imprinted, Such as the WebS disclosed in any of the 
following U.S. patents: U.S. Pat. No. 4,514,345, issued on 
Apr. 30, 1985 to Johnson et al.; U.S. Pat. No. 4,528,239, 
issued on Jul. 9, 1985 to Trokhan; U.S. Pat. No. 5,098,522, 
issued on Mar. 24, 1992; U.S. Pat. No. 5,260,171, issued on 
Nov. 9, 1993 to Smurkoski et al., U.S. Pat. No. 5,275,700, 
issued on Jan. 4, 1994 to Trokhan; U.S. Pat. No. 5,328,565, 
issued on Jul. 12, 1994 to Rasch et al., U.S. Pat. No. 
5,334,289, issued on Aug. 2, 1994 to Trokhan et al., U.S. Pat. 
No. 5,431,786, issued on Jul. 11, 1995 to Rasch et al.; U.S. 
Pat. No. 5,496,624, issued on Mar. 5, 1996 to Steltjes, Jr. et 
al.; U.S. Pat. No. 5,500,277, issued on Mar. 19, 1996 to 
Trokhan et al.; U.S. Pat. No. 5,514,523, issued on May 7, 
1996 to Trokhan et al., U.S. Pat. No. 5,554,467, issued on 
Sep. 10, 1996 to Trokhan et al.; U.S. Pat. No. 5,566,724, 
issued on Oct. 22, 1996 to Trokhan et al.; U.S. Pat. No. 
5,624,790, issued on Apr. 29, 1997 to Trokhan et al.; and, 
U.S. Pat. No. 5,628,876, issued on May 13, 1997 to Ayers et 
al., the disclosures of all of which are herein incorporated by 
reference to the extent that they are non-contradictory here 
with. Such imprinted tissue sheets 12 may have a network of 
densified regions that have been imprinted against a drum 
dryer by an imprinting fabric, and regions that are relatively 
less densified (e.g., “domes” in the tissue sheet) correspond 
ing to deflection conduits in the imprinting fabric, wherein 
the tissue sheet 12 Superposed over the deflection conduits 
was deflected by an air pressure differential acroSS the 
deflection conduit to form a lower-density pillow-like region 
or dome in the tissue sheet 12. 
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0119) Various drying operations may be useful in the 
manufacture of the tissue products 10 of the present inven 
tion. Examples of Such drying methods include, but are not 
limited to, drum drying, through drying, Steam drying Such 
as Superheated Steam drying, displacement dewatering, Yan 
kee drying, infrared drying, microwave drying, radiofre 
quency drying in general, and impulse drying, as disclosed 
in U.S. Pat. No. 5,353.521, issued on Oct. 11, 1994 to Orloff 
and U.S. Pat. No. 5,598,642, issued on Feb. 4, 1997 to Orloff 
et al., the disclosures of both which are herein incorporated 
by reference to the extent that they are non-contradictory 
herewith. Other drying technologies may be used, Such as 
methods employing differential gas pressure include the use 
of air presses as disclosed U.S. Pat. No. 6,096,169, issued on 
Aug. 1, 2000 to Hermans et al. and U.S. Pat. No. 6,143,135, 
issued on Nov. 7, 2000 to Hada et al., the disclosures of both 
which are herein incorporated by reference to the extent they 
are non-contradictory herewith. Also relevant are the paper 
machines disclosed in U.S. Pat. No. 5,230,776, issued on 
Jul. 27, 1993 to I. A. Andersson et al. 

0120 Optional Chemical Additives 

0121 Optional chemical additives may also be added to 
the aqueous pulp fiber slurries of the present invention 
and/or to the embryonic tissue sheet 12 to impart additional 
benefits to the tissue product 10 and process and are not 
antagonistic to the intended benefits of the present invention. 
The following chemical additives are examples of additional 
chemical treatments that may be applied to the tissue sheets 
12 comprising the polysiloxane pretreated pulp fibers or 
with the polysiloxane, Synthetic co-polymers, and/or polysi 
loxane and binder composition. The chemical additives are 
included as examples and are not intended to limit the Scope 
of the present invention. Such chemical additives may be 
added at any point in the papermaking process, before or 
after the formation of the tissue sheet 12. The chemical 
additives may also be added with the polysiloxane during 
the pretreatment of pulp fibers thereby forming the polysi 
loxane pretreated pulp fibers, therefore the chemical addi 
tives may be added in conjunction with the polysiloxane 
pretreated pulp fibers. The chemical additives may be added 
at any point in the tissue making process, before, after, or 
concurrent with the addition of the polysiloxane, the Syn 
thetic co-polymers, and/or the polysiloxane and binder com 
position of the present invention as well. The chemical 
additives may be blended directly with the polysiloxane, the 
Synthetic co-polymers, and/or the polysiloxane and binder 
composition. Optionally, the chemical additives may be 
applied to the pulp fibers during the pulping process that are 
not pretreated with polysiloxane, thus non-treated pulp 
fibers. 

0122) It is also understood that the optional chemical 
additives may be employed in Specific layers of the tissue 
sheet 12 or may be employed throughout the tissue sheet 12 
as broadly known in the art. For example, in a layered tissue 
sheet configuration, Strength agents may be applied only to 
the layer of the tissue sheet 12 comprising Softwood pulp 
fibers and/or bulk debonders may be applied only to the 
layer of the tissue sheet 12 comprising hardwood pulp fibers. 
While significant migration of the chemical additives into 
the other untreated layers of the tissue sheet 12 may occur, 
benefits may be further realized than when the chemical 
additives are applied to all layers of the tissue sheet 12 on an 
equal basis. Such layering of the optional chemical additives 
may be useful in the present invention. 
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0123 Charge Control Agents 
0.124 Charge promoters and control agents are com 
monly used in the papermaking process to control the Zeta 
potential of the papermaking furnish in the wet end of the 
process. These species may be anionic or cationic, most 
usually cationic, and may be either naturally occurring 
materials. Such as alum or low molecular weight high charge 
density Synthetic polymers typically of molecular weight 
less than 500,000. Drainage and retention aids may also be 
added to the furnish to improve formation, drainage and 
fines retention. Included within the retention and drainage 
aids are microparticle Systems containing high Surface area, 
high anionic charge density materials. 
0125 Strength Additives 
0.126 Wet and dry strength agents may also be applied to 
the tissue sheet 12. AS used herein, the term "wet Strength 
agents' are materials used to immobilize the bonds between 
pulp fibers in the wet state. Typically, the means by which 
pulp fibers are held together in tissue sheets and tissue 
products involve hydrogen bonds and Sometimes combina 
tions of hydrogen bonds and covalent and/or ionic bonds. In 
the present invention, it may be useful to provide a material 
that will allow bonding of pulp fibers in Such a way as to 
immobilize the fiber-to-fiber bond points and make the pulp 
fibers resistant to disruption in the Wet State. In this instance, 
the Wet State usually will mean when the tissue sheet or 
tissue product is largely Saturated with water or other 
aqueous Solutions, but could also mean Significant Saturation 
with body fluids Such as urine, blood, mucus, menses, runny 
bowel movement, lymph and other body exudates. 
0127. Any material that when added to a tissue sheet or 
tissue product results in providing the tissue sheet or tissue 
product with a mean wet geometric tensile Strength:dry 
geometric tensile Strength ratio in excess of 0.1 will, for 
purposes of the present invention, be termed a wet strength 
agent. Typically these materials are termed either as perma 
nent wet strength agents or as “temporary' wet Strength 
agents. For the purposes of differentiating permanent wet 
Strength agents from temporary Wet Strength agents, the 
permanent wet strength agents will be defined as those resins 
which, when incorporated into tissue sheets or tissue prod 
ucts, will provide a tissue product that retains more than 
about 50% of its original wet strength after being saturated 
with water for a period of at least five minutes. Temporary 
wet strength agents are that provide a tissue product that 
retains less than about 50% of its original wet strength after 
being Saturated with water for five minutes. Both classes of 
material may find application in the present invention. The 
amount of wet strength agent that may be added to the pulp 
fibers may be about 0.1 dry weight percent or greater, more 
Specifically about 0.2 dry weight percent or greater, and Still 
more specifically from about 0.1 to about 3 dry weight 
percent, based on the dry weight of the pulp fibers. 
0128 Permanent wet strength agents will provide a more 
or less long-term wet resilience to the Structure of a tissue 
sheet or tissue product. In contrast, the temporary wet 
Strength agents will typically provide tissue sheet or tissue 
product Structures that had low density and high resilience, 
but would not provide a structure that had long-term resis 
tance to exposure to water or body fluids. 
0129 Wet and Temporary Wet Strength Additives 
0.130 Temporary wet strength additives may be cationic, 
nonionic or anionic. Examples of Such temporary wet 
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strength additives include PAREZTM 631 NC and PAREZ(R) 
725 temporary wet strength resins that are cationic glyoxy 
lated polyacrylamides available from Cytec Industries, 
located at West Paterson, N.J. These and similar resins are 
described in U.S. Pat. No. 3,556,932, issued on Jan. 19, 1971 
to Coscia et al. and U.S. Pat. No. 3,556,933, issued on Jan. 
19, 1971 to Williams et al. Hercobond 1366, manufactured 
by Hercules, Inc. located at Wilmington, Del. is another 
commercially available cationic glyoxylated polyacryla 
mide that may be used with the present invention. Additional 
examples of temporary Wet Strength additives include dial 
dehyde starches such as Cobond 1000 commercially avail 
able from National Starch and Chemical Company and other 
aldehyde containing polymerS Such as those described in 
U.S. Pat. No. 6,224,714, issued on May 1, 2001 to Schroeder 
et al.; U.S. Pat. No. 6,274,667, issued on Aug. 14, 2001 to 
Shannon et al.; U.S. Pat. No. 6,287,418, issued on Sep. 11, 
2001 to Schroeder et al.; and, U.S. Pat. No. 6,365,667, 
issued on Apr. 2, 2002 to Shannon et al., the disclosures of 
all of which are herein incorporated by reference to the 
extent that they are non-contradictory here with. 
0131 Permanent wet strength agents comprising cationic 
oligomeric or polymeric resins may be used in the present 
invention. Polyamide-polyamine-epichlorohydrin type res 
ins such as KYMENE 557H sold by Hercules, Inc. located 
at Wilmington, Del. are the most widely used permanent 
wet-strength agents and are Suitable for use in the present 
invention. Such materials have been described in the fol 
lowing U.S. Pat. No. 3,700,623, issued on Oct. 24, 1972 to 
Keim; U.S. Pat. No. 3,772,076, issued on Nov. 13, 1973 to 
Keim; U.S. Pat. No. 3,855,158, issued on Dec. 17, 1974 to 
Petrovich et al.; U.S. Pat. No. 3,899,388, issued on Aug. 12, 
1975 to Petrovich et al., U.S. Pat. No. 4,129,528, issued on 
Dec. 12, 1978 to Petrovich et al., U.S. Pat. No. 4,147,586, 
issued on Apr. 3, 1979 to Petrovich et al.; and, U.S. Pat. No. 
4,222,921, issued on Sep. 16, 1980 to van Eenam. Other 
cationic resins include polyethylenimine resins and amino 
plast resins obtained by reaction of formaldehyde with 
melamine or urea. Permanent and temporary Wet Strength 
resins may be used together in the manufacture of tissue 
sheets and tissue products with Such use being recognized as 
falling within the Scope of the present invention. 
0132) Dry Strength Additives 
0.133 Dry strength resins may also be applied to the 
tissue sheet without affecting the performance of the dis 
closed polysiloxanes of the present invention. Such materi 
als may include, but are not limited to, modified Starches and 
other polysaccharides Such as cationic, amphoteric, and 
anionic Starches and guar and locust bean gums, modified 
polyacrylamides, carboxymethylcellulose, Sugars, polyvinyl 
alcohol, chitosan, and the like. Such dry Strength additives 
are typically added to the pulp fiber Slurry prior to the 
formation of the tissue sheet or as part of the creping 
package. 

0134. Additional Softness Additives 
0135) It may be desirable to add additional debonders or 
Softening chemistries to a tissue sheet. Such Softness addi 
tives may be found to further enhance the hydrophilicity of 
the finished tissue product. Examples of debonders and 
Softening chemistries may include the Simple quaternary 
ammonium Salts having the general formula (R)-N'- 
(R').X wherein R is a C- alkyl group, R is a C-C2 
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alkyl group, b is an integer from 1 to 3 and X is any Suitable 
counterion. Other Similar compounds may include the 
monoester, diester, monoamide, and diamide derivatives of 
the Simple quaternary ammonium Salts. A number of varia 
tions on these quaternary ammonium compounds should be 
considered to fall within the Scope of the present invention. 
Additional Softening compositions include cationic oleyl 
imidazoline materials. Such as methyl-1-oleyl amidoethyl-2- 
oleyl imidazolinium methylsulfate commercially available 
as Mackernium CD-183 from McIntyre Ltd., located in 
University Park, Ill. and Prosoft TQ-1003 available from 
Hercules, Inc. Such SoftenerS may also incorporate a humec 
tant or a plasticizer Such as a low molecular weight poly 
ethylene glycol (molecular weight of about 4,000 daltons or 
less) or a polyhydroxy compound Such as glycerin or 
propylene glycol. These SoftenerS may be applied to the pulp 
fibers while in a pulp fiber slurry prior to the formation of a 
tissue sheet to aid in bulk Softness. Additional bulk Softening 
agents Suitable for addition to the Slurry of pulp fibers 
include cationic polysiloxanes Such as those described in 
U.S. Pat. No. 5,591,306, issued on Jan. 7, 1997 to Kaun and 
U.S. Pat. No. 5,725,736, issued on Mar. 10, 1998 to 
Schroeder, the disclosures of both which are herein incor 
porated by reference to the extend that they are non 
contradictory herewith. At times, it may be desirable to add 
Such Secondary Softening agents simultaneously with the 
polysiloxanes of the present invention. In Such cases, Solu 
tions or emulsions of the Softening composition and polysi 
loxane may be blended. 

0.136 Miscellaneous Agents 

0.137 Additional types of chemical additives that may be 
added to the tissue sheet include, but is not limited to, 
absorbency aids usually in the form of cationic, anionic, or 
non-ionic Surfactants, humectants and plasticizerS Such as 
low molecular weight polyethylene glycols and polyhy 
droxy compounds Such as glycerin and propylene glycol. 
Materials that Supply skin health benefits Such as mineral oil, 
aloe extract, Vitamine and the like may also be incorporated 
into the tissue sheet. 

0.138. In general, the polysiloxane pretreated pulp fibers 
of the present invention may be used in conjunction with any 
known materials and chemical additives that are not antago 
nistic to their intended use. Examples of Such materials 
include, but are not limited to, odor control agents, Such as 
odor absorbents, activated carbon fibers and particles, baby 
powder, baking Soda, chelating agents, Zeolites, perfumes or 
other odor-masking agents, cyclodextrin compounds, oxi 
dizers, and the like. Superabsorbent particles, Synthetic 
fibers, or films may also be employed. Additional options 
include cationic dyes, optical brighteners, humectants, emol 
lients, and the like. A wide variety of other materials and 
chemical additives known in the art of tissue-making pro 
duction may be included in the tissue sheets of the present 
invention. 

0.139. The application point for these materials and 
chemical additives is not particularly relevant to the inven 
tion and Such materials and chemical additives may be 
applied at any point in the tissue manufacturing process. 
This includes pre-treatment of pulp, application in the wet 
end of the process, post-treatment after drying but on the 
tissue machine and topical post-treatment. 
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0140 Analytical Methods 
0141) Determination of Atomic % Silicon 
0142 X-ray photoelectron spectroscopy (XPS) is a 
method used to analyze certain elements lying on the Surface 
of a material. Sampling depth is inherent to XPS. Although 
the X-rays can penetrate the Sample microns, only those 
electrons that originate at the outer ten Angstroms below the 
Solid Surface can leave the Sample without energy loSS. It is 
these electrons that produce the peaks in XPS. The electrons 
that interact with the Surrounding atoms as they escape the 
Surface form the background Signal. The Sampling depth is 
defined as 3 times the inelastic mean free path (the depth at 
which 95% of the photoemission takes place), and is esti 
mated to be 50-100 angstroms. The mean free path is a 
function of the energy of the electrons and the material that 
they travel through. 
0143. The flux of photoelectrons that come off the 
Sample, collected, and detected is elemental and instrumen 
tal dependant. It is not overly critical to the results as herein 
expressed. The atomic Sensitivity factors are various con 
Stants for each element that account for these variables. The 
atomic Sensitivity factors are Supplied with the Software 
from each XPS instrument manufacturer. Those skilled in 
the art will understand the need to use the Set of atomic 
Sensitivity factors designed for their instrument. The atomic 
sensitivity factor (S) is defined by the equation: 

S=fo0yAAT and is a constant for each photoelectron. 

0144) 
0145) 
0146) 
0147) 
0148 
0149) 
O150 

0151. Atomic concentrations are determined by the fol 
lowing equation: 

f=X-ray flux 
O=photoelectron cross-section 
0-angular efficiency factor 
y=efficiency in the photoelectron proceSS 

2=mean free path 
A=area of Sample 
T=detection efficiency 

C=I/SC/S) 
0152 Cx=atomic fraction of element X 
0153 Ix=peak intensity of photoelectron of element X 
0154 SX=atomic sensitivity factor for photoelectron of 
element X 

O155 The relative surface concentration and z-direc 
tional polysiloxane gradient of the polysiloxanes on the 
tissue Samples was determined by X-ray photoelectron Spec 
troscopy (XPS) using a Fisions M-Probe spectrometer 
equipped with monochromatic Al KC. X-rays, as reported in 
Surface Interface Analysis, Vol 10, pages 36-47 (1987). 
0156 Sample Preparation 
O157 Several tissue sheets were prepared for each code 
and placed in a Successive fashion to form a Stack of 
polysiloxane pretreated pulp fiber tissue sheets. The Stack of 
polysiloxane pretreated pulp fiber tissue sheets was wrapped 
in aluminum foil for Storage until the polysiloxane pre 
treated pulp fiber tissue sheets could be analyzed. Samples 
were prepared from a Single sheet of material obtained from 
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the center of Stack. A center Sheet was chosen to prevent the 
possibility of Smearing of the Silicone treatment or croSS 
contamination with the packaging. A ca. 1 cmx1 cm repre 
Sentative Section was cut from the center of a Selected sheet. 
The 1 cmx1 cm section was divided in half. The outer fibers 
were analyzed from one half and the opposite Side was 
analyzed from the Second half. Each Section of tissue was 
mounted to a Sample holder using a Silicone free double 
sided tape such as ScotchTM Brand Double Stick Tape. The 
mounted Samples were placed in the introduction chamber 
and allowed to pump down to at least 1x10' torr prior to 
moving them into the analyzing chamber. Prior to analysis, 
the base preSSure in the analysis chamber was allowed to 
reach 1.0x107 torr or less. 

0158 Spectral Acquisition 
0159. Due to the insulating capacity of the cellulosic 
media, a metal Screen was placed over the Samples and 
charge compensation was accomplished using an electron 
flood gun. The flood gun was adjusted to optimize peak 
height and minimize the resolution of the C1s peak. The 
Same charging compensation was used for all the Samples. 
The binding energy Scale of each spectra was adjusted by 
referencing the C-C/C-H contribution of the C1s peak to 
285.0 eV. Survey spectra from 0-600 eV were acquired from 
each Sample. Three regions were analyzed per Sample and 
the results averaged. 
0160 Data Processing 
0.161 Data processing of the collected spectra was 
accomplished using M-Probe ESCA Software, release 
S-Probe 1.26.00, revision date Sep. 2, 1994. Atomic per 
centage calculations were obtained from peak area measure 
ments and atomic Sensitivity factorS Supplied with the Soft 
ware. The data is either presented as Si/C ratioS or as Surface 
coverage measurements. The Surface coverage calculations 
were made based on measurements made from a thin film of 
the Silicone Surface treatment cast on a gold coated glass 
slide. 

Percent Surface Coverage=A/B*100 
0162 A=Si/C ratio from treated sample 
0163 B=Si/C ratio from prepared Surface treatment on 
gold coated glass Slide 

0164 Total Polysiloxane in Sheet 
0.165. The polydimethyl siloxane content on the pulp 
fiber Substrates was determined using the following proce 
dure. A Sample containing dimethyl siloxane is placed in a 
headspace Vial, boron trifluoride reagent is added, and the 
Vial Sealed. After reacting for about fifteen minutes at about 
100 C., the resulting Diflourodimethyl siloxane in the 
headspace of the Vial is measured by gas chromatography 
using an FID detector. 

MeSiF+BO+2 

0166 The method described herein was developed using 
a Hewlett-Packard Model 5890 Gas Chromatograph with an 
FID and a Hewlett-Packard 7964 autosampler. An equiva 
lent gas chromatography System may be Substituted. 
0.167 The instrument was controlled by, and the data 
collected using, Perkin-Elmer Nelson Turbochrom Software 
(version 4.1). An equivalent Software program may be 
substituted. A J&W Scientific GSQ (30 mx0.53 mm i.d.) 
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column with film thickness 0.25 um, Cat. # 115-3432 was 
used. An equivalent column may be Substituted. 
0168 The gas chromatograph was equipped with a 
Hewlett-Packard headspace autosampler, HP-7964 and set 
up at the following conditions: 

Bath Temperature: 1OO C. Loop Temperature: 110° C. 
Transfer Line 120° C. GC Cycle Time: 25 minutes 
Temperature: 
Vial Equilibrium 15 minutes Pressurize Time: 0.2 minutes 
Time: 
Loop Fill Time: 0.2 minutes Loop Equil. Time 0.05 minutes 
Inject Time: 1.0 minute Vial Shake: 1 (Low) 

0169. The Gas Chromatograph was set to the following 
instrument conditions: 

0170 Carrier gas: Helium 
0171 Flow rate: 16.0 mL through column and 14 mL 
make-up at the detector. 

0172 
0173 Detector Temperature: 220° C. 

0.174 Chromatography Conditions: 
0175 50° C. for 4 minutes with a ramp of 10° 
C./minute to 150° C. 

0176) Hold at final temperature for 5 minutes. 
0177 Retention Time: 7.0 min. for DFDMS 

0178 Preparation of Stock Solution 

Injector Temperature: 150° C. 

0179 A stock solution containing approximately 5000 
tug/ml polydimethyl siloxane was prepared in the following 
manner. Approximately 1.25 grams of the polydimethyl 
Siloxane emulsion is weighed to the nearest 0.1 mg into a 
250-mi volumetric flask. The actual weight (represented as 
X) is recorded. Distilled water is added and the flask swirled 
to dissolve/disperse the emulsion. When dissolved/dis 
persed, the emulsion is diluted to Volume with water and 
mixed. The ppm of the polysiloxane emulsion (represented 
as Y) is calculated from the following equation: 

PPM polysiloxane emulsion Y=X/0.250 

0180 Preparation of Calibration Standards 
0181. The Calibration Standards are made to bracket the 
target concentration by adding 0 (blank), 50, 100, 250, and 
500 uL of the Stock Solution (the volume in uLV recorded) 
to successive 20 mL headspace vials containing 0.1+0.001 
grams of an untreated control tissue sheet. The Solvent is 
evaporated by placing the headspace Vials in an oven at a 
temperature ranging between about 60 to about 70° C. for 15 
minutes. The ug of emulsion (represented as Z) for each 
calibration Standard is calculated from the following equa 
tion: 

Z=Vc * Y/1OOO 

0182 Analytical Procedure 
0183 The calibration standards are then analyzed accord 
ing to the following procedure: 0.100+0.001 g sample of a 
tissue sheet is weighed to the nearest 0.1 mg into a 20-ml 
headspace vial. The sample weight (represented as W.) in 
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mg is recorded. The amount of tissue sheet taken for the 
Standards and Samples must be the same. 
0.184 100 till of BF reagent is added to each of the tissue 
sheet Samples and calibration Standards. Each vial is Sealed 
immediately after adding the BF reagent. 
0185. The sealed vials are placed in the headspace 
autoSampler and analyzed using the conditions described 
previously, injecting 1 mL of the headspace gas from each 
tissue sheet Sample and calibration Standard. 
0186 Calculations 
0187. A calibration curve of ug emulsion versus analyte 
peak area is prepared. 
0188 The analyte peak area of the tissue sheet sample is 
then compared to the calibration curve and amount of 
polydimethylsiloxane emulsion (represented as (A)) in lug on 
the tissue sheet determined. 

0189 The amount of polydimethylsiloxane emulsion 
(represented as (C)) in percent by weight on the tissue 
Sample is computed using the following equation: 

0190. The amount of the polydimethyl siloxane (repre 
Sented as (D)) in percent by weight on the tissue sheet 
Sample is computed using the following equation and the 
weight % polysiloxane (represented as (F)) in the emulsion: 

(D)=(C)*(F)/100 

0191 Basis Weight Determination (Tissue) 
0.192 The basis weight and bone dry basis weight of the 
tissue sheet Specimens was determined using a modified 
TAPPI T410 procedure. As is basis weight samples were 
conditioned at 23° C.1° C. and 50+2% relative humidity 
for a minimum of 4 hours. After conditioning a Stack of 
16-3"x3" Samples was cut using a die preSS and asSociated 
die. This represents a tissue sheet sample area of 144 in. 
Examples of suitable die presses are TMI DGD die press 
manufactured by Testing Machines, Inc. located at Islandia, 
N.Y., or a Swing Beam testing machine manufactured by 
USM Corporation, located at Wilmington, Mass. Die size 
tolerances are +/-0.008 inches in both directions. The speci 
men Stack is then weighed to the nearest 0.001 gram on a 
tared analytical balance. The basis weight in pounds per 
2880 ft is then calculated using the following equation: 

Basis weight=stack wt. In grams/454*2880 

0193 The bone dry basis weight is obtained by weighing 
a Sample can and Sample can lid to the nearest 0.001 grams 
(this weight is A). The sample stack is placed into the sample 
can and left uncovered. The uncovered Sample can and Stack 
along with sample can lid is placed in a 105 C.2 C. oven 
for a period of 1 hourts minutes for Sample Stacks weighing 
less than 10 grams and at least 8 hours for Sample Stacks 
weighing 10 grams or greater. After the Specified oven time 
has lapsed, the Sample can lid is placed on the Sample can 
and the Sample can removed from the oven. The Sample can 
is allowed to cool to approximately ambient temperature but 
no more than 10 minutes. The Sample can, Sample can lid, 
and Sample Stack are then weighed to the nearest 0.001 gram 
(this weight is C). The bone dry basis weight in pounds/2880 
ft is calculated using the following equation: 

Bone Dry BW=(C-A)/454*2880 
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0194 Dry Tensile (tissue) 
0195 The Geometric Mean Tensile (GMT) strength test 
results are expressed as grams-force per 3 inches of Sample 
width. GMT is computed from the peak load values of the 
MD (machine direction) and CD (cross-machine direction) 
tensile curves, which are obtained under laboratory condi 
tions of 23.0°C.-1.0°C., 50.0+2.0% relative humidity, and 
after the tissue sheet has equilibrated to the testing condi 
tions for a period of not less than four hours. Testing is 
conducted on a tensile testing machine maintaining a con 
Stant rate of elongation, and the width of each specimen 
tested was 3 inches. The “aw span” or the distance between 
the jaws, Sometimes referred to as gauge length, is 2.0 inches 
(50.8 mm). The crosshead speed is 10 inches per minute 
(254 mm/min.) A load cellor full-scale load is chosen so that 
all peak load results fall between 10 and 90 percent of the 
full-scale load. In particular, the results described herein 
were produced on an Instron 1122 tensile frame connected 
to a Sintech data acquisition and control System utilizing 
IMAP software running on a “486 Class” personal computer. 
This data System records at least 20 load and elongation 
points per Second. A total of 10 Specimens per Sample are 
tested with the Sample mean being used as the reported 
tensile value. The geometric mean tensile is calculated from 
the following equation: 

GMT=(MD Tensile CD Tensile)"/? 
0196) To account for small variations in basis weight, 
GMT values were then corrected to the 18.5 pounds/2880 ft 
target basis weight using the following equation: 

Corrected GMT=Measured GMT*(18.5/Bone Dry 
Basis Weight) 

0197) Lint and Slough Measurement 
0198 In order to determine the abrasion resistance, or 
tendency of the fibers to be rubbed from the tissue sheet 
when handled, each Sample was measured by abrading the 
tissue specimens via the following method. This test mea 
Sures the resistance of a material to an abrasive action when 
the material is Subjected to a horizontally reciprocating 
Surface abrader. The equipment and method used is similar 
to that described in U.S. Pat. No. 4,326,000, issued on Apr. 
20, 1982 to Roberts, Jr. and assigned to the Scott Paper 
Company, the disclosure of which is herein incorporated by 
reference to the extent that it is non-contradictory herewith. 
All tissue sheet samples were conditioned at 23 C-1 C. 
and 50+2% relative humidity for a minimum of 4 hours. 
FIG. 4 is a schematic diagram of the test equipment. Shown 
is the abrading spindle or mandrel 55, a double arrow 56 
showing the motion of the mandrel 55, a sliding clamp 7, a 
slough tray 58, a stationary clamp 59, a cycle speed control 
50, a counter 51, and start/stop controls 62. 
0199 The abrading spindle 55 consists of a stainless steel 
rod, 0.5" in diameter with the abrasive portion consisting of 
a 0.005" deep diamond pattern knurl extending 4.25" in 
length around the entire circumference of the rod. The 
abrading Spindle 55 is mounted perpendicularly to the face 
of the instrument 53 such that the abrasive portion of the 
abrading spindle 55 extends out its entire distance from the 
face of the instrument 53. On each side of the abrading 
spindle 55 is located a pair of clamps 57 and 59, one 
movable 57 and one fixed 59, spaced 4" apart and centered 
about the abrading spindle 55. The movable clamp 57 
(weighing approximately 102.7 grams) is allowed to slide 
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freely in the vertical direction, the weight of the movable 
clamp 57 providing the means for insuring a constant 
tension of the tissue sheet Sample over the Surface of the 
abrading spindle 55. 
0200. Using a JDC-3 or equivalent precision cutter, avail 
able from Thwing-Albert Instrument Company, located at 
Philadelphia, Pa., the tissue sheet Sample Specimens are cut 
into 3"+0.05" widex7" long strips (note: length is not critical 
as long as Specimen can span distance So as to be inserted 
into the clamps A & B). For tissue sheet samples, the MD 
direction corresponds to the longer dimension. Each tissue 
sheet Sample is weighed to the nearest 0.1 mg. One end of 
the tissue sheet sample is clamped to the fixed clamp 59, the 
Sample then loosely draped over the abrading Spindle or 
mandrel 55 and clamped into the sliding clamp 57. The 
entire width of the tissue sheet Sample should be in contact 
with the abrading spindle 55. The sliding clamp 57 is then 
allowed to fall providing constant tension acroSS the abrad 
ing spindle 55. 
0201 The abrading spindle 55 is then moved back and 
forth at an approximate 15 degree angle from the centered 
Vertical centerline in a reciprocal horizontal motion against 
the tissue sheet sample for 20 cycles (each cycle is a back 
and forth Stroke), at a speed of 170 cycles per minute, 
removing loose fibers from the Surface of the tissue sheet 
Sample. Additionally the Spindle rotates counter clockwise 
(when looking at the front of the instrument) at an approxi 
mate speed of 5 RPMs. The tissue sheet sample is then 
removed from the jaws 57 and 59 and any loose fibers on the 
Surface of the tissue sheet sample are removed by gently 
Shaking the tissue sheet Sample. The tissue sheet Sample is 
then weighed to the nearest 0.1 mg and the weight loSS 
calculated. Ten tissue sheet Specimen per Sample are tested 
and the average weight loSS value in mg recorded. The result 
for each tissue sheet Sample was compared with a control 
Sample containing no chemicals. Where a 2-layered tissue 
sheet Sample is measured, placement of the tissue sheet 
Sample should be Such that the hardwood portion is against 
the abrading Surface. 
0202 Caliper 
0203 The term “caliper' as used herein is the thickness 
of a single tissue sheet, and may either be measured as the 
thickness of a single tissue sheet or as the thickness of a 
Stack of ten tissue sheets and dividing the ten tissue sheet 
thickness by ten, where each sheet within the Stack is placed 
with the same Side up. Caliper is expressed in microns. 
Caliper was measured in accordance with TAPPI test meth 
ods T402 “Standard Conditioning and Testing Atmosphere 
For Paper, Board, Pulp Handsheets and Related Products” 
and T411 om-89 “Thickness (caliper) of Paper, Paperboard, 
and Combined Board” optionally with Note 3 for stacked 
tissue sheets. The micrometer used for carrying out T411 
om-89 is a Bulk Micrometer (TMI Model 49-72-00, Ami 
tyville, N.Y.) or equivalent having an anvil diameter of 4/16 
inches (103.2 millimeters) and an anvil pressure of 220 
grams/Square inch (3.3 g kilo Pascals). 
0204 Softness 
0205 Panel Softness 
0206 Softness of tissue sheets and/or tissue products is 
determined from Sensory panel testing. The testing is per 
formed by trained panelists who rub the formed tissue sheets 
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and/or tissue products and compare the Softness attributes of 
the tissue sheets and/or tissue products to the same Softness 
attributes of high and low Softness control Standards. After 
comparing these characteristics to the Standards, the panel 
ists assign a value for each of the tissue sheets and/or tissue 
products Softness attributes. From these values an overall 
Softness of the tissue sheets and/or tissue products deter 
mined on a scale from 1 (least soft) to 16 (most soft). The 
higher the number, the Softer the tissue sheet and/or tissue 
product. In general, a difference of less than 0.5 in the panel 
Softness value is not statistically Significant. 

0207 Sensory Softness 
0208 Sensory softness is an assessment of tissue sheet 
in-hand feel Softness. This panel is lightly trained So as to 
provide assessments closer to those a consumer might 
provide. The Strength lies in its generalizability to the 
consumer population. This Softness measure is employed 
when the purpose is to obtain a holistic overview of 
attributes of the tissue sheets and to determine if differences 
in the tissue sheets are humanly perceivable. 
0209 The following is the specific softness procedure the 
panelists utilize while evaluating Sensory Softness for bath, 
facial and towel products. Samples of tissue sheets or tissue 
products are placed across the non-dominant arm with the 
coded Side facing up. The pads of the thumb, index, and 
middle fingers of the dominant hand are then moved in a 
circular motion lightly acroSS Several areas of the sample. 
The velvety, silky, and fuzzy feel of the samples of the tissue 
sheets or tissue products is evaluated. Both sides of the 
Samples are evaluated in the same manner. The procedure is 
then repeated for each additional Sample. The Samples are 
then ranked by the analyst from least to most Soft. 
0210. The sensory softness data results are analyzed 
using a Freidman Two-Way Analysis of Variance (ANOVA) 
by Ranks. This analysis is a non-parametric test used for 
ranking data. The purpose is to determine if there is a 
difference between different experimental treatments. If 
there is not a ranking difference between the different 
experimental treatments, it is reasoned that the median 
response for one treatment is not statistically different than 
the median response of the other treatment, or any difference 
is caused by chance. 
0211 Sensory softness is assessed by between 10 to 12 
panelists applying a rank order paradigm with no replica 
tions. For each individual attribute, approximately 24-72 
data points are generated. A maximum of six codes may be 
ranked at one time. More codes may be assessed in multiple 
Studies provided a control code is used in each Study to 
provide a common reference if codes are to be compared 
acroSS multiple Studies. 
0212 Sensory softness is employed when it is desirable 
to obtain a holistic assessment of Softness or to determine if 
Sample differences are humanly perceivable. This panel is 
gently trained to provide assessments closer to those a 
consumer might provide. Sensory Softness is useful for 
obtaining a read as to whether a Sample change is humanly 
detectable and/or affects the Softness perception. The data 
from the (IHR) is presented in rank format. Therefore, the 
data may be used to make relative comparisons within a 
Study as a Sample's ranking is dependent upon the Samples 
it is ranked with. Test comparisons may be made acroSS 
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multiple Studies as long at least one sample is tested in all the 
Studies. A control code is also used to provide a link acroSS 
multiple Studies. 
0213 Panel Slough 
0214) Panel slough determines the tissue's slough per 
formance of the tissue sheet in a simulated use Setting. A 
group of highly trained panelists is used to provide Slough 
information on tissue sheets, Such as bath and facial prod 
ucts. Specific procedures are used for tissue sheets with the 
objective to Select the tissue sheet with the most tissue 
particles (rolls, cigars) remaining on the tissue sheet. The 
analysis is in the form of a paired comparison. 
0215 Panel slough data is analyzed using a binomial 
analysis for paired-comparison data. A higher frequency 
count on any given attribute is indicative of higher discrimi 
nating ability. While this does not provide a measure of 
intensity, it does represent the frequency of how often a code 
of tissue sheets was chosen as having more of a given 
attribute than the other codes of tissue sheets it was com 
pared against. 10 to 12 panelists evaluate tissue sheets in a 
paired-comparison paradigm with 2-4 replications, depend 
ing on the number of Submitted tissue sheet test codes. 
Aggregated frequency data is analyzed through the use of a 
binomial procedure. For each individual attribute, approxi 
mately 48-756 data points are generated. 
0216 Panel slough testing has the ability to provide 
realism as to the context in which a tissue product made 
from a tissue sheet is consumed. Differences not detectable 
by the panel slough testing are found generally not be 
detectable by the general population. 
0217 Bath tissue product is specifically tested according 
to the following procedure. Four continuous bath tissue 
sheets are removed from the test bath tissue product. The 
tissue sheet is folded in half at the perforation, with the 
Topside of the tissue sheet facing out. The tissue sheet is 
folded in half again. This procedure is repeated with the 
other sample of the tissue sheet. The fold tissue sheets are 
placed on the testing Surface with folded Side toward the 
tester. The edges of the tissue sheets are held down with one 
hand. Using the side of the thumb, the center of the tissue 
sheet is wiped in a circular motion for 5 complete rotations. 
This procedure is replicated for the Second Sample of the 
tissue sheet. The amount of tissue particles (rolls, cigars) 
remaining on the Surface of each tissue sheet is evaluated. 
0218. Facial tissue product is specifically tested accord 
ing to the following procedure. One tissue sheet of each test 
facial tissue product is removed. The tissue sheet is wrapped 
around the indeX and middle finger of the dominant hand, 
using only one layer of the tissue sheet. The tissue sheet is 
wiped on the Outer forearm of the non-dominant arm, 
covering an area the size of a quarter. Angle wipes toward 
your body using a back and forth motion for three complete 
wipes. Repeat this procedure with the other Sample of the 
tissue sheet. Using a black background as a backdrop, the 
arm is viewed and the amount of tissue particles (rolls, 
cigars) remaining on the Surface of each tissue sheet is 
evaluated. 

EXAMPLES 

0219. Examples 1 to 3 illustrate topical application via 
dual offset rotogravure printing of compatible cationic low 
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Tg Synthetic co-polymers with an amino functional polysi 
loxane (polysiloxane and binder compositions) to create 
tissue sheets demonstrating reduced Z-directional polysilox 
ane penetration. Improved or equivalent Softness of tissue 
sheets treated with these cationic low Tg Synthetic co 
polymers and amino functional polysiloxane (polysiloxane 
and binder compositions) at lower levels of polysiloxane 
and/or polysiloxane and binder compositions. 
0220 For Examples 1 to 3, the gravure rolls used were 
electronically engraved, chrome over copper rolls Supplied 
by Southern Graphics Systems, located at Louisville, Ky. 
The gravure rolls had a line screen of 360 cells per lineal 
inch and a volume of 1.25 Billion Cubic Microns (BCM) per 
Square inch of the gravure roll Surface. Typical cell dimen 
sions for the gravure roll were 65 microns in length, 110 
microns in width, and 13 microns in depth. The rubber 
backing offset applicator rolls were a 75 Shore Adurometer 
cast polyurethane Supplied by American Roller Company, 
located at Union Grove, Wis. The process was set up to a 
condition having about 0.375 inch interference between the 
gravure rolls and the rubber backing rolls and about 0.003 
inch clearance between the facing rubber backing rolls. The 
Simultaneous offset/offset gravure printer was run at a speed 
of about 200 feet per minute. This process yielded an add-on 
level of about 1.0 weight percent total solids add-on based 
on a 39 g/m basis weight tissue sheet. The total polysilox 
ane add-on per ply (tissue sheet) was about 1.5%. 

Example 1 

0221 Example 1 is a control tissue product having high 
Z-directional polysiloxane penetration. The tissue product is 
a three ply creped tissue product having a finished basis 
weight of 39 g/m (13 g/m perply), and a furnish consisting 
of about 65 percent hardwood kraft pulp fibers and about 35 
percent Softwood kraft pulp fibers, was printed on both sides 
with a modified polysiloxane aqueous emulsion (Y-14344 
manufactured by Crompton Corporation, located at Green 
wich, Conn.) via a simultaneous offset rotogravure printing 
process. The modified polysiloxane aqueous emulsion con 
tained about 35 weight percent of an amino-modified pol 
ySiloxane, about 57 weight percent water, about 6 weight 
percent emulsifiers, about 0.75 weight percent of a biocide 
package and a Small amount of a buffering agent to adjust 
the pH of the final emulsion to within the range of about 6.5 
to about 7.5. The finished layered tissue sheet was then 
converted into a 2K-C ply c-folded tissue product with the 
dryer side layer of each tissue sheet (ply) facing outward. 
The tissue product was analyzed for Z-directional polysilox 
ane gradient on the outer tissue sheets (plies) of the tissue 
product as well as Sensory performance. The atomic % Si on 
the Outer layers of the Outer tissue sheets (plies) of the tissue 
product forming the Outer Surfaces of the tissue product was 
found to be about 16.9% and the atomic % Si on the 
opposing Outer layers of the Outer tissue sheets of the tissue 
product that face inward in the tissue product was found to 
be about 15.8% Si, thereby resulting in a % z-directional 
polysiloxane gradient of about 6.8%. 

Example 2 

0222 Example 2 illustrates the use of a polysiloxane 
compatible cationic acrylate Synthetic co-polymer in con 
junction with the polysiloxane of Example 1 to reduce the 
Z-directional polysiloxane penetration within a tissue sheet 
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and/or tissue product. Equal Volumes of the polysiloxane 
emulsion of Example 1 and an aqueous dispersion of a 
cationic Synthetic co-polymer containing 80 mole % n-butyl 
acrylate and 20 mole %2(methacryloyloxy)ethyltrimethyl 
ammonium chloride were blended together. The cationic 
Synthetic co-polymer was made via a Solvent polymeriza 
tion/aqueous exchange process and was delivered as a 25% 
Solids dispersion in water. No other Solvents or Surfactants 
were present in the cationic Synthetic co-polymer dispersion. 
The polysiloxane emulsion and cationic Synthetic co-poly 
mer composition (polysiloxane and binder composition) was 
allowed to stir for about 30 minutes under low shear using 
a Standard mechanical mixer and the polysiloxane and 
binder composition was then applied to the tissue sheet in 
accordance with the procedure in Example 1. The finished 
layered tissue sheet was then converted into a 2-ply c-folded 
tissue product with the dryer Side layer of each tissue sheet 
(ply) facing outward. The tissue product was analyzed for 
Z-directional polysiloxane gradient on the outer tissue sheets 
(plies) of the tissue product as well as Sensory performance. 
The atomic % Sion the outer layers of the outer tissue sheets 
(plies) of the tissue product forming the outer Surfaces of the 
tissue product was found to be about 10.4% and the atomic 
% Si on the opposing Outer layers of the outer tissue sheets 
of the tissue product that face inward in the tissue product 
was found to be about 7.%. Si, thereby resulting in a % 
z-directional polysiloxane gradient of about 32.7%. 

Example 3 
0223 Example 3 illustrates the use of a polysiloxane 
compatible cationic acrylate Synthetic co-polymer in con 
junction with the polysiloxane of Example 1 to reduce the 
Z-directional polysiloxane penetration of the tissue sheet 
and/or tissue product. Equal Volumes of the polysiloxane 
emulsion of Example 1 and an aqueous dispersion of a 
cationic Synthetic co-polymer containing 80 mole % n-butyl 
acrylate and 20 mole %2(methacryloyloxy)ethyl trimethy 
lammonium methylsulfate were blended together. The cat 
ionic Synthetic co-polymer was made via a Solvent poly 
merization/acqueous exchange proceSS and was delivered as 
a 25% solids dispersion in water. No other solvents or 
Surfactants were present in the cationic Synthetic co-polymer 
dispersion. The polysiloxane emulsion and cationic Syn 
thetic co-polymer composition (polysiloxane and binder 
composition) was allowed to stir for about 30 minutes under 
low shear using a Standard mechanical mixer and the pol 
ySiloxane and binder composition was then applied to the 
tissue sheet in accordance with the procedure in Example 1. 
The finished layered tissue sheet was then converted into a 
2-ply c-folded tissue product with the dryer side layer of 
each tissue sheet (ply) facing outward. The tissue product 
was analyzed for Z-directional polysiloxane gradient on the 
outer tissue sheets (plies) of the tissue product as well as 
sensory performance. The atomic % Sion the outer layers of 
the outer tissue sheets (plies) of the tissue product forming 
the outer Surfaces of the tissue product was found to be about 
11.9% and the atomic % Si on the opposing outer layers of 
the Outer tissue sheets of the tissue product that face inward 
in the tissue product was found to be about 7.7% Si, thereby 
resulting in a % Z-directional polysiloxane gradient of about 
34.7%. 

0224 Despite having 50% less polysiloxane in the codes 
discussed in Examples 2 and 3 were rated by both sensory 
and panel Softness to be equivalent in Softness in the code 
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discussed in Example 1 comprising the higher level of 
polysiloxane but having a much lower Z-directional polysi 
loxane gradient. 
0225. Examples 4 to 6 
0226 Examples 4 to 10 illustrate the use of polysiloxane 
pretreated pulp fibers to make tissue sheets and/or tissue 
products having reduced Z-directional polysiloxane penetra 
tion. For Examples 4 to 10, the polysiloxane pretreated pulp 
fibers were made in general accordance with the following 
procedure. Fully bleached eucalyptus kraft pulp fibers were 
prepared into a slurry having a pH value of about 4.5. The 
eucalyptus kraft pulp fiber Slurry was formed into a fibrous 
web having a basis weight of about 900 g/m°. The fibrous 
web was pressed and dried to about 85% solids. A neat 
polydimethylsiloxane, Q2-8220 commercially available 
from Dow Corning, located at Midland, Mich., was applied 
via a modified size press to both sides of the fibrous web. 
The amount of polysiloxane applied to the fibrous web was 
about 1.5% by weight of total bone dry pulp fiber in the 
fibrous web. The fibrous web was then dried further to about 
95% solids or greater before being processed into rolls or 
bales. The amount of polysiloxane on the eucalyptus kraft 
pulp fibers was determined in accordance with the analytical 
gas chromatography method described above. 

Example 4 

0227 Example 4 illustrates the preparation of a 2-layered 
Soft tissue control Sheet comprising non-treated pulp fiber 
(pulp fiber not treated with polysiloxane). The tissue sheet 
was manufactured according to the following procedure. 
About 60 pounds of non-treated eucalyptus hardwood kraft 
pulp fibers were dispersed in a pulper for about 30 minutes, 
forming a non-treated eucalyptus hardwood kraft pulp fiber 
slurry having a consistency of about 3%. The non-treated 
eucalyptus hardwood kraft pulp fiber Slurry was then trans 
ferred to a machine chest and diluted to a consistency of 
about 0.75%. A cationic oleyl imidazoline debonder, Prosoft 
TO-1003 commercially available from Hercules, Inc., was 
added to the non-treated eucalyptus hardwood kraft pulp 
fiber slurry at a rate of about 5 pounds per metric ton of dried 
eucalyptus kraft pulp fiber. 
0228. About 60 pounds, air dry basis weight, of LL-19 
northern Softwood kraft pulp fibers were dispersed in a 
pulper for about 30 minutes, forming a northern softwood 
kraft pulp fiber slurry having a consistency of about 3%. A 
low level of refining was applied for about 6 minutes to the 
northern Softwood kraft pulp fibers. After dispersing, the 
northern Softwood kraft pulp fibers to form the slurry, the 
northern Softwood kraft pulp fibers were passed to a 
machine chest and diluted to a consistency of about 0.75%. 
0229) Kymene 6500, a commercially available PAE wet 
Strength resin from Hercules, Inc., was added to both the 
non-treated eucalyptus hardwood kraft pulp fibers and north 
ern Softwood kraft pulp fiber Slurries in the machine chest at 
a rate of about 8 pounds of dry chemical per ton of dry pulp 
fiber. 

0230. The stock pulp fiber slurries were further diluted to 
about 0.1 percent consistency prior to forming and deposited 
from a two layered headbox onto a fine forming fabric 
having a velocity of about 50 feet per minute to form a 17" 
wide tissue sheet. The flow rates of the stock pulp fiber 
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Slurries into the flow Spreader were adjusted to give a target 
tissue sheet basis weight of about 12.7 gSm and a layer Split 
of about 35% eucalyptus hardwood kraft pulp fibers in the 
dryer side layer and about 65% LL-19 northern Softwood 
kraft pulp fibers in the felt side layer. The stock pulp fiber 
Slurries were drained on the forming fabric, building a 
layered embryonic tissue sheet. The embryonic tissue sheet 
was transferred to a Second fabric, a papermaking felt, 
before being further dewatered with a vacuum box to a 
consistency of between about 15 to about 25%. The embry 
onic tissue sheet was then transferred via a pressure roll to 
a Steam heated Yankee dryer operating at a temperature of 
about 220 F. at a steam pressure of about 17 PSI. The dried 
tissue sheet was then transferred to a reel traveling at a speed 
about 30% slower than the Yankee dryer to provide a crepe 
ratio of about 1.3:1, thereby providing the layered tissue 
sheet. 

0231. An aqueous creping composition was prepared 
containing about 0.635% by weight of polyvinyl alcohol 
(PVOH), available under the trade designation of Celvoliš23 
manufactured by Celanese, located at Dallas, Tex. (88% 
hydrolyzed with a viscosity of about 23 to about 27 cps. for 
a 6% solution at 20° C) and 0.05% by weight of a PAE resin, 
available under the trade designation of Kymene 6500 from 
Hercules, Inc. All weight percentages are based on dry 
pounds of the chemical being discussed. The creping com 
position was prepared by adding the Specific amount of each 
chemical to 50 gallons of water and mixing well. PVOH was 
obtained as a 6% aqueous solution and Kymene 557 as a 
12.5% aqueous Solution. The creping composition was then 
applied to the Yankee dryer Surface via a spray boom at a 
pressure of about 60 psi at a rate of about 0.25 g solids/mi 
of product. The finished layered tissue sheet was then 
converted into a 2-ply c-folded tissue product with the dryer 
Side layer of each tissue sheet facing outward. The tissue 
product was analyzed for Sensory performance. 

Example 5 

0232 Example 5 illustrates the use of polysiloxane pre 
treated pulp fibers in conjunction with non-treated pulp 
fibers to form a tissue product having a high Z-directional 
polysiloxane gradient. The tissue was manufactured accord 
ing to the following procedure. About 15 pounds, air dried 
basis weight, of polysiloxane pretreated eucalyptus hard 
Wood kraft pulp fibers, comprising about 1.5% polysiloxane, 
and about 45 pounds of non-treated eucalyptus hardwood 
kraft pulp fibers were dispersed in a pulper for about 30 
minutes, forming a polysiloxane pretreated eucalyptus hard 
Wood kraft pulp fiber slurry having a consistency of about 
3%. The polysiloxane pretreated eucalyptus hardwood kraft 
pulp fiber slurry was then transferred to a machine chest and 
diluted to a consistency of about 0.75%. A cationic oleyl 
imidazoline debonder, Prosoft TO-1003, was added to the 
polysiloxane pretreated eucalyptus hardwood kraft pulp 
fibers at a rate of about 5 pounds per metric ton of dried 
eucalyptus kraft pulp fiber. 
0233. About 60 pounds, air dry basis weight, of LL-19 
northern Softwood kraft pulp fibers were dispersed in a 
pulper for about 30 minutes, forming a northern Softwood 
kraft pulp fiber slurry having a consistency of about 3%. A 
low level of refining was applied for about 6 minutes to the 
northern Softwood kraft pulp fibers. After dispersing, the 
northern Softwood kraft pulp fibers to form the slurry, the 
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northern Softwood kraft pulp fiber Slurry was passed to a 
machine chest and diluted to a consistency of about 0.75%. 
0234 Kymene 6500, a commercially available PAE wet 
Strength resin from Hercules, Inc., was added to both the 
polysiloxane pretreated eucalyptus hardwood kraft pulp 
fiber and northern softwood kraft pulp fiber slurries in the 
machine chest at a rate of about 8 pounds of dry chemical per 
ton of dry pulp fiber. 
0235. The stock pulp fiber slurries were further diluted to 
about 0.1 percent consistency prior to forming and deposited 
from a two layered headbox onto a fine forming fabric 
having a velocity of about 50 feet per minute to form a 17" 
wide tissue sheet. The flow rates of the stock pulp fiber 
Slurries into the flow Spreader were adjusted to give a target 
tissue sheet basis weight of about 12.7 gSm and a layer Split 
of about 35% eucalyptus hardwood kraft pulp fibers in the 
dryer side layer and 65% LL-19 northern softwood kraft 
pulp fibers in the felt side layer. The stock pulp fiber slurries 
were drained on the forming fabric, building a layered 
embryonic tissue sheet. The embryonic tissue sheet was 
transferred to a Second fabric, a papermaking felt, before 
being further dewatered with a vacuum box to a consistency 
of between about 15 to about 25%. The embryonic tissue 
sheet was then transferred via a pressure roll to a steam 
heated Yankee dryer operating at a temperature of about 
220 F. at a steam pressure of about 17 PSI. The dried tissue 
sheet was then transferred to a reel traveling at a Speed about 
30% slower than the Yankee dryer to provide a crepe ratio 
of about 1.3:1, thereby providing the layered tissue sheet. 
0236 An aqueous creping composition was prepared 
containing about 0.635% by weight of polyvinyl alcohol 
(PVOH), available under the trade designation of Celvoliš23 
manufactured by Celanese, located at Dallas, Tex., (88% 
hydrolyzed with a viscosity of about 23 to about 27 cps. for 
a 6% solution at 20° C) and about 0.05% by weight of a 
PAE resin, available under the trade designation of Kymene 
6500 from Hercules, Inc. All weight percentages are based 
on dry pounds of the chemical being discussed. The creping 
composition was prepared by adding the Specific amount of 
each chemical to 50 gallons of water and mixing well. 
PVOH was obtained as a 6% aqueous solution and Kymene 
557 as a 12.5% aqueous Solution. The creping composition 
was then applied to the Yankee dryer Surface via a Spray 
boom at a pressure of about 60 psi at a rate of about 0.25 g 
solids/m’ of product. 
0237) The finished layered tissue sheet was then con 
verted into a 2-ply c-folded tissue product with the dryer side 
layer of each tissue sheet facing outward. The tissue product 
was analyzed for Z-directional polysiloxane gradient on the 
outer tissue sheets (plies) of the tissue product as well as 
sensory performance. The atomic % Sion the outer layers of 
the Outer tissue sheets (plies) of the tissue product forming 
the outer Surfaces of the tissue product was found to be about 
5.1% and the atomic % Sion the opposing outer layers of the 
outer tissue sheets of the tissue product that face inward in 
the tissue product was found to be about 1.7% Si, thereby 
resulting in a % Z-directional polysiloxane gradient of about 
66.7%. 

Example 6 

0238 Example 6 illustrates another use of polysiloxane 
pretreated pulp fibers in conjunction with non-treated pulp 
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fibers to form a tissue sheet and/or tissue product having a 
high Z-directional polysiloxane gradient. The tissue sheet 
was manufactured according to the following procedure. 
About 54 pounds, air dried basis weight, of polysiloxane 
pretreated eucalyptus hardwood kraft pulp fibers, compris 
ing about 1.5% polysiloxane and about 6 pounds of non 
treated eucalyptus hardwood kraft pulp fibers were dispersed 
in a pulper for about 30 minutes, forming a polysiloxane 
pretreated eucalyptus hardwood kraft pulp fiber Slurry hav 
ing a consistency of about 3%. The polysiloxane pretreated 
eucalyptus hardwood kraft pulp fiber Slurry was then trans 
ferred to a machine chest and diluted to a consistency of 
about 0.75%. A cationic oleyl imidazoline debonder, Prosoft 
TO-1003 from Hercules, Inc., was added to the polysiloxane 
pretreated eucalyptus hardwood kraft pulp fibers at a rate of 
5 pounds per metric ton of dried eucalyptus pulp fiber. 

0239. About 60 pounds, air dry basis weight, of LL-19 
northern Softwood kraft pulp fibers were dispersed in a 
pulper for about 30 minutes, forming a northern Softwood 
kraft pulp fiber slurry having a consistency of about 3%. A 
low level of refining was applied for 6 minutes to the 
northern Softwood kraft pulp fibers. After dispersing, the 
northern Softwood kraft pulp fibers to form the slurry, the 
northern Softwood kraft pulp fiber Slurry was passed to a 
machine chest and diluted to a consistency of about 0.75%. 
0240 Kymene 6500, a commercially available PAE wet 
Strength resin from Hercules, Inc., was added to both the 
polysiloxane pretreated eucalyptus hardwood kraft pulp 
fiber and northern softwood kraft pulp fiber slurries in the 
machine chest at a rate of about 8 pounds of dry chemical per 
ton of dry pulp fiber. 

0241 The stock pulp fiber slurries were further diluted to 
about 0.1 percent consistency prior to forming and deposited 
from a two layered headbox onto a fine forming fabric 
having a velocity of about 50 feet per minute to form a 17" 
wide tissue sheet. The flow rates of the stock pulp fiber 
Slurries into the flow Spreader were adjusted to give a target 
tissue sheet basis weight of about 12.7 gSm and a layer Split 
of about 35% eucalyptus hardwood kraft pulp fibers in the 
dryer side layer and about 65% LL-19 northern Softwood 
kraft pulp fibers in the felt side layer. The stock pulp fiber 
Slurries were drained on the forming fabric, building a 
layered embryonic tissue sheet. The embryonic tissue sheet 
was transferred to a Second fabric, a papermaking felt, 
before being further dewatered with a vacuum box to a 
consistency of between about 15 to about 25%. The embry 
onic tissue sheet was then transferred via a pressure roll to 
a Steam heated Yankee dryer operating at a temperature of 
about 220 F. at a steam pressure of about 17 PSI. The dried 
tissue sheet was then transferred to a reel traveling at a speed 
about 30% slower than the Yankee dryer to provide a crepe 
ratio of about 1.3:1, thereby providing the layered tissue 
sheet. 

0242 An aqueous creping composition was prepared 
containing about 0.635% by weight of polyvinyl alcohol 
(PVOH), available under the trade designation of Celvoliš23 
manufactured by Celanese, located at Dallas, Tex., (88% 
hydrolyzed with a viscosity of about 23 to about 27 cps. for 
a 6% solution at 20° C) and about 0.05% by weight of a 
PAE resin, available under the trade designation of Kymene 
6500 from Hercules, Inc. All weight percentages are based 
on dry pounds of the chemical being discussed. The creping 
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composition was prepared by adding the Specific amount of 
each chemical to 50 gallons of water and mixing well. 
PVOH was obtained as a 6% aqueous solution and Kymene 
557 as a 12.5% aqueous Solution. The creping composition 
was then applied to the Yankee dryer Surface via a Spray 
boom at a pressure of about 60 psi at a rate of about 0.25 g 
solids/m of product. 
0243 The finished layered tissue sheet was then con 
verted into a 2-ply c-folded tissue product with the dryer side 
layer of each tissue sheet (ply) facing outward. The tissue 
product was analyzed for Z-directional polysiloxane gradient 
on the outer tissue sheets (plies) of the tissue product as well 
as Sensory performance. The atomic % Si on the Outer layers 
of the outer tissue sheets (plies) of the tissue product forming 
the outer Surfaces of the tissue product was found to be about 
12.4% and the atomic % Si on the opposing outer layers of 
the outer tissue sheets of the tissue product that face inward 
in the tissue product was found to be about 7.1% Si, thereby 
resulting in a % Z-directional polysiloxane gradient of about 
44%. 

0244. The codes discussed in Examples 5 and 6 were 
rated Significantly Softer than the code discussed in Example 
4 by both Sensory and panel Softness. 
0245. The z-directional polysiloxane gradients of the 
codes in the Examples of the present invention were com 
pared to the Z-directional polysiloxane gradients of 2 com 
mercially available polysiloxane 2-ply treated facial tissue 
products, Puffs ES and Kleenex Ultra Soft. For the com 
mercial tissues products, the outside tissue sheets (plies) of 
each tissue products were analyzed. The tissue product was 
deplied and the Atomic % Si on the outer layers of the outer 
tissue sheets (plies) of the tissue product forming the outer 
Surfaces of the tissue product was analyzed. The tissue sheet 
(ply) was then turned over and the Atomic % Si on the 
opposing Outer layers of the Outer tissue sheets of the tissue 
product that face inward in the tissue product was measured. 
Table 1 shows the comparison and indicates that the tissue 
products of the present invention have a significantly higher 
Z-directional polysiloxane gradient than commercially avail 
able polysiloxane treated tissue products. 

TABLE 1. 

% Atomic 76 Si Outside % Atomic Si % Sl 
Face Inside Face Gradient 

16.9 15.8 6.8 
Example 2 (Invention) 10.4 7.0 32.7 
Example 3 (Invention) 11.9 7.7 34.7 
Example 5 (Invention) 5.1 1.7 66.7 
Example 6 (Invention) 12.4 7.1 42.7 
Puffs ES 10.3 8.7 15.5 
Kleenex Ultra 20.9 18.8 11.0 

We claim: 
1. A tissue product comprising at least one ply, each ply 

comprises a first Side and an opposing Second Side, wherein 
at least one ply comprises a polysiloxane distributed non 
uniformly in the z-direction within the ply such that the ply 
has a % z-directional polysiloxane gradient between the first 
side of the ply and the second side of the ply of about 20% 
or greater. 

2. The tissue product of claim 1, wherein the polysiloxane 
in the ply or plies having the Z-directional polysiloxane 
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gradient is about 3 atomic % Si or greater on the side of the 
ply having the highest level of polysiloxane. 

3. The tissue product of claim 1, wherein the tissue 
product is a Single ply tissue product. 

4. The tissue product of claim 1, wherein the tissue 
product is a multi-ply tissue product comprising at least two 
plies. 

5. The tissue product of claim 1, wherein the % z-direc 
tional gradient is about 30% or greater. 

6. The tissue product of claim 1, wherein the multi-ply 
tissue product comprises two plies, each ply comprising a 
Z-directional gradient of polysiloxane wherein the Sides of 
the plies having the higher level of polysiloxane are 
arranged So as to form the Outer Surfaces of the multi-ply 
tissue product. 

7. The tissue product of claim 1, wherein the multi-ply 
tissue product comprises at least three plies, each outer ply 
of the multi-ply tissue sheet comprises a % Z-directional 
gradient of polysiloxane and wherein the Sides of the two 
outer plies having the higher level of polysiloxane are 
arranged So as to form outer Surfaces of the multi-ply tissue 
product. 

8. The tissue product of claim 7, wherein at least one of 
the inner plies does not contain a Z-directional gradient of 
polysiloxane. 

9. The tissue product of claim 1, wherein the polysiloxane 
is delivered to the tissue product as a neat polysiloxane or as 
a mixture of neat polysiloxanes. 

10. The tissue product of claim 1, wherein the polysilox 
ane is topically applied to at least one ply of the tissue 
product thereby providing the z-directional polysiloxane 
gradient. 

11. The tissue product of claim 1, wherein the polysilox 
ane is delivered to the tissue product as polysiloxane pre 
treated pulp fibers. 

12. The tissue product of claim 1, wherein the polysilox 
ane is blended with a compatible binder and is topically 
applied to the tissue product. 

13. The tissue product of claim 12, wherein the compat 
ible binder comprises a Synthetic co-copolymer, the Syn 
thetic co-polymer having the general Structure: 

-CRR-e-o'-o'-- 

wherein: 

each R', R, R comprise independently a: H; C, alkyl 
radicals; or, mixtures thereof; 

R" comprises a C-Cs alkyl radical or mixtures thereof; 
Z' comprises a bridging radical attaching the R' function 

ality to the polymer backbone; and, 
optionally Q' comprises a functional group comprising at 

least a cationic quaternary ammonium radical, 
wherein W, X, ye1, Z20, and the mole ratio of Z to X is 

from about 0:1 to about 4:1. 
14. The tissue product of claim 13, wherein Z' comprises 

a: -O-, -COO-, -OOC-, -CONH-, -NHCO-, 
or, mixtures thereof. 
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15. The tissue product of claim 13, wherein Q is derived 
from monomerS Selected from the group of hydroxyalkyl 
acrylates, hydroxyalkyl methacrylates, hydroxyethyl acry 
late; polyalkoxyl acrylates, polyalkoxyl methacrylates, diac 
etone acrylamide; N-vinylpyrrolidinone; N-vinylforma 
mide; and, mixtures thereof. 

16. The tissue product of claim 13, wherein the mole ratio 
of (x+z):y is from about 0.98:0.02 to about 1:1. 

17. The tissue product of claim 1, wherein the polysilox 
ane has the general Structure of 

R1 R7 R4 

R-Si-O--Si-O--Si-R 

| | 
y 

wherein: 

each R'-R moiety comprises independently an organo 
functional group or mixtures thereof, and, 

y is an integer greater than 1. 
18. The tissue product of claim 17, wherein each R'-R 

comprises independently a C or higher of alkyl groups, aryl 
groups, ethers, polyethers, polyesters, amines, imines, 
amides, or mixtures thereof. 

19. The tissue product of claim 1, wherein the polysilox 
ane is an amino functional polysiloxane. 

20. The tissue product of claim 19, wherein the polysi 
loxane has the general Structure: 

wherein: 

X and y are integerS >0, 
the mole ratio of X to (x+y) is from about 0.005 percent 

to about 25 percent; 
each R'-R moiety comprises independently an organo 

functional group or mixtures thereof, and, 
R" comprises an amino functional moiety or mixtures 

thereof. 
21. The tissue product of claim 22, wherein each R'-R 

moiety comprises independently a C or higher of alkyl 
groups, aryl groups, ethers, polyethers, polyesters, amides, 
or mixtures thereof. 

22. The tissue product of claim 1, wherein the polysilox 
ane has the general Structure of 

2. 

wherein: 

X and Z are integerS >0, 
y is an integer 20, 

24 
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the mole ratio of X to (x+y+z) is from about 0.05 percent 
to about 95 percent; 

the mole ratio of y to (x+y+z) is from about 0 percent to 
about 25 percent; 

each R'-R comprises independently an organofunctional 
group or mixtures thereof; 

R" comprises an amino functional moiety or mixtures 
thereof; and, 

R' comprises a hydrophilic functionality or mixtures 
thereof. 

23. The tissue product of claim 22, wherein each R-R 
moiety comprises independently a C or higher of alkyl 
groups, aryl groups, ethers, polyethers, polyesters, amines, 
imines, amides, Substituted amides, or mixtures thereof. 

24. The tissue product of claim 22, wherein R' comprises 
an amino functional moiety Selected from a primary amine, 
Secondary amine, tertiary amine, quaternary amine, unsub 
Stituted amide, and mixtures thereof. 

25. The tissue product of claim 22, wherein R' comprises 
a polyether functional group having the formula: -R- 
(R-O)-(R'O)-R' wherein: 

each R', R', and R' comprises independently branched 
Calkyl groups, linear C alkyl groups, or mixtures 
thereof; 

R" comprises H, C, so alkyl group, or mixtures thereof; 
and, 

a and b are integers of from about 1 to about 100. 
26. The tissue product of claim 1, wherein the tissue 

product comprises hardwood kraft pulp fibers, Softwood 
kraft pulp fibers, mechanical pulp fibers, or mixtures thereof. 

27. The tissue product of claim 1, wherein at least one ply 
comprising the Z-directional polysiloxane gradient is a 
blended tissue sheet having a homogeneous distribution of 
pulp fiber types within the z-direction of the ply. 

28. The tissue product of claim 1, wherein at least one ply 
comprising the Z-directional polysiloxane gradient is a lay 
ered tissue sheet having a heterogeneous distribution of pulp 
fiber types within the z-direction of the ply. 

29. The tissue product of claim 28, wherein the side of at 
least one ply comprising the Z-directional polysiloxane 
gradient having the higher polysiloxane content comprises 
hardwood kraft pulp fibers. 

30. The tissue product of claim 29, wherein the amount of 
the hardwood kraft pulp fibers in the ply is about 50 percent 
or greater. 

31. The tissue product of claim 1, wherein the polysilox 
ane content in at least one of the plies containing the 
z-directional polysiloxane gradient is from about 0.05% to 
about 5% by weight of pulp fibers within the ply. 

32. A method for making a tissue sheet comprising: 
(a) forming at least one aqueous Suspension of pulp fibers; 
(b) depositing the aqueous Suspension of pulp fibers onto 

a forming fabric to form a wet tissue sheet; 
(c) dewatering the wet tissue sheet to form a dewatered 

tissue sheet; 

(d) drying the dewatered tissue sheet to form a dried tissue 
sheet; and, 

(e) optionally converting the tissue sheet to form a tissue 
product, wherein the tissue sheet comprises a first Side 
and an opposing Second Side, the tissue sheet comprises 
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a polysiloxane distributed non-uniformly in the Z-di 
rection within the tissue sheet Such that the tissue sheet 
has a % z-directional polysiloxane gradient between the 
first side of the tissue sheet and the second side of the 
tissue sheet of about 20% or greater. 

33. The method of claim 32, wherein the tissue sheet is a 
blended tissue sheet having a homogeneous distribution of 
pulp fiber types in the Z-direction of the tissue sheet. 

34. The method of claim 32, wherein the tissue sheet is a 
layered tissue sheet having a heterogeneous distribution of 
pulp fiber types in the Z-direction of the tissue sheet. 

35. The method of claim 32, wherein the amount of 
polysiloxane on the Side of the tissue sheet having the 
highest atomic % Si is about 3 atomic % Si or greater. 

36. The method of claim 32, wherein the tissue sheet is 
converted to form a Single ply tissue product. 

37. The method of claim 32, wherein the tissue sheet is 
converted to form a multi-ply tissue product comprising at 
least two plies. 

38. The method of claim 32, wherein the 76 z-directional 
polysiloxane gradient within the tissue sheet is about 30% or 
greater. 

39. The method of claim 37, wherein the multi-ply tissue 
product comprises two plies, each ply comprising a Z-direc 
tional gradient of polysiloxane wherein the Sides of the plies 
having the higher level of polysiloxane are arranged So as to 
form outer Surfaces of the multi-ply tissue product. 

40. The method of claim 37, wherein the multi-ply tissue 
product comprises at least three plies Such that two plies 
form outer plies and at least one ply forms an inner ply, each 
outer ply of the multi-ply tissue sheet comprises a % 
Z-directional gradient of polysiloxane and wherein the Sides 
of the two outer plies having the higher level of polysiloxane 
are arranged So as to form Outer Surfaces of the multi-ply 
tissue product. 

41. The method of claim 40, wherein at least one innerply 
of the multi-ply tissue product does not contain a Z-direc 
tional polysiloxane gradient. 

42. The method of claim 32, wherein the polysiloxane is 
topically applied to the tissue sheet having a consistency of 
about 10% or greater as a neat polysiloxane or mixture of 
neat polysiloxanes. 

43. The method of claim 42, wherein the neat polysilox 
ane or mixture of neat polysiloxanes has a Viscosity of about 
25 centipoise or greater. 

44. The method of claim 32, wherein the polysiloxane is 
topically applied to the tissue sheet having a consistency of 
about 90% or greater as a neat polysiloxane or mixture of 
neat polysiloxanes. 

45. The method of claim 32, wherein the polysiloxane is 
topically applied to the tissue sheet during converting as a 
neat polysiloxane or mixture of neat polysiloxanes. 

46. The method of claim 32, wherein the polysiloxane is 
topically applied to the tissue sheet having a consistency of 
about 10% or greater as a blend of a polysiloxane and a 
compatible binder. 

47. The method of claim 46, wherein the polysiloxane is 
an emulsion and the compatible binder is delivered and 
blended with the polysiloxane emulsion as a Solution or 
colloidal dispersion of the compatible binder in water. 

48. The method of claim 46, wherein the polysiloxane and 
compatible binder blend is topically applied to the tissue 
sheet having a consistency of about 90% or greater. 

49. The method of claim 46, wherein the polysiloxane and 
compatible binder blend is topically applied to the tissue 
product during converting. 
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50. The method of claim 46, wherein the compatible 
binder comprises a Synthetic co-copolymer, the Synthetic 
co-polymer having the general Structure: 

-- (CRR2- fr’), (Q), (Q), - 

wherein: 

each R', R, R comprise independently a: H; C, alkyl 
radicals; or, mixtures thereof; 

R" comprises a C-Cs alkyl radical or mixtures thereof; 
Z comprises a bridging radical attaching the R' function 

ality to the polymer backbone; and, 
optionally Q' comprises a functional group comprising at 

least a cationic quaternary ammonium radical, 

wherein W, X, y21, ZZ0, and the mole ratio of Z to X is from 
about 0:1 to about 4:1. 

51. The method of claim 50, wherein Z' comprises a: 
O-, -COO-, -OOC-, -CONH-, -NHCO-, 

or, mixtures thereof. 
52. The method of claim 50, wherein Q is derived from 

monomerS Selected from the group of hydroxyalkyl acry 
lates, hydroxyalkyl methacrylates, hydroxyethyl acrylate; 

polyalkoxyl acrylates, polyalkoxyl methacrylates, diac 
etone acrylamide, N-Vinylpyrrolidinone; 

N-vinylformamide; and, mixtures thereof. 
53. The method of claim 50, wherein the mole ratio of 

(x+z):y is from about 0.98:0.02 to about 1:1. 
54. The method of claim 32, wherein the polysiloxane is 

delivered to the tissue sheet as polysiloxane pretreated pulp 
fibers. 

55. A method for making a tissue sheet, comprising: 
a) forming at least a first aqueous Suspension of pulp 

fibers comprising polysiloxane pretreated pulp fibers, 

b) forming at least a Second aqueous Suspension of pulp 
fibers comprising non-treated pulp fibers, 

c) depositing the first and the Second aqueous Suspensions 
of pulp fibers onto a forming fabric thereby forming a 
wet tissue sheet; 

d) dewatering the wet tissue sheet thereby forming a 
dewatered tissue sheet; 

e) drying the dewatered tissue sheet to form a dried 
layered tissue sheet; and, 

f) optionally converting the tissue sheet to form a tissue 
product, 

wherein the tissue sheet comprises a first Side and an 
opposing Second Side, the tissue sheet comprises a 
polysiloxane distributed non-uniformly in the Z-direc 
tion within the tissue sheet Such that the tissue sheet has 
a % z-directional polysiloxane 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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56. The method of claim 55, further comprising forward 
ing the first acqueous Suspension of pulp fibers to a stratified 
headbox having at least two layerS Such that the first aqueous 
Suspension of pulp fiber is directed to one of the outside 
layers of the stratified headbox. 

57. The method of claim 56, further comprising forward 
ing the Second aqueous Suspension of pulp fibers to the other 
outside layer of the stratified headbox thereby forming a 
layered wet tissue sheet comprising one outer layer com 
prising polysiloxane pretreated pulp fibers and the other 
outer layer comprising non-treated pulp fibers. 

58. The method of claim 55, wherein the amount of 
polysiloxane on the Side of the tissue sheet having the 
highest atomic % Si is about 3 atomic % Si or greater. 

59. The method of claim 55, wherein the tissue sheet is 
converted to form a Single ply tissue product. 

60. The method of claim 55, wherein the tissue sheet is 
converted to form a multi-ply tissue product comprising at 
least two plies. 

61. The method of claim 55, wherein the 76 z-directional 
polysiloxane gradient within the tissue sheet is about 30% or 
greater. 

62. The method of claim 60, wherein the multi-ply tissue 
product comprises two plies, each ply comprising a Z-direc 
tional gradient of polysiloxane wherein the Sides of the plies 
having the higher level of polysiloxane are arranged So as to 
form outer Surfaces of the multi-ply tissue product. 

63. The method of claim 60, wherein the multi-ply tissue 
product comprises at least three plies Such that two plies 
form outer plies and at least one ply forms an inner ply, each 
outer ply of the multi-ply tissue sheet comprises a % 
Z-directional gradient of polysiloxane and wherein the Sides 
of the two outer plies having the higher level of polysiloxane 
are arranged So as to form Outer Surfaces of the multi-ply 
tissue product. 

64. The method of claim 63, wherein at least one innerply 
of the multi-ply tissue product does not contain a Z-direc 
tional polysiloxane gradient. 

65. The method of claim 55, wherein the polysiloxane has 
the general Structure of: 

y 

wherein: 

each R'-R moiety comprises independently an organo 
functional group or mixtures thereof, and, 

y is an integer greater than 1. 
66. The method of claim 65, wherein each R'-R com 

prises independently a C, or higher of alkyl groups, aryl 
groups, ethers, polyethers, polyesters, amines, imines, 
amides, or mixtures thereof. 

67. The method of claim 55, wherein the polysiloxane is 
an amino functional polysiloxane. 
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68. The method of claim 55, wherein the polysiloxane has 
the general Structure: 

wherein: 

X and y are integerS >0, 
the mole ratio of X to (x+y) is from about 0.005 percent 

to about 25 percent; 
each R'-R moiety comprises independently an organo 

functional group or mixtures thereof, and, 
R" comprises an amino functional moiety or mixtures 

thereof. 
69. The method of claim 68, wherein each R'-R moiety 

comprises independently a C or higher of alkyl groups, aryl 
groups, ethers, polyethers, polyesters, amides, or mixtures 
thereof. 

70. The method of claim 55, wherein the polysiloxane has 
the general Structure of: 

R1 R7 R9 R0 R4 

R-i-o i-o -o -o Si-Rs 
R3 R8 R10 R11 k 

y X 2. 

wherein: 

X and Z are integerS >0, 
y is an integer 20, 
the mole ratio of X to (x+y+z) is from about 0.05 percent 

to about 95 percent; 
the mole ratio of y to (x+y+z) is from about 0 percent to 

about 25 percent; 
each R'-R comprises independently an organofunctional 

group or mixtures thereof; 
R" comprises an amino functional moiety or mixtures 

thereof; and, 
R" comprises a hydrophilic functionality or mixtures 

thereof. 
71. The method of claim 70, wherein each R-R moiety 

comprises independently a C or higher of alkyl groups, aryl 
groups, ethers, polyethers, polyesters, amines, imines, 
amides, Substituted amides, or mixtures thereof. 

72. The method of claim 70, wherein R' comprises an 
amino functional moiety Selected from a primary amine, 
Secondary amine, tertiary amine, quaternary amine, unsub 
Stituted amide, and mixtures thereof. 

73. The method of claim 70, wherein R" comprises a 
polyether functional group having the formula: -R- 
(R-O)-(R'O)-R" wherein: 

each R', R', and R' comprises independently branched 
Calkyl groups, linear C. alkyl groups, or mixtures 
thereof; 

R" comprises H, C, so alkyl group, or mixtures thereof; 
and, 

a and b are integers of from about 1 to about 100. 
k k k k k 


