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TISSUE PAPER SOFTENING COMPOSITIONS AND TISSUE PAPERS COMPRISING THE

SAME

TECHNICAL FIELD

This invention relates, in general, to the modification of the rheology properties of oti-n-
water emulsions with high molecular weight polymers delivered from a2 water-m-o01l emulsion.
These modifications of the rheological properties improve the ability to spray the oil-in-water
emulsion. Specifically, the paper softening compositions of the present invention more
effectively reduce the spray fracture of the composition when passed through a spray apparatus
for application onto the paper. Specifically, this invention relates to paper softening
compositions that may be applied to—tissue paper for enhancing the softness thereof. The
invention also relates to soft, tissue paper products containing these compositions.

BACKGROUND OF THE INVENTION

Making soft tissue and toweling products which promote comfortable cleaning without
performance impairing sacrifices has long been the goal of the engineers and scientists who are
devoted to research into improving tissue paper. There have been numerous attempts to reduce
the abrasive effect, 1.e., improve the softness of tissue products. One area which has received a
considerable amount of attention is the addition of chemical softening agents (also referred to
herein as "chemical softeners") to tissue and toweling products.

The field of work in the prior art pertaining to chemical softeners has taken two paths. The
first path is characterized by the addition of softeners to the tissue paper web during its
formation, either by adding a softening ingredient to the vats of pulp which will ultimately be
formed into a tissue paper web, to the pulp slurry as it approaches a paper making machine, or to
the wet web as it resides on a Fourdrinier cloth or dryer cloth on a paper making machine. See U
S. Patent 5,264,082, issued to Phan and Trokhan on November 23, 1993, and U.S. Patent
5,059,282, issued to Ampulski, et. al. on October 22, 1991.

The second path is categorized by the addition of chemical softeners to tissue paper web
after the web is dried or overdried. Applicable processes can be incorporated into the paper
making operation as, for example, by spraying onto the dry web before it is wound into a roll of
paper. Exemplary art from this field includes U. S. Patent 5,215,626, issued to Ampulski, et. al.
on June 1, 1993; U. S. Patent 5,246,545, issued to Ampulski, et. al. on September 21, 1993; U. S.
Patent 5,525,345, issued to Warmner, et. al. on June 11, 1996, U.S. Patent 6,162,329, issued to
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Vinson on December 19, 2000, U.S. Patent 6,179,691, issued to Ficke et al. on January 30, 2001;
U.S. Patent 6,261,580, issued to Trokhan et al. on July 17, 2001; U.S. 6,420,013, issued to
Vinson et al. on July 16, 2002, PCT Applications WO 00/22231 and 00/22233, filed in the name
of Vinson et al., published on April 20, 2000; and PCT Application WO 02/48458, filed in the
name of Vinson et al., published on June 20, 2002.

Those skilled in the art will recognize that both technology paths, more particularly the
second path, are advanced by inventions of chemical softening mixtures having liposomal
microstructures present at high concentrations in a vehicle. The most recent of the development
work in this area has focused on the improvement of the rheological properties of the chemical
softening compositions. U.S. 6,162,329 teaches the use of high concentration compositions of
softening agents that maintain a viscosity at a level where they can be easily applied to the web.
Specifically, U.S. 6,162,329 teaches the addition of electrolytes to the composition. PCT
Applications WO 00/22231 and WO 00/22233 further improve the rheology properties of the
high concentration compositions by utilizing a bilayer disrupter to create a micellular structure
which allows for more efficient application of the chemical sofiener to the paper web.

PCT Application WO 02/48458 discloses the use of a preferred combination of a
quaternary ammonium softening active ingredient, an electrolyte, a bilayer disrupter and a high
molecular weight polymer as a softening composttion that reduces spray fracture upon spraying.
Example 1 of WO 02/48458 depicts a chemical softening composition containing

polyacrylamide, where the polyacrylamide 1s added directly to the water. The compositions

therein may comprise from about 0.01 to about 5% by weight.

Unfortunately, these compositions, when they are sprayed onto the paper product,
experience inconsistent spray performance where the level of spray fracture reduction is, at times,
insufficient to continuously spray effectively. Without being [imited by theory, it 1s believed that
the addition of high molecular weight polymers in their natural form, generally a powder, results
in a very slow hydration of the polymer from its coiled solid state to a fully expanded, hydrated
state. As a result, depending on how long after mixing and the storage conditions of the mixture,
the polymer will have different states when used in the production operation, yielding
inconsistent performance characteristics.

Further, in many cases 1t is impossible to pre-disperse the high molecular weight polymer
in the vehicle in an attempt to achieve the fully expanded conformation. Often, the dilution
levels required to obtain a dispersion of expanded conformation polymer are so low that when
even a small amount of high molecular weight polymer is needed to adjust the rheology of the
oil-in-water emulsion to improve sprayability, too much vehicle is delivered to the emulsion

thereby undesirably changing the characteristics of the final oil-in-water emulsion. If in response
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to this, 1t is attempted to pre-disperse the polymer in a higher concentration dilution, the polymer
does not achieve the fully expanded or relaxed conformation needed for optimal rheology
control.

Accordingly, 1t is desirable to find a way to further improve the rheology control of oil-in-
water emulsions,to be able to provide a more stable composition which consistently results in
reduced spray fracture. Such improved products, compositions, and processes are provided by

the present invention as is shown in the following disclosure.

SUMMARY OF THE INVENTION

The present invention relates to a composition suitable for atomizing without excessive
aerosolization in the form of an oil-in-water emulsion comprising: a) a continuous aqueous
phase, and b) a discontinuous o1l phase wherein the rheology of the aqueous phase is modified by
the addition of a water-in-oil emulsion comprising: i) a high molecular weight polymer in a
discontinuous aqueous phase, and i1) a continuous organic solvent phase.

Preferred embodiments of the present invention relate to compositions for softening an
absorbent paper tissue comprising a) a quaternary ammonium softening active ingredient; b) an
electrolyte; ¢) a high molecular weight polymer emulsion comprising: 1) from about 20% to about
40% by weight of the premix of a high molecular weight polymer; ii) from about 40% to about
60% of water; and 1i1) from about 20% to about 40% of an organic solvent; and d) a vehicle in

which said softening active ingredient is dispersed.

BRIEF DESCRIPTION OF THE FIGURE
While the specification concludes with claims particularly pointing out and distinctly
claiming the present invention, it is believed that the present invention will be better understood
from the following description in conjunction with the appended example and with the following
drawing, in which like reference numbers identify identical elements and wherein:
The figure is a schematic representation illustrating a preférred embodiment of the process
of the present invention of adding a softening composition compounds to a tissue web.

The present invention is described in more detail below.

DETAILED DESCRIPTION OF THE INVENTION
Briefly, the present invention provides a composition which may be applied to a tissue web,
most pretferably applied to the surface of a dry tissue web, an overdried tissue web, or to a semi-

dry tissue web. The resulting tissue paper has enhanced tactilely perceivable softness.
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The term "emulsion" as used herein refers to a heterogeneous mixture of generally
insoluble liquids comprising an aqueous phase and an organic or oil phase. Either the aqueous
phase or the the organic, o1l phase may additionally comprise other compatible materials
dissolved, suspended or dispersed within the respective phase. The term "oil-in-water emulston”
refers to an emulsion in-which the oil phase is discontinuous and exists as discrete spheres or
particles of the oil or organic matcrial suspended in a continuous body of the aqueous phase. The
term "water-in-o1l emulsion"” refers to an emulsion in which the aqueous phase is the
discontinuous phase and the oil phase is the continuous phase.

The term rheology as used herein means the flow characteristics of a liquid, emulsion or
dispersion as measured by standard properties including but not limited to viscosity, extensional
viscosity, and elasticity. In general, the rheology of an emulsion or dispersion is determined by
the rheological properties of the continuous phase.

The term "vehicle" as used herein means a fluid that completely dissolves a chemical
papermaking additive, or a fluid that is used to emulsify a chemical papermaking additive, or a
fluid that is used to suspend a chemical papermaking additive. The vehicle may also serve as a
carrier that contains a chemical additive or aids in the delivery of a chemical papermaking
additive. All references are meant to be interchangeable and not limiting. The dispersion is the
fluid containing the chemical papermaking additive. The term "dispersion” as used herein
includes true solutions, suspensions, and emulsions. For purposes for this invention, all terms are
interchangeable and not limiting. If the vehicle is water or an aqueous solution, then, preferably,
the hot web is dried to a moisture level below its equilibrium moisture content (at standard
conditions) before being contacted with the composition. However, this process is also
applicable to tissue paper at or near its equilibrium moisture content as well.

As used herein, the term "hot tissue web" refers to a tissue web which is at an elevated

temperature relative to room temperature. Preferably the elevated temperature of the web is at

least about 43°C., and more preferably at least about 65°C.
The term "dry tissue web" as used herein includes both webs which are dried to a2 moisture

content less than the equilibrium moisture content thereof (overdried-see below) and webs which
are at a moisture content in equilibrium with atmospheric moisture. A semi-dry tissue paper web
includes a tissue web with a moisture content exceeding its equilibrium moisture content. Most
preferably the composition herein is applied to a dry tissue paper web.

The moisture content of a tissue web is related to the temperature of the web and the
relative humidity of the environment in which the web is placed. As used herein, the term
‘overdried tissue web” refers to a tissue web that is dried to a moisture content less than its

equilibrium moisture content at standard test conditions of 23°C and 50% relative humidity. The

4
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equilibrium moisture content of a tissue web placed 1n standard testing conditions of 23°C and
50% relative humidity is approximately 7%. A tissue web of the present invention can be
overdricd by ratsing it to an elevated temperature through use of drying means known fo the art
such as a Yankee dryer or through air drying. Preferably, an overdried tissue web will have a
moisture content of less than 7%, more preferably from about O to about 6%, and most
preferably, a moisture content of from about 0 to about 3%, by weight.

Paper exposed to the normal environment typically has an equilibrium moisture content in
the range of 5 to 8%. When paper is dried and creped the moisture content in the sheet is
generally less thaﬁ 3%. After manufacturing, the paper absorbs water from the atmosphere. In the
preferred process of the present invention, advantage is taken of the low moisture content in the
paper as it leaves the doctor blade as it is removed from the Yankee dryer (or the low moisture
content of similar webs as such webs are removed from alternate drying means if the process
does not involve a Yankee dryer).

The term "atomize" or "atomization" as used herein refers to droplets or the formation of
droplets that are sufficiently small to be a discrete spray but are large enough that the direction
and velocity of the droplets are generally unchanged so the droplets are delivered to the target
surface.

The term “aerosol”, "aerosolized", or "aerosolization" as used herein refers to droplets or
the formation of droplets that are sufficiently small that direction and velocity of movement of
the droplets may be changed such that the droplets are not delivered to the target surface of the
Spray.

The term “spray fracture™ as used herein is intended to mean separation of the flow of a
composition within a spray apparatus into individual droplets having a size that is sufficiently
small that they become aerosolized. It is believed that the incorporation of the high molecular
weight polymers increase the extensibility of the softening composition resulting in a more
untform distribution of spray droplets having a size large enough that substantially all of the
material is atomized and not aerosolized such that substantially all of the material deposits onto
the web rather than being carried outside the vicinity of the web by air flows adjacent thereto.

(i.e., the droplets are deposited rather than being acrosolized).

All percentages, ratios and proportions herein are by weight, unless otherwise specified.

Oil-in-Water Emulsion
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The present invention relates to a composition for atomizing without excessive
aerosohzation wherein the composition is in the form of an oil-in-water emulsion comprising a
continuous aqueous phase and a discontinuous oil phase wherein the rheology of the aqueous
phase is modified by the addition of a water-in-oil emulsion comprising a high molecular weight

polymer in a discontinuous aqueous phase and a continuous oil or organic solvent phase.
Preterred embodiments of the oil-in-water emulsion of the present invention are paper
softening compasitions comprising softening active ingredients in the oil phase in an aqueous
vehicle.
Softening Composition
It 1s known that very low levels of softener additives, e.g. cationic softeners, provide a

significant tissue softening effect when applied to the surface of tissue webs in accordance with

the present invention. Since the preferred softening compositions of the present invention have a
mgh concentration of softening active when the softening composition is applied to the paper, a
relatively low amount of the vehicle is applied to the web. Therefore, the composition can be
applied to dry tissue webs without disrupting the dry fiber structure of the paper web and no
further drying of the tissue web is required. Further, since the softening composition of the
present mvention contains a minimal level of non-functional ingredients, the composition has a
minimal effect on the strength of 2 tissue web after it has been applied. In order to maintain this
dry character on the sheet, only very low levels of additional vehicle may be added to the
composition without impacting the quality of the product.

In general, the softening composition of the present invention comprises a softening active
ngredient, an electrolyte, a vehicle and a very low level of high molecule weight polymer
delivered to the composition in a water-in-oil emulsion. Without being limited by theory, it is
believed that these low levels are successfully used because the high molecular weight polymer
exists in the water-in-oil emulsion already in its relaxed conformation. Upon addition to the oil-
In-water composition, it has been surprisingly been found that the polymer most efficiently fully
disperses throughout the aqueous vehicle phase, thereby most directly modifying the rheology of
the composition as desired. This results in a more efficient use of the polymer as well as a more
consistent solution/dispersion.

When applied to tissue paper as described herein, such compositions are effective in
softening the tissue paper. The following discusses each of the components of the softening
composition of the present invention, the properties of the composition, methods of producing the

composition, and methods of applying the composition.

Softeming Active Ingredients
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The preferred oil-in-water emulsions of the present invention, paper softening
compositions, comprises softening active ingredients in the discontinuous oil phase. As used
herein, the term "softening active ingredient" refers to any chemical ingredient which improves
the tactile sensation perceived by the consumer who holds a particular paper product and rubs it
across the skin. Although somewhat desirable for towel products, softness is a particularly
important property for facial and toilet tissues. Such {factilely perceivable softness can be
characterized by, but is not limited to, friction, flexibility, and smoothness, as well as subjective
descriptors, such as a feeling like lubricious, velvet, silk or flannel. Suitable materials include
those which impart a lubricious feel to tissue. This includes, for exemplary purposes only, basic
waxes such as paraffin and beeswax and oils such as mineral o1l and silicone o1l as well as
petrolatum and more complex Ilubricants and emollients such as quaternary ammonium
compounds with long alkyl chains, functional silicones, fatty acids, fatty alcohols and fatty esters.

Especially preferred softening actives are quaternary ammonium compounds; mono-, di-, or

triester quaternary ammonium compounds; di-quaternary esterified ammonium compounds, or
mixtures thereof.

Quaternary compounds have the formula:

RDdn - N - [R2ly X

where m is 1 to 3; each Ry is a Cy-Cg alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or mixtures thereot; each R 1s a
C14-Coy alkyl group, hydroxyalkyl group, hydrocarbyl orl substituted hydrocarbyl group,
alkoxylated group, benzyl group, or mixtures thereof; and X is any softener-compatible anion
suitable for use in the present invention. Preferably, each R1 i1s methyl and X~ is chloride or

methyl sulfate. Preferably, each Rp is C14-Cqg alkyl or alkenyl, most preferably each Rp 1s

straight-chain C1g alkyl or alkenyl. Optionally, the R2 substituent can be derived from vegetable
oil sources. Several types of the vegetable oils (e.g., olive, canola, safflower, sunflower, etc.) can
used as sources of fatty acids to synthesize the quaternary ammonium compound. Branched
chain actives (e.g., made from isostearic acid) are also eftective.

Such structures include the well-known dialkyldimethylammonium salis (e.g.,
ditallowdimethylammonium chloride, ditallowdimethylammonium  methyl sulfate,
di(hydrogenated tallow)dimethyl ammonium chloride, etc.) and trialkylmethylammonium salts
(e.g., tritallowmethylammonium chloride, tritallowmethylammonium methyl sulfate,

tri(hydrogenated tallow)methyl ammonium chloride, etc.), in which R1 are methyl groups, Ry are

tallow groups of varying levels of saturation, and X~ is chloride or methyl sulfate.
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As discussed in Swern, Ed. in Bailey's Industrial Oil and Fat Products, Third Edition, John
Wiley and Sons (New York 1964), tallow is a naturally occurring material having a variable
composition. Table 6.13 i the above-identified reference edited by Swern indicates that typically
78% or more of the fatty acids of tallow contain 16 or 18 carbon atoms. Typically, half of the
fatty acids present in tallow are unsaturated, primarily in the form of oleic acid. Synthetic as well
as natural “tallows” fall within the scope of the present invention. It is also known that depending
upon the product characteristic requirements, the saturation level of the ditallow can be tailored
from non hydrogenated (soft) to touch (partially hydrogenated) or completely hydrogenated
(hard). All of above-described saturation levels of are expressly meant to be included within the
scope of the present mvention.

Mono-, di-, or friester variations of these quaternary ammonium compounds have the

formula:
..l.. -
R1)4-m-N -[(CHp)p-Y -R3]p X

where Y 1s -O-(0)C-, or -C(O)-O-, or -NH-C(O)-, or -C(O)-NH-; mis 1 to 3; nis 0 to 4; each
R1 15 a C1-Cg alkyl group, hydroxyalkyl group, hydrocarbyl or substituted hydrocarbyl group,
alkoxylated group, benzyl group, or mixtures thereof; each R3 is a Cy3-Cy alkyl group,
hydroxyalkyl group, hydrocarbyl or substituted hydrocarbyl group, alkoxylated group, benzyl
group, or mixtures thereof; and X is any softener-compatible anion. Preferably, Y = -O-(0)C-,
or -C(0)-O-; m=2; and n=2. Each R substituent is preferably a C1-Cs, alkyl group, with methyl
being most preferred. Preferably, each R3 is Cq3 -Cq7 alkyl and/or alkenyl, more preferably Ra
1s straight cham Cy5 - C;7 alkyl and/or alkenyl, Cy5-C;7 alkyl, most preferably each Rj3 is
straight-chain Cqy7 alkyl. Optionally, the Ry substituent can be derived from vegetable oil
sources. Several types of the vegetable oils (e.g., olive, canola, safflower, sunflower, etc.) can
used as sources of fatty acids to synthesize the quaternary ammonium compound. Preferably,
olive oils, canola oils, high oleic safflower, and/or high erucic rapeseed oils are used to
synthesize the quaternary ammonium compound.

As mentioned above, X~ can be any softener-compatible anion. For example, acetate,
chloride, bromide, methylsulfate, formate, sulfate, nitrate and the like can be used in the present
invention. Preferably X~ is chloride or methyl sulfate.

Specific examples of ester-functional quaternary ammonium compounds having the
structures named above and suitable for use in the present invention include the well-known
dimethyl sulfate quaternized ester-alkyl ammonium salts having either methyl or ethylhydroxy
groups occupying the remainder of the positions on the ammonical nitrogen not substituted with

the ester-alkyl functionality. The most applicable of these is the diester ditallow methyl
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ethylhydroxy ammonium methyl sulfate. Practical production of this molecule will invariably
yield a certain fraction of a monoester-monotallow methyl di(ethylhydroxy) ammonium methyl
sulfate and a certain fraction of triester tritallow methyl ammonium methyl sulfate, as well as a
certain fraction of monoester, diester, and triester tertiary amines not methylated by the dimethyl
sulfate during quaternization. A suitable product of this type has been obtained from Stepan
Company as “Agent 2450-15”. Another common example to which the present invention is
applicable is the well known diester ditallow dimethyl ammonium methyl sulfate, which
analogously will be accompanied by a certain monoester-monotallow dimethyl ethylhydroxy
ammonium methyl sulfate and the tertiary amine analogs of these two molecules not being
methylated by the dimethyl sulfate.

Similar quaternary compounds methylated by means of methyl chloride are also common
and included within the scope of the above invention.

As mentioned above, typically, half of the fatty acids present in tallow are unsaturated,
primarily m the form of oleic acid. Synthetic as well as natural “tallows” fall within the scope of
the present invention. It is also known that depending upon the product characteristic
requirements, the degree of saturation for such tallows can be tailored from non hydrogenated
(soft), to partially hydrogenated (touch), or completely hydrogenated (hard). All of above-
described saturation levels of are expressly meant to be included within the scope of the present
Invention.

It will be understood that substituents R1, Ry and R3 may optionally be substituted with
various groups such as alkoxyl, hydroxyl, or can be branched. As mentioned above, preferably
each R 1s methyl or hydroxyethyl. Preferably, each R2 is Cy9 - C1g alkyl and/or alkenyl, most
preferably each R 1s straight-chain Cqg4 - C1g alkyl and/or alkenyl, most preferably each R2 is
straight-chain Cqg alkyl or alkenyl. Preferably R3 is Cy3 - Cy7 alkyl and/or alkenyl, most
preferably R3 1s straight chain Cy5 - Cy7 alkyl and/or alkenyl. Preferably, X~ is chloride or
methyl sulfate. Furthermore the ester-functional quaternary ammonium compounds can optionally

contain up to about 10% of the mono(long chain alkyl) derivatives, e.g.:
(R1)2 - N* - (CH2)20H) ((CH2)20C(O)R3) X-

as minor ingredients. These minor ingredients can act as emulsifiers and are useful in the present
mvention.

Depending on the softening active ingredient chosen, the desired application level and
- other factors as may require a particular level of softening active ingredient in the composition,

the level of softening active ingredient may vary between about 10% of the composition and
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about 60% of the composition. Preferably, the softening active ingredient comprises between
about 25% and about 50% of the composition. Most preferably, the softening active ingredient

comprises between about 30% and about 45% of the composition.

Electrolyte

An electrolyte may optionally be added to the oil-in-water emulsion composition of the
present invention. An electrolyte is believed to shield the electrical charge around bilayers and
vesicles, reducing interactions, and lowering resistance to movement resulting in a reduction in
viscosity of the system. An electrolyte meeting the general criteria described above for materials
suitable for use in the vehicle of the present invention and which is effective in reducing the
viscosity of a dispersion of a softening active ingredient in water is suitable for use in the vehicle
of the present invention. In particular, any of the known water-soluble electrolytes meeting the
above criteria may be included in the vehicle of the softening composition of the present
invention. When present, the electrolyte can be used in amounts up to about 15% by weight of
the softening composition, but preferably no more than about 10 % by weight of the softening
composition. Preferably, the level of electrolyte is between about 0.1% and about 10% by weight
of the softening composition based on the anhydrous weight of the electrolyte. Still more
preterably, the electrolyte is used at a level of between about 0.3% and about 1.0% by weight of
the softening composition. The minimum amount of the electrolyte will be that amount sufficient
to provide the desired viscosity. Suitable electrolytes include the halide, nitrate, nitrite, and
sulfate salts of alkali or alkaline earth metals, as well as the corresponding ammonium salts.
Other useful electrolytes include the alkali and alkaline earth salts of simple organic acids such as
sodium formate and sodium acetate, as well as the corresponding ammonium salts. Preferred
inorganic electrolytes include the chloride salts of sodium, calcium, and magnesium. Calcium
chloride is a particularly preferred inorganic electrolyte for the softening composition of the

present invention. A particularly preferred organic acid salt-based electrolyte is sodium formate.

Optional Components of the Soitening Composition

Plasticizer

The formation of the oil-in-water emulsion may be more effectively accomplished with the
addition of an optional appropriate plasticizer to the oil phase of the emulsion. The term
"plasticizer” as used herem refers to an ingredient capable of reducing the melting point and
viscosity at a given temperature of a quaternary ammonium ngredient. The plasticizer, if used,
can be added during the quaternizing step in the manufacture of the quaternary ammonium

ingredient or it can be added subsequent to the quaternization but prior to the application as a
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softening active ingredient. The plasticizer is characterized by being substantially inert during
the chemical synthesis which acts as a viscosity reducer to aid in the synthesis. Preferred
plasticizers are non-volatile polyhydroxy compounds. Preferred polyhydroxy compounds include
glycerol and polyethylene glycols having a molecular weight of from about 200 to about 2000,
with polyethylene glycol having a molecular weight of from about 200 to about 600 being
particularly preferred. When such plasticizers are added during manufacture of the quaternary
ammonium ingredient, they comprise between about 2% and about 75% percent of the product.
Particularly preferred mixtures comprise between about 5% and about 50% plasticizer, and more

preferably comprise between about 10% and 25%.

Bilayer Disrupter

A bilayer disrupter may also be added to the oil-in-water emulsions of the present
invention. Bilayer disrupters useful in the compositions of the present invention are preferably
surface active materials. Such materials comprise both hydrophobic and hydrophilic moieties. A
preferred hydrophilic molety is a polyalkoxylated group, preferably a polyethoxylated group.
Such preferred bilayer disrupters when used are used at a level of between about 1% and about
20% of the level of the softening active ingredient. Preferably, the bilayer disrupter is present at a
level of between about 2% and about 15% of the level of the softening active ingredient, and
more preferably at a level of between about 3% and about 10%.

Particularly preferred bilayer disrupters are nonionic surfactants derived from saturated
and/or unsaturated primary and/or secondary, amine, amide, amine-oxide fatty alcohol, fatty acid,
alkyl phenol, and/or alkyl aryl carboxylic acid compounds, each preferably having from about 6
to about 22, more preferably from about & to about 18, carbon atoms in a hydrophobic chain,
more preferably an- alkyl or alkylene chain, wherein at least one active hydrogen of said
compounds is ethoxylated with < 50, preferably < 30, more preferably from about 3 to about 19,
and even more preferably from about 5 to about 12, ethylene oxide moieties to provide an HLB
of from about 6 to about 20, preferably from about 8 to about 18, and more preferably from about
10 to about 15. A more complete description of suitable bilayer disrupters for use in

compositions containing quaternary softening active is found in U.S. Patent Application Serial
No. 09/413,578 (Published as WO 00/22231).

Minor Components

The vehicle can also comprise minor ingredients as may be known to the art. examples
include: mineral acids or buffer systems for pH adjustment (may be required to maintain

hydrolytic stability for certain softening active ingredients) and antifoam ingredients (e. g., a
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silicone emulsion as is available from Dow Coming, Corp. of Midland, M1 as Dow Coming
2310) as a processing aid to reduce foaming when the softening composition of the present
invention is applied to a web of tissue.

It may also be desirable to provide means to control the activity of undesirable
microorganisms in the softening composition of the present invention. It is known that organisms,
such as bacteria, molds, yeasts, and the like, can cause degradation of the composition on storage.
Undesirable organisms can also potentially transfer to users of tissue paper products that are
softened with a composition according to the present invention that is contaminated by such
organisms. These undesirable organisms can be controlled by adding an effective amount of a
biocidal matenal to the softening composttion. Proxel GX??as 15 available from Avecia, Inc. of
Wilmington, DE, has been found to be an effective biocide in the composition of the present
invention when used at a level of about 0.1%. Alternatively, the pH of the composition can be
made more acid to create a more hostile environment for undesirable microorganisms. Means
such as those described above can be used to adjust the pH to be in a range of between about 2.5
fo 4.0, preterably between about 2.5 and 3.5, more preferably between about 2.5 and about 3.0 so
as to create such a hostile environment. |

Stabilizers may also be used to improve the uniformity and shelf life of the dispersion. For
™
example, an ethoxylated polyester, HOE S 4060, available from Clariant Corporation of

Charlotte, NC may be included for this purpose.

Vehicle
As used herein a "vehicle" 1s used to dilute the active ingredients of the compositions

described herein forming the emulsions of the present invention. A vehicle may dissolve such

components (frue solution or micellar solution) or such components may be dispersed throughout
the vehicle (dispersion or emulsion). The vehicle of a suspension or emulsion is typically the
continuous phase thereof. That is, other components of the dispersion or emulsion are dispersed
on a molecular level or as discrete particles throughout the vehicle.

For purposes of the present invention, one purpose that the vehicle serves 1s to dilute the
concentration of softening active ingredients so that such ingredients may be efficiently and
cconomically applied to a tissue web. For example, as is discussed below, one way of applying
such active ingredients is to spray them onto a roll which then transfers the active ingredients to a
moving web of tissue. Typically, only very low levels (e. g. on the order of 2% by weight of the
associated tissue) of softening active ingredients are required to effectively improve the tactile

sense of softness of a tissue. This means very accurate metering and spraying systems would be

12



CA 02501650 2005-04-07
WO 2004/035923 PCT/US2003/032861

required to distribute a "pure" softening active ingredient across the full width of a commercial-
scale tissue web.

Preferred applications of the present invention occur when there is an enhanced need to
minimize the amount of the aqueous phase vehicle in the oil-in-water emulsion. Preferably, the
continuous aqueous phase of the emulsions comprise less than about 45%, more preferably less
than about 35%, and most preferably less than about 25% by weight of the emulsion composition.

Another purpose of the vehicle is to deliver the active softening composition in a form in
which it is less prone to be mobile with regard to the tissue structure. Specifically, it is desired to
apply the composition of the present invention so that the active ingredient of the composition
resides primarily on the surface of the absorbent tissue web with minimal absorption into the
interior of the web. While not wishing to be bound by theory, the Applicants believe that the
interaction of the softening composition with preferred vehicles creates a suspended particle
which binds more quickly and permanently than if the active ingredient were to be applied
without the vehicle. For example, it is believed that suspensions of quaternary softeners in water
assume a liquid crystalline form which can be substantively deposited onto the surface of the
fibers of the surface of the tissue paper web. Quaternary softeners applied without the aid of the
vehicle, e. g. applied in molten form by contrast tend to wick into the internal of the tissue web.

While softening mgredients can be dissolved in a vehicle forming a solution therein,
materials that are useful as solvents for suitable softening active ingredients are not commercially
desirable for safety and environmental reasons. Therefore, to be suitable for use m the vehicle for
purposes of the present invention, a material should be compatible with the softening active
ingredients described herein and with the tissue substrate on which the softening compositions of
the present invention will be deposited. Further a suitable material should not contain any
mgredients that create safefy issues (either in the tissue manufacturing process or to users of
tissue products using the softening compositions described herein) and not create an unacceptable
risk to the environment. Suitable materials for the vehicle of the present invention include

hydroxyl functional [iquids most preferably water.

High Molecular Weight Polymers

High molecular weight polymers which are substantially compatible with the vehicle can
also be useful in order to achieve the desired rheology characteristics for the oil-in-water
emulsions herein. As used herein, the term “substantially compatible” means that the high
molecular weight polymer appears to dissolve in the vehicle as the continuous aqueous phase of
the emulsion is being prepared (i.e., the continuous phase appears transparent or translucent to

the naked eye).
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Such polymers also should not destabilize the oil-in-water emulsion due to their presence.
For example, a suitable high molecular weight polymer would not have a sufficiently large
number of anionic substituents so as to cause flocculation of the emulsion. It may be necessary to
adjust certain properties of the composition in order to insure stability. For example insure that an
anionic has a sufficiently low level of anionic character (e.g. via pH adjustment of a presolution
of the polymer so as to approach the isoelectric point) so as not to cause flocculation.

Without being bound by theory, it is believed that polymers suitable for use herein
preferably seli-interact within the vehicle at the molecular level and with droplets of the softening
active ingredient (e.g. via entanglement, surface absorption, and ionic attraction) in order to
increase the extensibility of the softening composition to with a resulting reduction in spray
fracture.

The polymers useful herein are preferably high molecular weight, substantially linear chain
molecules. The high molecular weight of the polymer enables it to enhance the extensibility of
the softening composition such that the composition is suitable for extensional processes in a

spray apparatus. In one embodiment, the high polymer preferably has a substantially linear chain

structure, though a lmmear chain having short (C;-C;) branches or a branched chain having one to
three long branches are also suitable for use herein.

In order to effectively mteract with other high molecular weight polymer molecules and
with the softening active ingredient particles, the high molecular weight polymer suitable for use
herein should have a weight-average molecular weight of at least 500,000. Typically the weight
average molecular weight of the polymer ranges from about 500,000 to about 25,000,000, more
typically from about 1,000,000 to about 22,000,000, even more typically from about 2,000,000 to
about 20,000,000, and most typically from about 5,000,000 to about 15,000,000. The high
molecular weight polymers are preferred in some embodiments of the invention due to the ability
to simultaneously interact with several particles of softening active ingredient, thereby increasing
extensional viscosity and reducing spray fracture.

Nonlimiting examples of suitable high molecular weight polymers include polyacrylamide
and certain derivatives acrylic polymers and copolymers as may be compatible with the softening
composition of the present invention;, vinyl polymers including polyvinyl alc ohol ;
polyvinylacetate; polyvinylpyrrolidone; polyethylene vinyl acetate; polyethyleneimine; and the
like; polyalkylene oxides such as polyethylene oxide; polypropylene oxide;
polyethylene/propylene oxide; and mixtures thereof. Copolymers made from mixtures of
monomers selected from any of the aforementioned polymers are also suitable herein. Other
exemplary high molecular weight polymers include water soluble polysaccharides such as

alginates, carrageenans, pectin and derivatives, chitin and derivatives, and the like; gums such as
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guar gum, xanthum gum, agar, gum arabic, karaya gum, tragacanth gum, locust bean gum, and
like gums; water soluble derivatives of cellulose, such as alkylcellulose, hydroxyalkylcellulose,
carboxyalkylcellulose, and the like; and mixtures thereof.

Some polymers (e.g., polyacrylic acid, polymethacrylic acid) are generally not available in
the high molecular weight range (i.e., 500,000 or higher). A small amount of crosslinking agents
may be added to create branched polymers of suitably high molecular weight useful herein.

The high molecular weight polymer, when used in a spraying process, is added to the
composition of the present invention in an amount effective to visibly reduce spray fracture and
the resulting aerosolization during the spraying process such that substantially all of the softening
composition is deposited onto the tissue web. These polymers, when used, are typically present in
the range from about 0. 0005% to about 0.5 wt%, preferably from about 0.0005% to about 0.1
wt%, more preferrably from about 0.001 to about 0.05 wi%, and most preferred from about
0.0025 wt% to about 0.01 wt% of the composition. A particularly preferred range 1s between
about 0.005 wt% and about 0.01 wt%. It is surprising to find that at these very low
concentrations these polymers can significantly improve the air pressure operating window 1n a
spray apparatus.

Preferred polymers will contain functional groups with a tendency to ionize in water
dispersion. These functional groups may be contained within the polymer backbone or as
pendant groups. Since the preferred dispersions targeted for polymer modification are cationic,
the preferred polymers have cationic character.

Cationic polymers generally originate from copolymerization of one or more
ethylenically uinsaturated monomers, generally acrylic monomers, that consist of or include
cationic monomer. Suitable cationic monomers are dialkyl amino alkyl (meth) acrylates or -
(meth) acrylamides, either as acid salts or quaternary ammonium salts. Suitable alkyl groups
include dialkylaminoethyl (meth) acrylates, dialkylaminoethyl (meth) acrylamides and dialkyl
aminomethyl (meth) acrylamides and dialkylamino-1,3-propyl (meth) acrylamides. These
cationic monomers are preferably acrylamide, Other suitable polymers are polyethyleimines,
polyamdie epichlorohydrin  polymers, and homopolymers or coolymers, generally with
acrylamide, of monomers such as diallyl dimethyl ammonium chloride.

Substituent or pendant groups deliver a charge density of at least about 0.2, more
preferably more than 1.5, and most preferably more than about 2.5 meq/g.

The preferred method of delivering these low levels of high molecular weight polymers
to the composition is via a water-in-oil emulsion. The water-in-oil emulsion for the delivery of
the polymers comprises approximately 20 - 40% of active polymer contamed in 40 - 60% water

droplets as the dispersed phase. The 20 - 40% balance of the emulsion 1s in the continuous phase
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in the form of an organic solvent. Typically, this organic solvent is a petroleum distillate, such as
kerosene, which consists mainly of saturated hydrocarbons with chain length of 10. The polymer
in the emulsion exists within the minute drops of water suspended in the organic continuous
fluid. The emulsion polymer has an opaque, milky appreance. The polymer in an emulsion
product exists in its fully hydrated conformation, however it is contained in the emulsion within
the small suspended aqueous droplets. The rheological properties of the emulsion are
predominantly determined by the organic solvent with a minimal impact by the existence of the
polymer. However, with dilution, into the bulk fluid, the emulsion is inverted from the water-in-
oil form into an oil-in-water emulsion, thereby releasing the water/polymer mixture into the
aqueous vehicle. Upon release into the aqueous vehicle, the contaimned polymer chains extend
throughout the softening composition, causing an increase in shear viscosity and a particular

increase in extension viscosity as evidence by the stringiness of the treated fluid.

Forming the Oil-in-Water Emulsion Composition

As noted above, the preferred embodiment of the oil-m-water emulsions of the present
invention are softening compositions having a softening active ingredient emulsified in a vehicle.
As noted above, the preferred primary component of the vehicle is water. Depending on the
softening active ingredient chosen, the desired application level and other factors as may require
a particular level of softening active ingredient in the composition, the Ievel of softening active
ingredient may vary between about 10% of the composition and about 60% of the composition in
the vehicle chosen. The composition also comprises a high molecular weight polymer added as
an water-in-o1l emulsion.

Optionally, nonionic surfactant, or plasticizer may be added at desired levels. In addition,
the composition may optionally comprise minor ingredients to adjust pH, to control foam, or to

aid 1n stability of the dispersion.

Tissue Paper

The present invention is preferably applicable to tissue paper in general, including but not
limited to: conventionally felt-pressed tissue paper; pattern densified tissue paper; and high-bulk,
uncompacted tissue paper. The tissue paper may be of a homogenous or multilayered
construction; and tissue paper products made therefrom may be of a single-ply or multi-ply
construction. The tissue paper preferably has a basis weight of between about 10 g/m?2 and about
80 g/m2, and density of about 0.60 g/cc or less. Preferably, the basis weight will be below about
35 g/m? or less; and the density will be about 0.30 g/cc or less. Most preferably, the density will
be between about 0.04 g/cc and about 0.20 g/cc.
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Conventionally pressed tissue paper and methods for making such paper are known in the
art. See commonly assigned U.S. Patent No. 6,547,928 issued April 15. 2003, Preferred
processes for making pattern densified tissue webs are disclosed in U.S. Patent 3,301,746, issued
to Sanford and Sisson on January 31, 1967, U.S. Patent 3,974,025, issued to Ayers on August 10,
1976, U.S. Patent 4,191,609, issued to on March 4, 1980, and U.S. Patent 4,637,859, issued to on
January 20, 1987; U.S. Patent 3,301,746, issued to Sanford and Sisson on January 31, 1967, U.S.
Patent 3,821,068, issued to Salvucci, Jr. et al. on May 21, 1974, U.S. Patent 3,974,025, issued to
Ayers on August 10, 1976, U.S. Patent 3,573,164, issued to Friedberg, et al. on March 30, 1971,
U.S. Patent 3,473,576, issued to Amneus on October 21, 1969, U.S. Patent 4,239,065, issued to
Trokhan on December 16, 1980, and U.S. Patent 4,528,239, issued to Trokhan on July 9, 1985,

Uncompacted, non pattern-densified tissue paper structures are also contemplated within
the scope of the present invention and are described in U.S. Patent 3,812,000 issued to Joseph L.
Salvuccy, Jr. and Peter N. Yiannos on May 21, 1974, and U.S. Patent 4,208,459, issued to Henry
E. Becker, Albert L. McConnell, and Richard Schutte on Jun. 17, 1980.

The softening composition of the present invention can also be applied to uncreped tissue
paper. Uncreped tissue paper, a term as used herein, refers to tissue paper which is non-
compressively dried, most preferably by through air drying. Resultant through air dried webs are
pattern densified such that zones of relatively high density are dispersed within a high bulk field,
including pattern densified tissue wherein zones of relatively high density are continuous and the
high bulk field is discrete. The techniques to produce uncreped tissue in this manner are taught in
the prior art. For example, Wendt, et. al. in European Patent Application 0 677 612A2, published
October 18, 1995; Hyland, et. al. in European Patent Application 0 617 164 Al, published
September 28, 1994; and Farrington, et. al. in U.S. Patent 5,656,132 published August 12, 1997.

The papermaking fibers utilized for the present invention will normally include fibers
derived from wood pulp. Other cellulosic fibrous pulp fibers, such as cotton linters, bagassc, etc.,
can be utilized and are intended to be within the scope of this invention. Synthetic fibers, such as
rayon, polyethylene and polypropylene fibers, may also be utilized in combination with natural
cellulosic fibers. One exemplary polyethylene fiber which may be utilized is Pulpex®, available
from Hercules, Inc. (Wilmington, DE).

Applicable wood pulps include chemical pulps, such as Kraft, sulfite, and sulfate pulps, as
well as mechanical pulps including, for example, groundwood, thermomechanical pulp and
chemically modified thermomechanical pulp. Chemical pulps, however, are preferred since they
Impart a superior tactile sense of softness to tissue sheets made therefrom. Pulps derived from
both deciduous trees (hereinafter, also referred to as "hardwood") and coniferous irees

(hereinafter, also referred to as "softwood") may be utilized. Also applicable to the present
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invention are fibers derived from recycled paper, which may contain any or all of the above
categories as well as other non-fibrous materials such as fillers and adhesives used to facilitate
the original papermaking.

Other materials can be added to the aqueous papermaking furnish or the embryonic web to
impart other desirable characteristics to the product or improve the papermaking process so long
as they are compatible with the chemistry of the softening composition and do not significantly
and adversely affect the softness or strength character of the present invention. The following
materials are expressly included, but their inclusion is not offered to be all-inclusive. Other
materials can be included as well so long as they do not interfere or counteract the advantages of
the present invention,

It 1s common to add a cationic charge biasing species to the papermaking process to control
the zeta potential of the aqueous papermaking furnish as it is delivered to the papermaking
process. An exemplary material is Cypro 514® 4 product of Cytec, Inc. of Stamford, CT. The
use of such materials 1s expressly allowed within the practice of the present invention.

The use of high surface area, high anionic charge microparticles for the purposes of
improving formation, drainage, strength, and retention is taught in the art. See, for example, U.
S. Patent, 5,221,435, 1ssued to Smith on June 22, 1993.

It permanent wet strength is desired, cationic wet strength resins can be added fo the
papermaking furnish or to the embryonic web. Suitable types of such resins are described in U.S.
Patents 3,700,623, issued on October 24, 1972, and 3,772,076, issued on November 13, 1973,
both to Keim.

If fugitive wet strength is desired, the binder materials can be chosen from the group
consisting of dialdehyde starch or other resins with aldehyde functionality such as Co-Bond
1000® offered by National Starch and Chemical Company of Scarborough, ME; Parez 750®
offered by Cytec of Stamford, CT; and the resin described in U.S. Patent 4,981,557, issued on
January 1, 1991, to Bjorkquist, and other such resins having the decay properties described above

as may be known to the art.

If enhanced absorbency 1s needed, surfactants may be used to treat the tissue paper webs of
the present invention. The level of surfactant, if used, is preferably from about 0.01% to about
2.0% by weight, based on the dry fiber weight of the tissue web. The surfactants preferably have
alkyl chains with eight or more carbon atoms. Exemplary anionic surfactants include linear alkyl
sulfonates and alkylbenzene sulfonates. Exemplary nonionic surfactants include alkylglycosides
including alkylglycoside esters such as Crodesta SL-40® which is available from Croda, Inc.
(New York, NY); alkylglycoside ethers as described in U.S. Patent 4,011,389, issued to Langdon, |
et al. on March 8, 1977; and alkylpolyethoxylated esters such as Pegosperse 200 ML available
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from Glyco Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520® available from Rhone
Poulenc Corporation (Cranbury, NJ). Alternatively, cationic softener active ingredients with a
high degree of unsaturated (mono and/or poly) and/or branched chain alkyl groups can greatly
enhance absorbency.

While the preferred embodiment of the present invention discloses a certain softening agent
composition deposited on the tissue web surface, the invention also expressly includes varations
in which the chemical softening agents are added as a part of the papermaking process. For
example, chemical softening agents may be included by wet end addition. In addition, other
chemical softening agents, in a form not within the scope of the present invention may be used.
Preferred chemical softening agents comprise quaternary ammonium compounds including, but
not limited to, the well-known dialkyldimethylammonium salts (e.g., ditallowdimethylammonium
chloride, ditallowdimethylammonium methyl sulfate, dithydrogenated tallow)dimethyl
ammonium chloride, etc.). Another class of papermaking-added chemical softening agents
comprise the well-known organo-reactive polydimethyl siloxane ingredicnts, including the most
preferred amino functional polydimethyt siloxane.

Filler materials may also be incorporated into the tissue papers of the present invention.
U.S. Patent 5,611,890, issued to Vinson et al. on March 18, 1997,

discloses filled tissue paper products that are acceptable as substrates for the present
mvention.

The above listings of optional chemical additives is intended to be merely exemplary in
nature, and are not meant to limit the scope of the invention.

Spray Application Method |

The preferred paper softening oil-in-water emulsion may be applied to the tissue paper at
levels preferably between about 0.1% and about 10% based on the total weight of the softening
composition compared to the total weight of the resulting tissue paper. The resulting tissue paper
preferably has a basis weight of from about 10 to about 80 g/m2 and a fiber density of less than

about 0.6 g/cc. The levels of softener additives used to soften the tissue paper are low enough

that the tissue paper retains high wettability.

In an especially preferred embodiment, the composition of the present invention is applied
to an overdried tissue web shortly after it is separated from a drying means and before 1t is wound
onto a parent roll. Alternatively, the composition of the present mvention may be applied to a
semi-dry tissue web, for example while the web is on the Fourdrinier cloth, on a drying felt or

fabric, or while the web is in contact with the Yankee dryer or other alternative drying means.

Finally, the composition can also be applied to a dry tissue web in moisture equilibrium with its
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environment as the web is unwound from a parent roll as for example during an off-line
converting operation.

In one preferred embodiment, the softening composition of the current invention may be
applied after the tissue web has been dried and creped, and, more preferably, while the web is
still at an elevated temperature. Preferably, the softening composition is applied to the dried and
creped tissue web before the web is wound onto the parent roll. Thus, in a preferred embodiment
of the present invention the softening composition 1s applied to a hot, overdried tissue web atter
the web has been creped and after the web has passed through the calender rolls which control
the caliper.

The softening composition described above is preferably applied to the web m a
macroscopically uniform fashion so that substantially the entire sheet benefits from the effect of
the softening composition. Following application to the hot web, at least a portion of the volatile
components of the vehicle preferably evaporates leaving preferably a thin film containing any
remaining unevaporatéd portion of the volatile components of the vehicle, the softening active
ingredient, and other nonvolatile components of the softening composition. By "thin film" 1s
meant any thin coating, haze or mist on the web. This thin film can be microscopically
continuous or be comprised of discrete elements. If the thin film 1s comprised of discrete
elements, the elements can be of uniform size or varying in size; further they may be arranged in
a regular pattern or in an irregular pattern, but macroscopically the thin film 1s uniform.
Preferably the thin film is composed of discrete elements.

The softening composition can be added to either side of the tissue web singularly, or to
both sides.

A preferred method of macroscopically uniformly applying the softening composition to
the web is spraying. Spraying has been found to be economical, and can be accurately conirolled
with respect to quantity and distribution of the softening composition, so it is more preferred. The
dispersed softening composition is applied onto the dried, creped tissue web after the Yankee
dryer and before the parent roll. A particularly convenient means of accomplishing this
application is to apply the softening composition to the web after the calender rolls and betore the
parent roll. A particularly preferred application position is between the calender rolls and any
spreading roll that may be positioned between the calender rolls and the parent roll. Such position
is particularly preferred because the web is controlled by rolls at each end of the span where the
composition is applied and there is still some web path length betore the web is wound onto the
parent roll for volatilization of the vehicle.

Figure 1 illustrates a preferred method of applying the softening composition to the tissue

web. Referring to Figure 1, a wet tissue web 1 is on carrier fabric 14 past turning roll 2 and
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transierred to Yankee dryer 5 by the action of pressure roll 3 while carrier fabric 14 travels past
turning roll 16. The web is adhesively secured to the cylindrical surface of Yankee dryer 5 by
adhesive applied by spray applicator 4. Drying is completed by steam-heated Yankee dryer 5 and
by hot air which is heated and circulated through drying hood 6 by means not shown. The web is
then dry creped from the Yankee dryer 5 by doctor blade 7, after which it is designated creped
paper sheet 15. Paper sheet 15 then passes through calender rolls 10 and 11. The softening
composition is then applied to sheet 15 by spray applicator 8 in the span between calender rolls
10, 11 and spreading roll 9. The treated sheet 15 then travels over a circumferential portion of
reel 12 and 1s wound onto parent roll 13 after a portion of the vehicle has evaporated as the web
passes through the span between spreading roll 9 and reel 12.

Suitably, the softening composition is disposed at a level of between about 0.1% and about
8% of the weight of the paper sheet 15, preferably between about 0.1% and about 5%, more
preferably between about 0.1% and about 3%.

While not wishing to be bound by theory or to otherwise limit the present invention, the
following description of typical process conditions encountered during the papermaking
operation and their impact on the process described in this invention is provided. The Yankee
dryer raises the temperature of the tissue sheet and removes the moisture. The steam pressure in
the Yankee is on the order of 110 PSI (750 kPa). This pressure is sufficient to increase the
temperature of the cylinder to about 170°C. The temperature of the paper on the cylinder is raised

as the water 1n the sheet is removed. The temperature of the sheet as it leaves the doctor blade can

be 1 excess of 120°C. The sheet travels through space to the calender and the reel and loses
some of this heat. The temperature of the paper wound in the reel is measured to be on the order
of 60°C. Eventually the sheet of paper cools to room temperature. This can take anywhere from
hours to days depending on the size of the paper roll. As the paper cools it also absorbs moisture
from the atmosphere.

Since the softening composition of the present invention is applied to the paper while it is
overdried, the water added to the paper with the softening composition by this method (i.e.
residual water that does not evaporate in the span between spreading roll 9 and reel 12) is not
sufficient to cause the paper to lose a significant amount of its strength and thickness. Thus, no

further drying is required.

EXAMPLE
Example 1

An example dispersion according to the present invention is prepared as follows, The

materials comprising this composition is more specifically defined in Table 1 which follows this
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description. Amounts used in each step are sufficient to result in the finished composition
detailed in that table. The appropriate quantity of water is heated (extra water may be added to
compensate for evaporation loss) to about 200°F (93°C). Sulfuric acid (38% solution) and
antifoam ingredient and nonionic surfactant is added to the water while maintaining temperature.
Concurrently, the blend of softening active ingredient and plasticizer is melted by heating it to a
temperature of about 190°F (88°C). The melted mixture of softening active ingredient and
plasticizer i1s then slowly added to the heated acidic aqueous phase with mixing to evenly
distribute the disperse phase throughout the vehicle.

Once the softening active ingredient is thoroughly dispersed and the dispersion temperature
1s 160 — 170°F (71 - 77°C), part of the sodium formate is added (as a 5% solution) infermittently
with mixing to provide an initial viscosity reduction. The stabilizer is then slowly added to the
mixture with continued agitation. After the dispersion cools to 120 — 140°F (49 - 60°C), the
sodium formate (as a 25% solution) is then added for further viscosity reduction. Lastly, the
extension aid polymer 1s added with continued mixing. The disperion is allowed to stand for at
least about 2 hours for the polymer to complete relaxation before any measurements or use of the
dispersion is attempted. For purposes of determining active ingredients, quat active is equal to

cationic active.

Table 1
Component Concentration
Continuous Phase
Water QS to 100%
Electrolyte’ 2.51%
Antifoam’ 0.23%
Bilayer Disrupter’ 0.6%
Sulfuric Acid’ 0.77%
Plasticizer’ 17.4%
Stabilizer 1.5%
Extension Aid Polymer Emulsion’ 0.02%
Disperse Phase
Softening Active Ingredient’ 45%
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1. 0.55 % from 5 % aqueous sodium formate solution, 1.0 % from 25% aqueous sodium
formate solution.

2. Silicone Emulsion (10% active)—Dow Corning 2310%, marketed by Dow Corning
Corp., Midland, MI

3. Suitable nonionic surfactants are available from Shell Chemical of Houston, TX under
the trade name NEODOL 91-8.

4. Available as a 38% solution from J. T. Baker Chemical Company of Phillipsburg, NJ
(The acid % 1n the tables reflects as is at 38%)

5. Plasticizer, softening active ingredient and inert ingredients obtained pre-blended from
Goldschmidt Chemical Corporation of Dublin, OH as DXP 5558-66 and comprises
about 25 % polyethylene glycol 400.

6. Stabilizer is Texcare 4060, from Clariant Corp., Charlotte, NC

7. Polymer Emulsion is Ciba Specialty Chemicals’ of Basel Switzerland, E-20

cationic polymer emusion (30% actives)

The resulting chemical softening composition is a milky, low viscosity dispersion suitable for

application to cellulosic structures as described below for providing desirable tactile softness to

such structures. It displays a shear-thinning non-Newtonian viscosity.
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Claims:

. A composition for atomizing without exccssive acrosolization in the form of an otl-

in-water emulsion comprising:

a) acontinuous aqueous phase,
b) a discontinuous oil phase; and
c)  softening active ingredient;

whercin a) and b) compnse an oil-in-water emulsion and the rheology of the
aqueous phase 1s modified by the addition of a water-in-oil emulsion into the

oil-in-water emulsion, the water-in-oil emulsion comprising;:

1) a high molecular weight polymer in a discontinuous aqueous phase,
wherein the weight ot the high molecular weight polymer is from
500,000 to 25,000,000 and

11) a continuous organic solvent phase.

2

A composition according to Claim 1 wherein the continuous aqueous phase of the

oll-in-water emulsion comprises less than 45% by weight of the composition.

3. A composition according to Claim 1 wherein the high molecular weight polymer

comprises from 0.0005% to 0.5% by weight of the composition.

4. A composition for softening an absorbent paper tissue comprising:
a)  aquaternary ammonium softening active ingredient;
b) an electrolyte;

¢) avehicle in which said softening active ingredient is dispersed;
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wherein the rheology of the composition 1s moditied by the addition of a water-1n-

o1l emulsion comprising:

1) from 20% to 40% by weight of the premix of a high molecular weight

polymcr;

wherein the weight of the high molecular weight polymer 1s from 500,000
to 25,000,000

1) from 40% to 60% of water; and

11) from 20% to 40% of an organic solvent.

A composition according to Claim 4 wherein the polymer is a cationic polymer.

A composition for softening an absorbent paper tissue comprising;

a) from 10% to 60% by weight of the composition of a quaternary ammonium

softening active ingredient;
b) an clectrolyte;
c) trom 0.0005% to 0.5% of a high molecular weight polymer; and
d) an aqueous vehicle in which said softening active ingredient is dispersed;

wherein the weight of the high molecular weight polymer ts from 500,000
to 25.000,000; and

wherein the rheology of the agqueous vehicle is modified by the addition of

a water-in-oil emulsion comprising:

1) the high molecular weight polymer in a discontinuous aqueous

phase, and

11) a continuous organic solvent phase.
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7. The composition of Claim 6 wherein said softening aclive ingredient is selected
from the group consisting of quaternary compounds; mono-, di-, and tri-ester

quaternary ammonium compounds, and mixtures thereof.

8.  The composition of Claim 7 wherein said softening active igredient 1s a mono-,

di-, or tri-ester quaternary ammonium compound having the formula:

+ . )
(R1)4-m - N -[(CH2)y- Y -R3]y X

wherein Y 1s -O-(O)C-, or -C(0O)-0-, or -NH-C(O)-, or -C(O)-NH-;

mis 1 to 3; nis O to 4: each Ry is a C|-Cg alkyl or alkenyl group, hydroxyalkyl
group, hydrocarbyl or substituted hydrocarbyl group, alkoxylated group, benzyl

group, or mixtures thereof;

each R3 is a Cy3-C» alkyl or alkenyl group, hydroxyalkyl group, hydrocarbyl or

substituted hydrocarbyl group, alkoxylated group, benzyl group, or mixtures

thereof: and

X' is any softener-compatiblc anion.

9. The composition of Claim 8 wherein m 1s 3, n is 2, R1 is methyl, R3 1s C15-Cy7
alkyl or alkenyl, and Y 1s -O-(O)C-, or -C(O)-O-.

10. The composition of Claim 4 turther comprising from 2% to 75% by weight of a

plasticizer.

[1.  The composition of Claim 4 wherein the electrolyte comprises up to 5% by weight

of the composition.
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2. The composition of Claim 4 further comprising from 1% to 20% by weight of the
composition ot a bilayer disrupter; wherein the bilayer disrupter comprises both

hydrophobic and hydrophilic moities.

3. The composition of Claim 4 wherein the vehicle is water.

14. A composition for softening an absorbent tissue comprising:

a) ftrom 25% to 45% by weight of a quaternary ammonium softening active

ingredient;

b) from 0.0005% to 0.2% by weight of a high molecular weight polymer
delivered to the composition in the form of a water-in-oil emulsion

comprising the high molecular weight polymer, water and an organic solvent;

wherein the weight of the high molecular weight polymer is from 500,000
to 25,000,000;

¢c) from 5% to 50% by weight of a plasticizer;
d) from 0.1% to 10% by weight of an electrolyte; and

¢) a vehicle consisting of water, in which said softening active ingredient is

dispcrscd.

5. A soft tissue paper product, said soft tissue paper product comprising:
a) one or more plies of a tissue paper; and

b) a chemical softening composition deposited on at least one outer surface of

said tissue, said chemical softening composition comprising:
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1) a quatcrnary ammonium softening active ingredient;
11) an electrolyte;
i11) a high molecular weight polymer emulsion comprising:

A) from 20% to 40% by weight of the premix of a high molecular weight
polymer;

B) from 40% to 60% of water; and
C) from 20% to 40% ot an organic solvent; and

D) wherein the weight of the high molecular weight polymer is from
500,000 to 25,000,000;

1v) a vehicle in which said softening active ingredient is dispersed.

The tissue paper according to Claim 15 wherein the chemical softening composition

1s deposited onto the paper as a spray.

The tissue paper of Claim 15 wherein said chemical softening composition is
deposited as uniform, discrete surface deposits, spaced apart at a frequency between

5 areas per hneal inch and 100 areas per lineal inch.

The tissue paper of Claim 15 wherein softening active ingredient is a quaternary

ammonium compound having the formula:
+ | -
(R1)4-m-N -[(CH2)p - Y -R3]ym X

wherein Y 1s -O-(0)C-, or -C(0O)-O-, or -NH-C(O)-, or -C(O)-NH-:
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mis | to 3:nis 0to4; each Ry is a Cy-Cg alkyl or alkenyl group. hydroxyalkyl

group, hydrocarbyl or substituted hydrocarbyl group, alkoxylated group, benzyl

group, or mixtures thereof;

each R3 is a C13-Coy alkyl or alkenyl group, hydroxyalkyl group, hydrocarbyl or

substituted hydrocarbyl group, alkoxylated group, benzyl group, or mixtures

thereot: and

X' is any softener-compatiblc anion.

The tissue paper of Claim 18 wherein the softening composition comprises:
a)  aquaternary ammonum softening active ingredient;

b) an electrolyte;

c) from 0.0005% to 0.01% of a high molecular weight polymer;

wherein the weight of the high molecular weight polymer 1s tfrom 500,000
to 25,000,000; and

d) a vehicle in which said softening active ingredient is dispersed.

The tissue paper ot Claim 18 wherein the softening composition comprises:

a) from 25% to 45% by weight of a quaternary ammonium softcning active

ingredient;

b) from 0.0005% to 0.2% by weight of a high molecular weight polymer
delivered to the composition in the form of an emulsion comprising the high

molecular weight polymer, water and an organic solvent.
¢) trom 5% to 50% by weight of a plasticizer;,

d) from 0.1% to 10% by weight of an clectrolyte; and
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¢) a vehicle consisting of water, in which said softening active ingredient 1s

dispersed.
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