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products. Mre particularly, @it relates to tissue paper products conprising
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per manent or tenporary wet strength bi nder% and/ or dry strength binders.
The treated tissue webs can be used to make soft, absorbent and |int
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FIELD OF THE INVENTION

This invention relates to tissue paper products. More particularly, it
relates to tissue paper products comprisihg a two component chemical
softener composition and binder materials, either permanent or temporary
wet strength binders, and/or dry strength binders. The treated tissue webs
can be used to make soft, absorbent and lint resistant paper products such
as facial tissue paper products or toilet tissue paper products.

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes cailed tissue or paper tissue webs
or sheets, find extensive use in modern society. Such items as facial and
toilet tissues are staple items of commerce. It has long been recognized that
four important physical attributes of these products are their strength, their
softness, their absorbency, including their absorbency for aqueous systems;
and their lint resistance, including their lint resistance when wet. Research
and development efforts have been directed to the improvement of each of
these attributes without seriously affecting the others as well as to the
improvement of two or three attributes simultaneously.

Strength is the ability of the product, and its constituent 'webs, to
maintain physical integrity and to resist tearing, bursting, and shredding
under use conditions, particularly when wet.



| nprovenent of two or three attributes simultaneously. Strength is
the ability of the product, and its constituent webs, to maintain physical
integrity wpdede16€si st tearing, bursting, and shreddi ng undRCTAISES/15420
conditions, particularly when wet.

2 Softness is the tactile sensation perceived by the consuner as
he/ she holds a particular product, rubs itgacross his/her skin, or crunples
it within his/her hand. This tactile sensation is provided by a conbination
of several physical properties. Inportant physical properties related to
softness are generally considered by those skilled in the art to be the
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Cheni stry angpnstituent webs, to absorb quantities of liquid, particularly . aqueous
solutions or dispersions. Overall absorbency as perceived by the consumer is
generally considered to be a combination of the total quantity of liquid a
given mass of tissue paper will absorb at saturation as well as the rate at
which the mass absorbs the liquid. ’

Lint resistance is the ability of the fibrous product, and jts constituent
webs, to bind together under use conditions, including when wet. In other
words, the higher the lint resistance is, the lower the propensity of the web
to lint will be. '

The use of wet strength resins to enhance the strength of a paper
web is widely known. For example, Westfelt described a number of such
materials and discussed their chemistry in Cellulose Chemistry and
Technology, Volume 13, at pages 813-825 (1979). Freimark et al. in U.S.
Pat. No. 3,755,220 issued August 28, 1973 mention that certain chemical
additives known as debonding agents interfere with the natural fiber-to-fiber
bonding that occurs during sheet formation in paper making processes. This
reduction in bonding leads to a softer, or less harsh, sheet of paper.
Freimark et al. go on to teach the use of wet strength resins in conjunction
with the use of debonding agents to off-set the undesirable effects of the
debonding agents. These debonding agents do reduce both dry tensile
strength and wet tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also
teaches that chemical debonders can be used to reduce the stiffness, and
thus enhance the softness, of a tissue paper web.
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to inpart both softness and absorbency to tissue paper  web
Armak Company, of Chicago, lllinois, |n thelr bulletm 76-17 (1977)

disclose the use of dimethyl dilhydrogenated)tallow ammonium chloride in
combination with fatty acid esters of polyoxyethylene glycols to impart both
softness and absorbency_ to tissue paper webs.

One exemplary result of research directed toward improved paper
webs is described in U.S. Pat. No. 3,301,746, issued to Sanford and Sisson
on January 31, 1967. Despite the high quality of paper webs made by the
process described in this patent, and despite the commercial success of
products formed from these webs, research efforts directed to finding
improved products have continued.

For example, Becker et al. in U.S. Pat. No. 4,158,594, issued January
19, 1979, describe a method they contend will form a strong, soft, fibrous
sheet. More specifically, they teach that the strength of a tissue paper web
(which may have been softened by the addition of chemical debonding
agents) can be enhanced by adhering, during processing, one surface of the
web to a creping surface in a fine patterned arrangement by a bonding
material (such as an acrylic latex rubber emuision, a water soluble resin, or
an elastomeric bonding material) which has been adhered to one surface of
the web and to the creping surface in the fine patterned arrangement, and
creping the web from the creping surface to form a sheet material.
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The present invention is applicable to tissue paper in general, but

particularily applicable to multi-ply, multi-layered tissue paper products such
as those described in U.S. Patent 3,994,771, issued to Morgan Jr. et al. on
November 30, 1976, and in U.S. Patent 4,300,981, Carstens, issued
November 17, 1981, both of which are incorporated herein by reference.

The tissue paper products of the present invention contain an
effective amount of binder materials, either permanent or temporary wet
strength binders, and/or dry strength binders to control linting and/or to
offset the loss in tensile strength, if any, resulting from the use of the two
component chemical softening conipositions.

It is an object of this invention to provide soft, absorbent and lint
resistant tissue paper products.

It is also a further object of this invention to provide a process for
making soft, absorbent, lint resistant tissue paper products.

These and other objects are obtained using the present invention, as
will become readily apparent from a reading of the following disclosure.
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5 SUMVARY OF THE | NVENTI ON The present

i nvention provi da} sofpapexireakingnfibets;nt resistant tissue paper products
conpri si ng a) paper mnaking fibers; b) fromabout 0.01 %
to-about 3.0% of a quaternar i um_conpound; c) from

y amoni ;
about 0.01 % to &out fEoMEkEULOMD %stg ahayt 3.0% of apyatenaaryand
ammonium compound;

c) from about 0.01% to about 3.0% of a polysiloxané
compound; and '

d) from about 0.01% to about 3.0% of binder materials,
either wet strength binders and/or dry strength binders.

Examples of quaternary ammonium compounds suitable for use in the
present invention include the well-known dialkyldimethylammonium salts
such as DiTallow DiMethyl Ammonium Chloride (DTDMAC), DiTallow
DiMethyl Ammonium Methyl Sulfate (DTDMAMS), Di(Hydrogenated)Tallow
DiMethyl Ammonium Methyl Sulfate (DHTDMAMS), Di(Hydrogenated)Tallow
DiMethyl Ammonium Chioride (DHTDMAC).

Examples of polysiloxane materials for use in the present invention
include an amino-functional polydimethyipolysiloxane wherein less than
about 10 mole percent of the side chains on the polymer contain an amino-
functional group. Because molecular weights of polysiloxanes can be
difficult to ascertain, the viscosity of a polysiloxane is used herein as an
objectively ascertainable indicia of molecular weight. Accordingly, for
example, about 2 mole percent substitution has been found to be very
effective for polysiloxanes having a viscosity of about one-hundred-twenty-
five (125) centistokes; and viscosities of about five-million (5,000,000)
centistokes or more are effective with or without substitution. In addition
to such substitution with amino-functional groups, effective substitution
may be made with carboxyl, hydroxyl, ether, polyether, aldehyde, ketone,
amide, ester, and thiol groups. Of these effective substituent groups, the
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Kymene * 557H marketed by Hercules Incorporated of Wilmington, DE),
temporary wet strength resins: cationic dialdehyde starch-based resin (such
as Caldas produced by Japan Carlet or Cobond 1000 produced by National
Starch) and dry strength binders (i.e. carboxymethy! cellulose marketed by
Hercules Incorporated of Wilmington, DE, and Redibond 5320 marketed by
National Starch and Chemical corpbration of Bridgewater, NJ).

The tissue paper products of the present invention preferably
comprise from about 0.01% to about 3.0% of binder materials, either
permanent or temporary wet strength binders, and/or from about 0.01% to
about 3.0% of a dry strength binder.

Without being bound by theory, it is believed that the quaternary .
ammonium softener compounds are effective debonding agents that act to
debond the fiber-to-fiber hydrogen bonds in the tissue sheet. The
combination of debonding hydrogen bonds with the polysiloxane softener,
along with the introduction of chemical bonds with the wet and dry strength
binders decreases the overall bond density of the .tissue sheet without
compromising strength and lint resistance. A reduced bond density will
create a more flexible sheet overall, with improved surface softness.
important measures of these physical property changes are the FFE-index
(Carstens) and the bulk flexibility, slip-and-stick coefficient of friction, and
physiological surface smoothness as described in Ampulski at al., 1991
International Paper Physics Conference Proceedings, book 1, page 19 - 30,
incorporated herein by reference.
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7 Briefly, the process for meking the tissue paper products of the

While the Specification concludes with claims particularly pointing out
and distinctly claiming the present invention, it is believed the invention is
better understood from the following description taken in conjunction with
the associated drawings, in which :

Figure 1 is a schematic cross-sectional view of a two-ply, two-layer
tissue paper in accordance with the present invention. :

Figure 2 is a schematic cross-sectional view of a three-ply, single-
layer tissue paper in accordance with the present invention.

" Figure 3 is a a schematic cross-sectional view of a single-ply, three-

layer tissue paper in accordance with the present invention.

Figure 4 is a schematic representation of a papermaking machine
useful for producing a soft tissue paper in accordance with the present
invention. ' '

The present invention is described in more detail below.



present invention conprises the steps of formation of a single-layered or
mul ti-layered paper nmaking furnish fromthe af orenenti oned conponents
except for wdnes/Peie/si | oxane conpound, deposition of the papePCRAINISE5420
furnish onto a foram nous surface such as a Fourdrinier wire, and renoval

of the water fromthe deposited furnish. The pol ysil oxane conpound is
preferably added to at |east one surface ofgthe dried tissue paper web. The
resulting single-layered or nmulti-layered tissue webs can be conbined with
one or nore other tissue webs to forma nulti-ply tissue. Al l
percentages, ratios and proportions herein are by weight unless otherw se
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. Two Component Chemical Softener Compaositions

The present invention contains as an essential component a chemical
softening composition comprising a quaternary ammonit_.lm compound and a
polysiloxane compound. The ratio of the quaternary ammonium compound
to the polysiloxane combound ranges from about 3.0 : 0.01 to 0.01 : 3.0;
preferably, the weight ratio of the quaternary ammonium compound to the
polysiloxane compound is about 1.0 : 0.3 to 0.3 : 1.0; more preferably, the
weight ratio of the quaternary ammonium compound to the polysiloxane
compound is about 1.0 : 0.7 to 0.7 : 1.0 . Each of these types of
compounds will be descfibed in detail below.

A. Quaternary Ammonium COmpound

The chemical softening composition contains as As used herein, the
term "binder” refers to the various wet and dry strength resins and retention
aid resins known in the paper making art.

As used herein, the term "water soluble™ refers to materials that are
soluble in water to at least 3% at 25 °C.

. As used herein, the terms "tissue paper web, paper web, web, paper
sheet and paper product” all refer to sheets of paper made by a process
comprising the steps of forming an aqueous paper making furnish,
depositing this furnish on a foraminous surface, such as a Fourdrinier wire,
and removing the water from the furnish as by gravity or vacuum-assisted
drainage, with or without pressing, and by evaporation.
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constituent webs, to bind together under use conditions, including when
wet. In other words, the higher the lint resistance is, the |lower the
propensity of the web to lint wll be. Two Conponent Chem cal Softener
Conposi ti ons As Used fhezein;tan Maqueiows papeaimaking furnisivers ian aqueous
conmponent a hem'cfsé f ' . AN VS : anmoni um
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the pol ysi | damdcaap%mb.snuﬂadﬁvqteé w@, Hi-iaypred papef sheet and, mwiy-
the weight é&@?agaﬁ psregUet MY réferTid SRe6RRPUPSDEO phéisarkEl Froim oxed cor
conpound is about 1.0 : Q.7 to 0.7 : 1.0 . ch pf these types of co*gao pds
will be desdPPHdlavergeodi agHa0YR P%e'qﬁﬁgﬁ%rﬁ"ﬂ n W@oﬁﬁ%uﬁ&e rably
TB_e ghem’ C?'cr.ﬁriii{)i‘iﬂ?!irl1 raf differesttfiber typesqithe fibers typiedlly cbeaing, relinivelyr iong
"bi nder refer ar t n ' na. r [ j d
resins knomﬁq%hw?ﬂg §3§e|’ E%g%e% sallfc{}.g ﬂé?ﬂ\ﬁ&ﬁ%ﬂhg%{ieﬁ%?&e&% hggﬁé n? St
"wat er sol ulrthakingsfEhe layersamee ipreferably farmedofrom ghpndepesitionoohisepasate

3%at 25 [erét]'é%mﬁ of dildfe Uikt BRirfleS;, UpéntBAETOrt hfoTEC eRaAs WBRamIRI
web, web, paper sheet and, paper roduc{ all refer to.,sheets of paper rr%de
by B procesaceepns: oif e indikidual layers are Injtialy JorBed o SeparatalViEss. the

furnish, depagédd aee sabsequentiy cormbimedo(whileowet)sto ffore, a Jagéreds composite
Fourdri ni er W|6e, and renmoving the water fromthe furnish as by gravity or
vacuum assi ¥88- drai nage, with or without pressing, and by evaporation.

As used herein the term "multi-ply tissue paper product™ refers to a
tissue paper consisting of at least two plies. Each individual ply in turn can
consist of single-layered or muiti-layered tissue paper webs. The multi-ply
structures are formed by bonding together two or more tissue webs such as
by glueing or embossing. '

It is anticipated that wood pulp in all its varieties will normaily
comprise the paper making fibers used in this invention. However, other
cellulose fibrous pulps, such as cotton liners, bagasse, rayon, etc., can be
used and none are. disclaimed. Wood puips useful herein include chemical
pulps such as Kraft, sulfite and sulfate pulps as well as mechanical pulps
iricluding for example, ground wood, thermomechanical pulps and Chemi-
ThermoMechanical Pulp (CTMP). Pulps derived from both deciduous and
coniferous trees can be used.

Synthetic fibers such as rayon, polyethylene and polypropylene fibers,
may also be utilized in combination with the above-identified natural celluose
fibers. One exemplary polyethylene fiber which may be utilized is Pulpex°,
available from Hercules, Inc. (Wilmington, D_g_l__.__)_.___

Both hardwood pulps and softwood pulps as well as blends of the -
two may be employed. The terms hardwood pulps as used herein refers to
fibrous pulp derived from the woody substance of deciduous trees
(angiosperms): wherein softwood pulps are fibrous pulps derived from the



9 As used herein, an "aqueous paper nmaking furnish" is an aqueous
slurry of paper nmeking fibers and the chem cals described hereinafter.

As used h@igfdgiieeide term “nulti-layered tissue paper web, mMpdIososasa0ed
paper web, multi-layered web, nmulti-|ayered paper sheet and nulti- |ayered
paper product” all refer to sheets of paper prepared fromtwo or nore

| ayers of aqueols paper naking furnish wRigch are preferably conprised of
different fiber types, the fibers typically being relatively |ong softwood
and rel atively short hardwood fibers as used in tissue paper neking. The
| ayers are preferably fornmed fromthe deposition of separate streans of
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bagasse, ra etc., can be used and none are disclainmed. Wod pul ps
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al so be uti conbi nat1 on ove I dentified natural celluose
fibers. One exenplary polyethylene fiber which may be utilized is
Pul pex[err], avail abl e f(r cy s, [H%]fn XW I m ngton, Del.). Bot h
har dwood puI ps and sof twood pul ps as as blends of the two may be
enpl oyed. The terns hardwood pul ps as used herein refers to fibrous pulp
derived from t hevheveisly subst ance of deci duous trees (angi osperns): wherein
sof t wood pul ps HE {itgré),us pul ps derived fromthe )
each R is a C1-Cé alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof;
each R2 is a Cg-C41 alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof; and

X" is any softener-compatible anion.

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 in 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. Preferably, each R2 is C16-C18 alkyl, most preferably
each R2 is straight-chain C18 alkyl. Preferably, each R1 is methyl and X" is
chloride or methy! sulfate. Optionally, the R2 substituent can be derived
from vegetable oil sources.



10 woody substance of coniferous trees (gymosperns). Hardwood pul ps
such as eucal yptus are particularity suitable for the outer t he
mul ti - I‘X?@F’éé&ﬁ ssue webs described hereinafter, whereas WWS&
sof t wod Kraft pul ps are preferrred for the inner |ayer(s) or ply(s).

Al so applicable to the present i nventlon are |l ow cost fibers derived from
recycl ed paper, which may contain any or Thi 1 of the above cat egories as
wel | as ot her non-fibrous materials such as fillers and adhesives used to
facilitate the original paper maki ng. an essential conponent
from about 0.01 %to about 3.00% by wei ght, preferably fromabout 0.01 %
to about 1.00% byExemphés of quaternarycameionismmoompountspsuitabieaforngse iie the

2o er 1] - o ptasent nvensisth Thgle, the, wet-kiedp! YgfkyisimetyyiEgimontiih’ sahs
substi t ut ed $yeh @saditaliowr dipetiikammaeniach ghtanide,bditaljéwgdimethydammonium

wygﬁ ures t Sﬁh‘a@ﬁ sujtate, %%gdfggéﬁaédﬁa%w ‘ditrfthy1 ?rﬁ?ﬂ&r@: gwonde it

ol
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in Bailey's roduc Ltion, John ey an
Sons ( New Yo? gh a’l‘ﬁﬂ%ﬂ%’d@ at ﬂﬁ?ﬁ‘?'&ﬁ y r&‘g"ﬁr rF material having a
vari abl e corrp05|t|on Table 6.13 in the above- identified reference edited

by Swern indé.cq“oq?sﬁ&@né b%ilﬁ;%tllﬂd 78% or nore of

In general, suitable polysiloxane materials for use in the present
invention include those having monomeric siloxane units of the following
structure: '

R1

I
-[- Si-0-]-

R2

wherein, R1 and R2, for each independent siloxane monomeric unit can
each independently be hydrogen or any alkyl, aryl, alkenyl, alkaryl, arakyl;
cycloalkyl, halogenated hydrocarbon, or other radical. Any of such radicals
can be substituted or unsubstituted. Rt and R2 radicals of any particular
monomeric unit may differ from the corresponding functionalities of the next
adjoining monomeric unit. Additionally, the polysiloxane can be either a
straight chain, a branched chain or have a cyclic structure. The radicals R1
and R2 can additionally independently be other silaceous functionalities such
as, but not limited to siloxanes, polysiloxanes, silanes, and polysilanes. The
radicals R1 and R2 may contain any of a variety of organic functionalities

—including, for example, alcohol, carboxylic acid, aldehyde, ketone and
amine, amide functionalities. '

This Sheet Has Been R,

MDA fill



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
ol ei ¢ aci dwoDgAdeIeti c as well as natural "tallows" fall w thiRCIVUSssSAS42pe Of
the present invention. Preferably, each R2 is C16-C 8 al kyl, nost
preferably each R2 is straight-chain C18 alkyl. Preferably, each Rerr] is
met hyl and X[err] is chloride or nethyl suypfate. Optionally, the R2
substituent can be derived fromvegetable oil sources.

11 Exanpl es of quaternary anmoni um conpounds suitable for use in
the present invention include the well-known dial kyl di net hyl anmoni um salts

such as ditall owgedi | c r dj | ow di net ammnj um
met hyl sul fate, #F@F&gémgﬁ‘ﬁh gté) m %‘&Vhy?{@%@ﬁ%%méﬂﬂ%i%?é‘,tvhy'???‘v"
di (hydr ogenaoetyil; decyly actadecyl, amttheuikevetExemplaryaalkebyl ragdipals§ are &thyl,
This particu ry?.@e ljitdlaS ' m:gq I f j ﬂﬁ”p .
of Dublin, OAWW')" un ga?ﬁ?#gbfr%%nﬁa’ﬁng}f\%?l.so 'tEh,%3%¥e. H’%mpgf’@&go é{nggxh{m'
Conpound  and thedikeer Exemplaty,plkarporagicals agetovit ¥yivhl etidpheny, iand: the
present invefkd.on igxemplary hargkyllayadical®nare" bénzyl, | %th@hﬁ(fetﬁ{'l,t lHeta-
foll ow ng st rHct u]reh . [grr .
phenylethyl, alpha-phenyibutyl, and the like. "Exemplary cycloalkyl radicals
are cyclobutyl, cyclopentyl, cyclohexyl, and the like. Exemplary
halogenated hydrocarbon radicals are chioromethyl, bromoethyl,
tetrafluorethyl, fluorethyi, trifluorethyl, trifluorotoyl, hexafluoroxylyl, and the
- like. ' -

Viscosity of polysiloxanes useful may vary as widely as the.viscosity
of polysiloxanes in general vary, so long as the polysiloxane is flowable or
can be made to be flowable for application to the tissue paper. Preferably
the polysiloxane has an intrinsic viscosity ranging from about 100 to about
1000 centipoises. References disclosing polysiloxanes include U. S. Patent
No. 2,826,551, issued March 11, 1958 to Geen; U. S. Patent No.
3,964,500, issued June 22, 1976 to Drakoff; U.S. Patent No. 4,364,837,
issued December 21, 1982, Pader, U.S. Patent No. 5,059,282, issued
October 22, 1991 to Ampulksi et al.; and British Patent No. 849,433,
published September 28, 1960 to Woolston. All of these patents are
incorporated herein by reference. Also, incorporated herein by reference is
Silicon Compounds, pp 181-217, distributed by Petrarch Systems, Inc.,
1984, which contains an extensive listing and description of polysiloxanes
in general. '

The polysiloxane can be applied to the tissue paper by wet web
application or by dry web application. At least one surface of the web
should be contacted with the polysiloxane. The polysiloxane is preferably
applied to a dry web in an aqueous solution either in neat form or emulsified
with a suitable surfactant emulsifier. Emulsified silicone is most preferable
for ease of application since a neat silicone aqueous solution will tend to
rapidly separate into water and silicone phases, thereby impairing even
distribution of the silicone on the web. The polysiloxane is preferably applied
to the dry web after the web is creped.



wherein, Rerr] and R err], for each independent siloxane nononeric unit
can each I ndependent|y be hydrogen or any al kyl, aryl, alkenyl_. alkaryl,

ar akyl , cyH%&/l?ﬂ‘ hal ogenat ed hydrocar bon, or other radi ca?".c'r ?éguch
radicals can be substituted or unsubstituted. R err] and R err] radicals of
any particular nmononeric unit may differ fromthe correspondi ng
functionalities of the next adjoining nonod8ric unit. Additionally, the

pol ysi | oxane can be ei'ther a straight chain, a branched chain or have a
cyclic structure. The radicals R err] and R err] can additionally

i ndependent |y be other sifaceous functionalities such as, but not linmted
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phenyl, di phegwrefeaaswmyeammmlwend&mm ary al karyl radicals are
toyl, xyI yl, ethyl phenyl, and the |ike. Exenplary arakyl radicals are

benzyl , alpha phenylethyl bet a- phenyl et hyl, al pha-phenyl butyl, and the
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in is thus contempiated.

Preferably, a sufficient amount of polysiloxane to impart a tactile sense
of softness is applied to both surfaces of the tissue paper. When
polysiloxane is applied to one surface of the tissue paper, some of it will at
least partially penetrate to the tissue paper interior. This is espebially true
when the polysiloxane is applied in solution. One method found to be useful
for facilitating polysiloxane penetration to the opposing surface when the
polysiloxane is applied to a wet tissue paper web is to vacuum dewater the
tissue paper subsequent to application. A preferred method of applying the
polysiloxane compound to a wet tissue web is described in U.S. Patent No.
5,164,046 issued to Ampulski et al. on November 17, 1992, incorporated
herein by reference.

Wet Strength Binder Materials

The present invention contains as an essential component from about
0.01% to about 3.0%, preferably from about 0.01% to about 1.0% by
weight of wet strength, either permanent or temporary, binder materials.

A. Permanent Wet Strength Binder Materials



| ssued Decenber 21, 1982, Pader, U.S. Patent No. 5,059, 282, issued Cctober
22, 1991 to Anpul ksi et al.; and British Patent No. 849,433, published
Sept enber W8o6io¥18 t 0 Wol ston. Al of these patents are i NnCPCTUSS¥5420
herein by reference. Al so, incorporated herein by reference is Silicon
Compounds. pp 181-217, distributed by Petrarch Systens, Inc., 1984, which
contains an extehsive listing and descri ptjigon of pol ysil oxanes in general.
The pol ysil oxane can be applied to the tissue paper by wet web application
or by dry web application. At |east one surface of the web shoul d be
contacted with the pol ysil oxane. The polysiloxane is preferably applied to

a dry web in an e olution either.ip.neat farmpr enulsified with a
sui tabl e surfact jﬁ? §#ﬁf‘§f‘??érweﬁrﬁ}r@9¢eg"ﬁ fi Qiatenals afec %ﬁrb?féﬁ% the,
ease of applfotlewing gioup: of chemicalsi polyamigecepichiarbhydrin, \polyatstamides,
rapidly sep | r e | C , t I npgi.Ling even
di stributi oﬁg‘gkgqélghgalq@égnquﬁa)ﬁ?é wceiﬁ.gmg'%g&% ysPﬁ@m i saﬁg’éf’gr ab{pa-
appl i ed to tfeemaldehvde;pelyethylengispings chitgses. polymers and mixtures thereof.
13 t ' i &g@a Jagatelt) ry
tissue web z%#ggdggfitggdbfﬁﬁ ?Jﬂésmag;ttgﬁ?gﬂ%g? lﬂgﬁgﬁérﬂ& igs_s%gd to%r?%ﬁlf@fﬁ
ggggep';) enﬁegbhf‘h:’ah%ﬁoﬁﬂﬂ“ggz?g, g:?gﬁéﬂ';'i°mf%ife§tnsfl mcﬂ‘lj‘;@@? |
, bot , cAhdiimgixtuves' thered £ dThe 'parmanentewet astféngthl bi e
process desc 'sb d_i ;h%‘ @'A&S rt & thpurggl Kgill xane.cog OL{II’ld i IIWa .:%IE
preferably s tafpeg°§5t°5 i ﬁﬁgnﬁg HQOPF'S_ thé lo ?tmi?néﬂgc? E?ﬂﬂtg'n'df A
to apply thgepulting froxathe chemical saftenemedompositionspaper webs are dri ed
and/ or creped, though in nost cases the dried web wil|l have been creped
prior to pol ysi| Babsenidec:eniahlorobydiin: resins  Ree paptionici wet pstresgth  resins
Possi bl o. 51 AAGH habBUDBEN Mound:Ribe Of partiether URITY] BRitebly 1fpdf ot sién
E heet strend®RiNfh %dgﬁﬁ}%ﬁ?ﬂ& J"gg-é}a???eoﬂtl \YOr &nggréaguﬁﬁﬂle@r Pnngctober 24,
Appl i cat i on 19720bndi 3,7%2)076) issusd vhi Novenibieri 18,19923; WdthlisSued to Keim
and both being hereby incorporated by reference. One commercial source of
a useful polyamide-epichlorbhydrin’ resins is Hercules, Inc. of Wilmington,
Delaware, which markets such resin under the trade-mark Kymeme “ 557H.

Polyacrylamide resins have also been found to be of utility as wet
strength resins. These resins are described in U.S. Patent No. 3,556,932,
issued on January 19, 1971, to Coscia, et al. and 3,556,933, issued on
January 19, 1971, to Williams et al., both patents being incorporated herein
by reference. One commercial source of polyacrylamide resins is American
Cyanamid Co. of Stanford, Connecticut, which markets one such resin
under the trade-mark Parez “ 631 NC.

Still other water-soluble cationic resins finding utility in this invention
are urea formaldehyde and melamine formaidehyde resins. The more
common functional groups of these polyfunctional resins are nitrogen
containing groups such as amino groups and methylol groups attached to
nitrogen. Polyethylenimine type resins may also find utility in the present
invention. '

B. Temporary Wet Strength Binder Materials



sol vent, such as hexane, in which the polysiloxane dissolves or is mscible
inis thus 0, at ed. Preferably, a sufficient anmoug
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applied in solution. One nethod found to be useful for facilitating
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subsequent to apfihecabove-mentioréd rweti strangit additivesytypicallye resbly Sh| papee

dt
Coohed o adbrdtiiets Rt betibrcht WGSE stigbtn o1 5t agdr e dungn Hideedin an
reference. awWeas mrgdiumpretains aaubstantal portlon %@Spvﬁwnwet rsnengtbnover
contai ns as @mesSiH6Weval, ?@i‘mﬁﬁéﬁi vf:é@%tl%'?@lz'h ﬁ Qém% @dﬂ%ft ‘Products

preferably from about wet s ren

Q9%
ei t her per mefihd& AN HHBﬁF%ﬁPWb?Wg&nqlﬁﬂ' |p§op é‘?ﬂﬁin@?ﬂd'-!FéF siGh@agt h
Bi nder Mat ertoiles tissues, etc., are generally disposed of after brief peridds of use intbhe

per enent_ el SIS AR TIRIRS | BidoBinh 58 58, P YR oM resuE i e
| at exes; i ngaperbi product permanently afeteins ; itsur bydrélysisedesistant; strength
pol yet hyl eneigipapiiesN fAeFan raeéwrsg@mféemwsesh 3T Sied " ftshﬁi&gw et

per manent wet sStrengt th bi nder materi s are sel ect

consi sting oftreR@thaadditives; tonpapempeaducts dor r\’!h'cﬁ'ov\@ic&twfwﬂ\d§ sufficient ford
m xt ur es themaofnteﬁaed n@ermmnovmm tﬁbh%évstPdﬁrstﬁ?rlf’l' \?vaiétt Ecay of

control IIntt'hrég Vet Irc'asr?gttho f%cuh%atest Qﬁ) Vo3 {hne Sé‘;?e'r product throulgh %gptlc

systems.

Examples of suitable temporary wet strength resins include modified
starch temporary wet strength agents, such as National Starch 78-0080,
marketed by the National Starch and Chemical Corporation (New York, New
York). This type of wet- strength agent can be made by reacting
dimethoxyethyl-N-methyl-chloroacetamide with cationic starch polymers.
Modified starch temporary wet strength agents are also described in U.S.
Pat. No. 4,675,394, Solarek, et al ., issued June 23, 1987, and
incorporated herein by reference. Preferred temporary wet strength resins
include those described in U.S. Pat. No. 4,981,657, Bjorkquist, issued
January 1, 1991, and incorporated herein by reference.

With respect to the classes and specific examples of both permanent
and temporary wet strength resins listed above, it should be understood that
the resins listed are exemplary in nature and are not meant to limit the scope
of this invention.

Mixtures of compatible wet strength resins can also be used in the
practice of this invention.

Dry Strength Binder Materials

The present invention contains as an optional component from about
0.01% to about 3.0%, preferably from about 0.01% to about 1.0% by
weight of a dry strength binder material chosen from the following group of



resulting fromthe chem cal softener conpositions.

Pol yam de- epi chl orohydrin resins are cationic wet strength resins which
have been {wyoghdses be of particular utility. Suitable types ®CHUSYS/15420i ns
are described in U S. Patent No. 3,700,623, issued on Cctober 24, 1972, and
3,772,076, issued on Novenber 13, 1973, both issued to Keimand both being
hereby incorporated by reference. One comm@éci al source of a useful

pol yam de-epi chl orohydrin resins is Hercules, Inc. of WImngton, Del aware,
whi ch markets such resin under the trade-mark Kynene "557H.

Pol yacryl am de resins have al so been found to be of utility as wet strength
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In general, suitable starch for practicing the present invention is
characterized by water solubility, and hydrophilicity. Exemplary starch
materials include corn starch and potato starch, albeit it is not intended to
thereby limit the scope of suitable starch materials; and waxy corn starch
that is known industrially as amioca starch is particularly preferred. Amioca
starch differs from common corn starch in that it is entirely amylopectin,
whereas common .corn starch contains both amplopectin and amylose.
Various unique characteristics of amioca starch are further described in
"Amioca - The Starch from Waxy Corn", H. H.. Schopmeyer, Food
Industries, December 1945, pp. 106-108 (Vol. pp. 1476-1478). The starch
can be in granular or dispersed form albeit granular form is preferred. The
starch is preferably sufficiently cooked to induce swelling of the granules.
More preferably, the starch granules are swollen, as by cooking, to a point
just prior to dispersion of the starch granule. Such highly swollen starch
granules shall be referred to as being "fully cooked”. The conditions for
dispersion in general can vary depending upon the size of the starch
granules, the degree of crystallinity of the granules, and the amount of
amylose present. Fully cooked amioca starch, for example, can be prepared
by heating an aqueous slurry of about 4X consistency of starch granules at
about 190 °F (about 88 °C) for between about 30 and about 40 minutes.
Other exemplary starch materials which may be used include modified
cationic starches such as those modified to have nitrogen containing groups
such as amino groups and methylol groups attached to nitrogen, available
from National Starch and Chemical Company, {Bridgewater, New Jersey).



time. However, permanent wet strength in sone types of paper products can
be an unnecessa and undesirabl e property. Paper products Sl.i;“Tti. g‘utoet
tissues, eWO96/13015 general |y disposed of after brief periods use’into
septic systems and the |like. Cogging of these systens can result if the
paper product permanently retains its hydri ysi s-resistant strength
properties. Mdire recently, manufacturers have added tenporary wet strength
additives to paper products for which wet strength is sufficient for the

i nt ended use, but which then decays upon soaking in water. Decay of the wet
strength facilitates flow of the paper product through septic systens.
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Modi fied starch tenporary wet strength agents are al so described in U S
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strength bi nggr o b4l sGERHY VB s! B5phidd |t8v\ﬂtﬁgsﬂ€8{"pto provide lint control
and concomitant strength increase upon drying relative to a non-binder
treated but otherwise identical sheet. Preferably, between about 0.01%
and about 3.0% of binder materials are retained in the dried sheet,
calculated on a dry fiber weight basis; and, more preferably, between about
0.1% and about 1.0% of binder materials is retained.

The second step in the process of this invention is the depositing of
the single-layered or multi-layered paper making furnish using the above
described chemical softener composition and binder materials as additives
on a foraminous surface and the third step is the removing of the water from
-the furnish so deposited. Techniques and equipment which can be used to
accomplish these two processing steps will be readily apparent to those
skilled in the paper making art. Preferred multi-layered tissue paper
embodiments of the present invention contain from about 0.01% to about
3.0%, more preferably from about 0.1% to 1.0% by weight, on a dry fiber
basis of the chemical softening composition and binder materials described
herein. The resulting single-layered or multi-layered tissue webs can be
combined with one or more other tissue webs to form a multi-ply tissue.

The "preésent invention is applicable to tissue paper in general,
including but not limited to conventionally felt-pressed tissue paper; high
bulk pattern densified tissue paper; and high bulk, uncompacted tissue
paper. The tissue paper products made therefrom may be of a single-



16 materi al s: pol yacryl am de (such as conbi nati ons of Cypro 514 and
Accostrength 711 produced by Anerican Cyanam d of Wayne, N.J.); starch
(such as Reg@obrewls 5320 and 2005) avail abl e from National St aPCH/USHE15420
Chem cal Conpany, Bridgewater, New Jersey; polyvinyl alcohol (such as

Al rvol 540 produced by Air Products Inc of Allentown, PA); guar or |ocust
bean guns; and/or carboxynethyl cellul ose18such as CMC from Hercules, Inc.
of WImngton, DE). Preferably, the dry strength binder naterials are
selected fromthe group consisting of carboxynethyl cellul ose resins, and
unnodi fied starch based resins and nmixtures thereof. The dry strength
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( Bri dgewat estrakified) witheypspect to fiber type or the fiber content of the respective
layers may be essentially the same. The multi-layered tissue paper preferably
has a basis weight.of between 10 g/m2 and about 65 g/m2, and density of
about 0.60 g/cm3 or less. Preferably, basis weight will be below about 35
g/m2 or less; and density will be about 0.30 g/cm3 or less. Most
preferably, density will be between 0.04 g/cm3 and about 0.20 g/cm3.

In a preferred embodiment of this invention, tissue structures are
formed from multi-layered paper webs as described in U.S. Patent
4,300,981, Carstens, issued November 17, 1881 and incorporated herein by
reference. According to Carstens, such paper has a high degree of
subjectively perceivable softness by virtue of being: muilti-layered; having a
top surface layer comprising at least about 60% and preferable about 85%
or more of short hardwood fibers; having an HTR (Human Texture
Response)-Texture of the top surface layer of about 1.0 or less, and more
preferably about 0.7 or less, and most preferably about 0.1 or less; having
an FFE (Free Fiber End)-Index of the top surface of about 60 or more, and
preferably about 80 or more. The process for making such paper includes



7 Such nodified starch materials are used primarily as a pulp furnish

additive to i se wet and/or dry strength. Considering thapbrié
nodi fi ed s‘?gr’gﬁgﬁgt erials are nore expensive than unnodified starc lesg,zo t he

lI'atter have generally been preferred. Met hods of application include,
the sane previously described with referen to application of other

chem cal additives preferably by wet end addition, spraying; and, |ess
preferably, by printing. The binder material may be applied to the tissue
paper web al one, sinultaneously with, prior to, or subsequent to the
addition of the chem cal softening conposition. At |east an effective
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'nvention | SfiggP lb'eg\?vele% gt(:)omtltl Bsé‘ ?nr%agr% a'l:oré:uq_e{I %r %{rh. These short paper making
fibers are typically hardwood fibers, preferably, eucalyptus fibers.
Alternatively, low cost sources of short fibers such as sulfite fibers,
thermomechanical pulp, Chemi-ThermoMechanical Puip (CTMP) fibers,
recycled fibers, and mixtures thereof can be used in the outer layers or
blended in the inner layer, if desired. The inner layer preferably comprises
a primary filamentary constituent of about 60% or more by weight of
relatively long paper making fibers having an average fiber length of least
about 2.0 mm. These long paper making fibers are typically softwood fibers,

preferably, northern softwood Kraft fibers.

In a preferred embodiment of the présent invention, facial tissue paper
products are formed by placing at least two muiti-layered tissue paper webs
in juxtaposed relation. For example, a two-layered, two-ply tissue paper
product can be made by joining a first two-layered tissue paper web and a
second two-layered tissue paper web in juxtaposed relation. In this
example, each ply is a two-iayer tissue sheet comprising an inner layer and

~an outer layer. The outer layer preferably comprises the short hardwood
fibers and the inner layer preferably comprises the long softwood fibers.
The two plies are combined in a manner such that the short hardwood fibers
in the outer layers of each ply face outwardly, and the inner layers



i ncluding but not limted to conventionally felt-pressed tissue paper; high
bul k pattw(ibﬁglﬁgfgfied ti ssue paper; and hi gh bul k, unconpacperiusIsssszo
paper. The t11ssue paper products nmade therefrommay be of a single-

18 | ayered or nulti-layered construction. Tissue structures formed from
| ayered paper webs are described in U S. fgtent 3,994,771, Mrgan, Jr. et
al . issued Novenber 30, 1976, U.S. Patent No. 4,300,981, Carstens, issued-
Novenber 17, 1981, U. S. Patent No. 4,166,001, Dunning et al., issued August
28, 1979, and European Patent Publication No. 0 613 979 Al, Edwards et al.,
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from nul ti -juxyapeseg aetatiorebs Imsthie endanipld, ieadh ply Hst ansingle-layered tissue
sheet made of softwood or hardwood fibers. The outer plies preferably
comprise the short hardwood fibers and the inner ply preferably comprises
long softwood fibers. The three plies are combined in a manner such that
the short hardwood fibers face outwardly. Figure 2 is a schematic cross-
sectional view of a single-layered three-ply facial tissue in accordance with
the present invention. 'Referring to figure 2, the single-layered three-ply. web
20, is comprised of three pliés in juxtaposed relation. Two outer plies 11
are comprised primarily of short paper making fibers 16; whereas inner ply
12 is comprised primarily of long paper making fibers 17. In a variation of
this embodiment (not shown) each of two outer plies can be comprised of
two superposed layers. ’

In an other alternate preferred embodiment of the present invention,
tissue paper products are formed by combining three layers of tissue webs
into a single-ply. In this example, a single-ply tissue paper product
comprises a three-layer tissue sheet made of softwood and/or hardwood
fibers. The outer layers preferably comprise the short hardwood fibers and
the inner.layer preferably comprises long softwood fibers. The three layers
are formed in a manner such that the short hardwood fibers face outwardly.
Figure 3 is a schematic cross-sectional view of a single-ply three-layer toilet
tissue in accordance with the present invention. Referring to figure 3, the



4,300, 981, Carstens, issued Novenmber 17, 1981 and incorporated herein by
reference. According to Carstens, such paper has a high degree of
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a top surface |ayer conprising at |east about 60% and preferabl e about 85%
or nore of short .hardwood fibers; having an HTR (Human Texture
Response) - Texture of the top surface |ayer238f about 1.0 or less, and nore
preferably about 0.7 or |ess, and nost preferably about 0.1 or |ess; having
an FFE (Free Fiber End)-lndex of the top surface of about 60 or nore, and
preferably about 90 or nore. The process for maki ng such paper includes
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i ndi vi dual pl i ntained, i n the tissue paper products of the present |
i nvention pr &gaﬂﬁfﬁj iaygiRd sor Jomagenots,, g‘ffﬁ‘gﬁﬁ%dal gyaternagy, apaenium
| ayer and an compoundyear pobysiloxaoes coitipouride dnthdindery enateFlats Oarieclexipre/€sls
preferably cq‘q@#' ' ' HESY Lt B' t 60% or nore
by wei ght of re 'ﬁfovgfeﬁg'ﬁg% ‘é’gber na%f:%%g%?%‘e‘kﬁﬁgépﬂ \geﬁ'&&%r age fi ber
bet ween about 0.2 prattaBIA M mbjcrity bf tHES myﬁh |
typically har dvvooci fx b,ergs,y,a'l ppitlaa?(zrr'abl {/:Ehgu@%ﬁg'%?p?ﬁﬁé?s. e&hgﬁﬁgeﬁﬁ
| ow cost _soGFEéLo viilaxane: compoundsiscrontained in @8 leasteoe ohthennuteralayens
pul p, Cheni - Toeouteroslied ot althibe-ply SiNgh-Idyer ProdutBCIEting tiss b6 'papet Product
m xt ur es ther«;of can_ be used JF.n t he, out eref a e'rs r bl ended in 'the i nner
layer, if deSfrib§ PreRent nyen '89er.iﬁ?’@r BF BF%/P Yortpe; Taiority of the quaternary
ammonium compound and the polysiloxane compound is contained in both
of the outer layers (or outer plies of a three-ply single-layer product). It has
been discovered that the chemical softening composition is most effective
when added to the outer layers or plies of the tissue paper products. There,
the mixture of the quaternary compound and polysiloxane compound act to
enhance the softness of the multi-ply or muilti-layered tissue paper products
of the present invention. Referring to figures 1, 2 and 3 the quaternary
ammonium compound is represented by dark circles 14 and the polysiloxane
compound is represented by _"S" filled circles 22. It can be seen in figurés
1, 2 and 3 that the majority of the quaternary ammonium compound 14 the
polysiloxane compound 22 are contained in outer layers 18 and outer plies
11, respectively.

However, it has also been discovered that the lint resistance of the
multilayered tissue paper products decreases with the inclusion of the
quaternary ammonium compound and the polysiloxane compound.
Therefore, binder materials are used for linting control and to increase the
tensile strength. Preferably, the binder materials are contained in the inner
layer (or inner ply of a three-ply product) and at least one of the outer layers
{or outer plies of a three-ply single-layer product) of the tissue paper
products of the present invention. More preferably, the majority of the
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Conventionally pressed muliti-layered tissue paper and methods for
making such paper are known in the art. Such paper is typically made by
depositing paper making furnish on a foraminous forming wire. This forming
wire is often referred to in the art as a Fourdrinier wire. Once the furnish is
deposited on the forming wire, it is referred to as a web. The web is
dewatered by transferring to a dewatering felt, pressing the web and drying
at elevated temperature. The particular techniques and typical equipment
for making webs according to the process just described are well known to
those skilled in the art. In a typical process, a low consistency pulp furnish
is provided in a pressurized headbox. The headbox has an opening for

- delivering a thin deposit of pulp furnish onto the Fourdrinier wire to form a
wet web. The web is then typically dewatered to a fiber consistency of
between about 7% and about 25% (total web weight basis) by vacuum
dewatering and further dewatered by pressing operations wherein the web is
subjected to pressure developed by opposing rr_yggt_lgnical members, for
example, cylindrical rolls.

The dewatered web is then further pressed during transfer and is
dried by a stream drum apparatus known in the art as a Yankee dryer.



the short hardwood fibers face outwardly. Figure 2 is a schematic cross-
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three-ply vveb 20, is conprised of three plies in juxtaposed relation. Two
outer plies 11 are conprised primarily of ort paper nmaking fibers 16;

whereas inner ply 12 is conprised primaril9 of |ong paper making fibers 17.
In a variation of this enbodi nent (not shown) each of two outer plies can
be conprised of two superposed | ayers. In an other alternate

preferred enbodi nent of the present invention, tissue paper products are
formed by cdiressunegcan he: dexglopedoat tthgsﬁénmsifh!ﬁt cbvamﬂqli@nocqilmeans rsuchi s

exanple, a Sheo%dﬁuhg ﬁnmrdmmd?%ers gt thevas: | W%"‘@fﬁy

sheet made o soft or har dwood e outer layers pre

conpri se t halshde appligdo 6?1 p¥yed A it s Rressed) againspribee Yapkpe cewiace.cs
I ong sof t woqgutti r\sank’élaedmraﬁuhwm@y mee:frmldmﬂ Wl'%réwl%@mlﬁéﬁél pressingne

hort hard d dl

cross- Sect | SRAPURERNINGIeSY SEvedn el drfias, Thd; FiiiTRLeRe tissue paper

accordance \atmctul'es pavhmentare ntarmed)rafeReé%rre_dwg:ot befeéigafter 3as t¢m1\(ent|onal
si ngl &ePs%’e é'rred"‘ﬁ Céi‘ﬁ!?éfu?@g Oéugll? rﬁ?eelté‘ #ﬂkiﬂered

j uxt aposed ut er are conprised pri rrarl
paper naki ngomq)spmmas:tedmneashe mweuuybrls 1subjecteshin ﬁybatqmalruneclyamcal

| ong paper rgdmhpessidittsrcks: while thel fibhoaké meist ind Bréthes dﬁéunm%umve

di scussion that the aresent invention is limted to tissue paper products
conpri si ng tGAMBRIESSE ssaesmgle Iayer or two-ply -- tvvo Iayers S|ngl e-ply

compri sing o quadAer danpisha.fis 08 Harts 1S, EhrarB il Y LBV aurelatively
bi nder mat ethigh bulk field pfaretativelpdow fibebdensityuaied an atrav ofhdensified zondshe’
present i nveptig nigH" fibg Bbieiny."® FHEOHIBH Hulk | el e dfbrhanivply

anmoni um corrpoun%‘we Si | 0xan npoun S cont ai ed I'n
one of the. qbar&telruydras(ca erofplmliowOfremms ee- ghe dengified azenes are

product) of gifapnativélyCretaRed ® U4 knuckle regions. The densified zones may be
discretely spaced within the high bulk field or may be interconnected, either
fully or partially, within the high bulk field. Preferred processes for making
pattern densified tissue webs are disclosed in U.S. Patent No. 3,301,746,
issued to Sanford and Sisson on January 31, 1967, U.S. Patent No.
3,974,025, issued to Peter G. Ayers on August 10, 1976, and U.S. Patent
No. 4,191,609, issued to Paul D. Trokhan on March 4, 1980, and U.S.
Patent No. 4,637,859, issued to Paul D. Trokhan on January 20, 1987, U.S.
Patent 4,942,077 issued to Wendt et al. on July 17, 1990, European Patent
Publication No. O 617 164 A1, Hyland et al., published September 28,
1994, European Patent Publication No: O 616 074 A1, Hermans et al.,
published September 21, 1994; all of which are incorporated herein by
reference.

In general, pattern densified webs are preferably prepared by
depositing a paper making furnish on a foraminous forming wire such as a
Fourdrinier wire to form a wet web and then juxtaposing the web against an
array of supports.__The web is pressed against the array of supports,
thereby resuiting in densified zones in the web at the locations
geographically corresponding to the points of contact between the array of
supports and the wet web. The remainder of the web not compressed
during this operation is referred to as the high bulk field. This high bulk field



of the present invention. Mre preferably, the majority of the quaternary

anmoni um c %and the polysiloxane conpound is contai nedpi-p ,‘%g *‘54 the
outer |aye 5{6@? uter plies of a three-ply single-Ilayer produc

been di scovered that the chem cal softening conmposition is nost effectlve
when added to the outer |ayers or plies of %he ti ssue paper products.
There, the m xture of the quaternary corrpcgj d and pol ysi |l oxane conpound act
‘'to enhance the softness of the nmulti-ply or nulti-layered tissue paper

~ products of the present invention. Referring to figures 1, 2 and 3 the
quat ernary anmoni um conpound is represented by dark circles 14 and the

pol ysi | oxane caonpefutthes dedensified by applicatian lof eifuidi presssr@2suth amwide a
seen in figu h r

conpound 14 YRS $BY devidd ?Er?pg’ﬁ“n OUGH el PTAYWED 1R doWatRIR; Bng
and outer pl D§§l0[@"‘lr spdued,y dny such a r'1‘11ii)!%&)’er$0 8sh49 Suhstaatially avoid

di scovered t Eéh‘lﬂrﬁﬁsbhrﬁf ﬂfhs h?driibﬁﬁk ﬂﬁld hq- Hi&' li$ ipréteraBly AEESMBIIPREE by flui é’

pr oducts decreases Wt usi on at.er nar Ium conmpoun
e the pot y BreE3UIRe SUhnBS R Ao VERUPE tVPRcREViGR: Gf IDIpw- througbedryesy or
LI nél ng C?nt aiterrately Oy mechanicallfeptessing thetwebgadainbt @‘rﬁhﬁ*alvyof tdiﬁ:ports

I nder mater e, CO I NN
three-ply prgﬂ{ﬁ@%{ H& '8hegbg[|koﬁ'§i%f#s H@toﬁﬁﬁféf&gp eth%uﬁgprq}’qr& of
a three-ply dev@tenngyoptlpneljptﬁqrvmg and formationpahehe memnfmds zohes raay be
present i ”Vemtbpfhteubbre g%‘i’ﬁélf\f ?ﬂeﬁrakﬁetﬂbﬂﬁbéﬁhﬁf totaf nu(rgber of ?roqessmfg a

22 bi nder eritals are cantal I nner | ayers

three-ply pr 8RS ) peffofmed; | Subsegugrt 1§90 o formatings e‘Pfl H@et&eﬁsgﬂﬁdss zgnes,
and 3 the peu&wanetmgndém bpﬁbaéaryre&fnngt,rmt bvéb nigerdrigd etd abénﬁ:’l@tlon,
schenmati cal | "%feﬁ%tﬁx r)( g l)éilv\,hl te cirlc Ies e13 h%r % B{y ;ﬁ‘a nt
material s ar B'¢E tFHibpyQiding, mechanical, pressings _ Freferably; QE % ®an -
be seen i-n faboutH89% dfatie mnlhaayered tissuei pgped sunface ndmpriBﬁseﬁleﬁbﬁlelﬁ
Fespect | vel Sﬂﬂﬁé*'ggd%v"n@"%ﬁeﬁq ofehpRyiof & doder 128%, N 16 Hniniaf; the
conpri si ng ahighabulknfield. armoni um conpound and a pol ysi l'-oxane conpound in
The array of supports is preferably an imprinting carrier fabric having
a patterned displacement of knucklies which operate as the array of supports
which facilitate the formation of the densified zones upon application of
pressure. The pattern of knuckles constitutes the array of supports
previously referred to. Imprinting carrier fabrics are disclosed in U.S. Patent
No. 3,301,746, Sanford and Sisson, issued January 31, 1967, U.S. Patent
No. 3,821,068, Salvucci, Jr. et al ., issued May 21, 1974, U.S. Patent No.
3,974,025, Ayers, issued August 10, 1976, U.S. Patent No. 3,573,164,
Friedberg et al ., issued March 30, 1971, U.S. Patent No. 3,473,576,
Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065, Trokhan,
issued December 16, 1980, and U.S. Patent No. 4,528,239, Trokhan,
issued July 9, 1985, all of which are incorporated herein by reference.

Preferably, the furnish is first formed into a8 wet web on a foraminous
forming carrier, such as a Fourdrinier wire. The web is dewatered and
transferred to an imprinting fabric. The furnish may alternately be initially
deposited on a foraminous supporting carrier which also operates as an
imprinting fabric. Once formed, the wet web is dewatered and, preferably,
thermally predried to a selected fiber consistency of between about 40%
and about 80%. Dewatering can be performed with suction boxes or other
vacuum devices or with blow-through dryers. The knuckle imprint of the



conjunction wth binder materials results in a tissue paper product having
superior softness and-lint resistant properties. Selectivel ' 5 e
maj ority OWOE9eni cal softening conposition to the outer *ﬁ&g@ggﬁ JSI i es
of the tissue paper, enhances its effectiveness. Typically the binder

materials are dispersed throughout the tizige sheet to control linting.
However, |ike the chem cal softening conp tion, the binder materials can
be sel ectively added where nobst needed. Conventional ly pressed

multi-layered tissue paper and nethods for making such paper are known in
the art. Such paper is typically made by depositing paper making furnish on
a forani nousirhprinting fabrie. isivipreésedrimghevweb ias distessed-abovedptior ita driging

et 1o T WPl S Smeldtith ' "rie etod Jof tchBisria s B thilian
dewat eri ng feppucapinmmfn@wemm pressurei ngfhis ean\ba edmearrtm example, Ty
particular tg Féy%frggleasnﬁnfblt v\m.emsuwarﬁrw irh ﬁnﬂ"ﬁb'fﬁﬁn&ﬂ.?al A tﬂié"fé& bfa

t he process | ust SCri are we hose ski | art In a
typi cal proc@BHNg Arugy %%&&m%ﬁf@w |<§'war whereinst fpﬁmmﬁj jspoged between
gressugl z]gad ﬂﬁ:\dn][iv»omm hﬁ?ﬁﬁﬁﬂrbﬁﬁ gmsapmefaabxv{, nhfel wed igendldedi dgainst
epOSI (0] p urnl. s ur ar W I Q 10 e,
Ceb Py | pen” theb ity dabte ot 1" Ehimiction 1 okving B Seplkationing, i,
and about 25pressarel withb awwagbunbalevige suchaasuan simmwrbmg endwithr ahblow-

dewat er ed bytﬂ%ggﬁl yape! Hig"sr g%gl H.‘éw%%ghgpsw gl’l fipfession’ 5t

devel oped by 0ppGsi ng chanica ers
The dewat er edewfjeﬂsqumsndﬂﬂﬂﬂh’éﬂ@ir@%ﬂé&ﬂl’m-l lﬂgatMHi?@r. wenyem iPEOCess a

stream drumm%%cbmnat-anttherﬁft as a Yankee dryer.
23 . Pressure can be devel oped at the Yankee dryer by nmechani cal neans
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optional |y i8alwucel, Ut andrPetee NI MiannﬁmmMay 213yt924 and ULS.pPgtent No.
4,208,459, issued to Henry E. Becker, Albert L. McConnell, and Richard
Schutte on June 17, 1980, both of which are. incorporated herein by
reference. In general, uncompacted, non pattern densified multi-layered
tissue paper structures are prepared by depositing a paper making furnish on
a foraminous forming wire such as a Fourdrinier wire to form a wet web,
draining the web and removing additional water without mechanical
compression until the web has a fiber consistency of at least 80%, and
creping the web. Water is removed from the web by vacuum dewatering
and thermal drying. The resulting structure is a soft but weak high bulk
sheet of relatively uncompacted fibers. Bonding material is preferably
applied to portions of the web prior to creping.

The tissue paper product of this invention can be used in any
application where soft, absorbent tissue paper products are required.
Particularly advantageous uses of the tissue paper product of this invention
are in toilet tissue and facial tissue products.

The first step in the process of this invention is the forming of an
aqueous paper making furnish. The furnish comprises paper making fibers
(hereinafter sometimes referred to as wood pulp), and a mixture of at least
one quaternary ammonium compound, and binder materials, -either
permanent or temporary wet strength binders, and/or optionally dry strength



structures V\/nich are formed are referred to hereinafter as conventional,

pressed, yered ti ssue paper structures. Such sheets poTRUSYSMS420€er ed
to be co tea since the entire web is subjected to substantial nechani cal
conpression forces while the fibers are noist and are then dried while in a
conpressed state. Pattern den5|f|ed%g| ssue paper is characterized by
having a relatively high bulk field of atively low fiber density and an
array of densified zones of - relatively high fiber density. The high bul k
field is alternatively characterized as a field of pillow regi ons The

densified zones are Iternat el eryed.to a ckle re

dens: f : ed EBH&#‘W 8 W%FIQYQQ%IM &&{iv‘a]'?hlwﬁlt E@ rﬁﬂ‘a&ﬂ Ik ‘F-’f%'!h?dorﬂ'r’&y
ge }ntergonaesémi  stept e rthEUbl'dcws Mrmmhhyenmn[misn sprwuhggb $olltiohi atohd
referred proce or_makin S care. se
T US. - Pat BRSEXene Jiampuund, 41, aC0rsa&iie o ar, B8t ol sdae, oty 88y
1967, U. S. fisseeiweln afterrépith, i ssued to Peter G Ayers on August 10,

1976, and U.S. Patent No. 4,191,609, issued to Paul D. Trokhan on March 4
1980, and U.S. Figuset MKo. isi 637, 0ohematic udepresentation Mmmgonmameeq/

20, 1987, Ueﬁlbd%@ﬁ'@ﬁtts“o?%emﬁad H%%%ME of ﬂ"le preseht VinkéntibROGor

Eur opean Pat ent Publication 0 617 | an
Septgnber 2produging Eur%ﬂf@aqqﬂépeﬂ?s%bﬁﬁ%ﬁlﬁ% Pfe?edi (Fmg%?'mmsnﬁf%

et al., publeséhisedant thedfolloidingl 8Reussion, oivhetreinhreferericeciy peady ¢ Figums n
by referencg In general, pattern densified webs are preferably

prepared by depositing a paper makl ng furnish on a foramnous formng wre
such as a Fourdrinier wire to forma wet web and then juxtaposing the web
agai nst an arr afigireségpa@ side glevatiopal quwsﬁsas@rawretpapamakwnmbhme

supports, ?Pri%*?yméﬁﬁ'f%é Hﬁﬂg c?aﬁ’@r”ééédrﬁﬂ'\gz?é“iﬁe rﬂ'eEEﬁt E}%rﬁ‘foﬁ hﬁg ikt

geographlca y Ccorrespon nt's of  cont tween
supports anfiiguie 4wpapermnaking Fﬁﬁﬁ‘i"?ﬁl@ra 6PMATisesicd ﬁ%?'eé’ohﬁ?@%’é m

this operat jqap ¢hdriber 8B2alceritér thambed82.8, larid altbttdi shambkr 83, l@ shed d
.24 roof 84, and a Fourdrinier wire 85 which is looped over and about breast roll
86, deflector 90, vacuum suction boxes 91, couch roll 92, and a plurality of
turning rolls 94. In operation, one papermaking furnish is pumped through
top chamber 82 a_second. papermaking furnish is pumped through center
chamber 82.5, while a third furnish is pumped through bottom chamber 83
and thence out of the slice roof 84 in over and under relation onto
Fourdrinier wire 85 to form thereon an embryonic web 88 comprising layers
88a, and 88b, and 88c. Dewatering occurs through the Fourdrinier wire 85
and is assisted by deflector 90 and vacuum boxes 91. As the Fourdrinier
wire makes its return run in the direction shown by the arrow, showers 95
clean it prior to its commencing another pass over breast roll 86. At web
transfer zone 93, the embryonic web 88 is transferred to a foraminous
carrier fabric 96 by the action of vacuum transfer box 97. Carrier fabric 96
carries the web from the transfer zone 93 past vacuum dewatering box 98,
through blow-through predryers 100 and past two turning rolls 101 after
which the web is transferred to a Yankee dryer 108 by the action of
pressure roll 102. The carrier fabric 96 is then cleaned and dewatered as it
completes its loop by passing over and around additional turning rolls 101,
showers 103, and vacuum dewatering box 105. The predried paper web is
adhesively secured to the cylindrical surface of Yankee dryer 108 aided by
adhesive applied by spray applicator 109. Drying is completed on the steam



can be further dedensified by application of fluid pressure, such as with a

vacuum t ype dey] or a blowthrough dryer. The web is dewat g&prisosiisdao
optional | yWBPé'a#ﬁ%gd in such a manner so as to substantially ggosdg

conpression of the high bulk field. This is preferably acconplished by
fluid pressure, such as with a vacuumtyp evi ce or bl owthrough dryer, or
alternately by nechanically pressing the agai nst an array of supports
wherein the high bulk field is not conpressed. The operations of

dewat eri ng, optional predrying and formation of the densified zones may be
integrated or partially integrated to reduce the total nunber of processing
st eps perforhedtedSMasMeedryeromBr andi by bot t@irc whichi is beatedeand circulated

dewat eri ng, fm,g SRl AR ¥b rﬁélﬁs"‘ﬁ@t §Ro gn' eq'hbqu@Br‘P 1HhO frepged

preferably s avol g nec ani ca roma

about 55% of frome thm\fankeg/@nm 108 gyedeemrblgdqa ke aémpwhm itdsrdesigoated
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the array of roligppd2tand\ilS) aboutla cwd:mrﬂfémn’tlal poriion offreehd 1&¢ rarid tmhae:)rses

upon applicatio tutes the array
of “suppor t s PIBNEIneP Tl 13808 26t £17 it Bhihetp 308 o' o7
disclosed in U S. Patent No. 3,301,746, Sanford and Sisson, issued January
31, 1967, U.S. P VidC t ,

1974, U.S. Patent“ﬁotp%'?}%%ecgﬁ?’e"r@|'§sggﬁl'§x& il p%er s&f? 8. L the
Patent No. 3eEbodiment Filustiated, ix Rigure -ssﬂﬁ'ecﬁm Jpixtucgy 1C°'Ua$""n9ataéht

No. 3,473,57 fosesh P 0%‘},
Trokhan, i Ssgrgmgdspolv.ﬁ é%bﬁﬁﬁun%lls éﬁlgg{teg*ﬁo pggg,t sp;?gtgﬁy@r?grk,han

e ea ™l s ehreyoaRplicatpre,d 24 and 124 denesidind rLwnsiher 16 p
Preferably, béecapplied s bothf sides éfothedissueowabier jusb tonore fsideui Adtiough
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initially deﬂmpowﬂoxaaefmnouwsmm begpdded terdrwnanerastmtozeraﬁus

as an inpring d’lga| ﬁggy%"gqg 404 9%, the wet web is dewatered and,
pref erably, ermal |y predried to a selected fiber consistency of between

about 40% and about 80% Dewatering can be perfornmed with suction boxes or
ot her vacuum devgifisreférritig fo [Figuret 4/ ehia erbyisr of YahReb sidk IaydrnP1 i ot paper

the sheet 70 is the furnish pumped through bottom chamber 83 of headbox 81,
and which furnish is applied directly to the Fourdrinier wire 85 whereupon it
becomes layer 88c of embryonic web 88. The genesis of the center layer
73 of paper sheet 70 is the furnish delivered through chamber 82.5 of
headbox 81, and which furnish forms layer 88b on top of layer 88c. The
genesis of the off-Yankee-side layer 75 of paper sheet 70 is the furnish
delivered through top chamber 82 of headbox 81, and which furnish forms
layer 88a on top of layer 88b of embryonic web 88. Although Figure 4
shows papermachine 80 having headbox 81 adapted to make a three-layer
web, headbox 81 may alternatively be adapted to make unlayered, two
layer or other multi-layered webs.

Further, with respect to making paper sheet 70 embodying the present
invention on papermaking machine 80, Figure 4, the Fourdrinier wire 85
must be of a fine mesh having relatively small spans with respect to the
average lengths of the fibers constituting the short fiber furnish so that good
formation will occur; and the foraminous carrier fabric 96 should have a fine



25 inmprinting fabric is inpressed in the web as di scussed above, prior
to dryi ngﬁﬁll\gﬁg to conpletion. One nethod for acconpli shi rCT8ss/15420

t hrough application of mechanical pressure. This can be done, . for exanpl e,
by pressing a nip roll which supports the inprinting fabric against the
face of a drying drum such as a Yankee dgyer, wherein the web is disposed
between the nip roll and drying drum Al so, preferably, the web is nol ded
against the inprinting fabric prior to conpletion of drying by application
. of fluid pressure with a vacuum devi ce such as a suction box, or with a

bl ow t hrough dr Fl.ui,d pressyre nay be a Iledt0|nduce| ressi on of
densifi ed z'%ﬁé@ %%Y'f‘ﬂg'?'ﬁ?'i’? | § "ingO srl??o uith, raspect 1o 28 .ayerage

proceff st qeAg tK§ of Qﬁﬂbﬂbeis @oristituting . the long fibeenhuraistd.to subs%lantlallyb g
nonpattern sjfie | r escri e
I n ILOJ S. Paté?un k’b blgk ‘3?80 f$§§§ g'dteo @33@8&%&% \@eﬁ '3t° ang f N.
Yi annos on Wammamsmcaadoﬁ tbe fabrict96.0. quo&wnbgresmem ttbel—lpmqesﬁ
Becker, Al bgfdg; Mgefgmak.ngn&ﬁgp@d Cp%dwt 'sheBt J¢)¢id %§§P vmsn hjg0f

whi ch are |ncor orat ener al , unco cted
pattern derwefef@tb'\mﬂfﬁd itayabeut 8§Q%, dibgs eonsis ur @Rd a"ﬂ@"%rl&’ﬁ&?@@'\b;ﬁo

deposi ting ébdlﬁps!i%fﬁbbﬁ&oh%fﬂéﬁé%@ﬁoﬁti)%r@m us formng wire such as a
Fourdrinier wwre to forma wet draining t evveb and renovi ng

addi ti onal water w thout nechanical conpression until the web has a fiber
consi stency of at |east 80% and creping the web. Water is renoved fromthe
web by vacuum dewat eri ng and Molecular Weight Deteeminatidn i ng structure is a
soft but weak high bul k sheet of relatively unconpacted fibers. Bonding
material is pref rleXd?Qﬁ#nj:ed to portions of the web prior to creping.

The tissue paper produc this invention can be used in any application
where soft, absorbent t.issue paper, products are required. Partjcul arlé is

advant ageous useEhefessential sdistinguishing characteristic,iaf pelwnerienmateria

toilet tissmeiraftolbsdlad! size. SS%@WF&S which hdVé éndbiléd Spelpmedist {6 be
process of oL M ng, of a i.ng

hi h
furnish. THtésﬁf'lhlna\s/ﬁm 58 |%fet§p§!iﬁ§'°% %B’q‘ ?’Bﬁ&geouiﬂf@ ﬁ'pf‘lgethggng\lqcﬁ%-
referred t cmalecmdnatmp) In orden toi charaeterfzeafullyeﬂsﬂse)matqualsent risressential

anmoni um %ﬁ‘% a%?in'&d‘a"f Mrﬂﬁpa&@d c?ét{e?ﬁ-ﬁm['\ﬁr TP Hhoflculdi WHights

wet strengt or optiona
' and molecular weight dlstrlbutlons It |s more correct to use the term relative

molecular mass rather the molecular weight, but the latter is used more
generally in polymer technology. It is not always practical to determine
molecular weight distributions. Howaever, this is becoming more common
practice using chromatographic techniques. Rather, recourse is made to
expressing molecular size in terms of molecular weight averages.

B. Molecular Weight Averages

If we consider a simple molecular weight distribution which represents
the weight fraction (wj) of molecules having relative molecular mass (M;j), it
is possible to define several useful average values. Averaging carried out on
the basis of the number of molecules (N;) of a particular size (M;) gives the
Number Average Molecular Weight

n = SNiM;
S Ni



26 bi nders and a wetting agent, all of which will be hereinafter
descri bed ond step in the process of this invention peTARRHISIEDE 2
O3S

sol ution si | oxane conmpound and a surfactant on at |east one
surface of the dry tissue web after creping. Figure 4 is a schematic
representation ifllustrating preferred enbeg§ nents of the papernaking

process of the present invention for producing a soft creped tissue paper.
These preferred enbodi ments are described in the foll ow ng di scussion,
wherein reference is made to Figure 4. Figure 4 is a side el evational

view of a preferred papernaki ng machi ne 80 for nyuf acturin aper .
according to the ﬁf‘et‘@gpmeﬁf’nﬁmum%rﬂ n‘g"ﬁ gg?#’@'ﬁ‘lo@ 48 g’é%ertﬁﬁkﬂw'"bef

machi ne 80 cAv@rdgeeMolddliss eWeightbine §rarhsyicontsinkopAvdgadre’'s SRIAnBENt 6f
chanber 82.5, 'aln a bottom chanber 83, a slice roof 84, and a Fourdrinier
wire 85 whi dROl@CURR/ped over and about breast roll 86, deflector 90, vacuum

suction boxes 91,.couc .l 9 ural.i t | oll.s. 9 n
operation, one paB%Fnedéfh.g{'#’ﬂr r?ﬂfsﬁﬂgggbﬁ{pe‘&hﬁﬁrioﬁéh %r%k%ﬁgﬁb&'ﬁ%Z%a{ of
second papermoahodispenseirnalecuiaruspegieshi.eugnolesuies havingdhessarse miolecuiar
third furni ' e r : e C i

sl : ce rgof | 3&4@‘832? g‘r#é_gu%wﬂéﬁ%ét)ﬁgnhgg?géclz%a?'gaﬁn?g?{]\?frg‘gsﬂrg_b gr?g
thereon an cnBlegMies iR, gixen: Mass of &, PRIXAISRErs8 polyersgan ke detgrmined in

Dewat eri ng QggiHe Swhiriheshn) kanFbe rcdiculated wWesdilaSThivlis she baists of dolligative
defl ector 90 and vacuum boxes . 91. As the Fourdrinier wire makes its return

run in the APREMYoMEAIYIFMBDS-he arrow, showers 95 clean it prior to its

comenci ng anot he V, | . . or t he
cnbr yoni ¢ web_ 55 uBRRIng i sk i3ls bf she Weistlr #EPUbAE YT orRgieclies bt
action of vagivemmass {Mgxleads wtheGdefinisionf abWeight AverageMolecularbWeights
the transfer zone 93 past vacuum dewat eri ng box 98, through bl owthrough
predryers 100 and past*two turning rolls 101 afgjer which the web is
transferred to a Yankee dwer ]ﬁﬁbﬂhﬁe iMi“of pressure roll 102. The
carrier fabric 96 is then cleaned gnyydevat egetja; it

w is a more useful means for expressing polymer molecular weights than n
since it reflects more accurately such properties as melt viscosity and
mechanical broperties of polymers and is therefor used in the present
invention.

Analytical and Testing Procedures

Analysis of the amounts of treatment chemicals herein retained on
tissue paper webs can be performed by any method accepted in the
applicable art. For example, the level of the quaternary ammonium
compounds, such as diloleyl)dimethyl ammonium  chloride,
di(tallow)dimethyl ammonium chloride retained by the tissue paper can be
determined by solvent extraction of the quaternary ammonium compound by
an organic solvent such as dichloro methane followed by an anionic/cationic
titration using Dimidium Bromide Disulphine Blue mixed indicator, product #
19189 avé-i—lable from Gallard-Schlesinger Industries of Carle Place, NY. The
level of polysiloxane compound can be determined by solvent extraction of
the oil compound with an organic soivent followed by atomic absorption
spectroscopy to determine the level of oil compound in the extract.



conpletes its | oop by passing over and around additional turning rolls 101,
shower s 1GQgoogAdstgacuum dewat eri ng box 105. The predried papRCT/VRAS/E5420
adhesively secured to the cylindrical surface of Yankee dryer 108 ai ded by
adhesi ve applied by spray applicator 109. Drying is conpleted on the steam
27 heat ed Yankee dryer 108 and by hot ggr which is heated and circul ated
t hrough drying hood 110 by neans not shown. The web is then dry creped from
t he Yankee dryer 108 by doctor blade 111 after which it is designated paper
sheet 70 conprising a Yankee- si de layer 71 a center layer 73, and an

of f - Yankee- si de er, 75  Pap r shee 70.t hen 8asses etween cal e rolls
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adapted to rT&raphlt&eh € poly?’f 6-diphenyl-p-phenylene oxide) gas chromatography
columns have been used to separate polyethylene glycols with the number
of ethylene oxide units ranging from 3 to 9 (Alitech chromatography catalog,

number 300, p. 158).

The level of nonionic surfactants, such as alkyl glycosides, can be
determined by chromatographic techniques. Bruns reported a High
Performance Liquid chromatography method with light scattering - detection
for the analysis of alkyl glycosides (Bruns, A., Waldhoff, H., Winkie, W.,
Chromatographia, vol. 27, 1989, p. 340). A Supercritical Fluid
Chromatography (SFC) technique was also described in the analysis of alkyl
glycosides and related species {Lafosse, M., Rollin, P., Elfakir, c., Morin-
Allory, L., Martens, M., Dreux, M., Journal of chromatography, vol. 505,
1990, p. 191). The level of anionic surfactants, such as linear alkyl
sulfonates, can be determined by water extraction followed by titration of
the anionic surfactant in the extract. In some cases, isolation of the linear
alky! sulfonate from interferences may be necessary before the two phase
titration analysis (Cross, J., Anionic Surfactants - Chemical Analysis,
Dekker, New York, 1977, p. 18, p. 222). The level of starch can be
determined by amylase digestion of the starch to glucose followed by
colorimetry analysis to determine glucose level. For this starch analysis,



web, headbox 81 may alternatively be adapted to nmake unl ayered, two | ayer
or other nmulti-|layered webs. Further, with respect to | r

~ sheet 70 MO t he present invention on papermaking nach{%%,s’qgggure
4, the Fourdrinier wire 85 nust be of a fine nesh having relatively small
spans with respect to the average |lengths Qf the fibers constituting the

short fiber furnish so that good formationW || occur; and the foram nous
~carrier fabric 96 should have a fine
28 mesh having relatively small opening spans with respect to the

average lengths of the fibers constituting the long fiber furnish to

. subst anti al | ypaskgrourd lanalyses ofishe paper notdcoontaining thehstarchcmusb bientun toe
inter-- fila R i f | ntaVfbfi t :
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. P
preferably drinese; meihods aserxempiary, ﬂ%ﬁw,mﬁﬁﬂt’ﬁ%rﬂé“:ﬁ!& othen metbods
about 95% f i hgRichOTRBF! BRCusefulIfor Odetérminthg levels of particular  component
Mol ecul ar Wi ght, D&ﬂg}qngt i on A. Introduction The essenti a
di sti ngui shi ﬁg@!ﬂ% B3¢e PAPBGI yneric materials is their nol ecul ar
size. The properties which have enabled polyners to be used in a diversity

of applications dei ﬁ,. tirely fromtheir macro- nol ecul ar nature.
In order to chara%bt‘gg?sﬁ ggghese materials it is essential to have some

o oh: " hese materials it is ess ve
ey Gt di St 1 Dut | AR BFIOR, B Sbiels (SRURR, Ro BRPEF sarfpies Vo Bl fsted,

mass rather ©SAoulbke fanditiengd: aceriding et karai Methedd#¥402QMrR8 .l | Heren
pol ymer techiahiiil¥s aré précoAditRingdy forP24Hours ati rélatios MutRidiy) RVel 8F 10 to

wei ght distri i ons, However, this is becom ng co ractice using

chr omat ogr apﬁ%t anthi Wﬂf&" RattREWPEratyg, range s°ggé§ tthI"Dd] 8C." 'After this
preconditioning step, samples should be conditioned for 24 hours at a
relative humidity of 48 to 52% and within a temperature rangé of 22 to 24
°C. |

Ideally, the softness panel testing should take place within the
confines of a constant temperature and humidity room. If this is not
feasible, all samples, including the controls, should experience identical
environmental exposure conditions.

Softness testing is performed as a paired comparison in a form similar
to that described in "Manual on Sensory Testing Methods”, ASTM Special
Technical Publication 434, published by the American Society For Testing
and Materials 1968 and is incorporated herein by reference. Softness is
evaluated by subjective testing using- what is referred to as a Paired
Difference Test. The method employs a standard external to the test
material itself. For tactile perceived softness two samples are presented
such that the subject cannot see the samples, and the subject is required to
choose one of them on the basis of tactile softness. The resuit of the test is
reported in what is referred to as Panel Score Unit (PSU). With respect to
softness testing to obtain the softness data reported herein in PSU, a
number of softness pane! tests are performed. In each test ten practiced
softness judges are asked to rate the relative softness of three sets of
paired samples. The pairs of samples are judged one pair at a time by each



expressing nol ecul ar size in terns of nolecul ar wei ght averages.

B.
Mbl ecul ar %igg}]gﬂﬁverages I f we consider a sinple ml%%glﬁgbght

di stribution“which represents the weight fraction (w) of nol Vi ng

relative nolecular mass (M), it is possible to define several useful

aver age val ues. "Averagi ng carried out on tgﬁ basi s of the nunber of

nmol ecules (Ni) of a particular size (M) grves the Nunber Average Mol ecul ar
Wi ght n =[err]

29 An inmportant consequence of this definition is that the Number

Aver age Ml ecul ar Wi ght in %rams contai ns Avogadro's Number of nol ecul es.

Thi s defi ni t iufggesrongSamnla ot gach pairbeing desighated; Xand, the erthet YodBeieflys e
nol ecul ar spgatRX samiple1®|graded agamstiits Ebﬁeamaﬁvdlefdsl fllovks:.ght . O nore
significance is the recognition that if the nunber of nolecules in a given

mass of a pol-ydi sperse polymer can be determined in sone way then n, can be
cal cul at ed readi |l.a grade iof plize onasis given ibX isjadged tormayrbe aritae softent S.

Aver agi ng on the ' L 3t LoNng, LA f | & g{ﬁa i ven
mmas (M) Leadst B Y. dnd digra8e S midibhanls 6ieh iy Wl fia] o8 1"
W = [err] w iligtle sefter theafXi rmeans for expressing pol ymer nol ecul ar
wei-ghts than n sifcggradd oF iphes WIS givBAIt ¥ & Judgedhtd s eF little, ME! ¢
vi scosity and mechani c%l %ogert I es é) Pol%mers and |[s therefor used in the
present inventi ofofter than'Y, and a grade ot minus two is given if Y is judged to

surely be a little softer than X;

3. a grade of plus three is given to X if it is judged to be a lot softer

than

Y, and a grade of minus three is given if Y is judged to be a iot softer

than X; and, lastly: :
4. a grade of plus four is given to X if it is judged to be a whole lot

L4

softer
than Y, and a grade of minus 4 is given if Y is judged to be a whole
lot _
softer than X.

The grades are averaged and the resultant value is in units of PSU.
The resulting data are considered the results of one panel test. If more than
one sample pair is evaluated then all sample pairs are rank ordered
according to their grades by paired statistical analysis. Then, the rank is
shifted up or down in value as required to give a zero PSU value to which
ever sample is chosen to be the zero-base standard. The other samples
then have plus or minus values as determined by their relative grades with
respect to the zero base standard. The number of panel tests performed
and averaged is such that about 0.2 PSU represents a significant difference
in subjectively perceived softness. '

B. Hydrophilicity (Absorbency)

Hydrophilicity of tissue paper refers, in general, to the propensity of
the tissue paper to be wetted with water. Hydrophilicity of tissue paper may
be somewhat quantified by determining the period of time required for dry
tissue paper to become completely wetted with water. This period of time is



Anal ytical and Testing Procedures Anal ysi s of the anounts of
treatnment chem cals herein retained on tissue paper webs ca d
by any netWO46A2d€épted in the applicable art. For exanple, t Qﬁp@%{s?%o}[mt he
quat er nary ammoni um conpounds, such  as di (ol eyl )di nethyl anmmoni um
chloride, di(taldow)dinmethyl anmoni um chl 8ri de retained by the tissue paper
can be determ ned by solvent extraction o 3 he quat ernary ammoni um conpound
by an organi c sol vent such as dichloro nethane foll owed by an

ani onic/cationic titration using D mdium Brom de Di sul phi ne Bl ue m xed

i ndi cator, product # 19189 available from Gall ard-Schl esi nger |ndustries of
Carl e Pl ace,reféfredhto | asel'wettipg! timd"oxate ocdgrotad pcavidee alatonsistead and
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sol vent. In i%ﬂ?@ 555‘%@ L &§ spesified jpo 88 er‘fﬁgﬁmpwmatwmm
i nterfering iaBAPRUASBY4S inth aisowrhydemxx JRechgsobftisstiecpaper dtelicture is

g0l ate pol yRONAEH cSarfids Wey TS tolded Taier Fou T Heogtad, fuBRlast: 85q.°
Anal ysi s of thensgryenpledzbyiheaddeiibar coveradewith/clean plastic gloves or ddpiousiyk,
B bscos ket WA ¥ ke oG g Hereie i 5, i,
Teast Six claRAENEBAMO.di nchesiabgus 39 Einluto ahawt dacho@bous 2 Soetiny
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396) . cas ¢ HSTUEH JuAter 224 10,28 2Gn cardainedl (1o Acs BeC Bt iass, haakey.
anal yze pol jhsHoald alsoobe twoted wildtesting of the paper through this technique should
take place within the confines of the controlled temperature and humidity
room at 22 to 24 °C and 48 to 52% relative humidity. The sample ball is
then carefully placed on the surface of the water from a distance no greater
than 1 cm above the water surface. At the exact moment the ball touches
the water surface, a timer is simultaneously started; fourth, the second bali
is placed in the water after the first ball is completely wetted out. This is
easily noted by the paper color transitioning from its dry white color to a
darker grayish coloration upon complete wetting. The timer is stopped and
the time recorded after the fifth ball has completely wet out.

At least 5 sets of 5 balls (for a total of 25 balls) should be run for
each sample. The final reported result should be the calculated average and
standard deviation taken for the 5 sets of data. The units of the
measurement are seconds. The water must be changed after the 5 sets of
5 balls (total = 25 balis) have been tested. copious cleaning of the beaker
may be necessary if a film or residue is noted on the inside wall of the
beaker.

Another technique to measure the water absorption rate is through
- pad sink measurements. After conditioning the tissue paper of interest and
all controls for a minimum of 24 hours at 22 to 24 °C and 48 to 52%
relative humidity (Tappi method #T4020M-88), a stack of 5 to 20 sheets of
tissue paper is cut to dimensions of 2.5" to 3.0". The cutting can take
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have been ywoeg1ders separ at e pol yet hyl ene glycols with the nuntT"iGPg;&“H‘}/I ene
oxi de units ranging from3 to 9 (Al ltech chromatography catal og, number
300, p. 158). The | evel of nonionic surfactants, such as al kyl

gl ycosi des, can ‘be deternined by chronat og84phic techm gques. Bruns reported
a High Performance Li qui d chromat ography nmethod with |ight scattering
detection for the analysis of al kyl glycosides (Bruns, A, Wl dhoff, H,

W nkl e, W, Chromatograohia. vol. 27, 1989, p. 340). A Supercritical

Fl uid Chrormf,g&rs agﬁgu@'iﬁh d BFU?HQ:M%% %&%seesaréda%mmahaagaflcu&e? of

al kyl gl ycos 0sse, akir

el ate speci C.,
Morin- Al | or |aser cutting: taghniques. Dr&sﬂ" qi/lsc'gwﬁnﬁpnﬁ?g 45 ripta PHRfestad, dugoto

505, 1990, ppo#fkhe .mq;rbaueibnlﬁf/ mhandiing uof méasémplesucéhdifthblﬁi@mntiﬁl kpok
sul fonates, can be determned by water extraction followed by titration of

the anioni c PAPELEPARMINGMORN. extract. In some cases, isolation of the
| i near al kyl sulfonate frominterferences may be necessary before the two

h titrati
el ysi 5. | Dekkor - NUS Ul pEbEESamble SfRcHas BHOA TN 5 cardifiy flhced on o
be determi nedvltg/ raesh samplegboldesn GThQ ﬁ§ﬂ§tl9ﬂcﬁf tthig helder is 3p| pasition, the
colorinmetry ghg e SGHRCE GE 11 War? WRNSinig4l Hi&kﬁpﬁéﬂir c-hhanﬁbw%r 3s

t

31 backgr oun r??\ es o apetr not taini

run to sub?rﬁﬂ?ulﬁlt'“ﬁ §PBI%‘“ig?ﬁ£|aoﬁ‘ﬁ’BﬁEernﬁg Q"?fp@ﬁei)!r#% bagtgPﬁuﬁ\ﬂe

Sp?ﬁ I SS V\gheﬁﬁalﬁmhﬁb w&m;sp&nﬁdgmmaMumserumtmgemmllebt@miwdﬂoﬂiéreancti

met hods whi c e us or de al onent s
retai ned by f’ﬁ’ep%ig H‘é’r‘ded pom% ZH’Ftﬁﬁe é% ﬁgég%%}en%%l‘degﬁ?gsp PaGIng
to softness bealveeg thehwmespesraquimatelv Qﬂ"t.e'ﬁhledmﬂeomeshbscmndshomdem

accordi 19 OgRARPanNHACHISE 483G hE pe LV saifhca! Aot ket

24 hours at a
fllled wuth about 3 liters of distilled water stabilized at a temperature of 22

to 24 °C. After insuring oneself that the water surface is free of any waves
or surface motion, the screen containing the paper is carefully placed on top
of the water surface. The screen sampie holder is allowed to continue
downward after the sample floats on the surface so the sample holder
screen handle catches on the side of the beaker. In this way, the screen
does not interfere with the water absorption of the paper sample. At the
exact moment the paper sample touches the surface of the water, a timer is
started. The timer is stopped after the paper stack is completely wetted
out. This is easily visually observed by noting a transition in the paper color
from its dry white color to a darker grayish coloration upon complete
wetting. At the instant of complete wetting, the timer is stopped and the
total time recorded. This total time is the time required for the paper pad to
completely wet out.

This procedure is repeated for at least 2 additional tissue paper pads.
No more than 5 pads of paper should be run without disposing of the water
and post' sleaning and refilling of the beaker with fresh water at a
temperature of 22 to 24 °C. Also, if new and unique sample is to be run,
the water should always be changed to the fresh starting state. The final
reported time value for a given sample should be the average and standard



35% and within a tenperature range of 22 to 40 [err]C. After this

preconditiﬁﬁ%’bﬂﬁﬁg ep, sanples should be conditioned for 24 hegimsdéigazo
relative Ity of 48 to 52% and within a tenperature range of 22 to 24

[err] C. | deal Iy, the softness panel testing should take place within
the confines of *a constant tenperature an umdity room If this is not
feasible, all sanples, including the cont s, shoul d experience identical
envi ronnent al exposure conditions. Softness testing is perfornmed as a
paired conparison in a formsimlar to that described in "Manual on Sensory
Testing Methods", ASTM Special Technical Publication 434, published by the
Ameri can Socdexigtions foeshend tant stacksi messudgsB aFe iunitsnobther meadutement
by referenceh 4§H3§3 is evaluated by subjective testing using what is
referred to as a Palred Difference Test. The nethod enpl oys a standard
external to the test material itself. For tactile perceived softness two
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subject is re%gl red to hoose one o n.the b actil e softness.
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to surely bemimid botrelong term storage conditions and/or possuble severe temperature
and humidity exposures of the paper products of interest. For instance,
exposure of the paper sample of interest to temperatures in the range of 49
to 82 °C for 1 hour to 1 year can mimic some of potentially severe
exposures conditions a paper sample may experience in the trade. Also,
autoclaving of the paper samples can mimic severe aging conditions the
paper may experience in the trade. It must be reiterated that after any
severe temperature testing, the samples must be re-conditioned at a
temperature of 22 to 24 °C and a relative humidity of 48 to 52%. All
testing should also be done within the confines of the controlied
temperature and humidity room.

C. Density

The density of tissue paper, as that term is used herein, is the
average density calculated as the basis weight of that paper divided by the
caliper, with the appropriate unit conversions incorporated therein to convert
to g/cc. Caliper of the tissue paper, as used herein, is the thickness of the
paper when subjected to a compressive load of 95 g/ir's2 (15.5 g/cm2). The
caliper is measured with a Thwing-Albert model 89-ll thickness tester
(Thwing-Albert co. of Philadelphia, PA). The basis weight of the paper is

~ typically determined on a 4"X4" pad which is 8 plies thick. This pad is
preconditioned according to Tappi Method #T4020M-88 and then the
weight is measured in units of grams to the nearest ten-thousanths of a



softer than Y, and a grade of mnus two is given if Y is judged to

surely be &JMB& softer than X 3. a grade of plus tPé?@sbs?%sgid’e”.

to Xif it ged to be a lot softer than Y. and a grade m nus
three is glven |f Y Is judged to be a lot softer than X; and, lastly:
4. a grade of plus four is given to X if ié I's judged to be a mhole | ot
softer than Y, and a grade of m nus %-is given if Y is judged to be
a whol e | ot softer than X The grades are averaged and the
resultant value is in units of PSU. The resulting data are considered the
results of one panel test. If nore than one sanple pair is evaluated then
all sanmple para@ aA@prgmat@r cenvarsiansoars madeota renart ghadasisyveight énl units

statistical gRPouFds p mctgaf,ap@@geﬂ s shifted up or down in value as
required to give a zero PSU ue to which ever sanple is chosen to be the

zer 0- base standard. The ot her sanples then have plus or m nus val ues as
determ ned by theiD. Litati ve grades with respect to the zero base standard.
The nunber of panel tests perforned and averaged is such that about 0.2 PSU
represents a si gnDrydimtt difference in subjectively perceived softness.

B. Hydrophilicity (Absorbency) : Hydrophilicity of tissue paper refers,
in general, to th®ngrintceanibe seasueed iusing 3 Susherland RuleTesten a ipiece of.
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a weighted sample back and forth across a stationary sample. The piece of
biack felt is -attached to the four pound weight. The tissue sample is
mounted on a piece of cardboard (Crescent #300 obtained from Cordage of
‘Cincinnati, OH.) The tester then rubs or moves the weighted felt over a
stationary tissue sample for five strokes. The load applied to the tissue
during rubbing is about 33.1 gm/sq. cm.. The Hunter Color L value of the
black felt is determined before and after rubbing. The difference in the two
Hunter Color readings constitutes a measurement of dry linting. Other
methods known in the prior arts for measuring dry lint also can be used.

Wet lint

A suitable procedure for measuring the wet linting property of tissue
samples is described in U.S. Patent No. 4,950,545; issued to Walter et al.,
on August 21, 1990, and incorporated herein by reference. The procedure
essentially involves passing a tissue sample through two steel rolls, one of
which is partially submerged in a water bath. Lint from the tissue sample is
transferred to the steel roll which is moistened by the water bath. The
continued rotation of the steel roll deposits the lint into the water bath. The
lint is recovered and then counted. See col. 5, line 45 - col. 6, line 27 of
the Walter et al. patent. Other methods known in the prior art for
measuring wet lint also can be used.

Optional Ingredients



environnmental conditions for testing of paper sanples are 22 to 24 [err]C
and 48 to 52% R H as specified in TAPPI Method T 402), apprpfidss 4-3/ 8
inch x 4- WOP613616 (about 11.1 cmx 12 cn) of tissue paper struct u?ﬁg
-provi ded; second, the sheet is folded into four (4) juxtaposed quarters,
and then crunpl-ed by hand (either coveredggth clean plastic gloves or

copi ously washed with a grease renoving detergent such as Dawn) into a ball
approxi mately 0.75 inches (about 1.9 cm) to about 1 inch (about 2.5 cn) in
dianeter; third, the balled sheet is placed on the surface of a body of 3

liters of distilled water at 22 to 24 gerr G contained in a g I iliffr pﬁrﬁ
gl ass beaker. |1t Otaen ahemicalscammanty, useflJo, Papershaking ¢al, e added,§ i S
techni que S%%rﬂiéa@kﬁbﬂ@éﬁﬁg \doHiﬂﬂzsitibﬂ agx&ﬁm héreghiocom 'thé! pdpermaking

t enperature and, hum dity roomat t L. & n e

hum dity. Th@Iraishyso dahe' 28" they égr Z‘PSI F@‘bﬂ"é&@ oﬂn$héa¥€'§éy:e4@%é¥ﬁge
wat er from ascfiteniags eabsothermyecoft the fibrousibmatetiale and esoftnesscenhancinge
exact nonent I : i1chol ' '

ctarted: o ibne L tha YRS i iRt Bha Ry ML shhrehint Lbiiifts/
ball is conpbpithe pregantdoventionThis is easily noted by the:paper color
transitioning fromits dry white color to a darker grayish coloration upon

conplete wetting. The tinmer is stopped and the tine recorded after the

fifth ball h&tgﬂﬁpﬁm wet out. At least 5 sets of 5 balls (for a.

total of 25 balls), should he,run for ch_ s e.. the final,r. . r | t

shoul d be the cal %UFaP_B?F elYFOtQY '6? n%‘?fﬁgﬂgeaﬁ ﬁr}‘ &?t{&i\%nﬁggﬁ;é'gﬁg @8'%

sets of dat aaboUth©.0058 tofabdiet BeG96, rrepee preferablyctrods aboue AvE% toudtO%e

changed afte h S DAl S, =4 s) have been tested.
lhy 5(5&8?“1 ﬁésaogg\& Zurbl%?mtjﬁ,bs( bf Ea\Jveftn@ ap?H.

copi ous clea e necessar a filmor residue is
noted on the inside wall of the beaker. . Anot her techni-que to neasure
the wat er abBolypydsexy £ampeund: ough pad sink measurenents. After
conditioning the tissue gaper of Jnterest and a{ll contrgls for a_mninum Pf
24 hours at 22 tolbe [ehemical,sSoftenipaseompositian. COMaNsy a0  ARLIR5A
#T402° M 88) , cgmploieiit Ofrof Bbotf 030496 stooabbut 316086y weight)t pteferablynfsooms
gf4 2.5" to S'agodt U}81%ttto' %ocu"ilm.tdﬁ(‘ﬁ: by weight of a water solubie polyhydroxy

compound.

Examples of polyhydroxy compounds useful in the present invention
include glycerol, polyglycerols having a weight average molecular weight of
from ébout 150 to about 800 and polyoxyethylene glycois and
polyoxypropylene glycols having a weight average molecular weigﬁt of from
about 200 to about 4000, preferably from about 200 to about 1000, most
preferably from about 200 to about 600. Polyoxyethylene glycols having an
weight average molecular weight of from about 200 to about 600 are
especially preferred. = Mixtures of ‘the above-described polyhydroxy
compounds may also be used. For example, mixtures of glycerol and
polyoxyethylene glycols having a weight average molecular weight from
about 200 to 1000, more preferably from about 200 to 600 are useful in
the present invention. Preferably, the weight ratio of glycerol to
polyoxyethylene glycol ranges from about 10 : 1 to 1: 10.

A particularly preferred polyhydroxy compound is polyoxyethylene
glycol having an weight average molecular weight of about 400. This
material is available commercially from the Union Carbide Company of
Danbury, Connecticut under the tradename “PEG-400".



place through the use of dye cutting presses, a conventional paper cutter,
or |aser étgtd 1966 t echni ques. Manual scissors cutting is not PCTAISe1M20 due
to both t |rreprodu0|b|I|ty in handling of the sanples, and the potenti al
for paper contam nation. After the paper sanple stack has been cut,
it is carefully placed on a wire nmesh sanPBe hol der. The function of this
hol der is to position the sanple on the surface of the water with m ni mal
di sruption. This holder is circular in shape and has a di aneter of
approximately 4.2". It has five straight and evenly spaced nmetal wres

runni ng par g§ rﬁbnfé’SBFﬁcmmkoi‘vﬁtéﬁm&wsmt wel ded points on the

wire's mrcur#erence The spaci ng” bet ween the wres is approxi mtely 0.7"

This wire nesh screen shoul d, be %I ean an X o pl aci ng the paper on
its surface. A Y PWQBP surigctanty t %E’&J J @St Wetting agests in the -

wat er st abi Iprgsehtt irventioper imclude ohdﬂ&sdm prodats] be Aétlwlemélsws(idw and,

20 aon cons RPRSREEh SrpRar . i Jou MR, el ek TR b
surface. Thetecreen sanple holder is allowed to continue downward after the _

sanpl e floats on the surface so the sanple hol der screen handl e catches on
the side of the ABYKES.the, alkexylated matedaiscof tha spardicularn dyper deseribed he

Louches tne chemabler.dih BERSed BIRE ndhionit soifaetarty Bllaty LompGindsare |

after the péﬂgﬁmﬂtﬁﬁ' Y@tEB\AB\”&%FW{ﬂGﬁ@& ¢f the %"%’3' g"'@ﬁ! I y visually

;)bser\éedkby noting a tramy ¢ on{CyH m-lor fromits dry t[/\/m te ?Ol or
o0 a darker iostant o

corl et ¢ vetPhagin AERPhaM ?E*@%M@u“ﬁ %rﬁnﬁftéﬂé% LA P sfow

tT ﬁ_t al ti rreduconstsenrtg d ipeuanedsecondary @nskrbrpached chaipl alkyly andforowcyl

is proce

more {han 5 YarREaRRCEGlps. pRmdr ecortidly '8 HraRghisy P 2Rgin, Dalkeny ]
post cl eani fyd mrrbml igroURs: 8nd: PEMAsY« SECONERrYr aégmmﬁgﬁda@hﬁnt%‘kﬁbr%ﬂﬁre
of 22 to 24 aligriy |@ub§k§@aed fpnaewnanﬂ dPocHiByP Groups! %éid’ h?dl"dé&rbi'lh Yréaps’

e varue 1 wbﬁfs & budracadByL <Bais,f e 6Ll % 8,0 Sbawti 20, pleterably
from about 10 to about 18 carbon atoms. More preferably the hydrocarbyl
chain length for liquid compositions is from about 16 to about 18 carbon
atoms and for solid cdmpositions from about 10 to about 14 carbon atoms.
In the general formula for the ethoxylated nonionic surfactants herein, Y is
typically -0-, -C(0)O-, -C{OIN(R)-, or -C(O)N(R)R-, in which R2, and R,
when present, have the meanings given herein before, and/or R can be
hydrogen, and z is at least about 8, preferably at least about 10-11.
Performance and, usually, stability of the softener composition decrease
when fewer ethoxylate groups are present.

The nonionic surfactants herein are characterized by an HLB
(hydrophilic-lipophilic balance) of from about 7 to about 20, preferably from
about 8 to about 15. Of course, by defining R2 and the number of
ethoxylate groups; the HLB of the surfactant is, in general, determined.
However, it is to be noted that the nonionic ethoxylated surfactants useful
herein, for concentrated liquid compositions, contain relatively long chain R2
groups and are relatively highly ethoxylated. While shorter alkyl chain
surfactants having short ethoxylated groups may possess the requisite HLB,
they are not as effective herein.



35 deviations for the 3 to 5 stacks neasured. The units of the

measur eneniyabd195gs oOnds. Hydrophilicity characteri sti qecrisgsnsaoe
paper enbodi nents of the present invention may, of course, be determn ned
I"medi ately after manufacture. However, substantial increases in

hydr ophobi city may occur during the first g weeks after the tissue paper
Is made: i.e., after the paper has aged two (2) weeks followng its
manufacture. Thus, the wetting tinmes are preferably neasured at the end of
such two week period. Accordingly, wetting tines neasured at the end of a

wet gt mes- " Aregmels PSRN HIH ARt SolSr T hapliie Aiirans of,

requi red to tthis dndenfion cargoniot| Iumgtedetanmaseagnaminﬁ ti tmsthenékamplessithee

T erost . ForMiad Aiheb (i hlihuet Rt RS PEOTBraiRcln HiE Htipde, |

tenperatures in the range of 49 to 82 [err]Cfor 1 hour to 1 year can mmc

sone of potentially severe expostingar MKEkyiateth Alcorigis’ sanmpl e nay
experience in the trade. Also, autoclaving of the paper sanples can mmc

severe aging cond'.tlonst.he ..‘. exrlence in the trade. It nust be
reiterated t ; 2 3 tH et esti ng, the sanples nust be

o SaL2ned ol g RS Qi aq°?3°°%ef {ebracigal ;o8 hdeaBiEhiatBofyidesy o

controlled te‘m’pexadacmdncaﬂdjm-mnaﬂecaoql having and-lLBemtm;x the rangeaecited
d t ft
ensity o '?é@@da?@ﬁéﬁf‘ﬂﬁm&&ﬂ{%géﬁw i Hﬁ@ohf‘%)&'er ﬁ@%\@éfﬁ %mplary

density calcu as the bas 03%
cal i per, witethexylaied opfimary alaah n‘&%ﬁ ful dl‘%"eﬁrhc@ﬁ p@\eat\ﬁiFQSiﬁﬂ/dlslﬁet%bl“W

fﬁ?XELéséc’of‘*'ﬁ“'f@h'w‘“SL"E‘EE"”SL‘f‘i"fFS‘"m GEQURDN) 86 hT1080HR.  The
(L5CE"S 19) ethaxbilss phmixed BAGrAIcor SYatheSie HEPRRISNRLENA “algyLy Sb8in fength
E) Pi tcﬁges; te res'aage('a”tamallw Aisefult herein ofSpecificidadamiples Eﬁ)sucﬁhmdteﬁallssmlqbé_
ol i es thick. dfﬁy'%@'ﬁﬁ édg‘*éc§Lé§'#“3§n§“EQ&@%ﬁé@é[sﬁ}"ﬁl&sﬁﬁf’h%t?@

f'el'ﬁo:?g(l\)/tggn?g E)f dghits of grans to the nearest

The deca-, undeca-, dodeca-, tetradeca-, pentadeca-, octadeca-, and
nonadeca-ethoxylates of 3-hexadecanol, 2-octadecanol, 4-eicosanol, and 5-
eicosanol having and HLB within the range recited herein can be used as
wetting agents in the present invention. Exemplary ethoxylated secondary
alcohols can be used as wetting agents in the present invention are: 2-
C16EQ(11); 2-C20EO(11); and 2-C1gEO(14).

Linéar Alkyl Phenoxylated Alcohols

As in the case of the alcohol alkoxylates, the hexa- through octadeca-
ethoxylates' of alkylated phenols, particularly monohydric alkyiphenols,
having an HLB within the range recited herein are useful as the
viscosity/dispersibility modifiers of the instant compositions. The hexa-
through octadeca-ethoxylates of p-tridecylphenol, m-pentadecyiphenol, and
the like, are useful herein. Exemplary ethoxylated alkylphenois useful as the
wetting agents of the mixtures herein are: p-tridecylphenol EO(11) and p-
pentadecylpheno! EO(18).

As used herein and as generally recognized in the art, a phenyiene
group in the nonionic formula is the equivalent of an alkylene group
containing from 2 to 4 carbon atoms. For present purposes, nonionics



36 gram Appropriate conversions are nade to report the basis weight in
units of woeet®eper 3000 square feet. D. Lint PCT/YS95/15420

Dry Iint can be neasured using a Sutherland Rub Tester, a piece of black
felt (made of wool having a thickness of about 2.4 mmand a density of
about 0.2 gmicc. Such felt material is regg@ily available formretail fabric
stores such as Hancock Fabric), a four pound wei ght and a Hunter Col or
meter. The Sutherland tester is a notor-driven instrunment which can stroke
a wei ghted sanple back and forth across a stationary sanple. The piece of

bl ack felt i : o] u ' The tj sample .is
mount ed on SOBFURREL Bferylény Hiods Bfe “Brilibernd . sRER A tagjuviient
Ci nci nnat i , nOmberTok cathan atomsncalgulated amthe sur okthgicadbdrldtomsin ahe
stationary t| f4 @%w e tissue
during rubbl%lnky@o%@%{:ff&%&ntéﬂ?&aﬁbggﬁ%{ L%tggﬁ (le&ge bg?ﬁ e of the
black felt is determ ned before and after rubbing. The difference in the
two Hunter Col or readings constit uDgsfirficRikexiyRitegt of dry linting. O her

met hods known i.the prior arts for neasurin ry lint also,can be used.
Vet ©int he, pKBENE alsticlie et BRI ER bconBani 3nd ikeri plagrisie,
of tissue seoplespondindesto i bieoise ndisclosdtht immediately O Herith; abeseecdano be
Walfter et a t .21 . LN r herej. referenge,
The pr ocedu?ghoef&siaeﬁéggﬁlﬁgi nl“l\'/'oﬁg \%glgh?)‘ggglbpgﬂﬁ i%?ﬁgdsg‘rer%@ %Pogﬁhuﬁﬁé as
steel rol | swettingagentsdn the presentinvendiaherged in a water bath. Lint from
the tissue sanple is transferred to the steel roll which is noistened by

the water bath. The continued rotgédnehed Chim Alletylafdgd deposits the lint |
into the water bath. The lint is recovered and then counted. See col. 5,

line 45 - col. Grahbned Thath pimarglasd sscctidaryabivhols Gvifth e havididgle
the : nt .
qut i Oﬁ a}or : ﬁﬁp@lﬁtl@ﬂﬁéﬁﬁ%%ﬁ n&)&f‘t prc'xr:]e_ssac_gr(\) bceagthgx\}igteed and can be used as
wetting agents in the present invention.
The above ethoicylafed nonionic surfactants are useful in the present
compositions alone or in combination, and the term "nonionic surfactant”

encompasses mixed nonionic surface active agents.

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 paper.
The surfactants preferably have alkyl chains with eight or more carbon
atoms. Exemplary anionic surfactants are linear alkyl sulfonates, and
alkylbenzene sulfonates. Exemplary nonionic surfactants are alkylglycosides
including alkylglycoside esters such as Crodesta SL-40 which is available
from Croda, Iinc. (New York, NY); alkyiglycoside ethers as described in U.S.
Patent No. 4.011,389, issued to W. K. Langdon, et al. on March 8, 1977;
and alkylpolyethoxylated esters such as Pegosperse 200 ML available from
Glyco Chemicals, Inc. (Greenwich, CT)} and IGEPAL RC-520 available from
Rhone Poulenc Corporation (Cranbury, N.J.).

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.

The following examples illustrate the practice of the present invention
but are not intended to be limiting thereof.



37 O her chem cals commonly used in papernaki ng can be added to the
chem cal softening conposition described herein, or to the pa ermakl n

furni sh sowlomsgoess t hey do not significantly and adver sel y afH P 0
soft eni ng, absorbency of the fibrous material, and softness enhanC| ng
actions of the quaternary anmoni um-and pol ysi I oxane softeni ng conpounds of
the present invention. Wtting Agents: 41 The present invention nmay
contain as an optional ingredient fromabout 0.005%to about 3.0% nore
preferably fromabout 0.03%to 1.0% by weight, on a dry fiber basis of a
wetting agent. Pol yhydroxy Conpound The chem cal softening
conposition contains as an optional corg)AMPLE rem about 0.01 % to about
3.00% by weight, preferably fromabout 0.01 %to about 1.00% by wei ght of a
wat er sol ubl e pol yhydroxy conpound. Exanpl es of pol yhydroxy
conpounds useful ihe bermrs&oﬂth:k rexamplerisitocillustrats aaaethod psingtyneentional

ol yoxyet hyl DReng: Sed ey TRy Bpdr rikia veChnich Y &F Bhéke SG Befafignd dRai
aver age nol ecedistanteimyliti-piy facial aissue paperotregted witho twior ethersicel softener
about 200 tog gﬁ&qs.&B{w ?né?fe?ft%?'s‘tré I 3 and08 dry Sthentn rﬁg% p. One

Pol yoxyet hyl en Vi ng an weig | ecul af wel

about 200 tocabﬂucal&ﬂftﬁm'é\ge%wwmyeﬁf@!éﬁfg tQ\/ﬁﬁttDFeféfséfc ical softener)
above-descri Rgthprikdsy "D ogeﬁmmfan@wy ahmeubﬂ UAﬁdnoﬁnfmeMGﬂ'iw Sulfate

ol ecut ar %?éﬁﬁlﬁ&@ﬁgogﬁ ? g0 Haverspeiviene il 4o, s iy B8 05mer
600 are usef (hereaftenergfersxkito asvthe Is@nonchhéaneail gofteherMis giumprised of an

oo o BB 6 i g co e

the hydrophoblc character of the suloxane

A plant scale S-wrap, twin wire forming paper making machine is used
in the practice of the present invention. The first chemical softener
composition is a homogenous premix of DHTDMAMS and PEG-400 in solid
state which is melted at a temperature of about 88 °C (190°F). The meited
mixture is then dispersed in a conditioned water tank (Temperature ~ 66 °C)
to form a sub-micron vesicle dispersion. The particle size of the vesicle

- dispersion is determined using an optical microscopic technique. The particie
size range is from about 0.1 to 1.0 micron. The second chemical softener is
prepared by first mixing an aqueous emulsion of amino-polydimethyl siloxane
(i.e. CM2266 marketed by GE Silicones of Waterford, NY) with water and
then blending in a wetting agent {i.e. Acconon, marketed by Karishamns USA,
Inc. of Columbus, OH) at a weight ratio of 2 siloxane per 1 wetting agent.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 12.5% solution
of the permanent wet strength resin li.e., Kymene” 557LX marketed by
Hercules incorporated of Wiimington, DE) is added to the NSK stock pipe at a
rate of 0.25% by weight of the total sheet dry fibers. The adsorption of the
permanent wet strength resin onto NSK fibers is enhanced by an in-line mixer.
A 2% soiution of the dry-strength resin (i.e. CMC from Hercules Incorporated
of Wilmington, DE) is added to the NSK stock before the fan pump at a rate
of 0.083% by weight of the total sheet dry fibers. The NSK slurry is diluted
to about 0.2% consistency at the fan pump.



glycol having an wei ght average nol ecul ar wei ght of about 400. This

mat eri al |§,o§g,qgglabl e commercially fromthe Union Carbide Cowmgspfyzo
Danbury, Connecticut under the tradenanme "PEG 400"

38 Noni oni ¢ Surfactant (Al koxylated Materi al s) Sui t abl e noni oni ¢
surfactants that® can be used as wetting agents in the present invention

I ncl ude addition products of ethylene oxide and, optionally, propylene
oxide, with fatty alcohols, fatty acids, fatty am nes, etc. Any of
the al koxylated materials of the particular type described hereinafter can
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t%oganl ng:%%m \NHPelsnggbgmgé‘/- asﬂﬂ%r rbyehlndﬁﬂé Wire lac ofe

- least about Borétcd, Nis. VoﬁhurhﬁﬁséeﬁbﬁUtl'hé(hr%ryd?ﬂéf\ﬁéfrw usﬁ% sterrel
stability of the sof t ene hp en fewer et ¥ate groups
0

are present .the wirepat' g @W?%%Y é?eft Ebﬂ%? é R &t éhﬁ HROIBL 1QJ; trapsfery, tha
HLB (hydr ophdnvedthlmb hfeit.c Wrﬂtureheoivaterh'ig aboat:ca'in'tphshbdutRaf(bressmg and

P\Lﬁ{)g; alg:c Y TR0 dlsistetiCdriifkige Unitit The® Wb Fiasy AiSE! RoRSisténd) bt BF least
35%. The web is then adhered to the surface of a Yankee dryer with the
Eucalyptus fiber layer contacting the yankee. The fiber consistency is
increased to an estimated 96% before dry creping the web with a doctor
blade. The doctor blade has a bevel angle of about 16 degrees and is
positioned with respect to the Yankee dryer to provide an impact angle of
about 85 degrees; the Yankee dryer is operated-at about 1100 mpm (meters
per minute) —- about 3607 feet per minute. The dry web is passed through a
rubber-on-steel calender nip. An 18% solution of the second chemical
softener composition is spayed uniformly on the lower, steel roll of the
calender system, from which it transfers to the Eucalyptus layer of the paper
web at the rate of 0.15% by weight of -total sheet dry fiber with a minimum
amount of moisture. The dry web is formed into roll at a speed of about 880
mpm (2860 feet per minute).

The web is converted into a two-layer, two-ply facial tissue paper as
described in figure 1. The muiti-ply facial tissue paper has about 18 #/3M
Sq. Ft basis weight, contains about 0.25% of the permanent wet strength
resin, about 0.083% of the dry strength resin, about 0.15% of the first
chemical softener mixture and about 0.15% of the second chemical softener
mixture. Importantly, the resulting muiti-ply tissue paper is soft, absorbent,
has good lint resistance and is suitable for use as facial tissues.



et hoxyl ate groups, the HLB of the surfactant is, in general, determ ned.
However, if i be noted that the nonionic ethoxylated surg &ﬁﬂﬁ efu
her ei n, fa*ogg%%ﬁﬁtrated i qui.d conpositions, contain relatlvéf ong chain
R2 groups and are relatively highly ethoxylated. Wile shorter aIkyI chain
surfactants having short ethoxyl ated groupggmay possess the requisite HLS,
they are not as effective herein.

39 Exanpl es of nonionic surfactants follow. The nonionic

- surfactants of this invention are not l[imted to these exanples. In the
exanpl es, the integer defines the nunber of ethoxyl (EO groups in the
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A pilot scale Fourdrinier paper making machine is used in the practtce'
of* the present invention. The first chemical softener composition is a
homogenous premix of DHTDMAMS and PEG-400 in solid state which is
melted at a temperature of about 88 °C (190°F). The melted mixture is then
dispersed in a conditioned water tank (Temperature ~ 66 °C) to form a sub-
micron vesicle dispersion. - The particle size of the vesicle dispersion is
determined using an optical microscopic technique. The particle size range is
from about 0.1 to 1.0 micron. The second chemical softener is prepared by
first mixing an aqueous emulsion of amino-polydimethy! siloxane (i.e. CM2266
marketed by GE Silicones of Waterford, NY) with water and then blending in a
wetting agent (i.e. Neodol 25-12, marketed by Shell Chemical Co. of
Houston, TX) at a weight ratio of 2 parts siloxane per 1 part wetting agent.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 1% solution of
the permanent wet strength resin (i.e. Kymene” 557H marketed by Hercules
Incorporated of Wilmington, DE) is added to the NSK stock pipe at a rate of

0.2% by weight of the total sheet dry fibers. The adsorption of the
permanent wet strength resin onto NSK fibers is enhanced by an in-line mixer.
A 0.25% solution of the dry strength resin (i.e. CMC from Hercules
Incorporated of Wilmington, DE) is added to the NSK stock before the fan
pump at a rate of 0.05% by weight of the  total sheet dry fibers. The NSK
slurry is diluted to about 0.2% consistency at the fan pump.



Li near Al kyl Phenoxyl ated Al cohol s As in the case of the al cohol

al koxyl at ewo deh@6teexa- t hrough oct adeca- et hoxyl ates of al kyPETAISINISNR0] S,
particul arly nmonohydric al kyl phenols, having an HLB within the range
recited herein are useful as the viscosity/dispersibility nodifiers of the
I nstant conpositions. The hexa- through oc44deca-et hoxyl ates of

p-tridecyl phenol, m pentadecyl phenol, and the |ike, are useful herein.
Exenpl ary et hoxyl ated al kyl phenol s useful as the wetting agents of the

m xtures herein are: p-tridecyl phenol EOL 1) and p- pentadecyl phenol

phenyl ene ar oup | ATES oo e Y weigns HitieBus) SO RY FEERIYRub Hhets ik hade up
group cont ai ift @gconvantional re-puinesn A AAfle. selutiopr of ahe penmrpamserst, wetnswength
Aunber Cof cantiy (heDKyMORET SHTMPialged 18 () EeapTay sHock Blbe'dh'y fard b
al kyl group BP&%MW@Q@& 5he ?ﬂtﬁ'ms‘%PSF dryc fibgrenjoliawed by paddition of a
A efinic Al k0359 selution of ICMC! &ea ratélof D1025% 19y Weight R thaNfbtarsResed
Sbove can’ belBEHox @ B Eonan BF b8, frdf FheRnesl A5Benat Moistiiocislpdded fothe
used as wet t Eugalygtus stock e heforenthe fanrpurop at a rate of 0.15% by weight of
) conots v, e St dheeBry fpers.” TR EfcalRds RioifP i aeRCtO MY 0.2%
et hoxyl at ed GQQSiStenay-at,thefar PMEIR ng agents in the present invention.
The above et hoxyl_g}_.ed_ AQni.onji-c surfactants are useful in the present

conposi ti ons al on&n®7individually ntreatad furnishnstreams (seamhilc =ui0Q%aNSK /
stream 2 = 100% Eucalyptus) are kept separate through the headbox and

deposited onto a Fourdrinier -wire_ to form a two layer embryonic web
containing equal portions of NSK and Eucalyptus. Dewatering occurs through
the Fourdrinier wire and is assisted by a deflector and vacuum boxes. The
Fourdrinier wire is of a 5-shed, satin weave configuration having 105
machine-direction and 107 cross-machine-direction monofilaments per inch,
respectively. The embryonic wet web is transferred from the Fourdrinier wire,
at a fiber consistency of about 8% at the point of transfer, to a conventional
felt. Further de-watering is accomplished by pressing and vacuum assisted
drainage until the web has a fiber consistency of at least 35%. The web is
then adhered to the surface of a Yankee dryer with the Eucalyptus' fiber layer
contacting the Yankee. The fiber consiétency is increased to an estimated
96% before dry creping the web with a doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the Yankee
dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (feet per minute) -- about 244 meters per minute.
The dry web is passed through a rubber-on-steel calender nip. A 15%
‘solution of the second chemical softener composition is spayed uniformly on
the lower, steel roll of the calender system, from which it transfers to the
Eucalyptus layer of the paper web at the rate of 0.15% by waeight of total
sheet dry fiber with a minimum amount of moisture. The 'dry web is formed
into rolls at a speed of 650 fpm (about 198 meters per minute).

The web is converted into a two-layer, two-ply facial tissue paper as
described in figure 1. The multi-ply facial tissue paper has about 18 #/3M
Sq. Ft basis weight, contains about 0.25% of the permanent wet strength



enconpasses m xed noni oni c surface active agents. The | evel of

surfactan d, is preferably fromabout 0.01 %to aboucrEysisisyze
wei ght , b]iag(e)agl he dry fiber weight of the tissue paper. The surfactants

preferably have al kyl chains with eight or nore carbon atons. Exenplary
anionic surfactants are linear alkyl sulfggates, and al kyl benzene

sul fonates. Exenpl ary nonionic surfactants are al kyl gl ycosi des incl udi ng

al kyl gl ycosi de esters such as Crodesta SL-40 which is available from Croda,
Inc. (New York, NY); alkylglycoside ethers as described in U S. Patent No.

4.011, 389, |ssued o W 0 t on, March 8, 1977; and
al kyl pol yet h@?ﬁn'aFéﬂufeﬁ 57§lggugﬂ g@ &?géyﬁ&%@ rasin.\ebavhi9-18% ef shedfirsto
gﬁelm cal séo | clsemical softenen miktyreaand a6oBAD. R6% 2F muaslécﬂﬁcﬁcﬁéﬁ#i&d?f% ner
oul enc rp n ove |st|n tiona
Cram ol aanmiRbLe” i e fegbiting it §%’nﬁf%ﬁ PRRer, iz spkt. ahspraeat,
not neant tohas goodtling resispanesd antids iswitable tor. use as faciat tissbeswi ng exanpl es
illustrate the practice of the present i nvention but are not intended to be
limting thereof. 41

EXAVPLE 1 The purpose of thi EXANMRIESi s to illustrate a nmethod
using conventional drying and Iayered paper maki ng techni ques to nake soft,

absor bent and I| reS| stant Ci aI tigsue paper treated with t WO
cheni cal softene ﬁgu{ pg’f‘%%‘n @PPHﬁgﬁrPrfé@th%nas'@ngow
fs_t rengtE resthnougha!rqmgmndllayelfddepapgr a;a!ﬂamtébbnmfe@eto redier $6ft] Qb%&rt&éﬁ:t
irst chemi o

Vet nyl Sl g i ERiarfoFRiSAY ool daBHET BaGEY Fpathtl, YR Mg phepmical™

ot her (her easqft;enerecemsuf@% ahpersaangnt wainstengthfresireandi a doystreregth
of an resin. One chemical softening system (hereafter refered to as the first

chemical softener) comprises ‘Di{Hydrogenated)Tallow DiMethyl Ammonium
Chloride (DHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400); the other
(hereafter refered to as the second chemical softener) is comprised of an
amino-functional, polydimethylsiloxane and a suitable wetting agent to offset
the hydrophobic character of the siloxane.

A pilot scale Fourdrinier paper making machine is used in the practice
of the present invention. The first chemical softener composition is a
homogenous premix of DHTDMAC and PEG-400 in a solid state which is
melted at a temperature of about 88 °C (190°F). The melted mixture is then
dispersed in a conditioned water tank (Temperature ~ 66 °C) to form a sub-
micron vesicle dispersion. The particle size of the vesicle dispersion is
determined using an optical microscopic technique. The particle size range is
from about 0.1 to 1.0 micron. The second chemical softener is prepared by
first mixing an aqueous emulsion of amino-polydimethyl siloxane (i.e. CM2266
marketed by GE Silicones of Waterford, NY) with water and then blending in a

~ wetting agent (i.e. Neodol 25-12, marketed by Shell Chemical Co. of

Houston, TX) at a weight ratio of 2 parts siloxane per 1 part wetting agent.

Second, a 3% by weight aqueous slurry of northern softwood Kraft
fibers is made up in a conventional re-pulper. The NSK slurry is refined gently
and a 2% solution of the permanent wet strength resin {i.e. Kymene" 557H
marketed by Hercules Incorporated of Wilmington, DE) is added to the NSK
stock pipe at a rate of 0.75% by weight of the total sheet dry fibers. The
adsorption of the permanent wet strength resin onto NSK fibers is enhanced



am no-functional, polydi nethylsiloxane and a suitable wetting agent to
of f set thgJidbgRhobi c character of the sil oxane. A plrAossakHo
S-wap, twn wre form ng paper nmaking machine is used in the practice of
the present invention. The first chem cal softener conposition is a
honbgenous prenm'x of DHTDVAMS and PEG 400 id*n solid state which is nelted at
a tenperature of about 88 [err]C (190F). The nelted m xture is then

di spersed in a conditioned water tank (Tenperature - 66 [err]C) to forma
sub-m cron vesicle dispersion. The particle size of the vesicle dispersion
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made up in Sr¢dihers: i ThaiEucalypliuscsiurnx isodituted: iooabout 0:3% iconsistanay aatl the
sof tener m fay'furhs. added to the Eucal yptus stock pipe before the in-line
m xer at.a rate of 0.15% by. wei ght of the total sheet dry fibers. The

Eucal ypt us sl urr sThes individallyt Qredtedt flrnidh Gtrsdras e¥tvedth ihe= 30004 "NSK /
The i ndivi d%?rlela¥n ti g ?Sof%rébéa*lyé%dﬁaé‘?e ‘(3}1{ %%ga%atz %ﬁ%%gﬂstﬁwé headbox and
deposited onto a Fourdrinier wire to form a two layer embryonic web
containing equal portions of 'NSK and Eucalyptus. Dewatering occurs through
the Fourdrinier wire and is assisted by a deflector and vacuum boxes. The
Fourdrinier wire is of a 5-shed, satin weave configuration having 105
machine-direction and 107 cross-machine-direction monofilaments per inch,
respectively. The embryonic wet web is transferred from the Fourdrinier wire,
at a fiber consistency of about 15% at the point of transfer, to a photo-
polymer belt made in accordance with U.S. Patent No. 4,528,239, Trokhan,
issued on 9 July 1985. Further de-watering is accomplished by vacuum
assisted drainage until the web has a fiber consistency of about 28%. The
patterned web is pre-dried by air biow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer
with a sprayed creping adhesive comprising 0.25% aqueous solution of
Polyvinyl Alcohol (PVA}. The fiber consistency is increased to an estimated
96% before dry creping the web with a doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the Yankee
dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (feet per minute) (about 244 meters per minute).
The dry web is passed through a rubber-on-steel calender nip. A 15%
olution of the second chemical softener composition is spayed uniformly on
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formng wire is a Lindsay, Series 2164 (marketed by Lindsay Wre Inc. of

Fl orence, Mss.) or simlar design. The eng yonic wet web is transferred
fromthe wire, at a fiber consistency of abbut 8% at the point of transfer,
to a conventional felt. Further de-watering is acconplished by pressing and
vacuum assi sted drai nage until the web has a fiber consistency of at |east
35% The web is then adhered to the surface of a Yankee dryer with the
Eucal ypt us fthe:dowejestegintalk of rtfe: nalenser csystemsefromavhichnit ttamstersi to the
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per mnute) -- about 3607 feet per mnute. The dry web is passed through a

rubber - on-steel cZhend®b is gonvartedSintosal two-dayer, tvephedacial alsslieCpiper as
softener co 1 S edlni 1] . I | _.goll.0of
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paper web at Ft.neasiatweightocoptaing abausrQ. Q5 %t of she permaneny webestrenigth rasin,
M ni mim anmousboGf OTIRSEY' &F il réRgth Sr Bt '6)25 %! e

about 880 npm (2860 feet per ?ne%ﬁét Bt -egg{rhe \Aggblﬁg Gc)c?r?vggr?gc}ﬁlgngge@ﬁca'
two- | ayer, t§RT@NGr fratare.; | epertaatly, Hhe MF'FBeH“J'ﬁ'ﬁ'Vgﬁ#’%’Q:DM is soft,
mul ti-ply fagbsdrblentsHas |iﬁnaﬁesaét<ahbe3aﬂhd¢ts3%i$ébte%_r%'yés\%ighg yes.
cont ai ns about 0.25% of the permanent wet strength resin, about O. 5%/% of
the dry strength resin, about 0.15% of the first chem cal softener mxture
and about 0.15% of the second chenm caEX&MPEEe ni xture. Inportantly, the
resulting multi-ply tissue paper.is soft, absorbent, has good I'int
resistance and is_suitable for use as facial tissues.

43 The purpose of this example/is to illustrate a method using conventional

drying paper making techniques to make soft, absorbent and lint resistant
multi-ply facial tissue paper treated with two chemical softener compositions,
a permanent wet strength resin and a dry strength resin. One chemical
softening system (hereafter refered to as the first chemical softener)
comprises Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl Sulfate
(DHTDMAMS) and a Polyoxyethylene Glycol 400 (PEG-400); the other
(hereafter refered to as the second chemical .softener) is comprised of an
amino-functional, polydimethyisiloxane and a suitable wetting agent to offset
the hydrophobic character of the siloxane.

A pildt scale Fourdrinier paper making machine is used in the practice
of the present invention. The first chemical softener composition is a
homogenous premix of DHTDMAMS and PEG-400 in solid state which is
meited at a temperature of about 88 °C (190°F). The melted mixture is then
dispersed in a conditioned water tank (Temperature ~ 66 °C) to form a sub-
micron vesicle dispersion. The particle size of the vesicle dispersion is
~ determined using an optical microscopic technique. The particle size range is
- from about 0.1 to 1.0 micron. The second chemical softener is prepared by
first mixing an aqueous emulsion of amino-polydimethyl siloxane (i.e. CM2266
marketed by GE Silicones of Waterford, NY) with water and then blending in a
wetting agent (i.e. Neodol 25-12, marketed by Shell Chemical Co. of
Houston, TX) at a weight ratio of 2 parts siloxane per 1 part wetting agent.
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: '4‘” ry is didggigsattne point’af transterl 8% cBhveRfiohd et "Burther de-watering
is accomplished by pressing and vacuum assisted drainage until the web has
a fiber consistency of at least 35%. The web is then adhered to the surface
of a Yankee dryer, and the fiber consistency is increased to an estimated
96% before dry creping the web with a doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the Yankee
dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (feet per minute) -- about 244 meters per minute.
The dry web is formed into roll at a speed of 650 fpm (about 200 meters per
minute).

Second, a 3% by weight aqueous slurry of Eucalyptus fibers is made
up in a conventional re-pulper. A 1% solution of the permanent wet strength
resin (i.e. Kymene” 557H) is added to the Eucalyptus stock pipe at a rate of
0.05% by weight of the total sheet dry fibers, followed by addition of a

0.25% solution of CMC at a rate of 0.025% by weight of the total sheet dry

fibers. A 2% solution of the first chemical softener mixture is added to the
Eucalyptus stock pipe before the fan pump at a rate of 0.15% by weight of
the total sheet dry fibers. The Eucalyptus slurry is diluted to about 0.2%
consistency at the fan pump.
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fibers. A 2% solution of the first chem cal softener mxture is added to
the Eucal yptus stock pipe before the fan punp at a rate of 0.15% by wei ght
of the total sheet dry fibers. The Eucal yptus slurry |s dlluted to about
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basi s wei ghtraté Ot 0l 5% byUivdighb &f tbtdlnshéwr a iber Woith d meiRtthOm amount of
moisture. The dry web is formed into rolls at a speed of 650 fpm (200
meters per minute).

The webs is converted into a three-ply facial tissue paper as described
in figure 2. The soft Eucalyptus plies are on the outside and the strong NSK
ply is on the inside. The muiti-ply facial tissue paper has about 26 #/3M Sq.
Ft basis weight, contains about 0.12% of the permanent wet strength resin,
about 0.033% of the dry strength resin, about 0.10% of the first chemical
softener mixture and about 0.10% of the second chemical softener mixture.
Importantly, the resuiting multi-ply tissue paper is soft, absorbent, has good
lint resistance and is suitable for use as facial tissues.

EXAMPLE 5
The purpose of this example is to illustrate a method using blow

through drying and layered paper making techniques to make soft, absorbent
and lint resistant single-ply toilet tissue paper treated with two chemical
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condi tioned wat erAtsirdt $dS8PRGwdvinfer péée:{ man&ﬁa rhgcﬁ@wsauéé&? in thé' Sractice

vesicle disp The particle si he vesic L spersion is

det er i ned Lfgfr ﬁbe Rresantc vention;sco % ft"é&hﬁhﬁwa Tﬁ@ftﬁ&ﬂ i epMpessition dsge
13 s ;romt aboHorlogehous . fremixr olfl DFIIYI'EJI\?A@@@IMC PEG-400 #Pfd Wlﬂ bﬁatar?ﬂﬂéﬁdls

irst m S sion o i | oxane (1.¢€e

Qvez56: mar kil Eed e EfHecaflite o Hodi BELPG ANAURY ine eliechmixtureris then
bl endi ng i n dispessednig aganditioned witerdianRS(Tempemtisre €d66Y° Shed | fofiesi si-
Co. of Ho t 1

wetting agereron Vesicid, dikpSitlon . the e e 0P 4RA"vES e dSbersion s
sof t wood Kr &eterminadsusiagnaa @ptisal msrmmﬂedmnuee Pbe marticiehsizbl3snge is

slurry is rerfdmeabamolwanﬂ Oin%%éwl UFH

re5| n (i. ne. 557H mar ket ?/ ﬁ?gﬁ&n?}%ﬁﬁéé%{l@aﬁ ﬁéﬁ?&tdhby
¥grEq|ﬁ@ aqueous emu sion o amino-polydimethyl siloxane {i.e. CM2266

marketed by GE Silicones of Waterford, NY) with water and then blending in a

wetting agent (i.e. Neodol 25-12, marketed by Shell Chemical Co. of

Houston, TX) at a weight ratio of 2 siloxane per 1 wetting agent.

is adde

Second, a 3% by weight aqueous slurry of northern softwood Kraft
fibers is made up in a conventional re-pulper. The NSK slurry is refined gently
and a 2% solution of the temporary wet strength resin (i.e. National Starch
78-0080, marketed by the National Starch and Chemical Corporation of New
York, NY) is added to the NSK stock pipe at a rate of 0.4% by weight of the
total sheet dry fibers. The adsorption of the temporary wet strength resin
onto NSK fibers is enhanced by an in-line mixer. The NSK slurry is diluted to
about 0.2% consistency at the fan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up
in a conventional re-pulper. A 2% solution of the first chemical softener
mixture is added to the Eucalyptus stock pipe before the in-line mixer at a rate

- of 0.3% by weight of the total sheet dry fibers, followed by addition of a 1%
solution of CMC at a rate of 0.25% by weight of the total sheet dry fibers.
The Eucalyptus slurry is divided into two equal streams and diluted to about
0.2% consistency at the fan pump.



stock pipe at a rate of 0.75% by weight of the total sheet dry fibers. The

adsor ption Ler manent wet strength resin onto NSK fiber enhanced
46 by aﬂ#’mf‘le mxer. A1l %solution of the dry strengt ﬁ%ﬂé&’ﬁ"ﬁme. ,

CMC from Hercul es Incorporated of Wl mngton, DE) is added to the NSK stock
before the fan punp at a rate of 0.2% by \Agbght of the total sheet dry

- fibers. The NSK slurry is diluted to about¥0. 2% consi stency at the fan

. punp. Third, a 3% by wei ght aqueous slurry of Eucal yptus fibers is

~ made up in a conventional re-pul per. A 2% solution of the pernmnent wet

~ strength resin (i._e. Kynene" 557H) is added to the Eucal yptus stock pipe at
a rate of 0.2% by W@ dndiviguallye treated furpish csrtlgedms)eﬁsueahmnowembo% NSK /

- addi t f f f |
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Polyvinyl Alcohol (PVA). The fiber conslstency is increased to an estimated
96% before dry creping the web with a doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the Yankee
dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (f_eet per minute) (about 244 meters per minute).
The dry web is passed through a rubber-on-steel calender nip. A 15%
solution of the second chemical softener composition is spayed uniformly on
both rolis of the calender system, from which it transfers to the Eucalyptus
layers of the paper web at the rate of 0.15% by weight of total sheet dry
fiber with a minimum amount of moisture. The dry web is formed into roll at
a speed of 680 fpm (about 208 meters per minute).

The web is converted into a three-layer, single-ply toilet tissue paper.
The single-ply toilet tissue paper has about 18 #/3M Sq. Ft. basis weight,
contains about 0.4% of the temporary wet strength resin, about 0.25% of
the dry strength resin, about 0.3% of the first chemical softener mixture and
about 0.15% of the second chemical softener mixture. Importantly, the
resulting single-ply tissue paper is soft, absoi‘bent, has good lint resistance
and is suitable for use as toilet tissue.



wi th a sprayed creping adhesive conprising 0.25% aqueous sol ution of

Pol yvi nyl Al cohol (PVA). The fiber consistency is increased to an esti mated
96% bef or WO96/18616pi ng t he web with a doctor blade. The doct ®CTAISSI5420s a
bevel angle of about 25 degrees and is positioned with respect to the '
Yankee dryer to provide an inpact angle of about 81 degrees; the Yankee
dryer is operated at about 800 fpm (feet per mnute) (arbou%—244—n%t—e|;s_per
mnute). The dry web is passed through r ubber - on- st eel

15% sol ution of the second chenical soft®ner conposition Ifré‘kheEHF o 'aced
uniformy on jﬂmﬂ ",

steel roll of the calender system fromwhich it transfers

Eucal yptus | ayer of the paper web at the rate of 0.15% by wei ght of tot al
sheet dry fiber with a m ninum anount of noisture. The dry web is forned
into roll at a speed of 680 fpm (about 208 neters per:mnute). The
web is converted : - er, two-ply facial tissue paper as described
in figure 1. Thewnﬁ%ﬁsiiﬁa%ﬁbé%al ti ssue paper has about 20 #/ 3M Sq. Ft.
basi s wei ght, contains about 0.95% of the permanent wet strength resin,
about 0.125%pof t ey chem cal
softener m X?[ ure. Ja‘Iatrlrf:)gol%ét QEPFFBP&E}e&?%?JI%??eng rmhg"a?tﬁgoctglp“sﬁs'{gespaper S
soft, absorbent, aps gpaget mdkingFibergce and is suitable for use as facial
tissues. EXAMPLE 4 The purpose of
this exanple is tb) i IIfmrma91%rtatmmatwmuemwa@mbnﬂsm'é&naaaﬁa,
maki ng techni ques to nake soft, absorbent and lint resistant nulti-

facial tissue paper trfremned.0f% t10\310% ofi z polysiibxenercornppaad; sAds. 2
per manent wet strength resin and a dry strength resin. One chem cal
sof teni ng syst emdher efrome0.0¢f%eteB.08 of hindef materiats; rither wet seeagth

conprises Di (Hydr ogenagieté! t

(DHTDVAMS) and a PoI yoéyet Tel %ﬁ‘\é\k&%w %éﬁ%ggtﬁ MB%%’%W tbao(tﬁetaeaw?‘er
refered to &raN@hsecond chbifdefiansbadnyestyengthcbingersed of an

am no-functional, polydimethylsiloxane and a suitable wetting agent to

of f set

2. The tissue paper product of Claim 1 comprising at least two plies,
wherein each of said plies comprises at least two superposed layers, an
inner layer and an outer layer contiguous with said inner layer, wherein said
tissue paper product preferably comprises two plies in juxtaposed relation,
said plies being oriented in said tissue so that said outer layer of each ply
forms one exposed surface of said tissue paper product and each of said
inner layers of said plies are disposed toward the interior of said tissue paper
product. '

3. The muiti-layered tissue paper product of Claim 2 wherein the
majority of the quaternary ammonium compound and the majority of the
polysiloxane compound is contained in at least one of said outer layers,
preferably in both of said outer layers.

4, The multl-tayered tissue paper product of Clalm 2o0r3 wherein the
majority of the binders is contained in at least one of said inner layers.

5. The multi-layered tissue paper product of Claim 2 or 3 wherein the
majority of said binders is contained in said outer layers.

* c L n s *



t'he hydrophobi c character of the sil oxane. A pilot scal e Fourdrinier
paper making machine is used in the practice of the present invention. The
first chen?‘g%ﬂ 19¢¥6t ener conposition is a homogenous preni x ofPERKIIMMIOand
PEG 400 in solid state which is nelted at a tenperature of about 88 [err]C
(190[err]F). The-nmelted mixture is then dispersed in a comilsmeomd;eaﬂte ced -

tank (Tenperature - 66 [err]C) to forma sub- mcron vesic

The particle size of the vesicle di spersgé)n i s determ ned ! al

m croscopi ¢ technique. The particle size"Tange is from abo

m cron. The second chemi cal softener is prepared by first mxi ng an aqueous
emul si on of & noThel mebitinks bdsméwea 8pét ma@fzas@n

Silicones of %\gﬁ ‘;f?‘ﬁg %lY)w h| ﬁ gndp ?M%\kﬂlﬁg’ﬁgt tc?rn\ghe'éent
(i.e. Neodol 895" 1 r Rifeipngy éxsﬁ CEH@?ﬁ"iealre'éG've Raner making fibers
wei ght rati ohafnn@ para\earagedeagm pératllepst 2.0anm mndfoehirein each of two said

ggnvent i onal re pu? gt:ﬂ\gﬁbﬁgé siurry Zl ﬁéﬁrﬁ%’%&&%é’r‘zﬁn&e‘ﬁe@ %aé’ff‘%t?%n

of the per naf¥etageclength degweenc@iZmm.and AyBwnm.557H marketed by Hercul es
| ncor por at ed of Wlmngton DE) is added to the NSK stock pipe at a rate of

0.25% by vve g,h t he t heet dry fibers. The adsorption of the
per manent We str §t’ﬁ‘u}té W?'S tHSSN8KP P?fepﬁo‘ﬁécteﬂﬁaﬁlééf G[;"&\ﬁ 2r-6iwberein

lrri xer. A ? 35@&! imiert layersfcomprige ysottwou ff;b;]m; rbréfetr%bll(yij%riﬁé}'ﬁ‘t hH?gv%wS
Nncor por at e e S(,0C ore e
punp gt a raFPé%w'bg&%@@ 5\%?5 Rﬁ%raqéﬁ%s gf’g?p'ﬁﬁeg? GP”{P?‘*)bftét?%'s' @fNQUY

slurry is di eucaluptus fibers. 0. 2% consi stency at the fan punp. The
treated NSK streamis deposited onto a Fourdrinier wire to forma single
| ayer enbryo |c Wl_i; Dewat eri ng occurs through the Fourdrinier wire and is
assi sted by. be: tissul Panar oroductof Ry b Claimsi -7 vinherein shid wet

5- shed, satistrmgw BividerUlaré | Poriitiient Wét naﬁhhg%nd'bﬁnsﬁﬂso%ﬁ} 69#37fr8m .

Cross- machl ne- Idlre tion WD Wi!msnts er |nch ect

vet veb i s tPONEMUSEApiGRIBrORYASIE,deRNEn Polygcrylarpide, resies, cand sm@m:yes)f

about 8% at thesepf)i ipreférablyanpblyamite-epickiorenydinalredink) - oF UtdBbrary wet

de-wat ering girength binders selected from cationic dialdehyde starch-based resins,
dialdehyde starch resins and mixtures thereof, preferably cationic dialdehyde
starch-based resins; and wherein said dry strength binder is selected from
carboxymethyl cellulose resins, starch based resins, polyacrylamide resins,
polyvinyl aicohol resins and mlxtures thereof preferably carboxymethyi
‘cellulose resins. -

S. The tissue paper product of any of Claims 1-8 wherein the quaternary
ammonium compound has the formula : '

(R1)4-m- N7 - [R2lm X

wherein
mis 1to 3;

each R1 is a C4-Cg alkyl group;- hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof, preferably Cq - C3 alkyl;

* [+ Lt M S *



is acconplished by pressing and vacuum'assi sted drai nage until the web has
a fiber cgnsistency of at |east 35% The web is then adhereq,éﬁugggﬁs&urface
of a Yankg@?ﬁ’?g’r, and the fiber consistency is increased to an estinated
96% before dry creping the web with a doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the
Yankee dryer to provide an inpact angl g;of about 81 degrees; the Yankee
dryer is operated at about 800 fpm (feet per mnute) -- about 244 neters

" per minute. The dry web is fornmed into roll at a speed of 650 fpm (about
200 nmeters per mnute). Second, a 3% by wei ght aqueous slurry of
Eucal yptus fi bereachsRauisea @giCy p alisylvgraumnhydraxyalkylegroup, Ihgdromdarbybor of

t he per manent ; t j . ’ j d

Eucal yptus. ot oo R ErULted hyARBEAE Groufl TEROyEREE) ordyd  Hihal® idle. 4oy

fibers, followedigucasdshareaf.freferabbsbiieot Grigalkyl: @ME at a rate of 0.025%

by wei ght of,-.the total_sheet dr%.éi bers. A 2% sql.ution of the first

cheni cal sof§ dfeRNY SQftARercompgtinle anfan. e{rerahly chisrigei opimetids silfatene

1;5 an_punp at vfhdretne_ ofth@. 15&mmrmgg ht auimg}hmmo_t abon‘hﬁmndjrﬁ ié} begraferbbly
ucal ypt us (LY. 1S 0 a b con _at t an. _punp.

49 aﬂ(ﬁgdh%ﬂ{a&hhggﬁg}"{/pt us%ﬁm i's déﬁé&ﬁ' onto '9Bapdri ni 8F

wire to fordilhydeagénated)taliovw dimethyb amrooniimimethyd wsalifaper t i ons of NSK and
Eucal yptus. Dewatering occurs through the Fourdrinier wire and is assisted

by a deflector and vacuum boxes. The Fourdrinier wire is of a 5-shed, satin
weave confi d@ afhen tissuenpapes. reductc ofi ay: iafn Glatmso? cr & swiheceinnsaid

transterr et p oo T o IsNARR ATy B MRy R INg i tord)
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er consi > 20 1S, . (< surrace
of "o vankee Sty Ivarigeh boidpa, AinchiohdF offife rind HheSRC TS, ho Bubbnidiis
96% bef or e af gubstitution ofi@Gnoniess, arefecably 10%ior lass; most preferably fram a
bevel angl e4qioraRp§os2 3allf BoRATIoREHe Havig 'd VRRBLItY bF 1oR 5 kehistdies to

Yankee dryer
20,000,000 centistokes.
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to provide an inpact angle of about 81 degreées; the Yankee dryer is

oper at ed 800 fpm (feet per: mnute) -- about 244 net L ut e.
The dry Wea%ofygﬁgé\lgsed t hrough a rubber-on-steel calender ni psbim%g%%&
solution of the second chem cal softener conposition is spayed uniformy on
the |l ower, steel-roll of the calender system fromwhich it transfers to
the paper web at the rate of 0.15% by wei ght of total sheet dry fiber with
a mini mum anount of noisture. The dry wep/P2s formed into rolls at a speed
of 650 fpm (200 neters per mnute). The webs is converted into a
three-ply facial tissue paper as described in figure 2. The soft Eucal yptus
plies are on the outside and the strong NSK ply is on the inside. The

mul ti-ply facial tissue paper has about 26 #/3M Sq. Ft basis weight,
cont ai ns about 0.12% of the permanent wet strength resin, about 0.033% of
.the dry strength resin, about 0.10% of the first chem cal softener m xture
I Xxture. |nportantly, the

and about 0. 3g% of the second cheni cal sof t energgn
resulting multi- ti ssue paper is soft,1’ has ﬁoodzﬂint

resi stance and is sSwtable for
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of the present invention. The first chem cal softener conposition is a
hom)genougyar gm of DHTDMAC and PEG 400 in a solid state wWpEhusensget ed
at a tenperature of about 88 [err]C (190[err]F).- The nelted m xture is then
di spersed in a conditioned water tank (Tenperature " 66 [err]C) to forma
sub- mcron vesicle dispersion. The particle size of the vesicle

di spersion is determ ned using anzggtl cal mreroscgE —\\-n- que. The
particle size range is from about 1to 1.0=mi '///7‘\\ \second chem cal
softener is prepared by first m xi ng an aqueou “" WP\\ \ l

am no- pol ydi net hyl sil oxane (i.e. CM2266 mar ket =)
Waterford, NY) with water and then bl endi ng i \ =2/}
25-12, marketed by Shell Chem cal Co. of c st ==

)
‘W """ / il Ilcones of
(i.e. Neodol
a vvel ©ratio of

2 siloxane per 1 wetting agent. S@tonth_ a I'I/'/‘!\ rei ght®aqlieous
slurry of northern sofiowod Kraft fibersT s T8 o;:& uli 1 pxa_convent i onal
re-pul per. The NSK sluiFy is fefined gent!y M H0o)sol utToerof the

. e //
tenporary wet strength sin (i.e. Nat crEE=Stafaw - 008Q CONEr keted by the
or gffh of NewS

Nat i onal Starch and Chem ¢|ql .(,080 N i< added to the
NSK stock pipe at a rate of QJ4%b \&(_shes{ Lry fibers.
“The adsorption of the tenporajy strength resin Qntya™\\SK fifbers is
enhanced by an in-line m xer. Th SK slurry is dilged te about 0.2%

consi stency at the fan punp. Third, a 3% by wki ght Taqueous slurry of
Eucal yptus fibers is made up §n allcdnventi onal re-pufper. A 2% sol ution of
the first chemcal softener m{xtUfe \s added to the ucal yptus stock pipe
before the in-line mxer at ajrat of the total sheet dry
fibers, followed by addition at a rate of -0.25% by
wei ght of the total sheet dry flbers slurry is divided into

two equal streams angdiluted to about S 5,—:3:#..9 ency at the fan punp.
51 The indmyvidual ly t ﬂ]i eam\(stream 1l = 100% NSK
[ stream2 & 3 = 10034 Zpdl¥ at e tYrough the headbox

and deposited onto a FOur dr i ni ers-wre tg fo “I hr ee tayer enbryonic web
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cont ai ni ng about 30% NSK and 70% Eucal yptus. The web is for nfgrgss . ™o
described in Figure 3 with the Eucal yptus on the outside and the NSK on the
i nsi de. Dewatering occurs through the Fourdrinier wire and is assisted by a
defl ector and vacuum boxes. The Fourdrinier wire i's a 5-shed, 84M desi gn.
The enbryonic wet web is transferred fromtipg Fourdrinier wire, at a fiber
consi stency of about 15% at the point of transfer,“to a 44 x 33 5A
drying/inprinting fabric. Further de-watering is acconplished by vacuum
assi sted drainage until the web has a fiber consi stency of about 28% The

tt d b { f
ggoufr nES%WSy :MSEI preﬁﬁmﬁ@slb‘f@arte he aﬁﬁgre gbgu?elsgggagffgé%%%'ﬁg@e
dryer with a sPex§ay 'QYW% ‘MH@% {}1‘9 "%Wﬂg diglovidimettlacimenium | sutsof
Pol yvi nyl Al cofmjcf( BEYAJitaliohe dimbehy! eenrnbaiven Chldride), itAR%E dirhet ya@ rgﬁﬁ.ed

e

Ll S g At S A ot
Yankee dryer tQ}(Wﬂﬂéﬂa nalipacdimatgyleammaniem: melh\degllta{e bﬂlhﬁ pfeféreed.
dryer is operafig purtiolar maetiafl Enh(vél%ﬂe Iéﬁhdﬁrﬂﬁll?) fréﬁ\b%igﬁ %ﬁ%{%%&er

' TS‘%H gZﬂ ut ;rgﬁ g#y?%\ﬁp%eégﬁ Q‘ﬁ’grﬁ' h fr ”’\9 %gsl lon is spayed

uniformy on both rolls of the cal ender system fromwhich it transfers to
t he Eucal yptus g| sHoRAn i@ d Web. at the rate of 0.15% by wei ght of
total sheet dry I ber wt ni rrum amount of noisture. The dry web is
formed into roll at a speed of 680 fpm (about 208 neters per mnute).

The web is convertdd igaheral, tsuitabid Rotysilonand! Matdriald Ololrehsé' l{ﬁep%% t

cont ai ng. about oY WABEE RERF nayiie MEK At HIRRene] urlis.af Deotoliawinghe

dry strength r3ryctuegiout 0. 3% of the first chenical softener m xture and
about 0.15% of the second chem cal softener mxture. Inportantly, the

resulting single-ply tissue papep isYysoft, absorbent, has good I|int
resistance and is suitable fpr u d ag toilet tissue.
52 What is clained |s:|
—-Si-0—|—
~ Rz d

wherain, Rt and R2, for each independent siloxane monomeric unit can
each independently be hydrogen or any alkyl, aryl, alkeayl, alkaryl, arakyl,
cycloalkyl, halogenated hydrocarbon, or other radical. Any of such radicals
can be substituted or unsubstituted. R1 and R2 radicals of any particular
" monomaeric.unit may differ from the corresponding functionalities of the next
adjoining monomaric unit. Additionally, the polysiloxane can be either a
straight chain, a branched chain or have a cyclic structure. The radicals R1
-and R2 can additionally independently be other silaceous functionalities such
as, but not limited to siloxanes, polysiloxanes, silanes, and polysilanes. The
radicals R1 and R2 may contain any of a variety of organic tunctionalities
including, for example, alcohol, carboxylic acid, aldehyde, ketone and
amine, amide functionalities.

REPI ACEMENT SHEETS SG

i'ﬁ'r‘ ooroHicn r,a,jtaf* AL £ pafred e
E f : ‘l": : .

I Draviu g\ N IR £ B

O Absitvact @ p2gsd ... to paged ...

DATE OF RECEIPT...0hw .




1. A multi-layered tissue paper product conprising a) paper

maki ng-fi bers; b) from about 0.01%to about 3.0% of a quaternary
anmoni um conpound; c) fromabout 0.01%to about 3.0% of a’

pol ysi | oxane conpound; and d) from about 0.01%to about 3.0% of

bi nder materials, either wet strength 52 bi nders and/or dry strength
bi nders, wherein said nulti-layered tissue paper product conprises of at

| east two plies, wherein each of said plies conprises at |east two

super posed | ayers, gyha M&himedi®f and an outer |ayer contiguous wth said
i nner layer, said plies being oriented in said tissue so that said outer

| ayer of each ply forns one exposed surface of said nmulti-layered tissue

and each of said inger |agyers. pf i oward the
interior of said facial 3?&@’5&53‘%@ ﬁ'%b‘ka%% @lr%u&l %Eﬁr@:iiiﬁaﬁ jority of the

quat ernary anmoni u%fzﬁa’ﬁg@%@ﬁb&be majority of the polysil oxane conpound
Is contained in at |'east one of said outer |ayers. . The

mul ti-layered tissub) frameabopt@au’éttogboweﬂ%pfgqwtemwlammemm}@nmmlmdt t he

bi nders is containe n_at SV 3.

The multi-Iayered tg)strﬂ@ T}’é’ﬂgﬁ%g/og) Bﬁ%btﬂglk?‘nrb%iys exame t o eunrr(:izfjac?rdl ty of
the quaternary ammogj ﬁmﬁuw"/ﬂﬂ&bbﬁ@ 0% of bindex anseriuly)eitherdvéetstrengthai ned
in both of said outer |ayers. The nulti-layered tissue paper

product of claim 1 \Ahéd@ﬁﬁnd/hédﬂhwgﬂyb@def&al d binders is contained in
said outer |ayeks. ct of
claim1 wherei & glgflh sﬂgtms Flg%er?% %Qﬁo@? Elt gfdéﬁ %ﬁ%ﬁé& o Rga??iévr%‘g s
bi nders sel ect afiefeisachif sgidlies eomprisdsian teast twocupenpdsie- le;mrs,rdnanndnyldyern
resins, polyacrylam de resins, and m xtures thereof.
53 and an outer layer contiguous with said inner layer,

said plies being oriented in said tissue so that said outer layer of each ply forms

one exposed surface of said multi-layered tissue and each of said inner layers of

said plies are disposed toward the interior of said facial tissue paper web,

wherein the majority of the quaternary ammonium compound and the majority of

the polysiloxane compound is contained in at least one of said outer layers.

2. The multi-layered tissue paper product of claim 1 wherein the

majority of the binders is contained in at least one of said inner layers.

3. The multi-layered tissue paper product of claim 1 wherein the
majority of the quaternary ammonium compound and the polysiloxane compound

is contained in both of said outer layers.

4, The multi-layered tissue paper product of claim 1 wherein the

majority of said binders is contained in said outer layers.

5. The multi-layered tissue paper product of claim 1 wherein said wet
strength binders are permanent wet strength binders selected from the group
consisting of polyamide-epichlorohydrin resins, polyacrylamide resins, and mixtures
thereof.
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6. The nulti-layered tissue paper product of claim5 wherein said
permanent wet strength binders are pol yam de-epi chl orohydrin resins.

7. The multi-layered tissue paper product of claim1l wherein said wet
strength binders are tenporary wet strength binders selected fromthe group
consi sting of cationic dialdehyde st arch-%hsed resins, dial dehyde starch
resins and m xtures thereof. 8. The nmulti-layered tissue paper
product of claim?7 wherein said tenporary wet strength binders are cationic
di al dehyde starch-bgsed TRSinndti-layered tissueSpaper pfdictiof tolaiind$ evheétein s#ide
paper product of claim 1l wherein said polysiloxane is pql ydinethylsil oxane
havi ng a hydr opremabentovel gtrength thingders argnolbijamide-gpicklgrabydrin resing  oups

consi sting of am no, carboxyl, hydroxyl, ether, polyether, aldehyde,

ket one, am de, ester, and thiol groups, said hydrogen bonding functional
group being present7in aTh®hmilti-heerdtissgepaper prodatt dfldainn] etherdiwsdid @30 or

| ess. 10. The multi-layered tissue paper product of claim?9
wherein said petepgth bindees n@stealmrxrwsteﬁ@@m@&@rs ﬂﬁ%&tffﬁmo € o8rOHP o ut

10% or | ess, and a..vi ' [ ISk 85hvdR sBirch resi d 11.
The mul ti - | aye?oéﬁgwgg)g péa{%%irﬂa%)dr%g ucﬁ?%@%&%ﬁ%?ﬁmﬂer I'n sa? dr esins an :
pol ysi | oxane hg$xtareg@hetéofper cent age of substitution of fromabout 1.0%to
about 5% and a viscosity of from about 25 centistokes to about 20,000, 000
centi st okes. 12. The multi-layered tissue paper product of claim
11 wherein said nol gr pe € i } Yhodut P Ukkin? Y whsdinS &kid

Fos" c ot taflafthed (Sl bafel 3o i |

viscosity is about The multi-layered tissue

paper product gnpokdy et dtredgth dindessoard catjatrio Jiabdebydel starphfbased fesinal group i s ¢

an am no functional group.

9. The multi-layered tissue paper product of claim 1 wherein said
polysiloxane is polydimethylsiloxane having a hydrogen bonding functional group
selected from the groups consisting of amino, carboxyl, hydroxyl, ether, polyether,
aldehyde, ketone, amide, ester, and thiol groups, said hydrogen bonding functional

group being present in a molar percentage of substitution of about 20% or less.

10.  The multi-layered tissue paper product of claim 9 wherein said
polysiloxane has a molar percentage of substitution of about 10% or less, and a

viscosity of about 25 centistokes or more.

11.  The multi-layered tissue paper product of claim 10 wherein said
polysiloxane has a molar percentage of substitution of from about 1.0% to about
5%, and a viscosity of from about 25 centistokes to about 20,000,000 centistokes.

12.  The multi-layered tissue paper product of claim 11 wherein said
- molar percentage of substitution is about 2%, and said viscosity is about 125

centistokes.

13.  The multi-layered tissue paper product of claim 12 wherein said

hydrogen bonding functional group is an amino functional group.

e
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54 14. The nulti-layered tissue .paper product of claim1l
conprising both a wet strength and a dry strength binder. 15.

The nulti-layered tissue paper product of claim 14 wherein said quaternary
ammoni um conpound i s di (hydrogenated)tall ow di methyl chloride or

met hyl sul fate, said pol ysil oxane conpoundS4s an am no functi onal

pol ysi | oxane conpound, said pernmanent wet strength binder is

pol yam de-epi chl orohydrin resin and said dry strength binder is

car boxymet hyl cel |l u}pse b+ i nedd qqmﬂﬁggﬁf‘ N
anmoni um conpound, ggid %@ ?@%?o aﬁg1%§%£§ﬂﬁgb§%ng%fﬂa%€y strengfﬂﬁﬁinders
are contai ned & pvebslréhgtif ashidrpstrength bindes, and wherein the majority of
said wet strength binder naterials is contained in both of said inner

| ayers. 16. The nmulti-layered tissue paper product of claim14
wherein said dry st jenat Th@nﬂﬁﬁﬂgje?e@ﬁ&sﬁ@tﬁﬂexf pruth6r St 1 ACRRSIeRT k48 Of
carboxynet hyl cellul'ose resins, starch based resins, polyacrylam de resins,
pol yvi nyl al cofiternaryi asmenitimcormpound is Idéthpddogenated)tallow glllmethyl Thleride or

bi nder s ar e camBuR Ry sl Ao, ey 18 ol il Tyt chof pYy 358"
nul ti-layered Edmgpﬁfgam&eﬁmet%eﬁg@bm&r Wwlpinideapihioliydeinyesil

i nner | ayers co tively | ong paper meking fibers having an average
length of at | asksaichdnystrefgth bimdea iicanbaxysicthyd gelinloge resip, whereindhe majarifyer s

conprises relatjve short paper. maki ng fjbers hayin ; h
be'[rp ween about 9%?1 Fraay '?O‘E‘.“g cﬂﬁupgund, said poﬂrflgqxaﬂe %@Sﬁ{@aﬁ%@e@gd
tissue paper pg biffierS bRt dhitedne beihbf 841 Guted Bers, anEwherehe nifority

sof twood fibers and said outer |ayers conprise hardwood fibers.
of said wet strength binder materials is contained in both of said inner layers.

16.  The multi-layered tissue paper product of claim 14 wherein said dry
strength binder is selected from the group consisting of carboxymethyl cellulose
resins, starch based resins, polyacrylamide resins, polyvinyl alcohol resins and

mixtures thereof.

17.  The multi-layered tissue paper product of claim 16 wherein said dry

strength binders are carboxymethyl cellulose resins.

18.  The multi-layered tissue paper product of claim 1 wherein each of
two said inner layers comprise relatively long paper making fibers having an
average length of at least about 2.0 mm and wherein each of two said outer layers
comprises relatively short paper making fibers having an average length between

about 0.2 mm and about 1.5 mm.

19. The multi-layered tissue paper product of claim 18 wherein said
inner layers comprise softwood fibers and said outer layers comprise hardwood

fibers.

20.  The multi-layered tissue paper product of claim 19 wherein said

This is the replacement sheet
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20. The nulti-layered tissue paper product of claim219 wherein said

55 . seoftwood fibers are northern softwood Kraft fibers and wherein said
har dwood fi bers are-eucal yptus fi bers. 21. The nul ti-I| ayered

ti ssue paper product of clai'm 18 wherein said inner |ayers conprise

sof twood fibers or mxtures of softwood fbbers and | ow cost fibers, and at

| east one of said outer |ayers conprises |ow cost fibers or m xtures of

har dwood fi bers and | ow cost fibers. 22. The nmulti-layered tissue

paper product gH Ao%' u"\f?.te Soo@ VK @S Hibdrk RRH Swikr&in SRl hR%dbEOoM

t he group consrs bers t her mronechani cal pul p fibers,
chen1-thernDﬂEﬁbﬁﬂhﬁﬁﬁnphﬂ*wﬂﬁmmss recycled fibers, and m xtures t her eof .
23. The nulti-layered tissue paper product of claiml wherein the
quat er nary anmoni um conpound has the fornula: [err] wherein mis

1to 3 each RI§{r] irfie nfHiQhyered GSu! dapbr produse oflmhﬁwavmeu%ﬂup,
hydr ocar byl or substi tut ed hydrocarbyl g al koxyl at ed

group, benzyl gmsnkayens rcompnse softwood fibersc oxmizgurel of fibers and fovreosts a

Subst it ut od by Btack, L RS E¥%83«y%§ﬁ%v§r%dr°carbi%‘mst$ st 0r ctures

mi xtures thereefhara%od fibers andl 1o GURYfiB&EL ener - conpat i bl e ani on.

22.  The multi-layered tissue paper product of claim 21 wherein said .low
cost fibers are selected from the group consisting of sulfite fibers,
thermomechanical pulp fibers, chemi-thermomechanical pulp fibers, recycled fibers,
and mixtures thereof.

23.  The multi-layered tissue paper product of claim 1 wherein the
quaternary ammonium compound has the formula:
Rim N —[Ry o X
wherein
mis1to3;
each R, is a C; —C8 alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof;
each R, is a C,—C,, alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof; and

X" is any softener-compatible anion.

24.  The multi-layered tissue paper product of claim 23 wherein the R,

substituent is derived from vegetable oil sources.

25.  The multi-layered tissue paper product of claim 23 wherein each R,

is selected from C1-C3 alkyl and each R, is selected from C16-C18 alkyl.
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24. The nulti-layered tissue paper product of claim23 wherein the R2
substituent is derived fromvegetable oil sources. 25. The

mul ti-layered tissue paper product of claim23 wherein each R is selected
fromd-C3 al kyl and each Rerr] is selected from Cl6-C18 al kyl .

56 26. The nulti-layered tissue3paper product of claim25 wherein
each Rerr] is nmethyl and Xerr] is chloride or nethyl sulfate.
27. The nulti-layered tissue paper product of claim 26 wherein the

quat ernary anmoni umpgonPqHB dhil§-14Yerddiiis@ papet pebduat dfaslaith 2B whsteirodadhrR, um

chl ori de. 28. The multi-layered tissue paper product of claim26 .
wher ei n t he quist methyt gndrisnehlonideoomaethyl swfalg- (hydr ogenat ed) t al | ow di net hyl
anmoni um et hyl sul fate. 29. A multi-layered tissue paper

product conpri sing a) paper meking fibers; b) from about

0.01% to about 3.0%e9f aTheahekidayotedHERR pipet PrOdULODS claim 26 wherbinotheabout
0.01% to about 3.0% of a polysil oxane conpound; and d) .from about

0.01% t o about qeatesmuy atmetinm sempeyng is didydrogenated)tallowdimethyl ammonium

bi nders and/ or %ﬁ strength binders, wherein said tissue paper product
conpri ses t hr e& B%r posed | ayers, two outer |ayers and one inner |ayer,
said inner |ayer being |ocated between two said outer |ayers, wherein the

maj ority of the quaternary ammpni um conpound and the nmjority of the
pol ysi | oxane conpouR8. i sTénemlaknnleuerp% tigsuq paper Riﬂéz“"éfOr}Hs‘?i?‘H“ aétwilerpgy@es.

quaternary ammonium compound is dithydrogenated)tallow dimethyl ammonium
methyl sulfate.

29. A multi-layered tissue paper product comprising

a) paper making fibers;

b) from about 0.01% to about 3.0% of a quaternary ammonium compound;

¢) from about 0.01% to about 3.0% of a polysiloxane compound; and

d) from about 0.01% to about 3.0% of binder materials, either wet strength

binders and/or dry strength binders,

wherein said tissue paper product comprises three superposed layers, two outer
layers and one inner layer, said inner layer being located between two said outer
layers, wherein the majority of the quaternary ammonium compound and the

majority of the polysiloxane compound is contained in at least one of said outer

layers.

30. The multi-layered tissue paper product of claim 29 wherein said

outer layers further comprise a dry strength binder.

31.  The multi-layered tissue paper product of claim 30 wherein said
inner layer comprises long softwood fibers and said outer layers comprise short
hardwood fibers.

32.  The multi-layered tissue paper product of claim 31 wherein the
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30. The nulti-layered tissue paper product of claim?29 wherein said outer
| ayers ‘further conprise a dry strength- binder. 31. The

mul ti-layered tissue paper product of claim30 wherein said inner |ayer
conprises long softwood fibers and said outer |ayers conprise short

har dwood fi bers. 32. The mul tiS3% ayered tissue paper product of
claim 31 wherein the

This is the replacenent sheet
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conpound and sai'd dry strength binders is contained in two said outer

| ayers, and t tseidndiyctrengthdfindsss is containsddn ywousaid outes dagiers, lond ther majosity of at ed
in said inner | 3 . JJhe [qulti.-. d tissue paper product
of ohai m 32 wiERLEmPOEAry it sreeth bindiis Mol s el fled 9t

di (hydrogenated)tal |l ow di nethyl chloride or methylsulfate, said

pol ysi | oxane conpound is am no functional polysiloxane conpound, said
temporary wet strenifh bIhedmulti-tayeredi tissne papeirpradwet frclaimy 33 avkerelinysaid

strength bi ndeqrua{:;-‘%na(%}{;1 rammboxalnr{eu&lh%lmp%%é li'sl &‘iﬁyc{rgéseingted)tallow dimethyl chloride or

methylsulfate, said polysiloxane compound is amino functional polysiloxane

compound, said temporary wet strength binder is cationic starch resin and said dry
strength binder is carboxymethyl cellulose resin.
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(57) Abstract

Tissue paper products comprising a two-component chemical softener composition and binder materials, either permanent or temporary
wet strength binders, and/or dry strength binders are disclosed. The two-component chemical softening composition comprises a quatemary
ammonium compound and a polysiloxane compound. Preferred quaternary ammonium compounds include dialkyl dimethyl ammonium salts
such as di(hydrogenated)tallow dimethyl ammonium chloride and/or di(hydrogenated)tallow dimethyl ammonium methyl sulfate. Preferred
polysiloxanes include amino-functional polydimethyl polysiloxanes wherein less than about 10 mole percent of the side chains on the
polymer contain an amino-functional group. )




