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This application relates to tissue papers, in particular pattern densified
tissue papers, having an enhanced tactile sense of softness. This application
particularly relates to tissue papers treated with certain polyhydroxy fatty acid

‘amide softeners that are biodegradable. '
15

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use iri modern society. These include such staple items as
20  paper towels, facial tissues and sanitary (or toilet) tissues. These paper products
can have various desirable properties, including wet and dry tensile strength,
absorbency for aqueous fluids (e.g., wattability), low lint properties, desirable bulk,
and softness. The particular challenge in papermaking has been to appropriately
balance these various properties to provide superior tissue paper.
25 Although somewhat desirable for towel products softness is a particularly
important property for facial and toilet tissues. Softness is the tactile sensation
. perceived by the consumer who holds a particular paper product, rubs it across the
skin, and crumples it within the hand. Such tactile perceivable softness can be
characterized by, but is not limited to, friction, flexibility, and smoothness, as well
30  as subjective descnptors such as a feelmg like velvet, silk or flannel. This tactile
sensation is a combination of several physma.l propemes mcludmg the flexibility or
stiffness of the sheet of paper, as well as the texture of the surface of the paper.
Stiffness of paper is typically affected by efforts to increase the dry and/or
et tensile strength of the web. Increases in dry tensile strength can be achieved
35  either by mechanical processes to insure adequate formation of hydrogen bonding:
between the hydroxyl groups of ad_jacent.papermaking fibers, or by the inclusion of
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can have various desirable properties, including wet and dry tensile
strength, absorbency for aqueous fluids (e.g., wettabiJity), lowlint
properties, desirable bulk, and softness. The' partitular chal.l enge in
paper maki ng has been to approprlately bal ance these various properti‘es to .
provi de superior-tissue paper. 25 Al t hough somewhat desirable for
towel products, softness is a particularly inportant property for facial
and toilet tissues. Softness is the tactilse sensation perceived by the
consumer who holds a particul ar paper product, rubs it across the skin, and
crunples it within the hand. Such tactile percelvable sof tness can be
characterized by, but of eertapt wen striengshi resing, that, being typicallyesationici arg easiydeposited on
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| Ders, or y e inc Hessle%nbondmg agents are typically cationic and have certain disadvantages

assocxated with their use in soﬁemng tissue papers. Some low molecular weight
10 cationic debonding agents can cause excessive irritation upon contact with human
skin. Higher molecular weight cationic debonding agents can be more difficult to
apply at low levels to tissue paper, and also tend to have undesirable hydrophobic
effects on the tissue paper, e.g., result in decreased absorbency and particularly
wettability. Since these cationic debonding agents operate by disrupting interfiber
15 bonding, they can also decrease tensile strength to such an extent that resins, latex,
or other dry strength additives can be required to provide acceptable levels of
tensile strength. These dry strength additives not only increase the cost of the
"tissue paper but can also have other. deleterious effects on tissue sofiness. In
addition, many cationic debonding agents are not biodegradable, and therefore can
20 adversely impact on environmental quality. ' '
Mechanical pressing operations are typically applied to tissue paper webs to
dewater them and/or increase their tensile strength. Mechanical pressing can occur
over the entire area of the paper web, such asin the case of conventional felt-
pressed paper. More preferably, dewatering is carried out in such a way that the
25  paper is pattern densified. Pattern densified paper has certain densified areas of
relatively high fiber density, as well as relatively low fiber density, high bulk areas.
Such high bulk pattern densified papers are typically formed from a partially dried
paper web that has densified areas imparted to it by a foraminous fabric having a
 patterned displacement of knuckles. See, for example, U.S. Patent 3,301,746
30  (Sanford et al), issued January 31, 1967; U.S. Patent 3,994,771 (Morgan et al),
issued November 30, 1976; and U.S. patent 4,529,480 (Trokhan), issued July 16,
1985.

heet Has Been Re 1aced

Hll\l\\ ||||\\ I \l\\



2 of certain wet.strength resins, that, being typically cationic, are
easily deposited on and retained by the ani oni ¢ carboxyl groups of the
papernak|ng fi bers. However. the use of both nmechani cal and chem cal neans
to inprove'dry and wet tensile strength can also result in stiffer, harsher
feeling, less soft tissue papers. 5 _ Certain chem cal additives,
commonly referred to as debondi ng agents, can be added to papernmaki ng
fibers to interfere with the natural fibtr-to-fiber bonding that occurs
during sheet formation and drying, and thus |lead to softer papers. These

debondi ng agents are typigaigkyrefistie'stBhdih mm\aﬁoﬁmmage é@s@h\éﬁ‘B&@&ﬁé‘d
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to have undesirable
i - 5 . forammous fabric during papermaking, is sensed as rougher than the side not in

contact with the fabric. This is due to the high bulk fields that form, in essence,
protrusions outward from-the surface of the paper. It is these protrusions that can
impart a tactile sensation of roughness " S
The- softness of these compressed, and partxcularly patterned densified -
10 tissue papers, can be xmproved by treatment with various agents such as vegetable,
' animal or synthetic hydrocarbon oils, and especially polysiloxane materials typically
referred to as silicone oils. See Column 1, lines 30-45 of U.S. Patent 4,959,125
(Spendel), issued September 25, 1990. These silicone oils impart a silky, soft
. feeling to the tissue paper. However, some silicone oils are hydrophobic and can

15  adversely affect the surface wettability of the treated tissue paper, i.e., the treated

tissue paper can float, thus causing disposal protilems in sewer systems when

. flushed. Indeed, some silicone softened papers can require treatment with other
surfactants to offset this reduction in wettability caused by the silicone. See U.S.
Patent 5,059,282 (Ampulski et al), issued October 22, 1991.

20 Besides silicones, tissue paper has been treated with cationic, as well as
noncationic, surfactants to enhance softness. See, for example, U.S. Patent .
4,959,125 (Spendel), issued September 25, 1990; and U.S. patent 4,940,513 _

- (Spendel), issued July 10, 1990, that disclose processes for enhancing the softness
_ of tissue paper by treating it with noncationic, preferably nonionic, surfactants.
- 25  The'125 patent teaches that greater softness benefits are obtainable by the addition
- of the noncationic surfactants to the wet paper web; the '513 patent also discloses
the addition of noncationic surfactants to a wet web. In "wet web" addition
methods, noncationic surfactants like those taught in the '125 and '513 pitents can
potentially migrate to the interior of the paper web and completely coat the fibers.
* 30  This can cause a variety of prbblems,-inclu‘ding fiber debonding that leads to a
' ~ reduction in tensile strength of the paper, as well as adverse effects on paper
wettability if the noncationic surfactant is hydrophobic or not very hydrophilic.
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effects on the tissue paper, e.g., result in decreased .absorbency and
particularly wettability. Since these cationic debondi ng agents operate by
di srupting interfiber 15 bondi ng, they can al so decrease tensile strength
to such an extent that resins, latex, or other dry strength additives can.
be required to provide acceptable l.evels of tensile strength. These dry
strength additives not only increase the cost of the tissue paper but can
al so have other, deleterious effects ongtissue softness. In addition, many
cationi c debondi ng agents are not bi odegradable, and therefore can 20
adversely inpact on environnental quality. Mechanical pressing operations
are typically applied tolissusagerdielso hednstreacedaepinsasieners bin ey additerase
t Pe't ] tensile SL r en&Eﬁodi\/b_@h@ﬁuﬁﬁ %etmdqﬁfdwa nwhtgms dry @)sls{ acr&s8 oROFAck Bf &1 €2
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inparted to it by astéficat hawie atidby. | Andieey isiich method involves dipping the dry paperin a
solution or emulsion containing thé'soﬁehiﬁg agent. See U.S. Patent 3,296,065
(OBrien et al), issued January 3, 1967 (aliphatic esters of certain aliphatic or

10  aromatic carboxylic acids as the softening agent). A potential problem of these
prior "dry web" addition methods is that the softening agent can be applied less
effectively, or in a2 manner that could p‘otentialij affect the absorbency of the tissue
paper. Indeed, the '392 patent teaches as desirable modification with certain _
cationic materials to avoid the tendency of the softener to migrate. Application of

15 softeners by eithera rubbing action or by dipping the paper would also be difficult
to adapt to commercial papermaking systems that run at high speeds. Furthermore,
some of the softeners (e.g., the pyromellitaté esters of the '065 patent), as well as
some of the co-additives (e.g., dimethyl distearyl ammonium chloride of the '532
patent), taught to be useful in these prior "dry web" methods are not biodegradable.

20 Accordingly, it would be desirable to be able to soften tissue paper, in
particular high bulk, pattern densified tissue papers, by a process that: (1) can use
“wet end," ,"wet web" and/or "dry web" methods for adding the softening agent;
(2) can be carried out in a commercial papermaking system without significantly
‘impacting on machine operability; (3) uses softeners that are nontb_xic and

25  biodegradable; and (4) can be carried out in 2 mariner so as to maintain desirable :
tensile strength, absorbency and low lint properties of the tissue paper.

~ DISCLOSURE OF THE INVENTION
The present invention relates to softened tissue paper having certain
30  softener systems on at least one surface thereof. These softener systems comprise
 polyhydroxy fatty acid amides having the formula:
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patterned displacenent of knuckles. See, for exanple, U S. Patent 3,301, 746
30. (Sanford et al), issued January 31, 1967; U S. Patent 3,994, 771
(Morgan et al), issued Novenber 30, 1976; and U.S. patent 4,529,480
(Trokkhan),  issued July 16, 1985. 3 Besides tensile strength and bul k.
anot her advant age of such patterned densification processes is that
ornamental patterns can be inprinted on the tissue paper. However, an

i nherent problem of patterned densification processes is that the fabric
side of the tissue paper, i.e., the paper surface in contact with the 5
~foranmi ninous fabric during papermaking is sensed as rougher than the side
not in contact with the fabric. This is due to KheRﬂlgh bul k fields that
form in essence, protrusions outward fromt iy ﬁp 2 of the paper. It is
these protrusions that can inpart a tactile roughness.

wherein Rlis H, C 1-Cg hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl,
~ methoxyethyl, methoxypropyl or a mixture thereof; R2isa Cs-C31 hydrocarbyl
5 . group; and Z is a polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain
~with at least 3 hydroxyls directly connected to the chain. The polyhydroxy fatty
acid amide softener system is present in an amount of from about 0.1 to about 3%
by weight of the dried tissue paper. - ‘ '
The present invention further relates to a process for making these softened
10  tissue papers. This process comprises the step of treating a tissue paper web with
the softener system comprising the polyhydroxy fatty acid amide. The process of
the present invention can be a "wet end," "wet web," or a "dry web" addition
method. This process is carried out in a manner such that the tissue paper web is
treated with from about 0.1 to about 3% of the polyhydroxy fatty acid amide
. 15 softener system.
- Tissue paper softened according to the present invention has a soft and
velvet-like feel. It is especially useful.in softening high bulk, pattern densified
* tissue papers, including tissue papers having patterned designs. Surprisingly, even
when the softener is applied only to the smoother (i.e. wire) side of such pattern
20  densified papers, the treated paper is still perceived as soft. The polyhydroxy fatty
acid amide softener systems used in the present invention also have environmental
safety (i.e. are nontoxic and biodegradable) and cost advantages, especially
compared to prior softening agents used to treat tissue paper. The improved
- softness benefits of the present invention can also be achieved while maintaining the
25  desirable tensile strength, absorbency (e.g., wettabxhty) and low lint propemes of
~ . the paper.
_ The process of the present invention can also be carned out in a commercial
N papermakmg system without significantly impacting on machine operability,
-including speed. Moreover, a particular advantage of certain of thé polyhydroxy
30 fatty acid amide softener systems used in the present invention (e.g., those

—_—

This Sheet Has B

[ !lllﬂ it



The softness of these conpressed, and particularly patterned densified 10
ti ssue papers, can be inproved by treatnent with various agents such as
veget abl e, animal or synthetic hydrocarbon oils, and especially o '
pol ysi |l oxane materials typically referred to as silicone oils. See Colum
1, lines 30-45 of U S. Patent 4,959,125 (Spendel), issued Septenber 25,
1990. These silicone oils inpart a silky, soft feeling to the tissue paper.‘
However, sone silicone oils are hydrophobic and can 15 adversely affect
t he surface mettability of the treated t8 ssue paper, i.e., the treated
ti ssue paper can float.  thus causing di sposal problens in sewer systens

when flushed. |nd t
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noncationic, prefer noni oni c,
also provnde tensile strength advantages and desnrable differences in the softness

properties imparted to the treated paper web.

10 BRIEF DESCRIPTION OF THE DRAWING
The Figure is a schematic representation illustrating one embodiment of the
process for soﬁenmg tissue webs accordmg to the present invention.

DETAILED D_ESCRIPT_ION OF THE INVENTI N
15 A, Tissue Papers .
| ~ The present invention is useﬁxl w1th 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 can be of
a homogenous or multi-layered construction; and tissue paper products made
20  therefrom can be of a single-ply or multi-ply construction. The tissue paper
preferably has a basis weight of between about 10 g/m? and about 65 g/m2, and
density of about 0.6 g/cc or less. More preferably, the basis weight will be about
40 g/mz or less and the denslty will be about 0.3 g/cc or less. Most preferably, the
dens:ty will be between about 0.04 g/cc and about 0.2 g/cc. See Column 13, lines
25 61-67, of U.S. Patent 5, 059 282 (Ampulski et al), issued October 22, 1991, wluch
~ describes how the densny_ of tissue paper is measured. (Unless otherwise specified,
all amounts and weights relative to the paper are on a dry basis.) '
Conventionally. pressed tissue paper and methods for making such paper are
. well known in the art. Such'paper is typically made by depositing a papermaking
30 * furnish on a foraminous forming wire, 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 pressing the web and drying at elevated temperature. The

_
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25 The '125 patent teaches that greater softness benefits are obtainable
by, the addition of the noncatioric surfactants to the wet paper web; the
'513 patent al so discloses the addition of noncationic surfactants to a wet
web. tn "wet web" addition nethods, noncationic surfactants |ike those
taught in the '125 and "513 patents can potentially mgrate to the interior
of the paper web and conpletely coat the _fibers. 30 This can cause a ,
vari ety of problens, including fiber debdnding that |leads to a reduction in
tensile strength of the paper, as well as adverse effects on paper

wettability if the " mahmea&u eﬁmgaesx egip mﬂ{fepmﬁhgw%s BQbraifig % the

hydr ophi li c. sue p as, al been treated sof teners by "dry
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i-ssued February 21
5  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 dried by pressing operations wherein the web is
subjected to pressure developed by opposing mechanical members, for example,
. cylindrical rolls. The d‘#watered web is then further pressed and dried by a stéam
10  drum apparatus known in the art as a Yankee dryer. Pressure can be developed at
the Yankee dryer by mechanical means such as an opposing cylindrical drum
pressing against the web. Multiple Yankee dryer drums can be employed, whereby
additional pressing is optionally incurred between the drums. The tissue papér
structures that are formed are referred to hereafter as conventional, pressed, tissue -
15  paper structures. Such sheets are considered to be compacted since the entire web
is subjected to substantxal mechamcal compresslonal forces w}ule the fibers are
" moist and are then dried while in 2 compressed state..
Pattern densified tissue paper is characterized by having a relatively high
. bulk field of relatively low fiber density and an array of densified zones of relatively
20 high fiber density. The high bulk field is alternatively characterized as a field of
pillow regions. The densified zones are alternatively referred to as knuckle regions.
The densified zones can be discretely spaced within the high bulk field or can be
interconnected, either fully or partially, within the high bulk field. The patterns can
be formed in a nonornamental configuration or can be formed so as to provide an
25 ornamental design(s) in the tissue paper. Breferred processes for making pattern,
densified tissue webs are disclosed in U.S. Patent No. 3,301,746 (Sanford et al),
issued January 31, 1967; U.S. Patent No. 3,974,025 (Ayers), issued August 10,
1976; and U.S. Patent No. 4,191,609 (Trokhan) issued March 4, 1980; and U.S.
Patent 4,637,859 (Trokhan) issued January 20, 1987, all of which are incorporated
* 30  by.reference..
~ In general pattem densnﬁed webs are preferably prepared by depositing a
papermaking furnish on a foraminous forming wire such as a Fourdrinier wire to
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5 ~ (softeners include stearate soaps such as zinc stearate, stearic acid
esters, stearyl alcohol, polyethylene glycols such as Carbowax, and

pol yet hyl ene gl ycol esters of stearic and lauric acids). Another such

met hod i nvol ves di pping the dry paper in a solution or emul sion containing
the softening agent. See U S. Patent 3,296,065 (O Brien et al), issued
January 3, 1967 (aliphatic esters of certain aliphatic or 10 aromatic
carboxylic acids as the softening agent)g A potential problem of these
prior. "dry web" addition nethods is that the softening agent can be applied
| ess effectively, or in a manner that could potentially affect the
absorbency of the tifésue weapeb and thee puxtaposing RO Rgainsianagay REsupRerts. The
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urthernore, Song Ole,hilfessed ?iﬂg'il?%e&rﬂidnd ?en%\é&& he' g%d;%u?{i E”Taﬂshf e
yl

' 065 patent), as
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“dry web" nethods argeiifd tyBk ae\iel Grdatbw-thréligh dryer or by'fectadlicilg/ pressirg the WeE'
be desirable to be aagzlugsttt e asrggytoef'guggﬁo%suq'hg ‘%Pﬁ is dewatered and optionally predried, in

~ such a manner so as to substantially avoid compression of the high bulk field. This

10 is preferably accomplished by fluid pressure, such as with a vacuum type device or
blow-through dryer, or alternately by mechanically pressing the web against an
array of supports wherein the high bulk field is not compressed. The operations of
dewatering, optional predrying and formation of the densified zones can be
i_ritegrated or partially integrated to reduce the total number of processing steps

15 performed. Subsequent to formation of the densified zones, dewatering, and
vptional predrying, the web is dried to completion, preferably still avoiding
mechanical pressing. Preferably, from about 8% to about 55% of the tissue paper
surface comprises densified knuckles having a relative density of at least 125% of
the density of the high bulk field.

20 The array of suppdrts is preferably an imprinting carrier fabric having a
patterned displacement of knuckles that operate as the array of supports that
facilitate the formation of the densified zones upon application of pressure. The
pattern of knuckles constitutes the array of supports previously referred to.
Suitable imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746

25 (Sanford et al), issued January 31, 1967; U.S. Patent No. 3,821,068 (Salvucci 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 ai.), 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

30  (Trokhan), issued July 9, 1985, all of which are incorporated by reference.

_ Preferably, the furnish is first formed into a wet web on a foraminous
~ forming carrier, suchas a Fourdrinier wire. The web is dewatered and transferred
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particular high bulk patten densified tissue“fapas, by a process that: (1)
can use "wet end," ,"wet web" and/or "dry web" nethods for adding the
softening agent; (2) can be carried out in a conmercial papermki ng system
wi t hout significantly inpacting on nachine operability, (3) uses softener's
that are nontoxic and 25 bi odegradabl e; and (4) can be carried out in a
manner so as to maintain desirable tensile strength, absorbency and | ow
lint properties of the tissue paper. DI SG.OSURE OF THE | NVENTI ON The
present invention relates to softened tissue paper having certain 30

sof tener systens on at |east one surface thereof. These softener systens
conprise pol yhydr oxy t6 animprinsing fabwicddde Ferpish gan akermatelynbs initially depqsiaed 9n a

wherein Rerr] is H %ﬁﬁﬁﬂou%@gprohxdyaﬁ% ;o Whso operBits hO¥Viphinking fabric. Once
2 hydr oxypropyl. formed, the wet web is dewatered and, preferably, thermally predried to a selected
fiber consistency of between about 40% and about 80%. Dewatering is preferably
5  performed with suction boxes or other vacuum devices or with blow-through
dryers. The knuckle i imprint of the imprinting fabric is 1mpressed in the web as
discussed above, prior to drying the-web to completion. One method for
accomphshmg this is through application of mechanical pressure. This can be
done, for example by pressing a nip roll that supports the i 1mpnntmg fabric against
10 the face of a drying drum, such as a Yankee dryer, wherein the web is disposed
between the nip roll and drying drum. Also, preferably, the web is molded against
the imprinting fabric prior to completion of drying by application of fluid pressure
with a vacuum device such as a suctionbox, or with a blow-through dryer. Fluid
pressure can be applied to induce impression of densified zones during initial
15 dewatering, in a separate, subsequent process stage, or a combination thereof.
Uncompacted, nonpattern-densified tissue paper structures are described in
U.S. Patent No. 3,812,000 (Salvucci et al), issued May 21, 1974 and U.S. Patent
No. 4,208,459 (Becker et al), issued June 17, 1980, both of which are incorporated
by reference. In general, uncompacted, nonpattemn-densified tissue paper
20  structures are prepared by depositing a papermaking 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 about 80%, and creping the web. Water is removed
from the web by vacuum dewatering and thermal drying. The resulting structure is
25  .asoft but weak, high bulk sheet of relatively uncompacted fibers. Bonding matérial
is preferably applied to portions of the web prior to creping. _
Compacted non-pattém-densiﬁed tissue structures are éommon!y known in
the art as conventional tissue structures. In general, compacted, non-pattern-
densified tissue paper structures are prepared by depositing a papermaking furnish
30 on a foraminous wire such as a Fourdrinier-wire to form a wet web, draining the
web and removing additional water with the aid of 2 uniform mechanical
compaction (pressing) until the web has a consistency of 25-50%, transferring the

This Sheet Has Been

DT



met hoxyet hyl , met hoxypropyl or a mixture thereof; Rerr] is a (err]-Cerr]
hydr ocar byl 5 group; and Z is a pol yhydroxyhydrocar byl noiety having a

| i near hydrocarbyl chain with at |east 3 hydroxyls directly connected to
the _chain. The pol yhydroxy fatty acid anide softener systemis present in
an anount offrom about 0.1 to about 3% by wei ght of the dried tissue paper.
The present invention further relates to a process for nmaking these-
softened 10 tissue papers. This process ®onprises the step of treating a
tissue paper web with the softener system conprising the polyhydroxy fatty

aci d am de. The procgasedl bl BLESERN ol DYRKL UG SABIRSE wel PovBAl, wareH B!

web," or a "dry web" 2 rocess rs-carr
manner such that therempsqm%orpé)pﬁeweh/bbvaicgum.r@e&*@acwpmsmg and thspnal means.t bhe

about .3% of the pol yhyfbirpxafrutitd ¥ st6ngardiBerlerallp of sisgiidr Femsity SHiRt Verp low if SUR.
paper softened accor%&_g to t‘?gﬂé)resent invention has a soft and

vel vet-like feel LY ALY 85 usef ul' 'in softening high bulk, pattern
densi fied tissues papers, Thecﬂamgngﬁb&uatlhzqddosthh@msag imantien wdhlncdnmllgns

\?ﬂ 2; | 2: gg' 3(’) : g‘égﬂ ‘%‘@EH tﬁb%ré&k@@d‘ﬁém'v?oo%%‘lﬂ eéth%P!:éﬁufoQ:ctdB?o&%fbt ek, ShetEas
S cotton hnters bagasse, etc., can be utilized and are intended to be within the scope
of this invention. Synthetic fibers, such as rayon, po!yethylene and polyprOpylene
fibers, can also be utilized in combination with natural cellulosic fibers. One
0 exemplary polyethylene fiber that can be utilized is Pulpex®, available from
Hercules, Inc. (Wilmington, Delaware).

Applicable wood pulps include chemical pulps, such as Kraft, sulfite, and
sulfate pulps, as well as mechanical pulps including, for example, groundwood,
thermomechanical pulp and chemically modified thermomechanical pulp. Chemical

15  pulps, however, are preferred since they impart a superior tactile sense of softness
to tissue sheets made therefrom. Pulps derived from both deciduous trees
(hereafter, also referred to as "hardwood") and coniferous trees (hereafter, also

_referred to as "softwood”) can be utilized. Also useful in the present invention are
fibers derived from recycled paper, which can contain any or all of the above

20 categories as well as other non-fibrous materials such as fillers and adhesives used
to facilitate the original papermaking.

In addition to papermaking fibers, the papermaking furnish used to make
tissue paper structures can have other components or materials added thereto as
can be or later becbme known in the art. The types of additives desirable will be

25  dependent upon the particular end use of the tissue shee‘t-contemplated. For
example, in products such as toilet paper, paper towels, facial tissues and other
similar products, high wet strength is a desirable attribute. Thus, it is often
desirable to add to the papermaking furnish chemical substances known in the art
as "wet strength" resins. '

30 A general dissertation on the types of wet strength resins utilized in the
paper art can be found in TAPPI monograph series No. 29, Wet Strength in Paper
and Paperboard, Technical Association of the Pulp and Paper Industry (New York,
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20 densified papers, the treated paper is still perceived as soft. The
pol yhydroxy fatty acid am de softener systens used in the present invention
al so have environnental safety (i.e. are nontoxic and bi odegadabl e) and
cost advant ages especially conpared to prior softening agents used to
treat tissue paper. The inproved softness benefits of the present invention
can al so be achieved while maintaining the 25 desirable tensile strength,
absorbency (eg., wettability), and | ow llint properties of the paper. The
process of the present invention can also be carried out in a commerci al

Do g ST LD UL RS B ooBI0S SRSHER 1Y
pol yhydroxy 30 f aichyracter. Palydntide-spithlervbydrin/esienare gatgnhic wet steengthgsens that
Lnvention (e.g., th@gG pee %‘R“a't}( BY AF BaricdIft deiling? SSuftaBidehes ofihGedfhsdr] 15 2
Cerr]-Cerr] alkyl or _aﬂé.eng group IS, . :
- described in U.S. Patent No. 3,700,623 (Keim), issued October 24, 1972, and U.S.
5  Patent No: 3,772,076 (Keim), issued November 13, 1973, both of which are
* * incorporated by reference. One commercial source of a useful polyamide-
epichlorohydrin resins is Hercules, In¢. of Wilmingtdn, Delaware, which markets
such resins under the mark Kymeme®557H. ' -
~ Polyacrylamide resins have also been found to be of utility as wet strérigth

10  resins. These resins are described in U.S. Patent Nos. 3,556,932 (Coscia et al),
issued January 19, 1971, and 3,556,933 (Williams et al), issued January 19, 1971,
both of which are incorporated herein by reference. One commercial source of
polyacrylamide resins is American Cyanamid Co. of Stamford, Connecticut, which
markets one such resin under the mark Parez® 631 NC.

15 . Still other water-soluble cationic resins finding utility in this invention are
urea formaldehyde and melamine formaldehyde 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 can also find utility in the present invention. In addition, temporary wet

20  strength resins such as Caldas 10 (manufactured by 3apan Carlit) and CoBond 1000
(manufactured by National Starch and Chemical Company) can be used in the
present invention. It is to be understood that the addition of chemical compounds
such as the wet strength and temporary wet strength resins discussed above to the

. ' puli) furnish is optional and is not necessary for the practice of the present

25  invention. | '

- In addition to wet strength additives, it can also be desirable to include in
the papermaking fibers certain dry strength and lint control additives known in the
art. In this regard, starch binders have been found to be particularly suitable. In
addition to reducing linting of the finished tissue paper product, low levels of starch

30  binders also impart a modest improVément in the dry tensile strength without
imparting stiffness that could result from the addition of high levels of starch.
Typibally the starch binder is included in an amount such that it is retained at a level
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that they can be applied to the tissue paper web not only by "wet web" and

“dry web" nethods, but also by "wet end" nmethods. It has been surprisingly

found that these particular polyhydroxy fatty acid am de softener systens’

are substantive to 5 t he papernmaking fibers as they are deposited during

paper maki ng. The ability to do "wet addition® can not only make the process
of the present invention sinpler, but also provide tensile strength

advant ages and desirable differences in jthe softness properties inparted to
the treated paper web. 10 BRI DEF DESCRI PTI ON OF THE

DRAW NG The Figure is a schematic representation illustrating one

enbodi ment of the prufﬁmsab‘outOQbm ghoun@%; pesferablyEom aboun. ditmgbaus 1%4 by weight

present invention. A 4 @Engl PTI'ON OF THE I NVENTI ON 15 - A

Ti ssue Papers The: presem. Invention-i-s useful W|th tissue pa i n general,

including but not Iini t edn genegal suiaRle etarch bindees| tot the preseny ‘?‘feé‘g%arﬁaper hi gh
bul k pattern densif lcﬁdaexeﬁfedebywersomn@ @ hydropllcityn AMDagH 26 ot imeteied to

Egﬁg[ r u-cr[] Ie O1I:’ll SS :153 ,P i @g{}gc acg)[gg I%f gx;n@% é?%ﬁcge% rgprresent hve &chﬁ m(%tenals include
corn starch and potato starch, with waxy com starch known mdusmally as amioca
starch being particularly preferred 'Amioca starch dxﬁ'ers from common corn
starch in that it is entirely amylopectin, whereas common corn starch contains both

" amylopectin and amylésé. Various uﬁiqiie characteristics of amioca starch are
10 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 binder can be in granular or dispersed form, the granular form.
being especially preferred. - The starch binder is preferably sufficiently cooked to
induce swelling of the granules. More preferably, the starch granules are swollen,
15 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 dependmg 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
20 slurry of about 4% consistency of starch granules at ébout 190°F (about 88°C) for
between about 30 and about 40 minutes. O_ther exemplary starch binders that can
be used include modified cafidnic starches such as those modified to have nitrogen
containing groups, includ_iﬁg amino group's'azid methylol groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater, .
25 New Jersey), that have previously been used as pulp furnish additives to increase
| wet and/or dry strength.

B. . Polyhydroxy Fatty Acid Amide Softener Systems
Suitable polyhydroxy fatty acid amide softener systems for use in the
30  present invention are blodegradable As used herein, the term "biodegradability"
refers to the complete breakdown of a substance by microorganisms to carbon
dioxide, water, ‘biomass, and i inorganic materials. The blodegradatxon potential can
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20 therefrom.can be of a single-ply or multi-ply construction. The tissue
paper - preferably has a basis wei ght of between about 10 g/nferr] and about
65 g/nferr], and density of about 0.6 g/cc or less. Mre preferably, the
basi s' iei ght will be about 40 g/nferr] or less and the density will be
about 0.3 g/cc or less. Mdst preferably, the density will be between about
0.04 g/cc and about 0.2 g/cc. See Colum;13, lines 25 61-67, of U S.

Pat ent 5, 059, 282 (Ampul ski et al), i ssued October 22, 1991,  which descri bes
how t he density of tissue paper is neasured. (Unless otherw se specified,
all anounts and wei g;g@nﬁﬁ{eatb'ymaiumhrcerbpaﬂeix;dereeolutioraardrqisdoh@dsrganic carbon

Conventional |y pressed B'S ﬁ?"s&{']WKP {?.?%bsftagl E@K%@teﬁ‘é?fhe%&e&rwn

wel | known in the arfm°
paper naki ng 30 furand&lneuzm seurf:om d:bmeba ingculpm @ ta@?ﬁ’éﬂ“‘? gFéPP‘Z?Ga‘F'B afn

the art as a Fourdt | il e*ﬂzé@actx%@slhbge fSbeiabdon! EstiMBAS 6EBioBEEraditionor M ng

wire, it is referre toa e web_is .dewp ressm t he web
and drying at el 2vateteqt }oé'clbf ¢ Chemicals, " _EL______lee%Hn% vironme

-Microbiology, Volume 38 (1979), pages 1153-61, which describes a suitable
| ~ method for estimating biodegradability. Using this method, a_substance is said to be
readily biodegradable if it has greater than 70% carbon dioxide evolution and
greater than 90% dissolved organic carbon removal within 28 days. The softéner
10  systems used in the present invention meet such biodegradability criteria.
Suitable polyhydroxy fatty acid amides for use in the softener systems of the
present invention have the formula: ' :

R1
i 1
R2—C—N—Z

15

wherein R1 is H, C1-Cg hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl,
methoxyethyl, methoxypropyl or a mixture thereof, preferably C1-C4 alkyl,
methoxyethyl or methoxypropyl, more preferably C; or C2 alkyl or
20  methoxypropyl , most preferably C alkyl (i.e., methyl) or methoxypropyl, and
 R2is a C5-C31 hydrocarbyl group, preferably straight chain C7-Cyg alkyl or
alkenyl, more preferably straight chain Cg-C17 alkyl or alkenyl, most preferably
" straight chain C-Cy7 alkyl or alkenyl, or mixture thereof; and Z is a .
polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain with at least 3
25 hydroxyls directly connected to the chain. See U.S. patent 5,174, 927 (Honsa)
issued December 29, 1992 (herein mcorporated by reference) which dxsc1oses
“these polyhydroxy fatty acid amides, as well as their preparation.
. o TheZ monety preferably will be derived from a reducing sugar in 2
reductive amination reaction; most preferably glycxtyl Suitable reducing sugars
30  include glucose, fructose, maltose, lactose, galactose, mannose, and xylose. High

is Sheet Has Been Replaced

T \II




7 particular techniques and typical equipnment for making webs according to
the process just described are well known to those skilled in the.art. In ,a ,
typi-cal process, a | ow consistency pulp furnish is provided froma -
pressuri zed headbox. The headbox has an opening for delivering a thin
deposit. of pulp furnish onto the 5 Fourdrinier wire to forma 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
dried by pressing operations wherein the web is subjected to pressure

devel oped by -opposi ng nechani cal nenbers, for exanple, cylindrical rolls.
The dewat ered web i sd&hese Eomisirp, !pgbﬁ'sadsaamin siyrizg cintd high nealtosereord syrupicambe

appar at us known int ke t
t he Yankee dryer by Dn@‘%anas%ﬁna‘sné?r}g&gﬁgﬂ%ﬁ ey%lr::gtgg%&gg?ng cy%&ngﬁg l@

I ca
pressi ng agai nst t hemiawres ff fugargampeasats for MAtYins can be enpl oyed
wher eby addi ti onal preSSImﬂezmmypamkﬂlywineeddm&ﬂm@rwp&oﬂﬁmm of the

tissue paper str ctu CHm
convent | onal , pr Sssegts @Q@@zﬂ%ﬁ%}@ﬁdﬁ e Lo,
considered to be con@&@H&Q(E HnGH©Hyowhere 1 is an integer from 3 to 5,-and R3 is

" H or a cyclic or aliphatic monosacchande Most preferred are the glycnyls wheren .

is 4, particularly -CHy-(CHOH)4-CHOH. :
In the above formula; R1 can be, “for example, N-methyl N-ethyl, N-propyl,

10 N-isopropyl, N-butyl, N-2-hydroxyethyl, N-methoxypropyl or N-2-hydroxypropyl.
R2 can be selected to provide, for example, stearamides, oleamides, lauramides,
myristamides, capricamides, palmitamides, as well amides from mixed fatty acid

: sources, such as those derived, for example, from coconut oil (cocamides), tallow
(tallowamides), palm kernel ‘oil; palm oil; sunflower ol, high oleic sunflower oil,

15 - high erucic rapeseed oil, low erucic acid rapeseed oil (i.e. canola oil). The Z
moiety can be l-d’éoxy'glucityl, 2-deoxyfructityl, 1-deoxymaltityl, 1-deoxylactityl,
1-deoxygalactityl, 1-deoxymannityl, 1<deoxymaltotriotityl, etc.

The most preferred polyhydroxy fatty acid amides have the general formula:

CoR
R2—C—-N—CH2 CH Hz—-OH

wherein R1 is niethyl or me_thoxypropyl; -Rz- isa Cl 1-C17 straight-chain alkyl or:
alkenyl group'. These include N-lauryl-N-miethyl glucamide, N-lauryl-N-
methoxypropyl glucamide, N-cocoyl-N-methyl glucamide, N-cocoyl-N- -
25 methoxypropy! glucamide, N-palmityl-N-methoxypropyl glucamide, N-palmityl-N-
methyl glucamide, N-oleoyl-N-methy! glucamide, N-oleoyl-N-methoxypropyl
- glucamide, N-tallowyl-N-methyl glucamide, or N-tallowyl-N-methoxypropyl
glucamide. The glucamides where R2 is palmityl, oleoy! or tallowyl are particularly
 preferred for softener systems that are:used in "wet end" addition methods.

- 20
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i s subjected to substantial nechanical conpressional forces while the
fibers are noist and are then dried while in a conpressed state. Pattern
densified tissue paper is characterized by having a relatively high bul k
field of relatively low fiber density and an array of densified zones of
relatively 20 hi gh fber density. The high bulk field is alternatively
characterized as a field of pillow regions. The densified zones are
alternatively referred to as knuckle regi'ons. The densified zones can be
di scretely spaced within the high bulk field or can be interconnected,
either filly or partiall yBesvuek therpoﬂ)fh?dﬂbkglfat@LHdd driigésdlsoffeher minemeal indke be
formed i n a nonomannent aL corg Qur &41 E%ccan sb%tf?c ned S.0: ASp egtéow de
an 25 or nament al o‘ggfe& '('§7n 1R P RO Re ?)'5 & ’ff’ e?%’??%& c!'c?% for
maki ng pattern densmqnmmemssnstéymﬁﬂy mhsiedltemoc@dxemmngsarom@mf tho .

3,301, 746 (Sanford &f oxg?ﬁ;y%ld]ﬁﬁkl@rf’or?&ami}ﬁ%\e shoreer aligd %
3,974, 025 (Ayers; |ssu Al 976; a Pat eg 191, 609
(Trokhan) issued l\/arRﬂlthN f°f§ €§ (eigatveiere B °’(e|9°8)(llﬂﬂ5'l’r§£°3}ed

January 20, 1987; alds Ndau wbleﬁfoﬁypra ylrgnmﬁ:id%cbrmcocowmmémbw@yz I n
general, pattern dengifhgfe, Sl Rave téadVely LR RENinE HERR" F3r BUIyRRRORY fakif%cid
-amides lnke these, it is usually desirable to include one or more components that
~ aid in lowering melting point of the softener system. -
10 Suitable additives for lowering the melting point of the softener system
include condensation products of aliphatic alcohols with from about 1 to about
25 moles of ethylene oxide. The alkyl chain of the aliphatic alcohol is typically in
a straight chain (linear) configuration and contains from about 8 to about 22
carbon atoms. Particularly preferred are the condensation products of alcohols
15 having an alkyl group containing from about 11 to about 15 carbon atoms with
from about 3 to about 15 moles, preferably from about 3 to about 8 moles, of
ethylene oxide per mole of alcohol. Example§ of such ethoxylated alcohols
include the condensation products of myristyl alcohol with 7 moles of ethylene
oxide per mole of alcohol, the condensation products of coconut alcohol (a
20  mixture of fatty alcohols having alkyl chains varying in length from 10 to 14
carbon atoms) with about 5 moles of ethylene oxide. A number of suitable
ethoxylated alcohols are commercially available, including TERGITOL 15-S-9
(the condensation product of Cj 1-C 5 linear alcohols with 9 moles of ethylene
‘oxide), marketed by Union Carbide Corporation; KYRO EOB (condensation
25  product of C13-Cj 5 linear alcohols with $ moles of ethylene oxide), marketed by
The Procter & Gamble Co., and especially the NEODOL brand name surfactants
“marketed by Shell Chemical Co., in particular NEODOL 25-12 (conden's_ation
product of C15.C 5 linear alcohols with 12 moles of ethylene qxide), NEODOL
23-6.5T (condensation product of C;9-Cj3 linear alcohols with 6.5 moles of
30 ethylene oxide that has been distilled (topped) to remove certain impurities), and
'NEODOL 25-12 (condensation product of C12-Cy5 linear alcohols with 12
moles of ethylene oxide). '
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paper maki ng furnish on a foram nous formng wire such as a Fourdrinier wire
to forma wet web and then juxtaposing the web agai nst an array of
supports. The web is pressed against the array of supports, thereby
resulting in densified zones in the web at the | ocations geographically
corresponding to the points of contact between the array of supports and
the wet web. The remai nder of the web not 5 conpressed during this
operation is referred to as the high bul ksfield. This high bulk field can
be further dedensified by application of f6l uid pressure, such as with a
vacuum type device or a blowthrough dryer, or by mechanically pressing the
web against the array of - sumanrwhrly'ﬂrefemabsmfsendemtem&ﬂ' useninl thptpreseal knyention

dried, h
T oh bk 11 er 4 o SRR Aleled ot SeRAASL NGB ATRERS of oo
such as with a vacuurmrtbwml glucapid B-I m@mrewgwa@flﬁrr%s lineareglpehadl- suchyas

nmechani cal |y pressi n(NEd)ﬁOMEQS-EIQaI Tielse %Pefa*édaébﬁéﬁerstyﬁﬁﬁfst&nw?ﬁé @l Weigh rdtoOsF
bulk field is not conpr ess geraatl p0s: L

ucami es to et xylated alcohol in the range of from about 1:1 to ‘about 10:1.

Preferably, these softener- systems comprise a_weight rauo of glucamides to

'ethoxylated alcohol in the range of fromabout 3: l to about 6:1.

" C.  Treating Tissué Paper With Sbﬁener System. _

10 . The paper web can be treated with the polyhydroxy fatty acid amide
softener system at a number of different points in the paper making process. One
point is during initial formation of the paper web as the paper making fibers are
deposited as a furnish. This method is typically referred to as a "wet end" addition
method. "Wet end" addition typically involves incorporating the polyhydroxy fatty

15 acxd amide softener system in the aqueous slurry of papermaking fibers before they
are deposited as a furnish on the forming wire and then processed into tissie paper

" as described previously.
| The longer alkyl or alkenyl chain length polyhydroxy fatty acid amides (e.g.,
where R2 is a C15-C17 alkyl or alkényl group) are sufficiently substantive to the

20  paper fibers during “wet addition” so as to adhere to fibers and thus provide the

 desired softening benefit. Indeed, the ability to treat the paper web with these
polyhydroxy fatty acid amide softener systems by "wet end" addition methods
- provides advantages, even relative to "wet web" and "dry web" methods of
addition."Wet end" addition of these polyhydroxy fatty acid amide softeners

25  generates dry tensile strength in the ﬁséu_e web and results in less tensile strength

| loss compared to prior "wet end” addition softeners. "Wet end" addition also
provides a different type of softness, especially compared to "dry web" addition.
*Dry web" addition provides surface hibricity. By comparison, "wet end" addition

. provides sheet flexibility due to debonding.
30" Another point at which the paper web can be treated with the polyhydroxy
fatty acid amide softener systems is after the papermaking fibers are deposited onto
' the forming wire but prior to drying the treated web completely. This is typically

N __“__-x\ﬂ
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dewat eri ng, optional predrying and formation of the densified zones can be
I nt-egrated or partially integrated to reduce the total nunber of processing
steps 15 performed. Subsequent to formation of the densified zones,

dewat éring, and optional predrying, the web is dried to conpletion,
preferably still avoiding nmechanical pressing. Preferably, fromabout 8%to
about 55% of the tissue paper surface conprises densified knucl des having a
relative density of at |east 125% of the7density of the high bulk field. 20
The array of supports is preferably an inprinting carrier fabric having a

tt d displ knugl des t,hat h f
Phat faoi |1 tate t he FRERTROIBA OF AL TUASE I EUitsgh dbe paot o AP Ch regied
pressure. The patt eafierd$ hasrheen dmmpletelymﬂsubmmmalbha)rwlem}y dried s Tpisaypisally
reviously referred e} I e 0 r
Pl S Pt ent o, S YA 06 W '*‘?“"‘&,ﬁa {°§’ " ih%ué zbﬁlﬁer‘ﬁé%fi*?%%%?
U.S. Patent No. 3, 8Papeogsnallyhesameistuse contgnt of gyt d 0%sr less, preferably abogt 6% or

Patent No. 3,974, 02f /mf deferdbipatonlt 2%40rdé 18?:6 mémsmm e
3,573, 164(Fr|edber Si Pueferdbh? 551'9“’ amenwit eeﬁwv FOXY

sued.March. 30, 19 NO.
3,473,576 . ( Ameu _s) @dﬂ%ﬂﬁ gp 2 fn c&lgglgrcndbpgaenﬁglp% fys%ns treatment with the
- polyhydroxy fatty acid amide softener by a "dry web" method usually occurs after

the tissue paper web has beeni dried by, and then creped from, a Yankee dryer.
In "wet web" and dry web" imethods according to the present invention, at
10  least one surface of the dry tissue paper web is treated with the polyhydroxy fatry
acid amide softener system. Any method suitable for applying additives to the
_surfaces of paper webs can be used. Suitable methods include spraying, printing
(eg., ﬂcxographié' printing), coatiﬁg (e.g., gravure coé.ting), or combinations of
application techniques, e.g. spraying the softener system on a rotating surface, such
15 as a calender roll, that then transfers the softener to the surface of the paper web.
The softener system-can be applied either to one surface of the dried tissue paper
web, or both surfaces. For exa:mple, in the case of pattern densified tissue papers,
the softener system can be applied to the rougher, fabric side, the smoother, wire
side, or both sides of the tissue paper web. Surprisingly, even when the
20  polyhydroxy fatty acid amide softener system is applied only to the smoother, wire
side of the tissue paper web, the treated paper is still perceived as soft.
In "wet end,""wet web," or "dry web" method_s of addition, the
polyhydroxy fatty acid amide softener system is applied in an amount of from about
0:1 to about 3% by weight of the tissue paper web. Preferably, the softener system
25 is apphed in an amount of from about 0.1 to about 0.8% by weight of the tissue :
paper web. The polyhydroxy fatty acid amide softener system can be applied as an
aqueous dispersion or solution. For example, in the case of "wet end" addition, the
polyhydroxy fatty acid amide softener system is typically added as an aqueous
solution to the slurry just prior to the slurry being deposited on the forming wire as
30  a furnish; this aqueous solution could also be added directly to the repulper or
stock chest. These aqueous systems typically comprise just water and the
polyhydroxy fatty acid amide soﬁenér, but can include other optional components.
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4,239,065 (Trokhan), issued Decenber 16, 1980; and U.S. Patent No.
4,528,239 30 (Trokhan), issued July 9, 1985, all of which are -
i ncorporated by reference. Preferably, the furnishis first formed into a
wet web on a foraminous fornming carrer, such as a Fourdrinier wire. The wveb
I s dewatered and transferred 9 to an inprinting fabric. The furnish can °
alternately be initially deposited on a foram nous supporting carrier that
al so operates as an inprinting fabric. Omge fornmed, the wet web is

dewat ered and, preferably, thermally predried to a selected fiber

consi stency of between about 40% and about 80% Dewatering js_preferably 5
performed with sucti Ber exesmple. »msuieaf SyaNcroseyielreabyl glucanids, %ﬁg’cﬁﬂﬁtﬂﬁf‘ough

dr %er S. OI_The kn ug kl e meRédtédratefantlives% mihxatﬁhmc,faab 8D.5% Wateffurs aathbledispeesion
or accomp! 1 ahi ng ¢ et £ berealign ks Fte &F Polfegrxfidbh ot ot "Rl o tis
can be ' ' In formulating such aqueous systems, the polyhydroxy fatty acid amide is
' ' -5 . dispersed or dissolved in the water in an effective amount. What constitutes "an .
effective amount" of the polyhydroxy fatty acid amide in the aqueous s'ysten{ '

- depends upon a number of factors, including the type.of softener used, the
softening effects desired, the manner of application and like factors. Ba_sicaﬂy, the
polyhydroxy fatty acid amide needs to be present in amount sufficient to provide- _

10  effective softening without adversely affecting the ability to apply the polyhydroxy
fatty acid amide softener from the aqueous system to the tissue paper web. For
example, relatively high concentrations of polyhydroxy fatty acid amide softener
can make the dispersion/solution so viscous as to be difficult, or imposéible, to
apply the to the tissue paper web by conventional spray, printing or coating

15.  equipment. Such relatively low levels of polyhydroxy fatty acid amide softener are
adequate to impart-enhanced softness to the tissue paper, yet do not coat the
surface of the tissue paper web to such an extent that strength, absorbency, and
particularly wettability, are substantially affected _

In the "wet web" and "dry web" methods, the softener system can be

20  applied to the surface of the tissue paper web in a uniform or nonuniform manner.

. By "nonuniform" is meant that the amount, pattern of distribution, etc. of the
softener can vary over the surface of the paper. For example, some portions of the
surface of the tissue paper' web can have greater or lesser ambun_ts of softener ,
including portions of the surface that do not have any softener on it. |

25  Nonuniformity of the softener on the tissue paper wéb is due, in large part, to the

" manner in which the softener system is applied to the surface thereof. For example,
in preferred treatment methods where aqueous dispersions or solutions of the

~ softener system are sprayed, the softener is applied as a regular, or typically -
irregular, pattern of softener droplets on the surface of the tissue paper web. This

30.  nonuniform application of softener is also believed to avoid substantial adverse-

. effects on the strength and absorbency of the tissue paper, and in particular its
wettability, as well as reducing the level of softener required to provide effective
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done, - for exanple, by pressing a nip roll that supports the inprinting
fabric against 10 the face of a drying drum 'such as a Yankee dryer,
wherein the web is di sposed between the nip roll and dryi.ng drum Al so,
preferably, the web i's nol ded against the inprinting fabric prior to

conpl etion of drying by application of fluid pressure with a vacuum device
such as a suction box, or with a blowthrough dryer. Fluid pressure can be
applied to induce inpression of densifie# zones during initial 15
dewatering, in a separate subsequent process stage, or a conbi nation

t her eof Uncorrpact ed, | ed tissue paper structures are
described in U S. Past ﬁ?’l g‘?%@%’(sm vucci et al), issued May 21,

1974 and U.S. Patent No. uatne‘énmseb'( methiod of additien, the polyhydraxy fastylacid apide,
both of which are i NGRLRA'PEH cBY bé E&W&etkfhe%ﬁ&r@ébatuﬁfﬁ&ﬁﬁﬁédz has been

ronpaltern- et 11 o0 e
Fourdrinier wresto dfterinhas bedn oneped frbmaa iYiankpetdngeryisio paodtoratmdemng i.e., before
e onal vt er ¢ 5l 1 SRAPEAE Mot w2 A
fromthe web by vacuiysteasanelse bagpplied te Hhrtine RAPSY 35t is briog upwarnd figm a parent
structure is .. - poll and prior to being wound up on a smaller, finished paper product roll..
- - Preferably, the softener system is applied to the paper web after it has passed
10 through such calender rolls and prior to being wound up on the parent roll,
The Figure illustrates one method of applying the aqueous dispersions or
solutions of polyhydroxy fatty acid amide softener systems to the dry tissue paper
- web. Referring to the Figure, wet tissue web 1 is carried on imprinting fabric 14
past turning roll 2 and then transferred to a Yankee dryer 5 (rotating in the
15  direction indicated by arrow 5a) by the action of pressure roll 3 while imprinting
fabric 14 travels past turning roll 16. The paper web is adhesively secured to the
cylindrical surface of dryer 5 by an adhesive supplied from spray applicator 4.
Drying is completed by steam heating dryer 5 and by hot air heated and circulated
through drying hood 6 by means not shown. The web is then dry creped from
20  dryer 5 by doctor blade 7, after which it becomes designated as dried creped paper
sheet 15. ' :
Paper sheet 15 then passes between a pair of calender rolls 10 and 11. An
aqueous dispersion or solution of softener system is sprayed onto upper calender
roll 10 and/or lower calender roll 11 by spray applicators 8 and 9, respectively,
25 depending on whether one or both sides of paper sheet 15 is to be treated with
softener. The aqueous dispersion or solution of softener is applied by sprayers 8
and 9 to the surface of upper calender roll 10 and/or lower calender. roll 11 as a |
pattern of droplets. These droplets containing the softener are then transferred by
upper calender roll 10 and/or lower calender roll 11, (rotating in the direction
30  indicated by arrows 10a and 11a) to the upper and/or lower surface of paper sheet
"~ 15. In the case of pattern-densified papers, the upper surface of paper sheet 15
usually corresponds to the rougher, fabric side of the papei', while the lower surface
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25 a soft .but weak, high.bulk sheet of relatively unconpacted fibers.
Bonding material is preferably applied to portions of the web prior to

crepi ng. Conpacted non-pattern-densified tissue structures are conmonly
known in the art as conventional tissue structures. In general, conpacted,
non-pattern- densified tissue paper structures are prepared by depositing a-
paper maki ng furni sh 30 on a foram nous wire such as a Fourdrinier wire to
forma wet web, draining the web and rennying additional water with the aid
of a uniform nmechani cal conpaction-(presspng) until the web has a

consi stency of 25-50% transferring the 10 web to a thermal dryer such

as a Yankeehand clr epi dwreE dW&g theQtfdothidr, u){i@tsﬂfe_l_drf&hé 9H$yedrﬁer i BReRP r&lY 10
e e O s et et
and softness. and/or lower surface of paper sheet 15. Softener-treated paper sheet 15 then passes
" over a circumferential portion of reel 12, and is then wound up onto parent roll 13.
5 One particular -ad'\'r'anta'g'e.of the embodiment shown in the Figure is the
- 'ability'to heat upper calender roll 10 and/or lower calender roll 11. By heating
" _calender rolls 10 and/or ll some of the water in the aqueous dispersion or soluuon
of softener is evaporated This means the pattem of droplets contain more .
concentrated amounts of the softener system. As a result, a particularly effective
10  amount of the softener is applied to the surface(s) of the tissue paper, but tends not
to migrate to the interior of the paper web because of the reduced amount of water.
. Alternatively, the softener system can be applied to sheet 15 after it passes
" calender rolls 10 and 11. In this alternative embodiment, the softener can be
sprayed onto sheet 15 as a_ri aqueous diSpersion or as a melt, e.g., by hot melt
IS spraying. As previously noted, the softener system can include materials, such as -
~ an ethoxylated fatty alcoliol, to lower the melting point of the mixture to facilitate
hot melt spraying. .

D. Softened Tissue Paper _ |
20 Tissue paper softened according to the present invention, especially facial

. and toilet tissue, has a soft and velvet-like feel due to the softener applied to one or
both surfaces of the paper. This softness can be evaluated by sub_pect:ve testing that
obtains what are referred to as Panel Score Units (PSU) where a number of '

' . practiced softness judges are asked to rate the relative softness of a plurality of
25  paired samples. The data are analyzed by a statistical method known as a pmred
comparison analysis.  In this method, pairs of samples are first 1denuﬁed as such.

" Then, the pairs of samples are judged one pair at a time by each judge: -one sample
of each pair being deSIgnated "X and the other Y. Briefly, each X sample is graded
against its paired Y sample as follows:

30 1. agrade of zero is given if X and Y aré judged to be equally soft.
R 2. a grade of plus one is given if X is judged to maybe be a little softer
than Y, and-a grade of minus one is given if Y i is Judged to maybe be a
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5 _ The papernaking fibers utilized for the present invention wll -
normal |y include fibers derived fromwood pulp. QGher cellulosic fibrous
pul p fibers, such as cotton linters, bagasse, etc., can be uti-lized and are
i ntended to be within the scope of this invention. Synthetic fibers, such
as-rayon, polyethylene and pol ypropyl ene fibers, can also be utilized in
combi nation with natural cellulosic fibers. GOne 10 exenpl ary pol yet hyl ene
fiber that can be utilized is Pulpex[erri{ avail abl e from Hercul es, Inc.
(W1l mngton, Delaware). Applicable wood pul ps include chem cal pul ps, such
as Kraft, sulfite, and sul f ajgeRUk&Shar?®; Wel | “as nechani cal pul ps

i ncludi ng, for exanple, groundwood, thernmpnechapj,cal ,pu an hepi cal

modi fied ther nomechani cag- puP BradeE plus Byo fyvenﬂﬁ(bgyd%\;gye?y ger%ﬂq‘ﬁlféf’é%r ed
since they inpart a superi or tiaad,iahda geade ef nfinus oWb iscgieert i6 Yt is paiged hauwely be a
made therefrom Pul ps deri veﬁ {eégﬁ%rqm,deci duous-trees (hereafter, also
referred to as "hardwood") altd rferous trees (hereafter, also referred
to as "softwood"¥ can bed.uti kigradd of plug thressis iven o\ Xiifiis isjndeedite beglehtofienthane

fibers derived from recycl edypaes eralbf firfid thréOm ghief iB¥js jadpellth bl Ibfuafter
above 20 ~ categories as well as o ﬁrst non-fibrous materials such as

fillers and adhesives used thanX andl Iy, . .
' 5. agrade of plus fouris given to X if it is judged to be a whole lot softer

than Y, and a grade of minus 4 is given if Y is judged to be a whole lot
10 softer than X. : o '
The resulting data from all judges and all sample pairs are then pair-averaged and
rank ordered according to their grades. Then, the rank is shifted up or down in
value as required to give a zero PSU value to whichever sample is chosen to be the
zero-base standard. The other samples then have plus or minus values as
15  determined by their relative grades with respeét to the zero base standard. A
difference of about 0.2 PSU usually represents a significance difference in
subjectively perceived softness. Relative to the unsoftened tissue paper, tissue
paper softened according to the present invention typically is about 0.5 PSU or’
greater in softness. :
©20 An important aspect of the present invention is that this softness
enhancement can be achieved while other desired properties in the tissue paper are
maintained, such as by compensating mechanical processing (e.g. pulp refining)
and/or the use of chemical additives (e.g., starch binders). One such property is the
total dry tensile strength of the tissue paper. As used herein, "total tensile strength®
25  refers to the sum of the machine and cross-machine breaking strengths in grams per
inch of the sample width. Tissue papers softened according to the present
~ invention typically have total dry tensile strengths of at least about 360 g/in., with
typical ranges of from about 360 to about 450 g/in. for single-ply facial/toilet
tissues, from about 400 to about 500 g/in. for two-ply facial/toilet tissues, and from
* 30 about 1000 to 1800 g/in. for towel products. .
Another property that is important for tissue paper softened according to
the present invention is its absorbency or wettability, as reflected by its

_—
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to facilitate the original papermaking In addition to papernmaking fibers,
t he papermaki ng furni sh used to nake ti ssue paper structures can have other_
conponents or materials added thereto as can be or |ater becone known in
the art. The types of additives desirable will be 25 = depéndent upon the.
particular end use ofthe tissue sheet contenpl ated. For exanple, in
products such as toil et paper, paper towels, facial tissues and other
simlar products, high wet strength is aade5|rable attribute. Thus, it is
often desirable to add to the papernaklng furni sh chem cal substances known

in the art as "wet strength” resins. 30 A general dissertation on
the types of wet st rby:yopluh@tga dydraphilicite of tissue papeprefess, imgenesiolthe propenpity of
TAPPI nonograph seri ?n%t Per t¥%k w@h@&’mhﬂdt& m%phﬁi%ﬁy B@Qﬁﬁpﬁi’ﬁé‘caﬂ be

The most user ul et 08%?@& wme&éa%@y“%a@%ﬁ BB UERATIYY DEURE Eegbiehfog dryissie
paper to becomeé completely wetted with water. This period of time is referred to

5 ... as'the “wetting" (or "sinking") time. In order to provide a consistent and

" repeatable test for wetting time, the following procedure can be used for wetting

time determinations: first, a paper sample (the environmental conditions for testing
of paper samples are 23 +1°C and 50 + 2% RH. as specified in TAPPI Method T
402), approximately 2.5 inches x 3.0 inches (about 6.4 cm x 7.6 cm) is cut from an

10 8 sheet thick stack of conditioned paper sheets; second, the cut 8 sheet thick paper
sample is placed on the surface of 2500 ml. of distilled water at 23 + 1°C and a
timer is simultaneously started as the bottom sheet of the sample touches the water;
third, the timer is stopped and read when wetting of the paper sample is completed,
i.e. when the top sheet of the sample becomes completely wetted. Complete

15  wetting is observed visually. - '

i The preferred hydrophilicity of tissue paper depends upon its intended end
use. It is desirable for tissuie paper used in a variety of applications, e.g., toilet
paper, to completely wetina relatively short period of time to prevent clogging
once the toilet is flushed. . Preferably, wetting time is 2 minutes or less. More

20 preferably, wetting time is 30 seconds or less. Most preferably, wetting time is 10
" seconds or less. : : :
The hydrophilicity of tissue paper ca;n, of c;oufse. be determined
immediately after manufacture. However, substantial increases in hydro;ihobicity
_ can occur during the first two weeks after the tissue paper is made: i.e. after the
25  paper has aged two .(2) weeks following its manufacture. Thus, the above stated
' wetting times are preferably measured at the end of such two week period.
Accordingly, wetting times measured at the end of a two week aging period at
room temperature are referred to as "two week wetting times."
Tissue papers softened according to the present invention should also
30  desirably have relatively low lint properties. As used herein, "lint" typically refers
to dust-like paper particles that are either unadhered, or loosely adhered, to the
surface of the paper. The generation:of lint.is us_ually.a_n indication of a certain
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character. Pol yam de-epichlorohydrin resins are cationic.wet strength
resins that have been found to be of particular utility. Suitable types of
such resins are described in U S. Patent No. 3,700,623 (Keim, issued

Cct ober 24, 1972, and U.S. 5 Patent No. 3,772,076 (Keim, issued Novenber
13 1973, both of which are incorporated by reference. One commerci al
source of a useful polyam de- epichlorohydrin resins is Hercules, Inc. of
W m ngton, Del aware, which markets such®resins under the nmark
Kynmene[ err] 557H. Pol yacryl am de resins have al so been found to be of

Pat ent Noo. 5. 506, oamoyeh BE debofTing br EREE S Rwal & i bR uita ol
3,556, 933 (W |ians lengthl headhoxdayenna,aic alnorder to rednee lintformasionyissue panes

i.ncorporated herein Qifeh@f RESARR: to REpreLATRVEtdh tFHcHlG Peqiired tHe\aditivh dFbERh
resins is American %‘ﬁ;ge?n%og Co. of Sxt‘ agfecr)r d Connelctdl CU.L V\hla%h rrg;h%et S one
such resin under the’WEFk QT' Bﬁp[egf‘?]? % 11 ’Né.s priiousty descnt gﬂ RLi o'%t? S
wat er - sol ubl e ca#i ordpplicationns finding utility in this invention are urea
f or mal dehyde and nel am negﬁgﬁgb +thEplebeht inVBRidHQE udefi Gt LAl
groups of these polyfinttiona rggﬁﬁtggfgr entr g‘genf con?%{?m n? l%r:o_u S ne
: the softness of pattern dgnsx ed tissue papers, in particular those having pattern
designs. These pattern d’enSiﬁed papers are typically characteﬁzed bya relatively
low density (grams/cc) and a relatively low basis weight (g/cm?2). Pattern densified
10 tissue papers according to the present invention typically have a density of about
0.60 g/cc or less, and a basis weight between about 10 g/m  and about 65 g/m2.
Preferably, these pattern densified papers have a density of about 0.3 g/cc or less
(most preferably between about 0.04 g/cc and about 0.2 g/cc), and a basis weight
- of about 40 g/m? or less. See Column 13, lines 61-67, of U.S. Patent 5,059,282
15 (Ampulski et al), issued October 22, 1991, which describes how the density of

paper is measured.

Specific Mustrations of the Preparation of Softened Tissue

Paper According to the Present Invention _ e
20 The following are specific illustrations of the softening of tissue paper in

accordance with the present invention:

_ Example 1 - .
A.  Preparation of Aqueous Dispersion of Sgﬁenér System _

25 An aqueous dispersion of a glucamide softener system is prepared by
mixing 50 gm of N-cocoyl, N-methyl, glucamide with 50 gm of sorbitan
monostearate and 5 gm sodium sulfate and diluting to 1000 gm with distilled
water. The mixture is heated to about 180 F (82°C) until the materials are
dispersed into solution and then allowed to cool to room temperature.

) 30 . N - . .
' B.  Treating Tissue Paper with Aqueous Dispersion of Softener System
A pilot scale Fourdrinier papermaking machine is used. The machine has
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such as am no groups and nethyl ol groups attached to nitrogen.
Pol yet hyl enimine type resins can also find utility in the present _ . -
i nvention: In addition, tenporary wet 20 strength resins such as Cal das '
10 (manufactured by Japan Carlit)- -and CoBond 1000 (nanufactured by National
Starch and Chem cal Conpany) can be used in the present invention. It is to -
be understood that the addition of chem cal conpounds such as the wet
strength and tenporary wet strength resizms di scussed above to the pulp
furnish is optional and is not necessary for the practice of the present 25
I nvention. In addition to wet strength addjtives, %% can al so be desirable

T %‘.ﬂg"(‘

to include in the- pajevrereskheaghax with 1qpesshamber. yFsp rAndabqtiam © Fol

addi tives known in tAfrs@fibrous slutr compresga primarily af siorbpapemiakinpefiterdEncalimund

tini shed tissue papEreTKerhlmesh Rbod h HE R bolioR A ctifers.

i npart a nodest | npSimdtaaneusiyaa serond fihraue sluiry comprised primagilytafdens papgamakingg

stiffness that coul ¢pelNbithérh SERWOEd REsH)lié flingdd thictibh tR\e@hier RéadBbREifber

Typrcally the starch bl er dlis a siserposed relaionehin oo the Fourdrinial wire o fosm a 3-

retained at a l|evel - , ! Sadast:

: L * layer. embryonic web. The first slurry has a fiber consistency of about 0.11%,
while the second slurry has a fiber consistency of about 0.15%. The embryonic
web is dewatered through the Fourdrinier wire (5-shed, satin weavé ' '

10  configuration having 84 machine-direction and 76 cross- machine-diréction
monofilaments per inch, respectively), the dewatering being assisted by deflector
and\mcuun1box¢& , - .. ,

. The wet embryonic web is transferred from the Fourdrinier wire to a
carrier fabric similar to that shown in Figure 10 of U.S. Patent 4,637,859, but

15 with an aesthetically pleasing macropattern of rose petals superimposed on the
regular micro-pattern of the carrier fabric. At the point of transfer to the carrier
fabric, the web has a fiber consistency of about 22%. The wet web is moved by
the carrier fabric past a vacuum dewatering _bbx, through blow-through

: predryers, and then transferred onto a Yankee dryer. The web has a fiber

20 consistency of about 27% after the vacuum dewatering box, and about 65% after
the predryers and prior to transfer onto the Yankee dryer.

The web is adhered to the surface of the Yankee dryer by a creping
adhesive comprising a 0.25% aqueous solution of polyvinyl alcohol that is
. applied to the surface of the dryer. The Yankee dryer is operated at a

25 . temperature of about 177°C and a surface speed of about 244 meters per minute.,
The dried web is then creped from the Yankee dryer with a doctor blade having a
bevel angle of about 24° and positioned with respect to the dryer to provide an
impact angle of about 83°. Prior to creping, the fiber consistency of the dried
web is increased to an estimated 99%. '

30 The dried, creped web (moisture content of.1%) is then passed between a
pair of calender rolls biased together at roll weight and operated at surface
speeds of 201 meters-p¢r minute. . The lower, hard rubber calender roll is sprayed

—_—

This Sheet Has Been

.



12 of from about 0.01 to about 2% preferably fromabout 0.1 to about 1%

by.weight of the tissue paper. In general, suitable starch- binders.for the

present invention are characterized by water solubility ari.d

hydr ophidicity. Although it is not intended to 5 “limt the scope of

~sui~tabl e starch binders, representati've starch naterials include corn
starch and potato starch, w th waxy corn starch known i ndustrially as

am oca starch being particularly preferr@d. Am oca starch differs from

common corn starch in that it is entirely anylopectin, whereas commopn corn

starch contains both anylopectin and anyl ose. Various .uni gue :
characteristics of am"g‘é?e & (o ygfeéaalfgyaqu?wtdﬁgprswg§é:ﬂfaosg§eﬁ{ SYSR by four
The Starch From Waxy 0Coir min, didinéter spedyapaelpealignbdinc: linedufashior with Bespaoiigeof
1945, pp. 106-108 (Vi 0 H 85 £z 61 h i ' ' ranul ar
or dispersed form- t%gmgﬂgn%? g’?“’%ﬁ”zm §gn§h§§§{é@?‘5@ Iﬂ3q§r;ateefc§rhr1€§qdé%g starch
bi nder is preferabl y dpeisioniof seftener tiugh epeh nozzle is about 0.37 liters per minute per

5  cross-direction meter. The aqueous dispersion of the softener system is sprayed
| onto this lower calendar roll as a pattern of droplets that are then transferred to
the smoother, wire side of the dried, creped web by direct pfessure transfer. The
_ retention rate of the softener on the dried web is, in general, about 67%. The
resﬁlting softened t"lssue_paper'has a basis weight of abgut 30 grams/m?2, a
10~ density of about 0.10 grams/cc, and about 0.6% softener (50% glucamide and
50% sorbitan monostearate) by weight of the dry paper.

Exﬁmple 2

15 A Preparation of Softener Meit
A mixture of N-palmityl, N-methoxypropyl glucamide and Neodol® 25-
12 (an ethoxylated' C12-C13 branched alcohol surfactant made by Shell Chemical
Company) in a weight ratio of 3 to 1 is prepared by weighing the materials into a
container and heating to about 150 F (66°C).
20 . .
B. Treating Tissue Paper with Softener Melt
A softened tissue paper is made using the same papermaking machine and
procedure in Example 1, except that the softener system is applied to the dry web
after passing through the calender rolls. The softener melt is contained within a
25  heated, air pressurized vessel equipped withtwo spray nozzles. The nozzles are
adjusted to spray the melted softener, as a fine mist, fairly evenly across the width
of the web. The amount of softener added is between 0.1% and 0.8% based on
the dry weight of the paper. -

—_—
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i nduce swelling of the granules. More preferably, the starch granules are
swol len, 15 ° 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 . , .
dependi ng upon the size of the starch granules, the degree of crystallinity .
of the granules, -and the anount of anylose present. Fully cooked am oca
starch, for exanple, can be prepared by heatlng an aqueous 20 slurry of
about 4% consi stency of starch granul es %t about 190[err]F (about 88[err] 0O
for between about 30 and about 40 minutes. Other exenplary starch binders
that can be used include nodified cationic Bl aldides such as those nodified
to have nitrogen containing groups, |nclud|ﬁ§‘é%£ﬁo groups and net hyl ol
groups attached to nitrogen, available from National Starch and Cheni cal

Conpany, (Bridgewat ek, Z@MMMVE previ ousl y been- used as
pul p furnish additives to trengt h. Po axy
Fatty Acid Am de Soft enerA'ég eglgr%&g’\? %‘%%M%faﬁ%' f?a;;e ’?#{(;bgé
sof t ener systems5for0fll‘§931mh hém@oxymoml! %‘?Oan@fmstﬂwgmqam@
As used herein, the rﬁﬁ‘cﬁﬂ% stHeRdE & ﬂfb%?'lk@#B(S?C)umxl the softener is dispersed into

' ' solunon and then allowed to cool to room temperature. -

B, Wet End Addition of Softener _ | |
10  The 1% dispersion of glucamide softener is pumped into the portion of
the pulp slurry that is directed to the top and bottom chambers of the layered
“headbox prior to the forming headbox through an in line mixer. The aqueous .
shurry of fibers contaxmng the glucamide softener is ‘then deposited as a furnish
onto a Fourdrinier wire and processed into a softened tissue paper using the
15  papermaking machine described in Example 1.

\
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refers to the conplete breakdown of a substance by m\m—to—ear bon

diioxi de, water, bionmass, and inorganic raterials. tmn ﬂ

potentlal can’ 13 ‘be estimated by neasuring carbon m E'ﬂﬁmiéﬂjﬂn and
di Ssolsved or gani ¢ carbon renoval fron}| medi um cont ai Ai n§ the ssu

being tested as the sole carbon and effergy source and a dilute bacteri al

I nocul um obt ai ne Eﬂﬁ pernatant of honpgeni zed activated sludge. See
Lar son, Estl mat Sgt'mgb | ogggradat ion 5 Potenti al of Xenobiotic Oganic

Chem cal s," Applied and Environmental M crobiology Volune 38 (1979), pages
1153- 61, whi ch dgscri b@%oﬁen%al&rsﬁial &eém&ﬂéd @sthati s freatbd QaBaFGA AT td § e,

Using this nmethod, a su s adl |y Di ode r.adabl

has greater than 70% @é?fsﬁﬁﬁf}oé‘?ﬂ%dew @8{01"? 5%% Hﬁﬂg QBEyhyéroxy fatty
di ssol ved or gani ¢ car laoid andde@havingsthe formulas - days The softener 10 systens
used in the present- invention neet such blodegradability criteria.

S
Re—C—N—2Z

wherein R1 is H, Cj-Cg hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl,

- methoxyethyl, methoxypropyl or a mixture thereof] R2 is a.C5-C3 "liydrecarbyl

. group; and Z is a polyhydroxyhydrocarbyl moiety havmg a linear hydrocarbyl’
chain with at least 3 hydroxyls directly connected to the chain.

2. The paper of Claim 1. characterized in that it is a pattern densified tissue paper
" having a basis weight between 10 g/m2 and 65 g/m2, preferably 40 g/m? or less,
and a density of 0.6 g/cc or less, preferably 0.3 g/cc or less.

3. The paper of any of Claims 1 to 2 characterized in that said softener system is
applied as a pattern of softener droplets to said at least one surface of the paper.

4. The paper of any of Claims 1 to 3 characterized in that R! is N-methyl, N-ethyl,
- N-propyl, N-isopropyl N-butyl, N-2-hydroxyethyl, N-methoxypropyl or N-2-
- hydroxypropyl; R2 is straight chain C;1-C7 alkyl or alkenyl, or mixture thereof;

and Z is glycityl.

5. The paper of any of Claims 1 to 4 characterized in that said polyhydroxy fatty
. acid amide has the formula:

o R
R2—C—N-—CH2 CH CHz—OH

wherein R1 is methyl or methoxypropyl; R2 is a C11-C17 straight-chain alkyl or
alkenyl group, said polyhydroxy fatty acid amide preferably being selected from
the group consisting of N-lautyl-N-methyl glucamide, N-lauryl-N-methoxypropyl
glucamide,  N-cocoyl-N-methyl  glucamide, . N-cocoyl-N-methoxypropyl
glucamide, N-palmityl-N-methyl ~glucamide, N-palmityl-N-methoxypropyl
glucamide, N-oleoyl-N-methyl glucamide, N-oleoyl-N-methoxypropyl glucamide,
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Sui t abl e y' acid amides for use in the softener systens of
the pres ﬂﬂl} mﬂgﬂ Eﬂ”etheforrmla: [err] wherein R err] is H, ;
derr]- o DWl , 2-hydroxyet hyl, 2-hydroxypropyl, nethoxyethyl, ™ ~ -

met hoxypropyl or a mxture thereof. preferably CJerr]-(err] alkyl, ., , .

met hoxyet hyl or net hoxypropyl, nore pref er% ly C{err] or (Jerr] alkyl or 20 .

nmet hoxypropyl, nost preferably (ferr] al kyl*®(i.e., nmethyl) or :

met hoxypropyl ; and R dkfallowsl-N:ntdtied r glucdndde, | Nitgitbvod-N-methogypropyl pluedmideblayd

straight chain Cerr]-€l vl _Qr Q{F re nrdechl aﬂh'i%m- '

Clerr]-Cerr] alkyl o—f‘%ﬁie_é%\hfﬁ%&n%%%p re Qp)goﬂ{ﬁglgr?%@ ?‘Elg%r% ‘?\ftﬂ ) N mﬁ{yp

Clerr]-Cerr] alki' orglurameidg| chl-padnxtyi)rﬂ*é. methexysepyl angluzamigeg  N-oleoyl-N-methyl

pol yhydr oxyhydr ocar bygluﬂaiﬁaé,WJaiﬁéym-:ﬂethé)@?%p%{hgldéﬁﬁé’é, il nkates thdrddt. at

| east -3 25 hydroxyis directly connected to the chain. See US. patent

5,174, 927 (Honsa), i ssued Decenber 29, 1992 (herein incorporated hy -

ref erence) whi chédi scThepapet b£€kaimSicharchenzed ih that yaidsofienansydtes fusthenedrhprisss

their preparation. Thg, j YRy ok r Lt

sugar in a reductive %méﬁgﬂl%%&/?%gﬁl%ﬁ%%ﬁ?ggﬁggggghﬁﬁ%%@8 'tg(t#tsag?ze
carbon atoms and from about.1 to about 25 moles of ethylene oxide, in a weight
ratio of polyhydoxy fatty acid amide to ethoxylated alcohol of from 1:1 to 10:1,

" preferably from 3:1 to 6:1, said ethoxylated alcohol preferably having a straight

alkyl chain of from about 11 to about 15 carbon atoms and from about 3 to about

15 moles of ethylene oxide.

reduci ng sugars

T —

This
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30 - _include glucose, fructose, maltose, |actose, galaet—ese——#&nnese——and
xyl ose. Hi gh 14 dextrose corn syrup, -high fructose corn syrup and hig

mal t bse. gorn syrup can be. utilized, as well as the ind ¢dsted
above. These corn syrups can yield m xtures of sugar !co hﬁ T",E
noiety. The Z noiety preferably will be sg“:ct ed fromt ting
of- 5 CH err] (CHOH) n-CH err] OH, - CH(CH ]OH[(CHOHA) [err],]-CH err] OH
-CH err]OHCH err] - (CI—IC]—l)[err](CI—ICR[err])(CI—IC]—l)-CI—I[e'rr]C]—Ivvhere nis an
integer from3 to 5, and R3 is Hor a cyclic or aliphatic nonosacchari de.
Most preferred are the glycityls where n is 4, particularly
-CHerr]-(CHOH) [err]-CH err]OH In the above forp#e~R err] can be, for
exanple, N-nmethyl, N-ethyl, N propyl, 10 N-iZopropyl™\ N-butyl,

N-2- hydr oxyet hyl , N-met hoxypropyl or N-2-hydr bxypropyl .\Rlerr] can be
selected to provide, for exanple, stearam des 4, | auram des,

N
-~
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N
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| mtyl-N methyl glucam de, N ol eoyl-N nethyl glucam de, '
eoyl - N-net hoxypropyl glucam de, N-tallowl-N nethyl glucam de, or
1 owyl - N et hoxypropyl glucam de. The gl ucam des where R err] is

pal mtyl, oleoyl or tallowl are particularly

TECHNICAL FIELD

10 . .

This application relates to tissue papers, in particular pattern densified
tissue papers, having an enhanced tactile sense of softness. This application -
particularly relates to tissue papers treated with certain polyhydroxy fatty acid
amide softeners that are biodegradable.

15 '

E ON

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. These include such staple items as
20  paper towels, facial tissues and sanitary (or toilet) tissues. These paper products
can have various desirable properties, including wet and dry tensile strength,
absorbency for aqueous fluids (e.g., wettability), low lint properties, desirable bulk,
and softness. The particular challenge in papermaking has been to appropriately
balance these various properties to provide superior tissue paper. e
25 Although somewhat desirable for towel products, softness is a pamcularly
important property for facial and toilet tissues. Softness is the tactile sensation
perceived by the consumer who holds a particular paper product, rubs it across the
_skin, and crumples it within the hand. Such tactile perceivable softness can be
characterized by, but is not limited to, friction, flexibility, and smoothness, as well
30 as subjective descriptors, such as a feeling like velvet, silk or flannel. This tactile
sensation is a combination of several physical properties, including the flexibility or
- stiffness of the sheet of paper, as well as the texture of the surface of the paper.
Stiffness of paper is typically affected by efforts to increase the dry and/or
wet tensile strength of the web. Increases in dry tensile strength can be achieved
35 either by mechanical processes to insure adequate formation of hydrogen bonding
between the hydroxyl groups of adjacent papermaking fibers, or by the inclusion of
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preferred for softener systens that are used in "wet end"” addition nethods.
15 Besi des the pol yhydroxy fatty acid am des, softener systens used in the
present invention can additionally conprise other conponents. These ot her
conponents are typically included to nodify the nelting properties of the
pol yhydroxy fatty acid am de. For exanple, the shorter alkyl chain length 5
pol yhydroxy fatty acid am des (e.g, swhere Rlerr] is a lauryl or cocoyl
group), such as Nl auryl - N net hoxypropyl glucam de or

N-cocoyl - N-net hoxypropyl gl ucam de, can have relatively high nelting

poi nts. For poloffoprtainwet Staengph resing, thati bieing typically ¢ationic, ane easily deposited on

desirable to 'rﬁtfdﬁmea ﬂ{em&mﬂﬁﬁsﬁs&hﬂé fﬂeﬁnhlﬁnéﬁ%?'%wﬁ?é“ ng

poi nt of the softener_syste ui t abl e "addi or . | .owering
Phe el i ng. poi e uefof ol weflssicakand,shermical TREARS . FRAGTYRAFY 204 348 PSR s of
al i phati c al cohsatengthicaih also eesuh frostiffet, Haeshabfeeling, less soft tissue papers.

5 Certain chemical additives, commonly referred to as debonding agents, can
be added to papermaking fibers to interfere with the natural fiber-to-fiber bonding
that occurs during sheet formation and drying, and thus lead to softer papers.
These debonding agents are typically cationic and have certain disadvantages
associated with their use in softening tissue papers. Some low molecular weight

10  cationic debonding agents can cause excessive irritation upon contact with human
skin. Higher molecular weight cationic debonding agents can be more difficult to
apply at low levels to tissue paper, and also tend to have undesirable hydropﬁobic
effects on the tissue paper, e.g., result in decreased absorbency and particularly
wettability. Since these cationic debonding agents operate by disrupting interfiber

15 bonding, they can also decrease tensile strength to such an extent that resins, latex,
or other dry strength additives can be required to provide acceptable levels of
tensile strength. These dry strength additives not only increase the cost of the
tissue paper but can also have other, deleterious effects on tissue sofiness. In
addition, many cationic debonding agents are not biodegradable, and therefore can

20  adversely impact on environmental quality.

Mechanical pressing operations are typically applied to tissue paper webs to
dewater them and/or increase their tensile strength. Mechanical pressing can occur
over the entire area of the paper web, such as in the case of conventional felt-
puﬂwdyqux Nknepnﬁuﬂhrdmmnuugunnnwdomnnamha“myﬂwmdm

25  paper is pattern densified. Pattern densified paper has certain densified areas of
u&mwd@hmmdﬂnrdqunxlmvmﬂasndmnmwmmwﬁbawkmaggMghbm&anms
Such high bulk pattern densified papers are typically formed from a pamally dried
paper web that has densified areas imparted to it by a foraminous fabric having a
patterned displacement of knuckles. See, for example, U.S. Patent 3,301,746

30  (Sanford et al), issued January 31, 1967; U.S. Patent 3,994,771 (Morgan et al),
issued November 30, 1976; and U.S. patent 4,529,480 (Trokhan), issued July 16,
1985.
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25 mol es of ethylene oxide. The al kyl chain.of the aliphatic alcohol is

typically in a straight chain (linear) configuration and contains from
about 8 to about 22 carbon atons. Particularly preferred are the
condensat.i on products of al cohols 15 havi ng an al kyl group contai ni ng
from about 11 to about 15 carbon atons with from about 3 to about 15 nol es,
preferably fromabout 3 to about 8 noles, of ethylene oxide per nole of

al cohol . Exanpl es of such ethoxyl ated al cohol s include the condensation
products of nyristyl alcohol with 7 noles of ethylene oxide per nole of

al cohol, the condensation products df coconut al cohol (a 20 m xt ure of

fatty aI cohol s having al kyl chains varyi ng I n Iength from1l0 to 14 carbon
atons) with about 5_mml.es of, eth Iene

0 rrber 0 | t abl e
et hoxyl at ed al cohol Besifies teRilsirengt '?;fiﬂé %“ameéa F 'ﬂ?ﬁ@“?‘b_ 15-S-9
(the condensat Hexmﬁuﬁdup:bceﬁseﬂ&dmbmﬁ{enml i:attemmn ballmphntled onfithetissugol es of

55" oroduct of™® f L preebitbid FHaeral WBRinANRpRERLEF ARG 02" 1 O
oxi de), mar ket He faBn tbe &weaawr&ﬁ eaapﬂanﬁa%gﬁsemmwwé NECDOL
brand nane ssurfmsmcld&mgpwg,tMIroﬁ‘gherthmtmlmﬁmhﬁr NEODCL
25-12 (condensapi 0 with the fabric. This is due to the high bulk fields that form, in essence,

protrusions outward from the surface of the paper. It is these protrusions that can
impart a tactile sensation of roughness.
The softness of these compressed, and particularly patterned densified

10  tissue papers, can be improved by treatment with various agents such as vegetable,

~ animal or synthetic hydrocarbon oils, and especially polysiloxane materials typically
referred to as silicone oils. See Column 1, lines 30-45 of U.S. Patent 4.959: 125
(Spendel), issued September 25, 1990. These silicone oils impart a silky, soft
feeling to the tissue paper. However, some silicone oils are hydrophobic and can

15  adversely affect the surface wettability of the treated tissue paper, i.e., the treated
tissue paper can float, thus causing dispos'ai problems in sewer systems when
flushed. Indeed, some silicone softened papers can require treatment with other
surfactants to offset this reduction in wettability caused by the silicone. See U.S.
Patent 5,059,282 (Ampulski et al), issued October 22, 1991.

20 Besides silicones, tissue paper has been treated with cationic, as well as
noncationic, surfactants to enhance softness. See, for example, U.S. Patent
4,959,125 (Spendel), issued September 25, 1990; and U.S. patent 4,940,513
(Spendel), issued July 10, 1990, that disclose processes for enhancing the softness

~ of'tissue paper by treating it with noncationic, preferably nonionic, surfactants.

25  The'12S patent teaches that greater softness benefits are obtainable by the addition
of the noncationic surfactants to the wet paper web; the 'S13 patent also discloses
the addition of noncationic surfactants to a wet web. In "wet web" addition
methods, noncationic surfactants like those taught in the *125 and '513 patents can
potentially migrate to the interior of the paper web and completely coat the fibers.

30  This can cause a variety of problems, including fiber debonding that leads to a
reduction in tensile strength of the paper, as well as adverse effects on paper
wettability if the noncationic surfactant is hydrophobic or not very hydrophilic.
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product' of (Jerr] -C[er‘r] |l i near al cohols with 12 nol es of ethyl ene oxide),
"NEODOL 23-6.5T (condensation product of :CJerr]-Clerr] linear alcohols with

6.5 nol es of 30 et hyl ene oxi de that has been distilled (topped) to renove
certain inmpurities), and NEODOL 25-12 (condensation product of

Cerr]-Cerr] linear alcohols with 12 noles of ethyl ene oxide). 16 A
particularly preferred softener systemfor use in the present invention
conprises a mxture of N-I|auryl-N nethoxypropyl glucam de or N-cocoyl-N

met hoxypropyl glucam de, and an ethoxylated Cferr]-Clerr] l|inear alcohol.
such as NEODOL 25-12. These preferfed sof t ener systens conprise a weight
ratio of 5 gl ucam des to et hoxyl ated al cohol in the range of from about

1:1 to about 10:1. fRegl gi g hifs alldGERR tﬁee‘ea&nﬁarsoaxﬁéreaﬁ "a@rmabf' addiforyei ght
rati o of g! ucarrelﬂcligés t(?ne suc! Oée{h%h?gvo Jeg (t)novmg the éry paper Tos3 one E‘ace 0 bOUt 31
to about 6:1. M
shaped block of wax-like softener that is then deposited on the paper surface by a
rubbing action. See U.S. Patent 3,305,392 (Britt), issued February 21, 1967
5 (softeners include stearate soaps such as zinc stearate, stearic acid esters, stearyl
alcohol, polyethylene glycols such as Carbowax, and polyethylene glycol esters of
stearic and lauric acids). Another such method involves dipping the dry paperin a
solution or emulsion containing the softening agent. See U.S. Patent 3,296,065
(O'Brien et al), issued January 3, 1967 (aliphatic esters of certain aliphatic or
10  aromatic carboxylic acids as the softening agent). A potential problem of these
prior "dry web" addition methods is that the softening agent can be applied less
effectively, or in a manner that could potentially affect the absorbency of the tissue
paper. Indeed, the 392 patent teaches as desirable modification with certain
cationic materials to avoid the tendency of the softener to migrate. Application of
15  softeners by either a rubbing action or by dipping the paper would also be difficult
to adapt to commercial papermaking systems that run at high speeds. Furthermore,
- some of the softeners (e.g., the pyromellitate esters of the '065 patent), as well as
some of the co-additives (e.g., dimethyl distearyl ammonium chloride of the '532
patent), taught to be useful in these prior “dry web" methods are not biodegradable.
20 Accordingly, it would be desirable to be able to soften tissue paper, in
particular high bulk, pattern densified tissue papers, by a process that: (1) canuse’
"wet end,” ,"wet web" and/or "dry web" methods for adding the softening agent;
(Z)unbecamedoutmacomlnercmlpapﬂmahng system without stgmﬁcantly
impacting on machine operability; (3) uses softeners that are nontoxic and
25  biodegradable; and (4) can be carried out in a manner so as to maintain deslrable
tensile strength, absorbency and low lint properties of the tissue paper.

DISCLOSURE OF THE INVENTION
The present invention relates to softened tissue paper having certain
30 softener systems-on at least one surface thereof. These softener systems comprise
polyhydroxy fatty acid amides having the formula:
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C. Treating Tissue Paper Wth Softener System 10 The paper web can
‘be treated with the pol yhydroxy fatty acid am de softener systemat a
nunber of different points in the paper nmking process. One point is during
initial formation of the paper web as the paper neking fibers are deposited
as a furnish. This nethod is typically referred to as a "wet end" addition
met hod. "Wet end" addition typically involves incorporating the pol yhydroxy
fatty 15 acid am de softener systemin the aqueous slurry of papermaling
fibers before they are deposited as a furnish on the formng wire and then
processed into tissue paper as desgribed previously. The |onger alkyl or

al kenyl chain |l ength pol yhydroxy fatty acid am des (e.g., where Rerr] is a
Cerr]-Cerr] alkyl or alkenyl group) are sufficiently substantive to the
20 paper fibers during "wet addition" sg agito adhere to fibers and thus
provi de the desired softening benefit. Inszeﬁ, the ability to treat the
paper web with these pol yhydroxy fatt \R&eiCt-Nmde softener systens by "wet
end" addition nethods provi des advantages, even relative to "wet web" and
"dry web" nethods of addition."Wt end" addition of these pol yhydroxy fatty

aci d am de sohRréh R! is H, Cy-Cg hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl.
methoxyethyl, methoxypropyl or a mixture thereof, R2 is a C5-C3 hydrocarbyl
5  group; and Z is a polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain
" with at least 3 hydroxyls directly connected to the chain. The polyhydroxy fatty
acid amide softener system is present in an amount of from about 0.1 to about 3%
by weight of the dried tissue paper. '
. The present invention further relates to a process for making these softened
10  tissue papers. This process comprises the step of treating a tissue paper web with
the softener system comprising the polyhydroxy fatty acid amide. The process of
the present invention can be a "wet end,” "wet web,” or a "dry web" addition
method. This process is carried out in a manner such that the tissue paper web is
treated with from about 0.1 to about 3% of the polyhydroxy ﬁmy acid amide
15  softener system.

Tissue paper softened according to the present invention has a soft and
velvet-like feel. It is especially useful in softening high bulk, pattern densified
tissue papers, including tissue papers having patterned designs. Surprisingly, even
vdmmthesuﬂzmuﬁsappwulad&tothesmmoﬂux(léwwﬁe)ﬁdeofamhpuumn

20  densified papers, the treated paper is still perceived as soft. The polyhydroxy fatty
acid amide softener systems used in the present invention also have environmental
safety (i.e. are nontoxic and biodegradable) and cost advantages, especially
compared to prior softening agents used to treat tissue paper. The improved
softness benefits of the present invention can also be achieved while maintaining the

25  desirable tensile strength, absorbency (e.g., wettability), and low lint properties of
the paper.

The process of the present invention can also be carried outin a commerclal
pamunmkmgswmunvnﬂmmtmgmﬁamﬂyunmuﬂngonnumhmeopambmqh
including speed. Moreover, a particular advantage of certain of the polyhydroxy

30 fatty acid amide softener systems used in the present invention (e.g., those
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25 generates dry tensile strength in the tissue web and results in |ess
tensile strength | oss conpared to prior "wet end" addition softeners. "Wt
end" addition also provides a different type of softness, especially
conpared to "dry web" addition. "Dry web" addition provides surface
| ubricity. By conparison, "wet end"-addition provides. sheet flexibility due
to debonding. 30 Anot her point-at which the paper web can be
treated with the pol yhydroxy fatty acid am de softener systens is after the
papermaki ng fibers are deposited onto the formng wire but prior to drying
the treated web conmpletely. This i§ typically 17 referred to as a "wet
web" nethod of addition. The paper web can also be treated after is has
been conpletely or substantially conpletely dried. This typically referred
to as a "dry vgdiyhydrixydattyicidaiides wherelR? is 8 €56 7 alleyl or atkefd groupdist i ssue
paper usual 1y a5y B ¥ dbpliec thé fisul bagth Web nbP 3R by »6RrwelP 3 %40 v about

web" methods, but also by "wet end" methods. It has been surprisingly found that

these particular polyhydroxy fatty acid amide softener systems are substantive to

s  the papermaking fibers as they are deposited during papermaking. The ability to do
"wet addition" can not only make the process of the present invention simpler, but
also provide tensile strength advantages and desirable differences in the softness

properties imparted to the treated paper web.

10 BRIEF DESCRIPTION OF THE DRAWING
The Figure is a schematic representation illustrating one embodiment of the
process for softening tissue webs according to the present invention.

ED DES (o) N
15 A.  Tissue Papers
The present invention is useful with tissue paper in general, including but
not limited to conventionally felt-pressed tissue paper; high bulk pattern densified
tissue papér; and high bulk, uncompacted tissue paper. The tissue paper can be of
a homogenous or muiti-layered construction; and tissue paper products made
20  therefrom can be of a single-ply or multi-ply construction. The tissue paper
preferably has a basis weight of between about 10 g/m2 and about 65 g/m2, and
density of about 0.6 g/cc or less. More preferably, the basis weight will be about
40 g/m2 or less and the density will be about 0.3 g/cc or less. Most preferably, the
density will be between about 0.04 g/cc and about 0.2 g/cc. See Column 13, lines
25 61-67, of U.S. Patent 5,059,282 (Ampulski et al), issued October 22, 1991, which
describes how the density of tissue paper is measured. (Unless otherwise specified,
all amounts and weights relative to the paper are on a dry basis.)
Conventionally pressed tissue paper and methods for making such paper are
well known in the art. Such paper is typically made by depositing a papermaking
30  furnish on a foraminous forming wire, 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 pressing the web and drying at elevated temperature. The
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5 | ess, nost preferably about 3% or less, prior to treatnent with the
‘pol yhydroxy fatty acid anm de softener. In conmercial papernmaki ng systens,
treatment with the polyhydroxy fatty acid am de softener by a "dry web"

met hod usual ly occurs after the tissue paper web has been dried by, and
then creped from a Yankee dryer. In "wet web" and dry web" nethods
according to the present invention, at -10 |east one surface of the dry

ti ssue paper web is treated with the pol yhydroxy fatty acid am de softener
system Any nethod suitable for applying additives to the surfaces of paper
webs can be used. Suitable nmethods knclude spraying, printing (e.g.,

fl exographic printing), coating (e.g., gravure coating), or conbinations of
application techniques, e.g. spraying the softener systemon a rotating
surface, such Jarticulas techuiguesanditypicdl lequipment fohmaking avebs eccordihgtsthet ener to

the surface of jriGsPfRtdestiifid ald'Gel Rhowil i iBVSUAIBIGA thelir. SRl il L Ner TO
one surface of 't ried tissu ape b, or surfaces exanpl e,
in the case of R59%&% r‘r‘°ﬂé’ﬁ§?‘?tmpﬂ‘$%é‘ﬁ'€w§b‘éﬁé‘?‘g 2 pressyrized hpadbom can be
appl i ed to the Tieugadbox lasan operingifor defveringrachih deposiv ofpulp ﬁiﬁuslﬂint@ﬂieh si des
O e PSS e e oo, Sl iy T it
consistency of between about 7% and about 25% (total web weight basis) by
vacuum dewatering and further dried by pressing operations wherein the web is |
subjected to pressure developed by opposing mechanical members, for example,
cylindrical rolls. The dewatered web is then further pressed and dried by a steam
10  drum apparatus known in the art as a Yankee dryer. Pressure can be developed at
theY%nkaedqnwbyﬁummuﬁqﬂlmuumsudhasanoppoﬂngcmﬁndﬁaﬂdnun
pressing against the web. Multiple Yankee dryer drums can be employed, whereby
additional pressing is optionally incurred between the drums. The tissue paper
structures that are formed are refetred to hereafter as conventional, pressed, tissue
15 paper structures. Such sheets are considered to be compacted since the entire web
is subjected to substantial mechanical compressional forces while the fibers are
moist and are then dried while in a compressed state. '
Pattern densified tissue paper is characterized by having a relatively high
bulk field of relatively low fiber denéity and an array of densified zones of relatively
20  high fiber density. The high bulk field is alternatively characterized as a field of
pillow regions. The densified zones are alternatively referred to as knuckle regions.
The densified zones can be discretely spaced within the high bulk field or can be
interconnected, either fully or partially, within the high bulk field. The patterns can
be formed in a nonornamental configuration or can be formed so as to provide an
25  ornamental design(s) in the tissue paper. Preferred processes for making pattern
densified tissue webs are disclosed in U.S. Patent No. 3,301,746 (Sanford et al),
issued January 31, 1967; U.S. Patent No. 3,974,025 (Ayers), issued August 10,
1976; and U.S. Patent No. 4,191,609 (Trokhan) issued March 4, 1980; and U.S.
Patent 4,637,859 (Trokhan) issued January 20, 1987; all of which are incorporated
30 by reference. -
In general, pattern densified webs are preferably prepared by depositing a
papermaking furnish on a foraminous forming wire such as a Fourdrinier wire to
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side of the tissue paper web, the treated paper is still perceived as soft.
In "wet end,""wet web,” or "dry web" nethods of addition, the pol yhydroxy
fatty acid am de softener systemis applied in an anmount of from about 0.1
to about 3% by weight of the tissue paper web. Preferably, the softener
system 25 Is applied in an anmpbunt of from about 0.1 to about 0.8% by

wei ght of the tissue paper web. The pol yhydroxy fatty acid am de softener
system can be appl i ed as an aqueous8di spersion or solution. For exanple, in
the case of "wet end" addition, the polyhydroxy fatty acid amide softener

Pyt s Lo oty dted . SRaR LA ARl L0 bl B P
o the slurry urni s is
aﬁue?us_rﬁ ol ut i ometcis predseal xgmnktahaddqdoﬁiupmnd sherebytresultingin ﬂwﬁéﬁtr:;;ﬁonk
ches ese a gm

pol yhydr oxy faﬁ#‘gg’g@f“sﬁ 5%&0@0#80&&% ut can di %tmﬁwaﬂ

nc i onal
conponents. mwme&wé the webed- t‘&ﬂ'i n‘gteh Y’%f‘ﬁ‘cam de,
5% sorbitans  compressed during this operation is referred to as the hlgh bulk field. This high

bulk field can be further dedensified by application of fluid pressure, such as with a
vacuum type device or a blow-through dryer, or by mechanically pressing the web
against the array of supports. The web is dewatered, and optionally predried, in
such a manner so as to substantially avoid compression of the high bulk field. This

10 is preferably accomplished by fluid pressure, such as with a vacuum type device or
blow-through dryer, or alternately by mechanically pressing the web against an
array of supports wherein the high bulk field is not compressed. The operations of
dewatering, optional predrying and formation of the densified zones can be
integrated or partially integrated to reduce the total number of processing steps

15 performed. Subsequent to formation of the densified zones, dewatering, and
optional predrying, the web is dried to completion, preferably still avoiding
mechanical pressing. Preferably, from about 8% to about 55% of the tissue paper
surface comprises densified knuckles having a relative density of at least 125% of
the density of the high bulk field.

20 The array of supports is preferably an imprinting carrier fabric having a
patterned displacement of knuckles that operate as the array of supports that
facilitate the formation of the densified zones upon application of pressure. The
pattern of knuckles constitutes the array of supports previously referred to.
Suitable imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746

25  (Sanford et al), issued January 31, 1967; U.S. Patent No. 3,821,068 (Salvucci 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

30 (Trokhan), issued July 9, 1985, all of which are incorporated by reference.

: Preferably, the furnish is first formed into a wet web on a foraminous
forming carrier, such as a Fourdrinier wire. The web is dewatered and transferred
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nonost earate, and 0.5% sodi um sul fate, and 89.5% water forns a stable

“di spersion that can be easily punped into an in-line mxer for "wet end"
addition. In formulating such agqueous systens, the polyhydroxy fatty acid
amde is 5 di spersed or dissolved in the water in an effective anount.
What constitutes "an effective anobunt” of the polyhydroxy fatty acid am de
in the aqueous system depends upon a nunber of factors, including the type
of softener used, the softening effects desired, the manner of application

and |like factors. Basically, the polyhydroxy fatty acid am de needs to he
present in amount sufficient to pr8vide 10 effective softening w thout

adversely affecting the ability to apply the pol yhydroxy fatty acid am de

ol ativel y hi R BiREHRHEENE PR Albit e sh B ARGl Beola R crer can

relatively hig ron
nmake the di spefpmmmmr@nzsmmewgo operates vearunmum fabﬂgrOnqu055| bl e,
to apply the 'fofinéd)¢thed wesweb isdewaterédlandypréferabiy) tthaﬂany Eféﬂﬂt’d mou ctedd Of

O 1+ on e Bt BEOE S Mk Yol ' o6 DEvalegvg rprecsbly.” '
paper, yet5do mtormémmrsnctmbmeomthmm dmcmremﬂv\bibwt-thrmgh h an
extent that stdrgéd! The RRSKICBIprint ofthe imprinting fabric is impressed in the web as
discussed above, prior to drying the web to completion. One method for
accomplishing this is through application of mechanical pressure. This can be
done, for example, by pressing a nip roll that supports the imprinting fabric against
10  the face of a drying drum, such as a Yankee dryer, wherein the web is disposed
between the nip roll and drying drum. Also, preferably, the web is molded against
the imprinting fabric prior to completion of drying by apphcatlon of fluid pressure
with a vacuum device such as a suction box; or with a blow-through dryer. Fluid
pressure can be applied to induce impression of densified zones during initial
15  dewatering, in a separate, subsequent process stage, or a combination thereof,
: Uncompacted, nonpattem-densified tissue paper structures are described in
U.S. Patent No. 3,812,000 (Salvucci et al), issued May 21, 1974 and U.S. Patent
No. 4,208,459 (Becker et al), issued June 17, 1980, both of which are incorporated
by reference. In general, uncompacted, nonpattern-densified tissue paper
20  structures are prepared by depositing a papermaking 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 about 80%, and creping the web. Water is removed
ﬁ’ommewebbyvawumdewatenngandﬂmmaldmng. The resulting structure is
25  asoft but weak, high bulk sheet of relatively uncompacted fibers. Bonding material
is preferably applied to portions of the web prior to creping.
Compacted non-pattern-densified tissue structures are commonly known in
the art as conventional tissue structures. In general, compacted, non-pattern-
* densified tissue paper structures are prepared by depositing a papermaking furnish
30  on aforaminous wire such as a Fourdrinier wire to form a wet web, draining the
‘web and removing additional water with the aid of a uniform mechanical
.compaction (pressing) until the web has a consistency of 25-50%, transferring the

This is the replacement sheet

Date: 1!. 7 MAR’ 1997



particularly wettability, are substantially affected In the "wet web" and
"dry web" nethods, the softener system can be 20 applied to the surface
ofthe. tissue paper web in a uniformor nonm form manner. By "nonuniforn is
meant that the anmount, pattern of distution, etc. of the softener can vary
over the surface ofthe paper. For exanple, sone portions of the surface
ofthe tissue paper web can have greater or |esser anounts of softener.

i ncludi ng portions of the surface that do not have any softener on it. 25
Nonuni formty ofthe softener on the tissue paper web is due, in |arge part,
to the manner in which the softene?osysten1is applied to the surface

t hereof. For exanple, in preferred treatnent nethods where agueous

di spersi ons orwgp{wilﬂﬁﬁdqb&g&hsgfatm@ew&@ﬂhggﬁ@mqy an’g,}%ﬁﬂ.%é)ftener

is applied as a regylkar,, or ically irregular,”, pattern of softener

droplets on th'(?"&"t‘fg‘kJ @tb?wfﬁﬁgf’il%ﬂg%&éﬁ Sst 'fmmlwmm%rm

appl i cati on of resulfibgstascture isxtrongland geneeallytof simngularidensiog, tban vérg lova ivisilis

effects on the sor bency, of the tissue paper, and in
ab%BFbﬁgﬁii |?9 n

particular its wett “as well as reducing the level of softener
required t8 provi delhs papefmaking fibers utilized for the present invention will normally

include fibers derived from wood pulp. Other cellulosic fibrous pulp fibers, such as
cotton linters, bagasse, etc., can be utilized and are intended to be within the scope
of this invention. Synthetic fibers, such as rayon, polyethylene and polypropylene
fibers, can also be utilized in combination with natural cellulosic fibers. One
10 - exemplary polyethylene fiber that can be utilized is Pulpex®, available from
- Hercules, Inc. (Wilmington, Delaware).

Applicable wood pulps include chemical pulps, such as Kraft, sulfite, and
sulfate pulps, as well as mechanical pulps including, for example, groundwood,
thermomechanical pulp and chemically modified thermomechanical pulp. Chemical

15 pulps, however, are preferred since they impart a superior tactile sense of softness
. to tissue sheets made therefrom. Pulps derived from both deciduous trees
(hereafter, also referred to as *hardwood") and coniferous trees (hereafter, also
referred to as "softwood") can be utilized. Also useful in the present invention are
. fibers derived from recycled paper, which can contain any or all of the above |
20  categories as well as other non-fibrous materials such as fillers and adhesives used
to facilitate the original papermaking. '

In addition to papermaking fibers, the papennaking furnish used to make
tissue paper structures can have other components or materials added thereto as
can be or later become known in the art. The types.of additives desirable will be

25  dependent upon the particular end use of the tissue sheet contemplated. For
example, in products such as toilet paper, paper towels, facial tissues and other
similar products, high wet strength is a desirable attribute. Thus, it is often
desirable to add to the papermaking furnish chemical substances known in the art
as "wet strength” resins.

30 A general dissertation on the types of wet strength resins utilized in the
paper art can be found in TAPPI monograph series No. 29, Wet Strength in Paper
and Paperboard, Technical Association of the Pulp and Paper Industry (New York,
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19 softening of the tissue paper. In the "dry web" nethod of addition, the
pol yhydroxy fatty acid am de softener system can be applied to the tissue
paper web at any point after it has been dried. For exanple, the softener
system can be applied to the tissue paper web 5 after it has been creped
froma Yankee dryer, but prior to calendering, i.e., before being passed
through cal ender rolls. Al though not usually preferred, the softener system
can also be applied to the tissue paper as it is being unwound froma
parent roll and prior to being wound!up on .a smaller, finished paper:

product roll. Preferably, the softener systemis applled to the paper web

found up on-t ho 5, Al sicl &kl “ﬁ.‘i-g‘?“?“‘ (RS have yenbraly Gostl cafibnt bS'pB?y. g

the aqueous di spRaragtesn P W‘@ﬂ'ﬁﬂ'?’ﬁ?@ “’b‘@F‘%?"&r‘Gﬁ?‘“‘F et rrengt

sof t ener syst enkavetbebmfound Yo be 8f partiulgrautility bSuifablecypesiof such rekias Elegur e, wet

tissue web 1 1s4canpd i (78. bATRNS. 3700 23" (Keimy, issued October 24, 1972, and U S.

: 5. Patent No. 3,772,076 (Keim), issued November 13, 1973, both of which are
incorporated by reference. One commercial source of a useful polyamide- .
epichlorohydrin resins is Hercules, Inc. of Wilmington, Delaware, which markets
such resins under the mark Kymeme®557H.

Polyacrylamide resins have also been found to be of utility as wet strength

10  resins. These resins are described in U.S. Patent Nos. 3,556,932 (Coscia et al),
issued January 19, 1971, and 3,556,933 (Williams et al), issued January 19, 1971,
both of which are incorporated herein by reference. One commercial source of
polyacrylamide resins is American Cyanamid Co. of Stamford, Connecticut, which
markets one such resin under the mark Parez® 631 NC. _

15 - Still other water-soluble cationic resins finding utility in this invention are
urea formaldehyde and melamine formaldehyde resins. The more common
functional groups of these polyfunctional résins are nitrogen containing groups
such as amino groups and methylol groups attached to nitrogen. Polyethylenimine
type resins can also find utility in the present invention. In addition, temporary wet

20  strength resins such as Caldas 10 (manufactured by Japan Carlit) and CoBond 1000
(manufactured by National Starch and Chemical Company) can be used in the
present invention. It is to be understood that the addition of chemical compounds
such as the wet strength and temporary wet strength resins discussed above to the
pulp furnish is optional and is not necessary for the practice of the present '

25 ° invention. | '

In addition to wet strength additives, it can also be desirable to include in
the papermaking fibers certain dry strength and lint control additives known in the
art. In this regard, starch binders have been found to be particularly suitable. In
addition to reducing linting of the finished tissue paper product, low levels of starch

30  binders also impart a modest improvement in the dry tensile strength without
imparting stiffness that could result from the addition of high levels of starch.
Typically the starch binder is included in an amount such that it is retained at a level
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past turning roll 2 and then transferred to a Yankee dryer 5 (rotating in
‘the 15 direction indicated by arrow 5a) by-the action of pressure roll 3
while inprinting fabric 14 travels past turning roll 16. The paper web is
adhesively secured to the cylindrical surface of dryer 5 by an adhesive
supplied fromspray applicator 4. Drying is conpleted by steam heating
dryer 5 and by hot air heated and circul ated through drying hood 6 by neans
not shown. The web is then dry creped from 20 dryer 5 by doctor blade 7,
after which it becones designated as dried creped paper sheet 15. Paper
sheet 15 then passes between a pair2 of ~cal ender rolls 10 and 11. An aqueous
di spersion or solution of softener systen1|s sprayed onto upper cal ender

Fespect i vol y. - oigiom gt e abhih Ave,reteiapha o oBBRY. CFR e P Bpuiabmec: 15
Is to be tr eateﬁihmntshepaﬁdrener The aqueous di sper si on or solution of
softener is appli edl g‘y% ﬁai n&er&?orttfi@ ék'érft gper cal ender
roll 10 and/or I ower er a ern ets. These .
- droplets cont Peas 'QM%W@N&G“@WW&W%P@MH
roll 10 ang/ orluhmwmﬁé m&ablé slatchbindefs; fphdsemgtive stanch niiterialitindhide
com starch and potato starch, with waxy com starch known industrially as amioca
‘starch being particularly preferred. Amioca starch differs from common com
starch in that it is entirely amylopectin, whereas common corn starch contains both
amylopectin and amylose. Various unique characteristics of amioca starch are

10 further described in "Amioca - The Starch From Waxy Com", H. H. Schopmeyer,

Food Industries, December 1945, pp. 106-108 (Vol. pp. 1476-1478).
~ The starch binder can be in granular or dispersed form, the granular form
being especially preferred. The starch binder is preferably sufficiently cooked to
induce swelling of the granules. More preferably, the starch granules are swollen,

15  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

20  slurry of about 4% consistency of starch granules at about 190°F (about 88°C) for
between about 30 and about 40 minutes. Other exemplary starch binders that can
be used include modified cationic starches such as those modified to have nitrogen

~ containing groups, including amino groups and methylol groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater,

25  New Jersey), that have previously been used as pulp furnish additives to increase
wet and/or dry strength.

-B.  Polyhydroxy Fatty Acid Amide Softener Systems
Suitable polyhydroxy fatty acid amide softener systems for use in the
30  present invention are biodegradable. As used herein, the term "biodegradability”
refers to the complete breakdown of a substance by microorganisms to carbon
dioxide, water, biomass, and inorganic materials. The biodegradation potential can
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30 . indicated by arrows 10a and 11a) to the upper and/or |ower surface of
"paper sheet 15. In the case of pattern-densified papers, the upper surface
of paper sheet 15 usually corresponds to the rougher, fabric side of the
paper, while the |ower surface 20 corresponds to the snoother, wire side
of the paper. The upper calender roll 10 and/or |ower calender roll 11
applies this pattern of softener droplets to the upper and/or |ower surface
of paper sheet 15. Softener-treated paper sheet 15 then passes over a
circunferential portion of reel 12, and is then wound up onto parent rol

13. 5 One particul ar advami age of the enbodi ment shown in the
Figure is the ability to heat upper calender roll 10 and/or | ower cal ender

roll 11. By heating calender rolls .10 and/ or of the water in the
aqueous di sper e estimatedcby) measuring farbom qiox M@u@w@rﬁ's sgtyed rgagic,razheg t he

pattern of drofnfival feor aanetium containingehé subsratcecbeingested as tHeasoleahitoner
system As a r%tetgyasoﬂ%tahﬁ H'dﬁ&i&ﬁa@&kﬁ%&eﬁﬁm obtained from the supernatant of
homogenized activated sludge. See Larson, “Estimation of Biodegradation
5 Potential of Xenobiotic Organic Chemicals,” Applied and Environmental
Microbiology, Volume 38 (1979), pages 1153-61, which describes a suitable
method for estimating biodegradability. Using this method, a substance is said to be
readily biodegradable if it has greater than 70% carbon dioxide evolution and
 greater than 90% dissolved organic carbon removal within 28 days. The softener
10  systems used in the present invention meet such biodegradability criteria.
Suitable polyhydroxy fatty acid amides for use in the softener systems of the
present invention have the formula: ‘

'
RR—C—N—2

15

wherein R1 is H, C}-Cg hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl,
methoxyethyl, methoxypropyl or a mixture thereof, preferably C1-C4 alkyl,
methoxyethyl or methoxypropyl, more preferably C1 or C3 alkyl or

20  methoxypropyl , most preferably C; alkyl (i.e., methyl) or methoxypropyl; and

" R2isa Cs-C31 hydrocarbyl group, preferably straight chain C7-Cp alkyl or

alkenyl, more preferably straight chain Cg-Cj7 alkyl or alkenyl, most preferably
straight chain Cj1-C17 alkyl or alkenyl, or mixture thereof, and Z is a
polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain with at least 3

25 hydroxyls directly connected to the chain. See U.S. patent 5,174, 927 (Honsa),
issued December 29, 1992 (herein incorporated by reference) which discloses
these polyhydroxy fatty acid amides, as well as their preparation.

The Z moiety preferably will be derived from a reducing sugarina

reductive amination reaction; most preferably glycityl. Suitable reducing sugars

30  include glucose, fructose, maltose, lactose, galactose, mannose, and xylose. High
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10 anount of the softener is applied to the surface(s) of the tissue
paper, but tends not to mgrate to the interior of the paper web because of
t he reduced anmobunt of water. Alternatively, the softener system can be
applied to sheet 15 after it passes calender rolls 10 and 11. In this
alternative enbodi ment, the softener can be sprayed onto sheet 15 as an
aqueous dispersion or as a nelt, e.g., by hot nelt 15 sprayi ng. As

~ previously noted, the softener systemcan include materials, such as an

et hoxyl ated fatty alcohol, to | ower-the nelting point of the mxture to
facilitate hot nelt spraying. D. Soi4 ened Tissue Paper 20 ' Ti ssue
paper softened according to the present invention, especially facial and

toilet tissue, has a soft anﬁgve vet-|i ke feel aga‘t o .the softener applied
to one or bot h YKAFPSREAM Syruphish Tugpse epm syrup,rand bigh malipse com\syup cer be by

subj ecti ve t estutilized,lastwelllas tierindividaal sagars listedabove. These sofmayrips CarpyieldUni t s
LU M i e
anal yzed by a stati sThe&hamoigty B from the Srpup Fensistingief ysi s. | n
this methods paCHg-(CHOHYRCHSOH, ecn(cmioummonﬁ,dl JRCH50#1) -CHy0H-CH,-
(CHOH),(CHOR3)(CHOH)-CH,0H, where n is an integer from 3 to 5, and R3 is
H or a cyclic or aliphatic monosaccharide. Most preferred are the glycityls where n
. is 4, particularly -CHy-(CHOH)4-CHOH.
In the above formula, R! can be, for example, N-methyl, N-ethyl, N-propyl,
10  N-isopropyl, N-butyl, N-2-hydroxyethyl, N-methoxypropyl or N-2-hydroxypropyl.
R2 can be selected to provide, for examj:le,’ stearamides, oleamides, lauramides,
myristamides, capricamides, palmitamides, as well amides from mixed fatty acid
sources, such as those derived, for example, from cocomuit oil (cocamides), tallow
(tallowamides), palm kemnel oil, palm oil, sunflower oil, high oleic sunflower oil,
15 high erucic rapeseed oil, low erucic acid rapeseed oil (i.e. canola oil). The Z
moiety can be 1-deoxyglucityl, 2-deoxyfructityl, 1-deoxymaltityl, 1-deoxylactityl,
1-deoxygalactityl, 1-deoxymannityl, 1-deoxyinaltotriotityl, etc. '
The most preferred polyhydroxy fatty acid amides have the general formula:

Rt |
—N—CHz=-CH--CH,—OH
oL, |

wherein R! is methyl or methoxypropyl; R2 is a C11-Cy7 straight-chain alkyl or
alkenyl group. These include N-lauryl-N-methyl glucamide, N-lauryl-N-
methoxypropyl glucamide, N-cocoyl-N-methyl glucamide, N-cocoyl-N-

25  methoxypropyl glucamide, N-palmityl-N-methoxypropyl glucamide, N-palmityl-N-
methyl glucamide, N-oleoyl-N-methyl glucamide, N-oleoyl-N-methoxypropyl
glucamide, N-tallowyl-N-methyl glucamide, or N-tallowyl-N-methoxypropyl
glucamide. The glucamides where R2 is palmityl, oleoyl or tallowy! are particularly
preferred for softener systems that are used in "wet end” addition methods.

20
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_Then, the pairs of sanples are judged one pair at a time by each judge: one
sanpl e of each pair being designated X and the other Y. Briefly, each X

sanple is graded against its paired Y sanple as follows: 30 1. a
grade of zero is given if X and Y are judged to be equally soft. 2. a
grade of plus one is given if X is judged to maybe be a little softer than
Y, and a grade of minus one is given if Y is judged to maybe be a 21

little softer than X; 3 a grade ¢f plus two is given if X is judged to

surely be a little softer than Y, and a grade of m nus two is given if Yis
judged to surely be a little softer than X; 5 a grade of plus
three is given to xBq:s:desthequlwgmtfenmm@am&eswﬁsw sysiems wsedamthea gr ade

of nminus three jRseht ientidn clniadditibAdgEohiprid€ohet &dmpodkate! These other
components are typically included to modify the melting properties of the
polyhydroxy fatty acid amide. For example, the shorter alkyl chain length
5 polyhydroxy fatty acid amides (e.g., where R2 is a lauryl or cocoyl group), such
as N-lauryl-N-methoxypropyl glucamide or N-cocoyl-N-methoxypropyl
glucamide, can have relatively high melting points. For polyhydroxy fatty acid
amides like these, it is usually desirable to include one or more components that
aid in lowering melting point of the softener system. :
10 Suitable additives for lowering the melting point of the softener system
include condensation products of aliphatic alcohols with from about 1 to about
25 moles of ethylene oxide. The alky! chain of the aliphatic alcohol is typically in
a straight chain (linear) configuration and contains from about 8 to about 22
carbon atoms. Particularly preferred are the condensation products of alcohols
15 having an alkyl group containing from about 11 to about 15 carbon atoms with
from about 3 to about 15 moles, preferably from about 3 to about 8 moles, of
ethylene oxide per mole of alcohol. Examples of such ethoxylated alcohols
include the condensation products of myristyl alcohol with 7 moles of ethylene
oxide per mole of alcohol, the condensation products of coconut alcohol (a
20 mixture of fatty alcohols having alkyl chains varying in length from 10 to0 14
carbon atoms) with about 5 moles of ethylene oxide. A number of suitable
ethoxylated alcohols are commercially available, including TERGITOL 15-S-9
(the condensation product of C11-Cy5 linear alcohols with 9 moles of ethylene
oxide), marketed by Union Carbide Corporation; KYRO EOB (condensation
.25 product of Cy3-Cj 5 linear alcohols with 9 moles of ethylene oxide), marketed by
The Procter & Gamble Co., and especially the NEODOL brand name surfactants
marketed by Shell Chemical Co., in particular NEODOL 25-12 (condensation
product of C12.C} 5 linear alcohols with 12 moles of ethylene oxide), NEODOL
23-6.5T (condensation product of Cy2-C 1 3 linear alcohols with 6.5 moles of
30 ethylene oxide that has been distilled (topped) to remove certain impurities), and
NEODOL 25-12 (condensation product of C12-C 5 linear alcohols with 12
moles of ethylene oxide). '
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than X; and lastly, 5. a grade of plus four is given to Xif it is judged
to be a whole lot softer than Y, and a grade of minus 4 is given if Yis _
judged to be a whole |ot 10 softer than X. The resulting data
fromall judges and all sanple pairs are then pair-averaged and rank
ordered according to their grades. Then, the rank is shifted up or down in
value as required to give a zero PSU val ue to whichever sanple is chosen to
be the zero-base standard. The ot her sanples then have plus or m nus val ues

as 15 determ ned by their rel ativq grades with respect to the zero base
standard. A difference of about 0.2 ?f’SU usually represents a significance

difference in subjectively perceived sof tness. Relative to the unsoftened
ti ssue paper, tissueApparticulady preferredasofieneti sygteho farhasepinethe niresenty @WentRA

LDt o e pPitbatles, £ hbere FePRUB N ARhO OB, Hocamics, or NABoIREL Lo

achi eved whi | e oethoxypropylr glucamide candi an; ethoxylated (€ pisGes dmp@rr algehol.rsticht @i ned,

such as by conpPNEGIHOLRSIEE Nartese preférfedcsofienét éySteths domprise &f weighOlatio of

- 5  glucamides to ethoxylated alcohol in the range of from about 1:1 to about 10:1.
Preferably, these softener systems comprise a weight ratio of glucamides to
ethoxylated alcohol in the range of from about 3:1 to about 6:1.

C. . Treating Tissue Pa ith Softener System
10 ‘The paper web can be treated with the polyhydroxy fatty acid amide
softener system at a number of different points in the paper making process. One
point is during initial formation of the paper web as the paper making fibers are
deposited as a furnish. This method is typically referred to as a "wet end" addition
. method. "Wet end” addition typically involves incorporating the polyhydroxy fatty
_ 15 acid amide softener system in the aqueous slurry of papermaking fibers before they
are deposited as a furnish on the forming wire and then processed into tissue paper
as described previously.
The longer alkyl or alkenyl chain length polyhydroxy fatty acid amides (e.g.,
where R2 is a C5-C}7 alkyl or alkenyl group) are sufficiently substantive to the
20  paper fibers during "wet addition® so as to adhere to fibers and thus provide the
) desired softening benefit. Indeed, the ability to treat the paper web with these
polyhydroxy fatty acid amide softener systems by "wet end" addition methods
 provides advantages, even relative to "wet web* and "dry web” methods ot
addition."Wet end" addition of these polyhydroxy fatty acid amide softeners
25 generates dry tensile strength in the tissue web and results in less tensile strength
loss compared to prior "wet end" addition softeners. "Wet end" addition also
provides a different type of softness, especially compared to “dry web” addition.
"Dry web” addition provides surface lubricity. By comparison, "wet end" addition
provides sheet flexibility due to debonding.
30 Another point at which the pﬁpcr web can be treated with the polyhydroxy
fatty acid amide softener systems is after the papermaking fibers are deposited onto
the forming wire but prior to drying the treated web completely. This is typically
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and/or the use of chem cal additives (e.g., starch binders). One such
property is the total dry tensile strength of the tissue paper. As used
herein, "total tensile strength" 25 refers to the sum of the machi ne and
cross-nachi ne breaking strengths in grans per inch of the sanple width.

Ti ssue papers softened according to the present invention typically have
total dry tensile strengths of at |east about 360 g.in, with typical ranges
of from about 360 to about 450 g/in. for single-ply facial/toilet tissues,
from about 400 to about 500 g/in. for two-ply facial/toilet tissues, and
from 30 about 1000 to 1800 g/in. for towel products. Another property
that is inportant for tissue paper softened according to the present
invention is its absorbency or wettability, as reflected by its 22

hydr ophi |'i ci t yreferhedrtopia wet web"ahethods of eidititne Theqapérsweb anGisoedteatddo t he
P er A sHad Bedh ERRkrely b Mbstihibif cothibhelitiitl: TREYRBAHy ' ' 1Y Of
referred to as a "dry web" method of addition. In the "dry web" method the tissue
paper usually has a moisture content of about 10% or less, preferably about 6% or
5  less, most preferably about 3% or less, prior to treatment with the polyhydroxy
fatty acid amide softener. In commercial papermaking systems, treatment with the
polyhydroxy fatty acid amide softener by a "dry web" method usually occurs after
the tissue paper web has been dried by, and then creped from, a Yankee dryer.
In "wet web" and dry web" methods according to the present invention, at
10  least one surface of the dry tissue paper web is treated with the polyhydroxy fatty
acid amide softener system. Any method suitable for applying additives to the
surfaces of paper webs can be used. Suitable methods include spraying, printing
(e.g., flexographic printing), coating (e.g., gravure coating), or combinations of
application techniques, e.g. spraying the softener system on a rotating surface, such
15 asa calender roll, that then transfers the softener to the surface of the paper web.
The softener system-can be applied either to one surface of the dried tissue paper
web, or both surfaces. For example, in the case of pattern densified tissue papers,
the softener system can be applied to the rougher, fabric side, the smoother, wire
side, or both sides of the tissue paper web. Surprisingly, even when the
20 polyhydroxy fatty acid amide softener system is applied only to the smoother, wire
side of the tissue paper web, the treated paper is still perceived as soft.
' In “wet end,""wet web," or “dry web" methods of addition, the
polyhydroxy fatty acid amide softener system is applied in an amount of from about
0.1 to about 3% by weight of the tissue paper web. Preferably, the softener system
25 isapplied in an amount of from about 0.1 to about 0.8% by weight of the tissue
paper web. The polyhydroxy fatty acid amide softener system can be applied as an
aqueous dispersion or solution. For example, in the case of "wet end" addition, the
polyhydroxy fatty acid amide softener system is typically added as an aqueous
solution to the slurry just prior to the slurry being deposited on the forming wire as
30  a furnish; this aqueous solution could also be added directly to the repulper or
stock chest. These aqueous systems typically comprise just water and the
polyhydroxy fatty acid amide softener, but can include other optional components.
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quantified somewhat by determ ning the period of tine required for dry

ti ssue paper to becone conpletely wetted with water. This period of tinme is
referred to 5 as the "wetting" (or "sinking") tine. In order to provide a
consi stent and repeatable test for wetting tine, the follow ng procedure
can be used for wetting tinme determ nations: first, a paper sanple (the
environnental conditions for testing of paper sanples are 23 [err] 1[err]C
and 50 2% RH. as specified in TAPPI Method T 402), approximtely 2.5
inches x 3.0 inches (about 6.4 cmx 7.6 cm is cut froman 10 8 sheet

thi ck stack of conditioned paper shgets; second, the cut 8 sheet thick
paper sanple is placed on the surface of 2500 ml. of distilled water at 23
1l[err]C and a tinmer is sinmultaneously started as the bottom sheet of the
sanpl e t ouches Ropexartyié,ra mixkire of 5vdN-cocoyd, Nimethyl glusentideniPorsochitanhen wet ti ng

beconss. conpl crbpioEaRrS A8 D3YE fodidm %&fm“? s %éE"‘*ﬁ‘s Rk AT
preferred hydr dbmqanbngsﬂmpumps%méo i °d@f§€f 5 "wiessad| 'ﬁ“?ﬂ ended end use.
I't is desirable f Or ThifSnifatidgRach auedus sysﬁnu,auhe bl yaro@ahwa"alaaﬁae is€. g.,
Lol | et PaDeL. e SRloF bikotvelh vhd ke i dtbBlk st Wik hofines EF 1°
' effective amount” of the polyhydroxy fatty acid amide in the aqueous system
depends upon a number of factors, including the type of softener used, the
softening effects desired, the manner of application and lxke factors. Basically, the
polyhydroxy fatty acid amide needs to be present in amount‘sufficient to provide

10 effective softening without adversely affecting the ability to apply the polyhydroxy
fatty acid amide softener from the aqueous system to the tissue paper web. For
example, relatively high concentrations of polyhydroxy fatty acid amide softener
can make the dxspersxonlsolutxon so. viscous as to be difficult, or impossible, to
apply the ‘to the tissue paper web by conventional spray, pnntmg or coating

15  equipment. Such relatively low levels of polyhydroxy fatty acid amide softener are
adequate to impart-enhanced softness to the tissue paper, yet do not coat the:
surface of the tissue paper web to such an extent that strength, absorbency, and
particularly wettability, are substarmal!y affected

" In the "wet web" and "dry web" methods, the softener systemcanbe

20  applied to the surface of the tissue paper web in a uniform or nonuniform manner.

By "nonuniform"” is meant that the amount, pattemofdtstribunon. etc. of the
softener can vary over the surface of the paper. For example, some portions of the -
‘surface of the tissue paper web can have greater or lesser amounts of softener,
including portions of the surface that do not have any softener onit.

25  Nonuniformity of the softener on the tissue paper wéb is due, in large part, to the
manner in which the softener system is applied to the surface thereof. For example,
in preferred treatment methods where aqueous dispersions or solutioris of the
softener system are sprayed, the softener is applied as a regular, or typically

_ irregular, pattern of softener droplets on the surface of the tissue paper web. This

30  nonuniform application of softener is also believed to avoid substantial adverse
effects on the strength and absorbency of the tissue paper, and in particular its
wettability, as well as reducing the level of softener required to provide effective
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once the toilet is flushed. Preferably, wetting tinme is 2 mnutes or |ess.
More 20 preferably, wetting tinme is 30 seconds or |ess. Mst preferably,
wetting time is 10 seconds or less. The hydrophilicity of tissue paper can,
of course, be determ ned i medi ately after nmanufacture. However,
substantial increases in hydrophobicity can occur during the first two
weeks after the tissue paper is nmade: i.e. after the 25 ‘“paper has aged
two (2) weeks following its manufacture. Thus, 'the above stated wetting
times are preferably neasured at the end of such two week peri od.
Accordingly, wetting tinmes neasured, at the end of a two week agi ng period
at roomtenperature are referred t0 as "two week wetting tines." Tissue
papers softened according to the present invention should also 30
desirably havesofiehing iof tHeltiskwd/papent properties. As used herein, "lint"

LypLoally fefers gyl g GaRRl ribhiohot by By i e 0
usual | y an i ndsofignércystem can be applied to the tissue paper web at any point after it has been
dried. For example, the softener system can be applied to the tissue paper web
5 afterit has been creped from a Yankee dryer, but prior to calendering, i.e., before
being passed through calender rolls. Aithough not usually preferred, the softener
~ system can also be applied to the tissue paper as it is being unwound from a parent
roll and prior to being wound up on a smaller, finished paper product roll.
Preferably, the softener system is applied to the paper web after it has passed
10 through such calender rolis and prior to being wound up on the parent roll.
The Figure illustrates one method of applying the aqueous dispersions or
solutions of polyhydroxy fatty acid amide softener systems to the dry tissue paper
web. Referring to .the Figure, wet tissue web 1 is carried on imprinting fabric 14
past turning roll 2 and then transferred to a Yankee dryer 5 (rotating in the
15  direction indicated by arrow Sa) by the action of pressure roll 3 while imprinting
~ fabric 14 travels past turning roll 16. The paper web is adhesively secured to the
cylindrical surface of dryer 5 by an adhesive supplied from spray applicator 4.
Drying is completed by steam heating dryer 5 and by hot air heated and circulated
through drying hood 6 by means not shown. The web is then dry creped from
20  dryer 5 by doctor blade 7, after which it becomes designated as.dried creped paper
sheet 15.
Paper sheet 15 then passes between a pair of calender rolls 10 and 11. An
‘aqueous dispersion or solution of softener system is sprayed onto upper calender
roll 10 and/or lower calender roll 11 by spray applicators 8 and 9, respectively,
25  depending on whether one or both sides of paper sheet 15 is to be treated with
softener. The aqueous dispersion or solution of softener is applied by sprayers 8
and 9 to the surface of upper calender roll 10 and/or lower calender roll 11 as a
“pattern of droplets. These droplets containing the softener are then transferred by
upper calender roll 10 and/or lower calender roll 11, (rotating in the direction
30 indicated by arrows 10a and 11a) to the upper and/or lower surface of paper sheet
15. In the case of pattern-densified papers, the upper surface of paper sheet 15
usually corresponds to the rougher, fabric side of the paper, while the lower surface
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23 anount of debonding of the paper fibers, as well as other factors such
as fiber length, headbox |ayering, etc. In order to reduce lint formation,
. tissue paper softened according to the present invention typically requires
the addition of starch binders to the papernmeking fibers, as previously
described in part A of this 5 application. As previously -noted, the
present invention is particularly useful in enhancing the softness of
pattern densified tissue papers, in particular those having pattern
designs. These pattern densified papers are typically characterized by a
relatively | ow density (grans/cc) awmd a relatively | ow basis wei ght
(g/cnferr]). Pattern dénsified 10 tissue papers according to the present

i nvention typically h den5| of, ab or | ess basi s
wei ght bet ween mo a"ﬁ SPPet Z’eu’fﬂ"’aﬁ ﬁ{e D UppEr g gffl wll lonese

pattern densifi a?d/qraaaetscdtmder solldENapgligs dﬁs pttmm oﬁs&ﬁgiecdrqxlet& &s the(upp
b “about 40 o/ rialoroR uttablolable ARE @“%“ﬁ@ﬁg‘*%‘i?’%"ﬁ%‘itf@@*‘%aa“ﬁ%? "
5, 059, 282 over a circumferential portion of reel 12, and is then wound up onto parent roll 13.
5 One particular advantage of the embodiment shown in the Figure is the
ability to heat upper calender roll 10 and/or lower calender roll 11. By heating
calender rolls 10 and/or 11, some of the water in the aqueous dispersion or solution
of softener is evaporated. This means the pattern of droplets contain more
concentrated amounts of the softener system. As a result, a particularly effective
10  amount of the softener is applied to the surface(s) of the tissue paper, but tends not
to migrate to the interior of the paper web because of the reduced amount of water.
' Alternatively, the softener system can be applied to sheet 15 after it passes
calender rolls 10 and 11. In this alternative embodiment, the softener can be
sprayed onto sheet 15 as an aqueous dispersion or as a melt, e.g., by hot meit
15 spraying As previously noted, the softener system can include materials, such as
an ethoxylated fatty alcohol, to lower the melting pomt of the mixture to facilitate
hot melt spraying.

D. Softened Tissue Paper
20 Tissue paper softened according to the present invention, especially facial
and toilet tissue, has a soft and velvet-like feel due to the softener applied to one or
both surfaces of the paper. This softness can be evaluated by subjective testing that
| obtamswhat are referred to as Panel Score Units (PSU) where a number of
. practiced softness judges are asked to rate the relative softness of a plurality of
25  paired samples. The data are analyzed by a statistical method known as a paired
‘comparison analysis. In this method, pairs of samples are first identified as such.
Then, the pairs of samples are judged one pair at a time by each judge: one sample
of each pair being dasignat‘ed X and the other Y. Briefly, each X sample is graded
against its paired Y sample as follows:
30 L. agradeofzeronsgwemeandYare]udgedtobeequallysoﬁ
2.  agrade of plus one is given if X is judged to maybe be a little softer
than Y, and a grade of minus one is given if Y is judged to maybe be a
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15 (Anpul ski et al), issued Cctober. 22, 1991, which describes how the
"density of paper is neasured. Specific Illustrations of the Preparation of
Sof f ened Ti ssue Paper According to the Present |Invention 20 The
follow ng are specific illustrations of the softening of tissue paper in
accordance with the present invention: A Preparation of Aqueous

Di spersion of .Softener System 25 . An aqueous di spersion of a

gl ucam de softener systemis prepared by m xi ng 50 gm of N-cocoyl,

. N-nmethyl, glucam de with 50 gm of sorbitan nonostearate and 5 gn1sod|um

sul fate and diluting to 1000 gmwitRidistilled water. The nixture is heated
to about 180 F (82[err]C) until the materials are dispersed into solution

and then allowed to cooll@o rooght erature. 30 B. . Treating Tissue Paper
wi th Aqueous Di spersion $f¢¥ System A pil ot scale Fourdrinier
paper maki ng machi ne3i s asgrade qhﬂummqusmehéfsxis judged to surely be a little softer

than Y, and a grade of minus two is given if Y is judged to surely be a
_ little softer than X;

5 4.  agrade 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 lot softer
than X; and lastly, _

5.  agrade of plus four is given to X if it is judged to be a whole lot softer
than Y, and a grade of minus 4 s given if Y is judged to be a whole lot

10 softer than X.

The resulting data from all judges and all sample pairs are then pair-averaged and
rank ordered according to their grades. Then, the rank is shifted up or down in
value as required to give a zero PSU value to whichever sample is chosen to be the
zero-base standard. The other samples then have plus or minus values as '

15  determined by their relative grades with respect to the zero base standard. A
difference of about 0.2 PSU usually represents a significance difference in
subjectively perceived softness. Relative to the unsoftened tissue paper, tissue
paper softened according to the present invention typlcally is about 0.5 PSU or

greater in softness.

20 An important aspect of the present invention is that this softness
enhancement can be achieved while other desired properties in the tissue paper are
maintained, such as by compensating mechanical processing (e.g. pulp refining).
and/or the use of chemical additives (e.g., starch binders). One such property is the
total dry tensile strength of the tissue paper. As used herein, “total tensile strength”

25  refers to the sum of the machine and cross-machine breaking strengths in grams per
inch of the sample width. Tissue papers softened according to the present
invertition typically have total dry tensile strengths of at least about 360 g/in., with
typical ranges of from about 360 to about 450 g/in. for single-ply facial/toilet
tissues, from about 400 to about 500 g/in. for two-ply facial/toilet tissues, and from

30  about 1000 to 1800 gfin. for towel products.

Another property that is important for tissue paper softened according to
the present invention is its absorbency or wettability, as reflected by its
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24 a | ayered headbox wth a top chanber, a center chanber, and a bottom
chanber. A first fibrous slurry conprised primarily of short papermaking
fi bers (Eucal yptus Hardwood Kraft) is punped through the top and bottom
headbox .chanbers. Sinultaneously, a second fibrous slurry conprised
primarily of | ong papermaking 5 fibers (Northern Softwood Kraft) is
punped t hrough the center headbox chanber and delivered in a superposed
relationship onto the Fourdrinier wire to forma 3- |ayer enbryonic web.
The first slurry has a fiber consisisency of about 0.11% while the second
~slurry has a fiber consistency of about 0.15% The enbryonic web is

dewat ered t hrough the Fourdrinier wire (5-shed, satin weave 10

confi guration heydrophiliity mHydfophilidity eftissenpapedref@s.an gseeralptecthe peopansiyefi on
T et oo D88 b ap OB S b hs RGBS G QAR pupE T B
Fourdrini er wi reuantifigd somewhat by determining tlie period of time required for dry tissue
paper to become completely wetted with water. This period of time is referred to
s asthe "wetting" (or “sinking") time. In order to provide a consistent and
repeatable test for wetting time, the following procedure can be used for wetting
time determinations: first, a paper sample (the environmental conditions for testing
of paper samples are 23 + 1°C and 50 + 2% RH. as specified in TAPPI Method T
402), approximately 2.5 inches x 3.0 inches (about 6.4 cm x 7.6 cm) is cut from an
10 8 sheet thick stack of conditioned paper sheets; second, the cut 8 sheet thick paper
sample is placed on the surface of 2500 ml. of distilled water at 23 £ 1°C and a
timer is simultaneously started as the bottom sheet of the sample touches the water;
third, the timer is stopped and read when wetting of the paper sample is completed,
i.c. when the top sheet of the sample becomes completely wetted. Complete
15  wetting is observed visually. _

The preferred hydrophilicity of tissue paper depends upon its intended end
use. It is desirable for tissue paper used in a variety of applications, e.g., toilet
paper, to completely wet in a relatively short period of time to prevent clogging
once the toilet is flushed. Preferably, wetting time is 2 minutes or less. More

20  preferably, wetting time is 30 seconds or less. Most preferably, wetting time is 10
seconds or less. _

The hydrophilicity of tissue paper can, of course, be determined
immediately after manufacture. However, substantial increases in hydrophobicity

. can occur during the first two weeks after the tissue paper is made: i.c. after the
25  paper has aged two (2) weeks following its manufacture. Thus, the above stated
wetting times are preferably measured at the end of such two week period.
Accordingly, wetting times measured at the end of a two week aging period at
room temperature are referred to as "two week wetting times."

Tissue papers softened according to the present invention should also

30 desirably have relatively low lint properties. As used herein, "lint" typically refers
to dust-like paper particles that are either unadhered, or loosely adhered, to the
surface of the paper. The generatic;h of lint is usually an indication of a certain
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carrier fabric simlar to that shown in Figure 10 of U. S Patent 4,637, 859,
" but 15 with an aesthetically pleasing macropattern of rose petals
superlnposed on the regular mcro-pattern of the carrier fabric. At the :
point of transfer to the carrier fabric, the web has a fiber consistency of
about 22% The wet web is noved by the carrier fabric past a vacuum

dewat eri ng box, through bl owthrough predryers, and then transferred onto a
Yankee dryer. The web has a fiber 20 consi stency of about 27% after the
vacuum dewat eri ng box, and about 65% after the predryers and prior to

transfer onto the Yankee dryer. The web is adhered to the surface of the

Yankee dryer by a crepi dhe e | g&gfg i on of
pol yvinyl al coh#P© 'ﬂ'ﬁé’?d%'@ (qulé%e P%%Fﬁﬁeérgua?%e?eaggﬁi{% g%b:h éﬂ?g‘t Yankee
dryer is oper at letigtht headbéx laycmgaetcatlupédqaio eadyce lint f 13¥H@I PP ur f ace

speed of about n@EE@Jo?d:H fo tHe'Présent intentidh tﬁﬁbaﬂ? bedu&e§ fhéﬁldditteﬁed stafc@m t he
Yankee dryer vm a doctor Dl ade vin bev %4[err] and
positioned wth F‘Sgrﬁé%f %R?PFM 83 VWP@&“&?‘E%F&) &%é of about
83[err]. Prisor upplicatign.ng, the fiber consistency of the dr [ ed web is
Increased to an estl 'm%&%?? noted, the present invention is particularly useful in enhancing
' the softness of pattern densified tissue papers, in particular those having pattern
designs. These pattern densified papers are typically characterized by a relatively
low density (grams/cc) and a relatively low basis weight (g/cm2). Pattern densified
10 tissue papers according to the present invention typically have a density of about
0.60 g/cc or less, and a basis weight between about 10 g/m. and about 65 g/m2.
Preferably, these pattern densified papers have a density of about 0.3 g/cc or less
(most preferably between about 0.04 g/cc and about 0.2 g/cc), and a basis weight
of about 40 g/m2 or less. See Column 13, lines 61-67, of U.S. Patent 5,059,282
15  (Ampuiski et al), issued October 22, 1991, which describes how the density of
" paper is measured. '

Specific Illustrations of the Preparation of Softened Tissue
rdin Present Inv
20 The following are specific illustrations of the softening of tissue paper in
accordance with the present invention: :

| Example 1
- A.  Preparation of Aqueous Dispersion of Softener System
25 An aqueous dispersion of a glucamide softener system is prepared by
mixing 50 gm of N-cocoyl, N-methyl, glucamide with 50 gm of sorbitan
monostearate and 5 gm sodium sulfate and diluting to 1000 gm with distilled
water. The mixture is heated to about 180 F (82°C) until the materials are
dispersed into solution and then allowed to cool to room temperature.
30
B.  Treating Tissue Paper with Aqueous Dispersion of Softener System
A pilot scale Fourdrinier papermaking machine is used. The machine has
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30 The dried, creped web (noisture content of 1% is then passed
‘between a pair of calender rolls biased together at roll weight and
operated at surface speeds of 201 neters per mnute. The | ower, hard rubber
cal ender roll is sprayed 25 with the previously prepared agueous

di spersion of the softener systemby four 0.71 nmdianeter spray nozzles
aligned in a linear fashion with a spacing of about 10 cm bet ween nozzl es.
The volunetric flow rate of the aqueous dispersion of softener through pach
nozzle is about 0.37 liters per mnutte per 5 cross-direction neter. The
aqueous dispersion of the softener systemis sprayed onto this | ower

cal endar roll ag) %&aﬁﬁ&ge W Itﬁ]é%ﬂ &{aﬁbgp"itceﬁk?cﬂal?tﬂﬁr lah@ AbofbMm&HamBert N€

snoot her, wire si Crepe

58 di rect kP Ei%surg transfer. '
The retention ra‘eﬁfsbﬁbft°H§5|§B'¥1°EWEFs“GrPf¥'F?é‘ mﬁ rt\papermaking (EvGalyPtyshout
67% The result|Hnd\906dﬁraﬁ)nspmﬁpaalthmughtlieaspandbhoutanmmjsbkcbémwgut 30

grams/nierr]. a Simultaneously, a second fibrous slurry comprised primarily of long papermaking
5 fibers (Northen Softwood Kraft) is pumped through the center headbox chamber
and delivered in a superposed relationship onto the Fourdrinier wire to form a 3-
layer embryonic web. The first slurry has a fiber consistency of about 0.11%,
while the second slurry has a fiber consistency of about 0.15%. The embryonic
web is dewatered through the Fourdrinier wire (5-shed, satin weave
10  configuration having 84 machine-direction and 76 cross- machine-direction

monofilaments per inch, respectively), the dewatering being assisted by deflector
and vacuum boxes. _

The wet embryonic web is transferred from the Fourdrinier wire to a |
carrier fabric similar to that shown in Figure 10 of U.S. Patent 4,637,859, but

15  with an aesthetically pleasing macropattern of rose petals superimposed on the
regular micro-pattern of the carrier fabric. At the point of transfer to the carrier
fabric, the web has a fiber consistency of about 22%. The wet web is moved by
the carrier fabric past a vacuum dewatering box, through blow-through
predryers, and then transferred onto a Yankee dryer. The web has a fiber

20  consistency of about 27% after the vacuum dewatering box, and about 65% after
the predryers and prior to transfer onto the Yankee g_l_r'yer.

The web is adhered to the surface of the Yankee dryer by a creping
adhesive comprising a 0.25% aqueous solution of polyvinyl alcohol that is
applied to the surface of the dryer. The Yankee dryer is operated at a

25  temperature of about 177°C and a surface speed of about 244 meters per minute.
The dried web is then creped from the Yankee dryer with a doctor biade having a
bevel angle of about 24° and positioned with respect to the dryer to provide an
impact angle of about 83°. Prior to creping, the fiber consistency of the dried
web is increased to an estimated 99%. .

30 The dried, creped web (moisture content of 1%) is then passed between a
pair of calender rolls biased together at roll weight and operated at surface
speeds of 201 meters per minute. The lower, hard rubber calender roll is sprayed
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10 density of about 0.10 grans/cc, and about 0.6% softener (50% .

‘gl ucani de and 50% 0 sorbitan nonostearate) by wei ght of the dry paper.
Exanple 2 15 A Preparai on of Softener Melt A mxture of N-palmtyl,
N- nmet hoxypr opyl gl ucam de and Neodol [err] 25- 12 (an et hoxyl at ed
Clerr]-Cferr] branched al cohol surfactant nade by Shell Chenical Conpany)
in a weight ratio of 3to | is prepared by weighing the materials into a
contai ner and heating to about 150 F (66[err]C). 20 B. Treating Tissue
Paper with Softener Melt A softened tissue paper is made using the sane
paper neki ng machi ne and procedure in fsxanple 1. except that the softener
systemis applied to the dry web after passing through the cal ender rolls.
The softener nelt is contained within a 25 heated, air pressurized vessel

equi pped with twoviththg previguslysrepared-aqusoys dispessien afitha sefkener systest by foune
mel ted sof tener, gl ﬁ\xﬁdxﬁlﬁeﬁi §pray ﬁ@u[ds!h%\eﬂﬁﬁ ¥ hﬁéﬁ’r%dnhﬁtm spakingfoft he web.
The amount of s Ofarbon'}tefo gt%'veleﬁ nlg e volu %e?nc adw ate o?ﬁ%daqggous
dispersion of softener through each nozzle is about 0.37 liters per minute per
5  cross-direction meter. The aqueous dispersion of the softener system is sprayed
' onto this lower calendar roll as a pattern of droplets that are then transferred to
the smoother, wire side of the dried, creped web by direct pressure transfer. The
retention rate of the softener on the dried web is, in general, about 67%. The
resulting softened tissue paper has a basis weight of about 30 grams/m2, a
10 density of about 0.10 grams/cc, and about 0.6% softener (50% glucamide and
50% sorbitan monostearate) by weight of the dry paper.

Example 2

15 A € ion of Softener :
A mixture of N-palmityl, N-methoxypropyl glucamide and Neodol® 25-
12 (an ethoxylated C12-C13 branched alcohol surfactant made by Shell Chemical
Company) in a weight ratio of 3 to 1 is prepared by weighing the materials into a
‘container and heating to about 150 F (66°C).
20 _ '
B. i i elt
" A softened tissue paper is made using the same papermaking machine and
_procedure in Example 1, except that the softener system is applied to the dry web
after passing through the calender rolls. The softener melt is contained within a
25 heated, air pressurized vessel equipped with two spray nozzles. The nozzles are
adjusted to spray the melted softener, as a fine mist, fairly evenly across the width
of the web. The amount of softener added is between 0.1% and 0.8% based on
the dry weight of the paper. |
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the dry weight of the paper. 26 Exanple 3 A Preparati on of Softener
D spersi on An aqueous di spersion of glucam de softener is prepared by .

m xing 10 gm5 of Nepalmtyl, N-nethoxypropyl, glucamde with 990 gm of
distill'ed water. The mi xture is heated to about 180[err]F (82[err]Cuntil
the softener is dispersed into solution and then allowed to cool to room
tenperature. B. Wet End Addition of  Softener 10 The 1% di spersion
of glucam de softener is punped i nt o ®he portion of the pulp slurry that is
directed to the top and bottom chanbers of the | ayered headbox prior to the
form ng headbox through an in |ine m xergxaffpe Bqueous slurry of fibers
containing the glucam de softener is then deposited as a furnish

A Preparation of Softener Dispersion
An aqueous dispersion of glucamide softener is prepared by mixing 10 gm
s of Népalnlityl, N-methoxypropyl, glucamide with 990 gm of distilled water. - The
mixture is heated to about 180°F (82°C)until the softener is dispersed into
solution and then allowed to cool to room temperature.

B. Wet End Addition of Softener

10 The 1% dispersion of glucamide softener is pumped into the portion of
the pulp slurry that is directed to the top and bottom chambers of the layered
headbox prior to the forming headbox through an in line mixer. The aqueous
slurry of fibers containing the glucamide softener is then deposited as a furnish
onto a Fourdrinier wire and processed into a softened tissue paper using the

15  papermaking machine described in Example 1.

This is the replacement sheet

Dats: 1 7 MAR 1997



onto a Four nd processed into a softened tissue paper using

t he 15 nmachi ne described in Exanple 1. What is clained is:
27 1. m”m softenl ng a tissue paper web which conprises the
step of tre with fromabout 0.1 to about 3% by wei ght of a
sof tener system corrprl 5| ng &\ol yhydroxy fatty acid am de having the
formula: [err] V\/nereln Rerr] %8 H Cerr] -Cerr] hydrocarbyl,

2- hydroxyw droxypropyl met hoxyet hyl , met hoxypropyl or a mxture
t her eof ; tis ¥ err] C[err] hydr ocar byl group; and Zis a -
pol yhydroxyhydrocar byI noi ety having a |linear hydrocarbyl chain with at

| east 3 hygdr oxyAssﬁﬂé:{eﬂq{sL\ye ?@J&P%ﬁzﬁﬁ&eﬁ%d il Shdth lsflreaZed wnﬂhﬁn BN 8, Of

claim1l vvherent rom.a
preferably from 0.1 to 0.8%, of a so ener system compnsmg polyhydroxy fatty

acid amide having the formula:

g 5
-

wherein Rl is H, C]-Cg hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl,
methoxyethyl, methoxypropyl or a mixture thereof, R2 is a C5-C3; hydrocarbyl
.group; and Z is a. polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl
chain with at least 3 hydroxyls directly connected to the chain.

2. The paper of Claim 1 characterized in that it is a pattern densified tissue paper
having a basis weight between 10 g/m2 and 65 g/m2, preferably 40 g/m?2 or less,
and a density of 0. 6g/ccorless, preferably 0.3 g/cc or less.

3. The paper of any of Claims 1 to 2 characterized in that said soﬁenersystemis'
applied as a pattem of softener droplets to said at least one surface of the paper.

4.  The paper of any of Claims 1 to 3 characterized in that R is N-methyl, N-ethyl,
N-propyl, N-isopropyl, N-butyl, N-2-hydroxyethyl, N-methoxypropyl or N-2-
hydroxypropyl; R2 is straight chain Cj1-Cj7 alkyl or alkenyl, or mixture thereof;
and Z is glycityl. |

S.  The paper of any of Claims 1 to 4 characterized in that said polyhydroxy fatty
acid amide has the formula:

This Sheet Has Been R

| 2—@—31—%; ?: CH;—OH
T H _

wherein R1 is methyl or methoxypropy); R is a C1-Cy7 straight-chain alkyl or
alkenyl group, said polyhydroxy fatty acid amide preferably being selected from -
the group consisting of N-lauryl-N-methyl glucamide, N-lauryl-N-methoxypropyl
glucamide, N-cocoyl-N-methyl glucamide, = N-cocoyl-N-methoxypropyl
glucamide, N-palmityl-N-methyl glucamide, N-paimityl-N-methoxypropyl
glucamide, N-oleoyl-N-methyl glucamide, N-oleoyl-N-methoxypropyl glucamide,
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0.8% of the softener system 3. The process of claim1l wherein said
treatlifum,j" ﬂﬂmm ﬂﬂ applying the softener systemto at |east one
surfac paper web havi ng noi sture content of about 10% or
| ess. 4. The" priocdss of claim3 wherein the dry tissue paper web is a
pattern densified tissue paper having a noisture content of about 6% or

| ess, a basis wei ght between about 10 g/ n2 and about 65 g/n2 and a density
of about 0.6 g/cc or |ess. 5. The process of claim4 wherein the dry

ti ssue paper web has a basi s wei ght e‘?é) about 40 g/n2 or less and a density
of about 0.3 g/cc or |ess. 6. rocess of claim3 wherein the

sof tener syste m.taaoﬁple-mdhﬁS glucpnﬂt:.e NatalibwylNemetboxyhropyl eglucamide aantl at

| east one surfag I in aRhity1-N- IS
S rak ' et R o ar AR e o chg vy R ity
ucamxde alnutyl-N-methoxypropyl glucamide, N-oleoyl-N-methy]
glucamide, N-oleoyl-N-methoxypropyl glucamide, and mixtures thereof.

6. The paper of Claim S characterized in that said softener system further comprises
an ethoxylated alcohol having a straight alkyl chain of from about 8 to about 22
carbon atoms and from about 1 to about 25 moles of ethylene oxide, in a weight
ratio of polyhydoxy fatty acid amide to ethoxylated alcohol of from 1:1 to 10:1,
preferably from 3:1 to 6:1, said ethoxylated alcohol preferably having a straight
alkyl chain of from about 11 to about 15 carbon atoms and from about 3 to about
15 moles of ethylene oxide.

\
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N- but yl, N-2-hydroxyethyl, N-nethoxypropyl or N 2-hydroxypropyl; Rerr] is
“strai ght chain (Jerr]- C[err]al kyl or al kenyl, or mxture thereof; and Z is
glycityl. 8. The process of claim7 wherein the pol yhydroxy fatty acid
am de softener has the formula: [err] wherein Rerr] is methyl or

met hoxypropyl; Rerr] is a (JQerr] -(err] straight-chain alkyl or alkenyl
group. 9. The process of. claim8 wherein the pol yhydroxy fatty acid

am de softener is selected fromthe groupgconsisting of N-Iauryl-N nethyl
gl ucam de, N-lauryl-N nethoxypropyl glucam de, N-cocoyl-N-nethyl

gl ucam de, N-cocoyl - N- et hoxypr opyl g\liﬁmajé N- paI m tyl - N- et hyl

gl ucam de, N-pal mtyl-N nethox I ucam de,

ol eoyl - N- et hyl - gT:FJ%%Wd%APF@‘o’}g%'&/ @%@WO@ (FAITEYY ACID

N-tal | owyl - N- net hpMIpe SoFTNERNSYSTERSY rHATRRROKYODRGKADABHEaN de, and
m xtures thereof. 10. The process of claim9 wherein the pol yhydroxy

fatty acid amde is selected fromthe group consisting of N-lauryl-Nnethyl
gl ucam de, N-| dUsgue NPaPErSxy pippypartimedne patiternoydehsiEi bil tissue

gl ucam de,pdybesas,0 Havi g TBh OV QY e aPe 492 8Rse VY softness when treated

- with certain polyhydroxy fatty acid amide softener systems that
are biodegradable are disclosed. The polyhydroxy fatty acid
amides have formula (I) wherein R! is H, C,-C hydrocarbyl, 2-
hydroxyethyl 2- hydroxypropyl methoxyethyl, methoxypropyl or a
mixture thereof; R” is a Cs-C;; hydrocarbyl group; and Z is a
polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain
with at least 3 hydroxyls directly connected to the chain.

Figure 1
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“mi xtures thereof. 11. The process of claim 10 wherein the softener system
further conprises an ethoxyl ated al.cohol  having a straight al kyl chain of
from about 8 to about 22 carbon atons and from about 1 to about 25 nol es of
et hyl ene oxide, in a weight ratio of polyhydroxy fatty acid amde to

et hoxyl ated al cohol of from about 1:1 to about 10:1. 29 12. The
process of claim 11l wherein the ethoxyléled al cohol has a straight alkyl
chain of fromabout 11 to about 15 carbon atons and from about 3 to about

15 nol es of ethylene oxide, and wherein the weight ratio of pol yhydroxy
fatty acid am de to ethoxylated alcohol is fromabout 3:1 to about 6:1. 13.
The process of claim9 wherein the pol yhydroxy fatty acid amde is selected
fromthe group consisting of Nepalmtyl-N cam de,

N-pal m tyl - N- et hoxypropyl gl ucam de, N-ol g | gl ucam de,

N- ol eoyl - N - et hoxypropyl glucam de, and

10

10a

‘\\\\
TN

14
14
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Do Uorpes 4 zr0t
m xt ures thereof . The process of cI aim 13 wherein said treating step

Sﬁ”ﬁébifﬂﬂﬂﬂﬂ@mﬂﬂlll’ﬂlllléﬁé ?Sﬁ’ o En“ﬁgs?LteeZ§¥ S RS

slurry into a

i sSu€ pdper. web. 15. A softened t[ap"& ﬁzﬁarwg@hted}w (p
fromabout 0.1 to about 3% of a softener system LS' gop?zmy!dﬁm@/w;qd ,!
fatty acid am de having the formula: [erx7 wherei n (P Phge @[foﬂlpageﬁ
-Cerr] hydrocar byI 2- hydr oxyet hyl , 2-hydroxypr %F hoxyeeghy |2 10 paced ..
met hoxyproWatGﬁrCGFWX%ure thereof; Rlerr] is a Jerr] hydroca‘rﬁy?i """
group; and Z is a pol yhydroxyhydrocar byl noiety '%;?Flmggfpjﬂquqr byl l
chain with at | east 3 hydroxyls directly connected to the' ¢ :

paper of cllaim A'prbéésatfmo\ﬁbhﬂngfarﬁsm@;mpef web Which étbﬂpﬂse@tlﬁ%?foﬂtfﬁatlﬁgf tener
system 17. The Per of claim 15 which is ttern densified tissue
paper havi B§ ‘é(elba‘ﬁﬁls rova; apaut Qét‘ﬂ/@é’ﬁuh%éthy WG‘@F 9? érsoftensr FysisBucoOmBrising 2 and

a density gl A0Mky Parfy M4EGmile Ha¥R the formula:

R‘
II |
R?—C—N—2Z

wherein R! is H, C, -C¢ hydrocarbyl, 2-hydroxyethyl, 2-hydroxypropyl, methoxyethyl,
methoxypropyl or a mixture thereof, R2 is a Cs -C3; hydrocarbyl group; and Z is a
polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain with at least 3
hydroxyls directly connected to the chain.

2. The process of claim 1 wherein the web is treated with from about 0.1 to about

0.8% of the softener system.

3. The process of claim 1 wherein said treating step comprises applying the softener

system to at least one surface of a dry tissue paper web having moisture content of about - -

10% or less.

4. The process of claim 3 wherein the dry tissue paper web is a pattern densified
tissue paper having a moisture content of about 6% or less, a basis weight between about

10 g/m2 and about 65 g/m?2 and a density of about 0.6 g/cc or less.

5. The process of claim 4 wherein the dry tissue paper web has a basis weight of

about 40 g/m?2 or less and a density of about 0.3 g/cc or less.

>

6. The process of claim 3 wherein the softener system is épplied as a pattern of

softener droplets to said at least one surface.
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30 18- T re—papet UI —~tai m 17 which has a basis wei ght of about 40

g/rr[err denS|ty of about 0.3 g/cc or less. 19. The paper
of cI d softener systemis applied as a pattern of
softe d, at | east one surface of the paper. 20. The

paper of clai m 15 V\herel n Rerr] is Nnethyl, Nethyl, N propyl,
N-isoprepyl, N-butyl, N 2-hydroxyethyl, 28t met hoxypropyl or

N 2- hydroxypropyl R[err] i s strai ght chal n or al kenyl
“or i xt ur é.t herBisf progesd of claimgl yédierejn R! 3g N-me %‘NL 1}]5&1%? Iﬂﬂpnmy I?Inl%’@’r%i' re?/n

sai d pol f
et hy| y%ﬁﬁ@ﬁ%&%ﬁﬁ@ﬁﬂfg&h@&@ﬁ o NGy Biohyl M58 Srdghl el 10,
al kenyl greypc,;2kyl or dikenylpdemixdire thereof; 2rid Atieglycitylsai d poI yhydroxy fatty

acid amde Is selected fromthe group consisting of N-Iauryl-N nethyl
gl ucam de, N-1lauryl-N nmethoxypropyl

8. The process of claim 7 wherein the polyhydroxy fatty acid amide softener has the

L
R2—C—N—CH;—}-CH —CH;—OH

wherein R! is methyl or methoxypropyl; R? is a-Cy; -Cyy straight-chain alkyl or alkenyl

© formula:

group.

9. The process of claim 8 wherein the polyhydroxy fatty acid amide softener is
selected from the group consisting of N-lauryl-N-methyl glucamide, N-lauryl-N-
methoxypropyl glucamide, N-cocoyl-N-methyl glucamide, N-cocoyl-N-methoxypropyl
glucamide, N-palmityl-N-methyl glucamide, N-palmityl-N-methoxypropyl glucamide, N-
oleoyl-N-methyl-glucamide, N-Qleoyl—N-methoiypropyl glucamide, N-tallowyl-N-
methyl glucamide, N-tallowyl-N-methoxypropyl glucamide, and mixtures thereof.

10.  The process of claim 9 wherein the polyhydroxy fatty acid amide is selected from
-.the group consisting of N-lauryl-N-methyl glucamide, N-lauryl -N-methoxypropyl
glucamide, N-cocoyl-N-methyl glucamide, N-cocoyl -N-methoxypropyl glucamide, and

mixtures thereof.

11. The process of claim 10 wherein the softener system further comprises an
ethoxylated alcohol having a straight alkyl chain of from about 8 to about 22 carbon
atoms and from about 1 te about 25 moles of ethylene oxide, in a weight ratio of

polyhydroxy fatty acid amide to ethoxylated alcohol of from about 1:1 to about 10:1.
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o] cht hyl gl ucam de, N-cocoyl-N net hoxypropyl gl ucam de,
N- pal mtyl-N net ucam de, N-pal mtyl-Nnethoxypropyl glucam de,

N- ol eom““(m“m“mlr Hmcam' de, N-ol eoyl - N- et hoxypropyl gl ucam de,

N-tall cam de, N-tallowyl - N nethoxypropyl glucam de, and

m xtured ther'eof". : The paper of claim22 wherein said pol yhydroxy
fatty acid am de i s sel ected fromthe gégup consi sting of Nl auryl-Nnethyl

gl ucam de, N-lauryl-N-nethoxypropyl glu€am de, N-cocoyl-N- met hyl gl ucani de,

N-cocoyl - "i]zmst RERROARY bf Sl AT vARreiR it ethosiylatedaltbles] bas a stra1gﬁi]all€34 chainThe
paper- of claim 23 \/\herel n said softener system further Eﬂrgg“ Se

(Zat2 hoxylbat af ﬁid)mcﬂhm(lljlt At rapoxt §6r<arlym atgmsyandc framnabgut 13 ‘E}Bu]tss §‘°g"c§ ohout
~carbon ns. and, fro u 5o Rydve o] ' td

wei ght r atei?}&'q?)‘f ﬁé?%?hfﬂa]oxggr%& i ac I'atl fng ﬁgif(oy ated glagoﬁrggﬁo%d 1[] r gm
about 1:1 diRoxaaed alééhiol is from about 3:1 to about 6.1.

13.  The process of claim 9 wherein the polyhydroxy fatty acid amide is selected from
the group consisting of N-palmityl-N-methyl glucamide, N-palmityl-N-methoxypropyl
glucamide, N-oleyl-N-methyl glucamide, N-oleoyl-N -methoxypropyl glucamide, and

mixtures thereof.

14.  The process of claim 13 wherein said treating step comprises the steps of:
(a) adding the softener system to an aqueous slurry of paper making fibers; and

(b) forming the softener system-containing slurry into a tissue paper web.

15. A softened tissue paper treated with from about 0.1 to about 3% of a softener

system comprising polyhydroxy fatty acid amide having the formula:

o R!
1!
R2—C—N—Z
wherein R! is H, C,; -C¢ hydrocarbyl, .2-hydroxyethy1, 2-hydroxypropyl, methoxyethyl,
methoxypropyl or a mixture thereof; R? is a Cs -C3, hydrocarbyl group; and Z is a

polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain with at least 3
hydroxyls directly connected to the chain.

16.  The paper of claim 15 treated with from about 0.1 to about 0.8% of the softener

system.

17.  The paper of claim 15 which is a pattern densified tissue paper having a basis
weight between about 10 g/mi and about 65 g/m2 and a density of about 0.6 g/cc or less.
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rhe paper of claim 24 wherein said ethoxyl ated al cohol has a straight
aI kyI out 11 to about 15 carbon atons and from about 3 to
about gﬂm'mp“ﬂr mu“ene oxi de, and wherein the weight ratio of
pol yhydr oxy ¥ atty saci*d am.,de to et hoxylated al cohol is fromabout 3:1 to
about 6:1. 26. The paper of claim 22 wherein the pol yhydroxy fatty acid

amde is selected fromthe group consi st%@g of N-pal mtyl-N nethyl
gl ucam de, NF pal m tyl - N-met hoxypr opyl am de, N-ol eoyl - N- et hyl

gl ucani de, 1§ ol a9l 5aPer "Bt gy 1Y Ath %yﬁad&i@%@ﬂ%mwm%h&r 8§ and a
density of about 0.3 g/cc or less.

19. The paper of claim 15 wherein said softener system is applied as a pattern of

softener droplets to said at least one surface of the paper.

20, The paper of claim 15 wherein R! is N-methyl, N-ethyl, N-propyl, N-isopropyl,
N-butyl, N-2-hydroxyethyl, N-methoxypropyl or N-2-hydroxypropyl; R? is straight chain
Cy1 -Cy7 alkyl or.alkenyl, or mixture thereof, and Z is glycityl.

21.  The paper of claim 20 wherein said polyhydroxy fatty acid amide has the formula:

(
RZ—C-—N—-CHZ —CH;—OH

wherein R! is methyl or methoxypropyl; R? is a C,; -C;5 suaight—cﬁain alkyl or alkenyl
group. _ -

22.  The paper of claim 21 wherein said polyhydroxy fatty. acid amide is selected from
the group consisting of N-lauryl-N-mefhyl glucamide, N-lauryl-N-methoxypropyl
glucamide, N-cocoyl-N-methyl glucamide, N-cocoyl-N-methoxypropyl glucamide, N-
palmityl-N-methyl glucamide, N-palmityl-N-methoxypropyl glucamide, N-oleoyl-N-
methyl glucamide, N-oleoyl-N-methoxypropyl glucamide, N-tallowyl-N-methyl
glucamide, N-tallowyl-N-methoxypropy! glucamide, and mixtures thereof.

23. The paper of claim 22 wherein said polyhydroxy fatty acid amide is selected
from the group consisting of N-lauryl-N-methyl glucamide, N-lauryl-N-methoxypropyl
- glucamide, N-cocoyl-N-methyl glucamide, N-cocoyl-N-methoxypropyl glucamide, and

* mixtures thereof.

This is the replacement sheet.

pate: - ¥ 4 AUB m



e
TR I

*
¢ L
"s* >

31
24, The paper of claim 23 wherein said softener system further comprises an
ethoxylated alcohol having a straight alkyl chain of from about 8 to about 22 carbon
atoms and from about 1 to about 25 moles of ethylene oxide, in a weight ratio of

polyhydroxy fatty acid amide to ethoxylated alcohol of from about 1:1 to about 10:1.

25.  The paper of claim 24 wherein said ethoxylated alcohol has a straight alkyl chain
of from about 11 to about 15 carbon atoms and from about 3 to about 15 moles of thylene
oxide, and wherein the weight ratio of polyhydroxy fatty acid amide to ethoxylated
alcohol is from about 3:1 to about 6:1.

26. The paper of claim 22 wherein the polyhydroxy fatty acid amide is selected from
the group consisting of N-palmityl-N-methyl glucamide, N-palmityl-N-methoxypropyl
glucamide, N-oleoyl-N-methyl glucamide, N-oleoyl-N-methoxypropyl glucamide, and
mixtures thereof.
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ABSTRACT

TISSUE PAPER TREATED WITH POLYHYDROXY FATTY ACID
AMIDE SOFTENER SYSTEMS THAT ARE BIODEGRADABLE

Tissue papers, in particular pattern densified tissue
papers, having an enhanced tactile sense of softness when treated

with certain polyhydroxy fatty acid amide softener systems that
are biodegradable are disclosed. The polyhydroxy fatty acid
amides have formula (I) wherein R' is H, C,-C hydrocarbyl, 2-
hydroxyethyl, 2-hydroxypropyl, methoxyethyl, methoxypropyl or a
mixture thereof; R” is a Cs-C;, hydrocarbyl group; and Z is a
polyhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain

with at least 3 hydroxyls directly connected to the chain.

Figure 1
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