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FIELD OF THE INVENTION

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 water-soluble polyhydroxy compounds.

BACKGROUND OF THE INVENTION

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 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 sofiness.
The particular challenge in papermaking has been to appropriately balance these
various properties to provide superior tissue paper.

Although somewhat desirable for towel products, sofiness 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 sofiness can be
characterized by, but is not limited to, friction, flexibility, and smoothness, as well 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, the frictional properties of the web, 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
either by mechanical processes to insure adequate formation of hydrogen bonding
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These dry strength additives not only increase the cost of the txssue paper but can
also have other, deleterious effects on tissue sofiness. In addition, many cationic
debonding agents are not'biodegradable. and therefore can adversely impact on
environmental quality.

Examples of cationic debonding agents include conventional quaternary
ammonium compounds such as the well known dialkyl dimethyl ammonium salts
(e.g. ditallow dimethyl ammonium chloride, ditallow dimethyl ammonium methyl
sulfate, di(hydrogenated) tallow dimethyl ammonium chlonide etc ...). However, as
mentioned above, these cationic quaternary ammonium compounds soften the paper
by interfering with the natural fiber-to-fiber bonding that occurs during sheet
formation and drying. In addition to decreasing tensile strength, these quaternary
ammonium compounds also tend to have undesirable hydrophobic effects on the
tissue paper, e.g., resulting in decreased absorbency and wettability.

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 feit-pressed
paper. More preferably, dewatering is carried out in such a way that the 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
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affect the surface wettability of the treated tissue paper, i.e. the treated tissue paper

can float, thus causing disposal 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 No. 5,059,282

{Ampulski et al), issued October 22, 1991.

Tissue paper has also been treated with softeners by “dry web” addition
methods. One such method involves moving the dry paper across one face of a
shaped block of wax-like softener that is then deposited on the paper surface by a
rubbing action. See U.S. Patent No. 3,305,392 (Britt), issued February 21, 1967
(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 paperina
solution or emulsion containing the softening agent. See U.S. Patent No. 3,296,065
(O'Brien et al), issued January 3, 1967 (aliphatic esters of certain aliphatic or
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
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These and other objects are obtdined using the present invention, as will become
readily apparent from a reading of the following disclosure.

SUMMARY OF THE INVENTION

The present invention provides soft, absorbent tissue paper products. Briefly,
the soft tissue paper products comprise:

a) wet-laid cellulosic fibers; and

b) ~ from about 0.01% to about 5% of a water soluble polyhydroxy compound,
based on the dry fiber weight of said tissue paper;

wherein said tissue paper has a basis weight of from about 10 to about 65 g/m2 and a
density of less than about 0.60 g/cc and wherein said polyhydroxy compound having
being applied to a least one surface of a wet tissue paper web.

The present invention further relates to a process for making these softened tissue
papers. The process includes the steps:
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| east one surface of a wet tissue paper web. The present invention

further relates to a process for making these softened tissye papers. The
process i nclnapdsingls ithag peen found that slgmﬁcamly improved tissue softening benefits

can be achieved by much lower levels of these polyhydroxy compounds when
applied to a wet web, as compared to a dry web (e.g., during the converting
operation). In fact, an important feature of the process disclosed herein, is that the
polyhydroxy compound level is low enough to be economical.

Tissue paper softened according to the present invention has good flexibility.
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 densified papers, the
treated paper is still perceived as soft. The present invention can be carried outin a
commercial papermaking system without significantly impacting on machine
operability, including speed. The improved softness benefits of the present invention
can also be achieved while maintaining the desirable tensile strengfh. absorbency
(e.g., wettability), and low lint properties of the paper.
All percentages, ratios and proportions herein are by weight unless otherwise
specified.

BRIEF DESCRIPTION OF THE DRAWINGS
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invention can be carried BETAIESDESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and distinctly
claiming the subject matter regarded as the invention, it is believed that the invention
can be better understood from a reading of the following detailed description and of
the appended examples.
As used herein, the term "comprising” means that the various components,
ingredients, or steps, can be conjointly employed in practicing the present invention.
Accordingly, the term “"comprising" encompasses the more restrictive terms
"consisting essentially of" and "consisting of”. _
As used herein, the terms tissue paper web, paper web, web, paper sheet and paper
product all refer to sheets of paper made by a process comprising the steps of
forming an aqueous papermaking furnish, depositing this furnish on a foraminous
surface, such as a Fourdrinier wire, and removing the water from the furnish as by
gravity or vacuum-assisted drainage, with or without pressing, and by evaporation.
As used herein, an aqueous papermaking furnish is an aqueous sturry of papermaking
fibers and the chemicals described hereinafter.
As used herein, the term "consistency" refers to the weight percentage of the
cellulosic paper making fibers (i.e., pulp) in the wet tissue web. It is expressed as a
weight percentage of this fibrous material, in the wet web, in terms of air dry fiber
weight divided by the weight of the wet web.
The first step in the process of this invention is the forming of an aqueous
papermaking furnish. The furnish comprises papermaking fibers (hereinafter

. sometimes referred to as wood pulp). It is anticipated that wood pulp in all its
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Figure 1 is a schematic representationzof a papernmaki ng machi ne useful for
maki ng pattern densified tissue paper in accordance with the present
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{A) Polyhydroxy compounds

The present invention contains as an essential component from about 0.01%
to about 5.0%, preferably from 0.1% to about 2.0%, more preferably from about
0.1% to about 1.0%, of a water soluble polyhydroxy compound, based on the dry
fiber weight of the tissue paper.

Examples of water sofuble polyhydroxy compounds suitable for use in the
present invention include glycerol, polyglycerols having a weight average molecular
weight of from about 150 to about 800 and polyoxyethylene and polyoxypropylene
having a weight-average molecular weight of from about 200 to about 4000,
preferably from about 200 to about 1000, most preferably from about 200 to about
600. Polyoxyethylene having an weight average molecular weight of from about 200
to about 600 are especially preferred. Mixtures of the above-described polyhydroxy
compounds may also be used. For example, mixtures of glycerol and polyglycerols,
mixtures of glycerol and polyoxyethylenes, mixtures of polyglycerols and
polyoxyethylenes, etc... are useful in the present invention. A particularly preferred
polyhydroxy compound is polyoxyethylene having an weight average molecular
weight of about 400. This material is available commercially from the Union Carbide
Company of Danbury, Connecticut under the trade name “PEG-400".

(B) Tissue Papers



Accordingly, the term"conprising enconpasses the nore restrictive terns
"consisting essentially of"_and "cansisting aof", As used herein, the
ternms tissue paper web, paper web, web, paper sheet and paper product all
refer to sheets of paper nmade by a process conprising the steps of

form ng an agugpyissssgper maki ng furnish, depositing this furnpehuSinsass

f or am nous surface, such as a Fourdr| nier wire, and renoving t wat er
fromthe furnish as by gravity or vacuum assi sted drai nage, W|th or

wi t hout pressing, and by evaporati on. A@ used herein, an agueous
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har dwoods. The screens. The layers are subsequently combined to form a layered composite web.
The layered web is subsequently caused to conform to the surface of an open mesh
drying/imprinting fabric by the application of a fluid force to the web and thereafter
thermally predried on said fabric as part of a low density papermaking process. The
layered web may be stratified with respect to fiber type or the fiber content of the
respective layers may be essentially the same. The tissue paper preferably has a basis
weight of between 10 g/m? and about 65 g/m2, and density of about 0.60 g/cc or
{ess. Preferably, basis weight will be below about 35 g/m? or less; and density will be
about 0.30 g/cc or less. Most preferably, density will be between 0.04 g/cc and about
0.20 g/cc.
Conventionally pressed tissue paper and methods for making such paper are known
in the art. Such paper is typically made by depositing papermaking furnish on a
foraminous forming wire. This forming wire is often referred tointhe 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 particular techniques and typical equipment for making webs
according to the process just described are well known to those skilled in the art. In a
typical process, a low consistency pulp furnish is provided in a pressurized headbox.
The headbox has an opening for delivering a thin deposit of pulp furnish onto the
Fourdrinier wire to form a wet web. The web is then typically dewatered to a fiber




aqueous papernmaking furnish is forned into a wet web on a foram nous

formng carrier, such as a Fourdrinier wire,_ as wll be discussed
her ei nafter. (A) Pol yhydroxy conpounds The present invention

contains as an essential conponent fromabout 0.0 1% to about 5.0%

pref erabl ywiggpkédy 1% t o about 2.0% nore preferably from aiganiseeéazdco t o
about 1.0% of a water soluble polyhydroxy conpound, based on the dry
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Sanf or d- Si s yteéndifid tissue paper is characterized by having a relatively high bulk field of

relatively low fiber density and an array of densified zones of relatively 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 may be discretely spaced within the high bulk field or may be interconnected,

either fully or partially, within the high bulk field. Preferred processes for making

pattern densified tissue webs are disclosed in U.S. Patent No. 3,301,746, issued to

Sanford and Sisson on January 31, 1967, U.S. Patent No. 3,974,025, issued to Peter

G. Ayers on August 10, 1976, and U.S. Patent No. 4,191,609, issued to Paul D.

Trokhan on March 4, 1980, and U.S. Patent No. 4,637,859, issued to Paul D.

Trokhan on January 20, 1987, U.S. Patent No. 4,942,077 issued to Wendt et al. on

July 17, 1990, European Patent Publication No. 0 617 164 Al, Hyland et al.,

published September 28, 1994, European Patent Publication No. 0 616 074 Al,

Hermans et al., published September 21, 1994; all of which are incorporated herein

by reference.

* In general, pattern densified webs are preferably prepared by depositing a

papermaking furnish on a foraminous forming wire such as a Fourdrinier wire to

form a wet web and then juxtaposing the web against an array of supports. The web

is pressed against the array of supports, thereby resulting in densified zones in the

web at the locations geographically corresponding to the points of contact between

the array of supports and the wet web. The remainder of the web not compressed

during this operation is referred to as the high bulk field. This high bulk field can be

further dedensified by application of fluid pressure, such as with a vacuum type

device or a blow-through dryer. The web is dewatered, and optionally predried, in |




progeny, and hi gh bul k, unconpacted tissue paper such as exenplified by
U. S. Patent No. 3,812,000, Salvucci, Jr., issued May 21, 1974. The tissue
paper may be of a honobgenous or mnulti-layered construction; and tissue
paper products nade therefromnmay be of a single-ply or multi-ply '

construction. wééagussystructures formed fromlayered paper Wﬁls?d}(ﬁzss
described in U S. Patent No. 3,994,771, Morgan, Jr. et al. issued

Novenber 30, 1976, U.S. Patent No. 4,300,981, Carstens, issued Novemnber
17, 1981, U.S. Patent No. 4,166, 001, Dunnﬂhg et al, issued August 28.
1979 and European Patent Publ i cation No. 0 613 979 Al ,. Edwards et al.
published  Sepehbmanner soasdg substantially axpid campression-af sheJighbulle field Thisris by
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deposit of pul palfafiwhichrareincorpofated hereinhyefersinee. wire to forma wet web. The
veb is then typpefldbly, deWEnRh SkirktTornediif8/ wet web on a foraminous forming carrier,

such as a Fourdrinier wire. The web is dewatered and transferred to an imprinting

fabric. The furnish may alternately be initially deposited on a foraminous supporting

carrier which aiso operates as an imprinting fabric. Once formed, the wet web is

dewatered and, preferably, thermally predried to a selected fiber consistency of

between about 40% and about 80%. Dewatering can be performed with suction

boxes or other vacuum devices or with blow-through dryers. The knuckle imprint of

the 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 which

supports the imprinting fabric against 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 suction box, or

with a blow-through dryer. Fluid pressure may be applied to induce impression of
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of between about 7% and about 25%(tot al web wei ght basis) by vacuum

dewat ering and further dried by pressing operations wherein the web is

subj ect ed tﬁ gpsure devel oped by opposing mechani cal npgPRssniise’

exanpl e, In rlca rolls. The dewatered web is then further
pressed and dried by a steam heated drum apparatus known in the art as a
Yankee dryer. Pressure can be devel opedlat the Yankee dryer by nechani cal-
means such as an opposing cylindrical drum pressing agai nst the web.
Vacuum rmay afensifisdzensp durng initjalidewatgang. ia peparate. pyhsequset RIgESHE48S: Pl Yankee
surface. Ml §icphbinatioRlegeddr yer druns may be enpl oyed, whereby additi onal
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generally of singular density, but very low in bulk, absorbency and in softness.

The tissue paper web of this invention can be used in any application where soft,

absorbent tissue paper webs are required. Particularly advantageous uses of the tissue

paper web of this invention are in paper towel, toilet tissue and facial tissue products.

For example, two tissue paper webs of this invention can be embossed and adhesively

secured together in face to face relation as taught by U.S. Pat. No. 3,414,459, which

issued to Wells on December 3, 1968 and which is incorporated herein by reference,

to form 2-ply paper towels.

In the following discussion, wherein reference is made to the several figures,
certain preferred embodiments of processes for making the tissue sheet structures of
the present invention are described.

Figure 1 is side elevational view of a preferred papermaking machine 80 for
manufacturing paper according to the present invention. Referring to Figure 1,
papermaking machine 80 comprises a layered headbox 81 having a top chamber 82 a



web at the | ocations geographically corresponding to the points of contact
bet ween the array of supports and the wet web. The remmi nder of the web
not conpressed during this operation is referred to as the high bul k
field. This high bulk field can be further dedensified by application of
fluid pressuregyoogpakszas Wi th a vacuum type device or a bl O\l’cfrhfsmm '
dryer. The web is dewatered, and optionally predried, in
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to the cylindrical surface of Yankee dryer 108 by adhesive applied by spray applicator
109. Drying is completed on the steam heated Yankee dryer 108 and by hot air
which is heated and circulated through drying hood 110 by means not shown. The
web is then dry creped from the Yankee dryer 108 by doctor blade 111 after which it
is designated paper sheet 70 comprising a Yankee-side layer 71 a center layer 73, and
an off-Yankee-side layer 75. Paper sheet 70 then passes between calendar rolls 112
and 113, about a circumferential portion of reel 115, and thence is wound into a roll
116 on a core 117 disposed on shaft 118.

Still referring to Figure 1, the genesis of Yankee-side layer 71 of paper sheet

70 is the furnish pumped through bottom chamber 83 of headbox 81, and which
furnish is applied directly to the Fourdrinier wire 85 whereupon it becomes layer 88¢
of embryonic web 88. The genesis of the center layer 73 of paper sheet 70 is the
furnish delivered through under chamber 82.5 of headbox 81, and which furnish
forms layer 88b on top of layer 88c. The genesis of the off-Yankee-side layer 75 of

- paper sheet 70 is the furnish delivered through top chamber 82 of headbox 81, and
which furnish forms layer 88a on top of layer 88b of embryonic web 88. Although
Figure 1 shows papermachine 80 having headbox 81 adapted to make a three-layer
-web, headbox 81 may alternatively be adapted to make unlayered. two layer or other



Preferably, the furnish is first fornmed into a wet web on a foram nous
formng carrier, such as a Fourdrinier wire. The web is dewatered and,
transferred to an inprinting fabric. The furnish may alternately be
initially deposited on a foram nous supporting carrier which al so
operates asygbensg®y i nting fabric. Once fornmed, the wet webpéfusssdfiset er ed
and, preferably, thermally predried to a selected fiber consistency of

bet ween about 40% and about 80% Dewatering can be perfornmed with suction
boxes or other vacuum devices or with bBovathrough dryers. The knuckl e
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devat ering agetween ttile predry % Ya%lscee ryefq 08 in place of spray nozzle 120,
' Figure3isa slde elevat:onal view of an alternate preferred papermaking

machine for making tissue sheets by conventional papermaking techniques which

were predominate prior to the invention of processes such as those shown in Figures

1-2 and described in U.S. Patent No. 3,301,746, each of which utilizes blow through

drying and minimizes compression of the tissue sheet. To simplify description of the

alternate preferred papermaking machine of Figure 3, the components which have

counterparts in papermaking machine 80, Figure 1, are identically designated; and the

alternate papermaking machine 280 of Figure 3 is described with respect to

differences therebetween.

Papermaking machine 280 of Figure 3 is essentially different from

papermaking machine 80 of Figure 1, by virtue of having a duplex headbox 281

comprising a top chamber 282 and a bottom chamber 283 in place of a triple headbox

81; by having a felt loop 296 in place of foraminous carrier fabric 96; by having two

pressure rolls 102 rather than one; and by not having blow through dryers 100.

Papermaking machine 280, Figure 3, further comprises a lower felt loop 297 and wet

pressing rolls 298 and 299 and means not shown for controllably biasing rolls 298

and 299 together. The lower felt loop 297 is looped about additional turning rolls

101 as illustrated. Papermaking machine 280 is considered a dual felt machine by

virtue of having felt loops 296 and 297. Felt loop 297 can be eliminated, in which



structure is a soft but weak high bul k sheet of relatively unconpacted

fi bers. Bonding material _is preferably applied to portions of the web
prior to creping. Conpact ed non-pattern-densified tissue structures are
commonly known in the art as conventional tissue structures. In general,

conpact ed, nonygakaRéN-densified tissue paper structures argeini®gsiass by
depositing a papermaki ng furnish on a foram nous W re such as a i

Fourdrinier wire to forma wet web, draining the web and renovi ng
additional water with the aid of a uniforhnechani cal corrpaction (pressing)
until the ‘web has a co srstency f 25-50% transferr,i web to a
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chanber 82.5, areglagedhytrotogravieensioter@22. a slice roof 84, and a Fourdri ni er
wire 85 which is | oongdewy8f polyhfdroRPESmpuRd Ed be retained By tHHsbRPapdr, & Vacuum

suction minimum, is at least an effective level for imparting a bulk softness to the paper. The
minimum effective level may vary depending upon the particular type of sheet, the
method of application, the particular type of polyhydroxy compound, surfactant, or
other additives or treatments. Without limiting the range of applicable polyhydroxy
retention by the tissue paper, preferably at least about 0.05% of the polyhydroxy
compound is retained by the tissue paper. More preferably, from about 0.1% to
about 2.0% of the polyhydroxy compound is retained by the tissue paper.

Analytical and Testing Procedures

Analysis of the amounts of treatment chemicals herein retained on tissue
paper webs can be performed by any method accepted in the applicable art. For
exaniple, the level of the polyhydroxy compound retained by the tissue paper can be
determined by solvent extraction of the polyhydroxy compound with a solvent. In
some cases, additional procedures may be necessary to remove interfering
compounds from the polyhydroxy species of interest. For instance, the Weibull
solvent extraction method employs a brine solution to isolate polyethylene glycols
from nonionic surfactants (Longman, G.F., The Analysis of Detergents and
Detergent Products Wiley Interscience, New York, 1975, p. 312). The polyhydroxy
species could then be analyzed by spectroscopic or chromatographic techniques. For
example, compounds with at least six ethylene oxide units can typically be analyzed



boxes 91, couch roll 92, and a plurality of turning rolls 94. In operation,
one  paper nmaki ng furnlsh I's punped_t hrough top chanber 82 a second .
papernak|ng furnish i s punped through center chanmber 82.5, while a third
furnish is punped through bottom chanber 83 -and thence out of the slice
roof 84 i nweMRhssapd under relation onto Fourdrinier wr ,%sgsgbdiégr m

t hereon an enbryoni ¢ web 88 conpri sing | ayers 88a, and
Dewat eri ng occurs through the Fourdrinier wire 85 and is assisted by
defl ector 90 and vacuum boxes 91. As tWe Fourdrinier wire nmakes its

return run in the direction shown by the arrow, showers 95 clean it prior
to its  cofPRsHesABicallydythe AW&@@“E\@P“W'@&%"#‘%W“‘S@ (LongmapG.Fransfer zone
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applied by spra | i,cat or. 10 d. o am heat ed
Ygﬁkee dr);er plo)é‘rgg%vﬂ ?H%To'gﬁ r‘%‘”\ﬂ%cﬁ‘f&?? %&gjngo é‘i‘fg et p%é‘lg thr ough
dryi ng hood by ehromat terbpiquésoRruns yeperted g Highi Rerforrancel Liguisk eped from t he
Yankee dr yercmbaﬁtdyapas?aieﬂrodbhﬁ.d htlsbattai‘ng%ae&ﬁumf the analysfs dtamwnat ed paper

sheet 70 conpris center layer

of f - Yankee- ?"885"?9'53%?‘"?? %}S@? e@%"ﬁ%(‘% gﬁ'—&f@@e %TQ) ‘8§9f]8nda rolls
112 and 1290). abSupereriticalrRluid Chromatogaaphy ¢SEC)sachnique wvas alsd described in hence i s
wound into gpd é?lla lysis of iyl %B'cé‘sld‘eg asd refafeddp &ﬁ’éﬁﬁﬂb@s@ Ielhfﬁdllmli'8 Elfakir,

heet 76 es Moo e Mot SRS, St o) 59 fBacnon B

and which 1990, é‘hl)r Thedpysl pEahiahic sacfadtnts, suchas hﬁcnml!qyl suifonates, can 185

wher eupon i tdeRERIEESY Jvi?tléneéxtﬁ&?on foldwe rtiiﬂﬂbr?oﬂﬁbarﬁ&uc QaRNAMes of the
center layer 73 0 a er s heet.. 70 .I.S .1 L fn del.i ver ed through under
chanber 82. $*¥tfcty cages, 18 ﬂf?"\mr}lﬁ‘}"‘mw # °“‘F5f’ﬂ’é”ﬁ" PSRN t op of
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unl ayered, tiDpdpdd it cBfitaiing B starch must be run to subtract out possible contributions
made by interfering background species. These methods are exemplary, and are not
meant to exclude other methods which may be useful for determining levels of
particular components retained by the tissue paper.

A. Panel Softness

Ideally, prior to softness testing, the paper samples to be tested should be
conditioned according to Tappi Method #T4020M-88. Here, samples are
preconditioned for 24 hours at a relative humidity level of 10 to 35% and within a
temperature range of 22 to 40 °C. After this preconditioning step, samples should be
conditioned for 24 hours at a relative humidity of 48 to 52% and within a
temperature range of 22 to 24 °C.
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mul ti-layer webs. Furthernore the form ng section and headbox can be any
system suitable for making tissue such as a twin wire fornmer.

Further, with respect to maki ng paper sheet 70 enbodying the present

I nvention on pam‘%' ng machine 80, Figure 1, the Fourdrinier wre 85 nust
be of a fine nes Zlvi ng relatively snmall spans with respech’gs k256
average lengths of the fibers constituting 1té1e short fiber furnish so
that good formation will occur, and the foramnous carrier fabric 96

shoul d have a fine A ' '
respect to the averlg%gﬁltengpﬁ%sgﬁe?%mg%lgﬁg%%r?%?lg%piﬂ%em%odr%tcyﬁae!?
furni sh to subst antemperasurssnd hymidisy,raems Jf thitds neffeasible all samples; ingluding theoni ¢
web into the i ntbntols.ahotid pgricpeaidentical ervirenrhenoal iexpdstire céhditionswi t h
respect to the process conditions for maki ng exenpl ary paper sheet 70,
t he paper web is preferably dried to about 80%  fiber, consistency, and
nore preferably to abouSofsss festingis pesfosrmed asa-Raired comparison ina fopn sigilar to that
Speci fical ly rel at idagribéd ihi"Mabgal dn Seqaoa) T3ty Methdds?, ASTM SpecidETechfipdlSi t e
vacuum dewat eri ng . ' i Nele] f .
Figure 2 shows an gila' Pl_é‘%ﬁ% ?4@?@%%%&&%@%&%&% \E\%} C@?gﬁ@%@#’%ﬁng‘s”}?ﬁ% he
same as that shown angisincgrposatad heseip by referenge. SaBingsyissypluated by pbjestivertesting | s
provided  between usiig whatisirefeted 1d @a RaibdiIifferénceFust. Thearnetidienmployslaace of
spray nozzle 120. ooy eaclhife dulrininfulll Borualit BARkvad Sindl
alternate preferre(faBaperna I'ng machi ne 1or making trssué sheets by
conventional paper ramplayare prssented such that i subjeqs Fannpl see theisamples. 9nd the suljeat e
! nvantS l og ?f {Jr &gesga%& t573$4h86§e dda%sﬁ;eﬁmi/m_ ebikis!:dfgd&i&%oﬁne%s.ZTWs\ﬂ@&fih gé tead
in US. Paten o A ach. o | | Qu rying
and mnim zes COHDH%'?E?%W '5qua§5 rﬁeggcbégn%sﬁ{ég#%c&gﬁgﬁtr{gkw¥%gssﬂ%tt?On of
the alternate prepBnesetestingse ohwin thesofinessidata reporiedderetn ig PSUna numbgrofient s
Y\GI Cth' ha?/:a dcognt %E)ﬁﬁési &nﬁﬂf!ﬁ@ﬂ%ﬁ:@?&ﬁﬂ%ﬂ W%h?étﬁﬂi?rdiﬁ&drsﬁ%ﬂess ﬁng dsar?
i dentically designated; a . al terna aper | chi.ne
Figure 3 is descri tfélff%\kffﬁe %éﬁ@t&e spéness. f‘?‘f‘%r“@ﬁSgEm‘Fﬁg‘Fg'gﬁ V@x‘gr?_mrs of
Paper maki ng machi neamgles gt judgedione Miriat 2 e dni cach jidgedprief same gtof eachrpair being
paper maki ng machi nejesignatdd Xastthe ofher ¥y BHefly,UactoX shame RGrated URAifst ith pAFRAOX
281 ~conprising a to chgﬂrﬁber_ 282 and a bottom chanber 283 1 n place of a
triple headbox  8T*™BY *HMVPHY a felt loop 296 in place of foram nous
carrier fabric 96; by hdva grgde ofplus onedsgivendf Xds judgeriop maytbredittiesofieone; and
by not having bl ow t hr ougiin ¢! %RraSgrdd¥of minus one is given if Y is judged to may be a

littie softer than X;

2. a grade of plus two is given if X is 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;

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

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

The grades are averaged and the resultant value is in units of PSU. The
resulting data are considered the results of one panel test. If more than one sample
pair is evaluated then all sample pairs are rank ordered according to their grades by '
paired statistical analysis. Then. the rank is shifted up or down in value as required



Paper maki ng machi ne 280, Figure 3, further conprises a |lower felt |oop 297
and_wet pressing rolls 298 and 299 _and neans_not sho

biasing rolls 298 and 299 together. The lower felt Ioop 297 is | ooped

about additional turning rolls 101 as illustrated. Papernmaki ng nmachi ne
280 i s consygeimessa dual felt machine by virtue of havi ngcfesdenizsops 296
and 297. Felt |oop 297 can be elimnated, in which WO 96/ 25557
PCT/ US96/ 01256 14  case

paper machi ne 280 woul d be consi dered aldingle felt machine (not shown).

Typically if ryn as a single felt machine at |east one of the pressure roll
(102) appl i eEPS“éFW%Fé%ﬁﬁpt"éh'?%WM%F%'°FHB°$BF%?°@FZFPBH?§? er to the

Yankee dryer stéxﬂdiﬁiz The other samplési then v plusi o finis sdhoesas éeﬁ‘emﬁné(bb}ehad enbryonic

web 288 havi C P s 270
subsequent t ﬁﬁ&&ﬁ?ﬁge@ﬁ%@&ﬁ@b@k&ﬁ:ﬁ@ E per sﬁ%p § conpri ses
Yankee side P '-'- W"{!ﬁ@g‘?ﬁ‘ﬁ‘%@ﬁk’é %‘%t 8 Py gqpresergygsngmﬁcantm erengs | |
referring toml-'suawﬂve@peae:pé&éoﬁhéssd enbodi rrent i s shown wherein spray
nozzl e 220 for application of the polyhydroxy conpound |ocated as shown

bet ween turning rall 101 and wet pressing roller 298 and 299, i.e.. after
enbryoni ¢ weB. Bydraphilicity absprbgncxhsf erred from Fourdrinier were 85 to felt

| ?;)p 2]?6| tThHwirb philidityof €issie papes pofery, in geérera, tam-.praﬁenhey éﬂtheﬁssaé pipgr: 00‘3580'
can spray. i nfookPehea 3ith hics”farSBRIRAG of ikl Bhpet Wiy ERAANAL G 2, 220

Figure 4 is bydetermningihe PCWQ@@MW‘M rdéy BSS“ER%R?E)EO begame §9‘Fd9tebloz zle 220
i's  repl acegreited with WeﬁWsQ)eﬂﬁd Btlﬁﬁe i8 2eferred to as “wettinf) Sime€ VI oréér t9 Ol yhydr oxy

conmpound to eretaln 5 LS at | east an
ef ;rgct ive le 'éﬂ"“‘F 8 °°“sr\'~‘g’"? | nrep %&ggﬁ?ﬁmta?\&%%@ﬂ%\gw&pr@cmxge m ni num
ef fective | emay beased r\yetmgmdﬁgmpmnt fiest, paﬂonﬂlumﬁrsamplp@msh@heet t he
met hod of apahe éiiroRfentdl fasnmdﬁslfmhﬁm b‘i’fﬁ: miphis aFe/ 2l @24 @mqurw

of appl | cabl & g& G apedietn o Mtad F0405 Fopronatne ééé S 80 oty at

| east about @clyGabioutt 1 1t hem sdR2ywm) of tissye paper structure is provn ed; second, the sheet
is folded into four (4) juxtaposed quarters, and then crumpled by hand (either
covered with clean plastic gloves or copiously washed with a grease removing
detergent such as Dawn®) into a ball approximately 0.75 inch (about 1.9 cm) to
about 1 inch (about 2.5 cm) in diameter; third, the balled sheet is placed on the |
surface of a body of about 3 liters of distilled water at 22 to 24 °C contained ina 3
liter pyrex glass beaker. It should also be noted all testing of the paper through this
technique should take place within the confines of the controlied temperature and
humidity room at 22 to 24 °C and 48 to 52% relative humidity. The sample ball is
then carefully placed on the surface of the water from a distance no greater than 1 cm
above the water surface. At the exact moment the ball touches the water surface, a
timer is simultaneously started; fourth, the second ball is placed in the water after the
first ball is completely wetted out. This is easily noted by the paper color
transitioning from its dry white color to a darker grayish coloration upon complete
wetting. The timer is stopped and the time recorded after the fifth ball has
completely wet out.
At least 5 sets of 5 balls (for a total of 25 balls) should be run for each sample. The
final reported result should be the calculated average and standard deviation taken
for the 5 sets of data. The units of the measurement are seconds. The water must be
changed after the 5 sets of 5 balls (total = 25 balls) have been tested. copious
cleaning of the beaker may be necessary if a film or residue is noted on the inside wall
of the beaker.



conpound is retained by the tissue paper. Mre preferably, from about 0.1%
to about 2.0% of the pol yhydroxy conpound is retained by the tissue

paper . Anal ytical and Testing Procedures Anal ysis of the
amounts of treatnment chem cals herein retained on tissue paper webs can
be perfornmed Ryp fﬁﬁethod accepted in the applicable art. Ferussiiisds €.
the | evel of the pol yhydroxy conpound retained by the tissue paper can be

determ ned by solvent extraction of the polyhydroxy conpound with a
solvent. In sone cases, additional prod&dures may be necessary to renove
interfering” conpounds fromthe pol yhydr oxy species of interest. For

i nstance, the Wi bull sol vent extraction nmethod enploys a brine solution
to isol ate pol nabihyd iechRique yembasure the watensbsomprioeraseis tixoughad sinkongnan, G F.,

The Analysis O%%%gt&ef%délo% PheABle dapB U e Ml (BITH £10E, NV

York, 1975, p e ana zed by
spect roscopi ¢ mm@hmﬁa@bgrra 2d°t2écﬁ|ﬂ‘@16%? 53% felativg humidity (T %’Bh‘ﬂ@ig otis with

at | east six ewyi20M-88)iadtack Bf 5 o ZMghedty Pf tisahd papbicis airab dinwsions of 2.5" VWO

96/ 25557 "
PCT/ US96/ 0125 6to 3.0". The cutting can take place through the use of dye cutting pressjc_:g, a

spect r oscopi caPenyeRionakRapSt AN orlases Bulting teshniques n Mapual issers coUtiBE iAo, G F.
The Anal ysi s oprefefeddge fis ot thid imgred@idility Rirhandliag of thékhmples, BhctheCi ence, New

Yor K, 1975, raphy techniques can al so be used to
separate and B%‘ﬁi‘f g"ép%%fﬁé}é@@%&?ype conpounds. G aphitized

pol y(2, 6-di phenyl - p- phenylene oxi de) gas chromat ography col ums have been
used to separ aizRePthe pap 65:9&!6’!&95&::cuwmhcirﬂﬁlly\plmﬂbnefmmrhéﬂlene oxi de
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e bt s
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The spacing between the wires ls approximately 0.7". This wire mesh screen should

be clean and dry prior to placing the paper on its surface. A 3 liter beaker is filled

with about 3 liters of distilled water stabilized at a temperature of 22 to 24 °C. After

insuring oneself that the water surface is free of any waves or surface motion, the

screen containing the paper is carefully placed on top of the water surface. The

screen sample holder is allowed to continue downward after the sample floats on the

surface so the sample holder screen handle catches on the side of the beaker. In this

way, the screen does not interfere with the water absorption of the paper sample. At

the exact moment the paper sample touches the surface of the water, a timer is

started. The timer is stopped after the paper stack is completely wetted out. This is

easily visually observed by noting a transition in the paper color from its dry white

color to a darker grayish coloration upon complete wetting. At the instant of

complete wetting, the timer is stopped and the total time recorded. This total time is

' the time required for the paper pad to completely wet out.

This procedure is repeated for at least 2 additional tissue paper pads. No more than
5 pads of paper should be run without disposing of the water and post cleaning and
refilling of the beaker with fresh water at a temperature of 22 to 24 °C. Also, if new
and unique sample is to be run, the water should always be changed to the fresh
starting state. The final reported time value for a given sample should be the average
and standard deviations for the 3 to 5 stacks measured. The units of the
measurement are seconds.



340). A Supercritical Fluid Chromatography (SFC) techni que was al so
described in ~the analysis of alkyl glycosides and rel ated species
(Lafosse, M, Rollin, P., Elfakir, c., Mrin-Alory, L., Martens, M,
Dreux, M, Journal of chronmatography, vol. 505, 1990, p. 191). The I evel
of ani oni c yigledmgdrant s, such as linear al kyl sulfonates, GCigrndsn1256
determ ned by water extraction followed by titration of the anionic
surfactant in the extract. In sone cases, isolation of the |inear alkyl
sul fonate frominterferences may be Hcessary before the two phase
titration analysis (Cross, J., Anionic Surfactants - Chem cal Anal ysi s,
Dekker, New York, 1977, p. 18, p. 222). The level of starch can be

delt ern ned [HydesphiliRitg clibrgteaisiicaof €ifsut papes embediméms of ti€ presert ﬁivbmWadhby
colorimetry __a t . , |
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be run to subsreasesinbydrophabicity may eequr dusing the fiest twayweeks glier the tissper i ng

baclkg 3 Oun?h%ﬁﬁiﬁﬁa%eThe,Smdﬁmébw& Hag Qg?hﬁaﬂ?ﬂ)&ﬁ%&cs ﬁildm{gﬁtsmiﬁnufacwl .]pt to
excl uae O odas. 1 C nm eLe n Vv 0
particul ar Wh%ﬁf@'“%f“ﬁf ﬂg&@%‘ﬁ'%’ﬁg‘g’d@“ﬁggé mecﬁ k%g“_'ﬁgﬁéﬁn%gbf t ness

| deal |y, pr iAscordingly, Metting imes measured at the end péa twawpekeagingperied atsopmd shoul d

be Cg_nfl! t i ieRpetarafeCvé FLiféitedite as v weeR Wehithgtifes 2 OMs® Soptibliil aging anpl es are
precondi tion

ed.f.or hours at, a relativ uni di Jevel, of 10 to 35% and
within a. tcé’ﬂ‘b'&?%ﬁq%ﬁ‘ée quﬁrgsgmg‘gs D3y ta%reaﬁa e Tﬁyéﬂhﬁf’?gr °kl}1||°§g condi t(i) oni ng
step, sanpl etoragrrenditipes andtog possibleneuvere temperature and bumidityexposures ofghehuni dity

% 4912/ t2 g . g g %PapBpriduicky oF iriterest! POPRE@RCE! Skpbai?e B RE paper kdmpiéiof ifiterekito
PCT/ US96,/ 01 J&@peratures in the range of 49 to 82 °C for 1 hour to 1 year can mimic some of 16

| deal Iy, t heposentialyoseserp sxpsisuresconditigns i papler samptempy expericnce Ini the trde. conf i nes
of a const ankise, autoclaving BPfe phper SarAples daH Mistictskver fiithg ddnditiBh$the papeet
feasible, all sanples,.ipclu Iﬁgﬂt e thcozrllérol S_shoul d experi ence
i dentical el E@ﬁ‘i‘Féaﬂ“ the tafle, Jt uist b fefteratsd that after any severe temperatuire
' testing, the samples must be re-conditioned at a temperature of 22t024°Cand a
relative humidity of 48 to 52%. All testing should also be done within the confines of
the controlled temperature and humidity room.

C. Density

The density of tissue paper, as that term is used herein, is the average density
calculated as the basis weight of that paper divided by the caliper, with the
appropriate unit conversions incorporated therein to convert to g/cc. Caliper of the
tissue paper, as used herein, is the thickness of the paper when subjected to a
compressive load of 95 g/in® (15.5 g/cm2). The caliper is measured with a Thwing-
Albert model 89-I1 thickness tester (Thwing-Albert Co. of Philadelphia, PA). The
basis weight of the paper is typically determined on a 4"X4" pad which is 8 plies
thick. This pad is preconditioned according to Tappi Method #T4020M-88 and
then the weight is measured in units of grams to the nearest ten-thousanths of a gram.
Appropriate conversions are made to report the basis weight in units of pounds per
3000 square feet.

Optional Ingredients

Other chemicals commonly used in papermaking can be added to the chemical
softening composition described herein, or to the papermaking furnish so long as they



Softness testing is perfornmed as a paired conparison in a formsimlar to
t hat described in "Manual on Sensory Testing Methods", ASTM Speci al
Techni cal Publ i cati on 434, published by the Anerican Society For
Testing and Materials 1968 and is incorporated herein by reference.
Softness i s ewddspkad by subjective testing usi ng Whapctp sﬁ%ﬂgred
to as a Paired Difference Test. The nethod enpl oys a st andar
external to the test material itself. For tactile perceived softness two
sanpl es are presented such that the subj2@t cannot see the sanples, and the
subject is requi red to choose one of themon the basis of tactile
sof t ness. The 9Rqsignificantly and adversely affect thesoftening: elsgrhencyafdbe fibsoysef erred t o
as Panel Scor emhferidl, 4n@Sbitness/inhincingpeisis of the quaternanysddirhdian sofieningng t o

obtain the sofé%q@%ﬁnﬂaotfa‘er @ggﬁttma@&{ ein in PSU a number of
S ertormed.

sof t ness panel S are n each test ten practiced softness
judges are asked to rate the relative softness of three sets of
pai red sanpl esA. inB A sanpl es are judged one pair at a tine

. SA, Wefting Algefs:0f : _ |
ot e . B ol e B o SR S < 20 e

sanpl e as fol | (5% to about 3.0%, more prgpfahlygmaug’ost 0.83%40 3:0% bysweightepnaf X i s

j_udged to may @?ﬁﬁeﬂ&aﬁi&bﬂaﬁ&i&@igm. than Y, and a _grade of
m nus one i s given ]:mi S Jol TBYs little softer
t han X; given if X is judged to

surely be a |ittl e Suitable nonionic surfactguss can berusethasywettingiagentgimehe prssenti nus t wo

i38 gi vendif ]j/ﬁxfedﬁufﬁﬁlﬁdé @ddition products of et leﬁ%lé)_&ﬂé’a_lﬂgoﬁticci)hitxﬁyt tﬁpﬂ@tlié ter th?{l X
. a graae o US I, I, S lVven 1o | |1 S uge_oeao sorter
t han Side; Mtg.ﬁﬁg’n%cogg'&é%&&smw'\gﬁfge IS gi ven if Y is judged

to be a |ot sof t eny of the alkaxylated mateials of shetpagticular type described herginafleqr ade of
plus four is oinee uséd a¥ thé nonfonicSuifakdsiR Buitable Bopotingd fe sublsthtiflgfiater-

than Y. and a e of mnus.,4 is ven if Y is judged to be & whole | ot
sof ter %ﬁes}f&mm“&hegenem%m“‘me rades are averaged and the

resultant value is in units &2-ASUCHaE)z - C2H4OHr esul ting data are
consi dered t hewh&giIRoSoPboth SRlidRad Bhuid 8srhpositionsR sEledtétPfion AR graup| €

P! U2 SElliT e OB Bt S S S orle L1

or down in val groupss primagyi secondary and branched chain alkenyl hydrocarbyl groups; and
primary, secondary and branched chain alkyl- and alkenyl-substituted phenolic hydro-
carby] groups; said hydrocarbyl groups having a hydrocarbyl chain length of from
about 8 to about 20, preferably from about 10 to about 18 carbon atoms. More
preferably the hydrocarbyl chain length for liquid compositions is from about 16 to
about 18 carbon atoms and for solid compositions from about 10 to about 14 carbon
atoms. In the general formula for the ethoxylated nonionic surfactants herein, Y is
typically -O-, -C(0)O-, -C(O)N(R)-, or -C(O)N(R)R-, in which R2, and R, when
present, have the meanings given herein before, and/or R can be hydrogen, and z is at
least about 8, preferably at least about 10-11. Performance and, usually, stability of
the softener composition decrease when fewer ethoxylate groups are present.

The nonionic surfactants herein are characterized by an HLB (hydrophilic-

lipophilic balance) of from about 7 to about 20, preferably from about 8 to about 15.
Of course, by defining R2 and the number of ethoxylate groups, the HLB of the
surfactant is, in general, determined. However, it is to be noted that the nonionic
ethoxylated surfactants useful herein, for concentrated liquid compositions, contain
relatively long chain R2 groups and are relatively highly ethoxylated. While shorter
alkyl chain surfactants having short ethoxylated groups may possess the requisite
HLB, they are not as effective herein. '
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zero PSU val ue to which ever sanple is chosen to be the zero-base

standard The ot her sanples then have plus or mnus values as determ ned by

their relhdeliSss9’ ades wWith respect to the zero base stangdghfdesgidgs Number
of panel tests performed and averaged is such that about 0.2 PSU
represents a significant- difference i n subjectively perceived softness.

B. Hydrophilicity (absorbency) Hydr@&shilicity of tissue paper refers, in
general , "to the propensity of the tissue paper to be wetted with water.
Hydrophl licity oExamplesns npuipric surfagtapts follove e nogieaietsurfactants ofighisdet er ni ni ng

the period ﬂtveﬁttdﬁearé Astintieed td dased:sdmﬁrbss SrehPBambles AdRERIBAERNE! el Y

wet t ed vvrth %@Eﬁi "@@Z referred to as "wetting tine". In
order to g grgﬂl’s'ﬁr‘kf‘? Petitabl e test for wetting tine, t he
fol | owi ng procedure may be dswderpxydBedAlvgthsrre determinations: first, a
condi t i oned ;SEHRIrEPLiiRAA & envi ronnent al condltlons for testing
of ‘paper sanple 48 2% as specrfred in
Tappi Method #T Igﬁma#m??&i. A “E"g‘?‘% ﬂ‘iﬂ“&“’g °"Y"'i‘??c‘1§ {about 11.1
cmx 12 cn) hedademehmqa&peadmuuhhawnmrlﬂ.ﬂ)mhndb:jmgmuml hetdireareheet S

folded into g d (either
covered wit hE e}%ét StJ C ?gﬁhetgugf{}@%ﬁwnﬂaf Emlﬂ&‘ew t'h %J) nlﬂgge

F ermvi ng el beretn as dheryisepsity/ciapgrsigilice mpdifers of the sRMBPSEIANS A5 | nch
(about 1.9 mpalgﬁi)(lO)athn-CloE(wh) ('Htxmhoa@h&soﬁ)nxednatumlmtmthenhi rd, the

bal | ed Sheefalobﬁolpl gdotgﬁ' 5.9 %&&eﬂ@o AR HY fsmtexﬁn ied & S of
distilled wat ntain In a X gl ass
beaker. 11 dHgAmEed s'acltrée ePhaF ﬁ&‘éﬂt?‘ﬁ@ﬁ'wﬁmtﬁ@“&a&# ofestelstlal ¢ i <

t echni que sIBO(RS).t ake place within the confines of the controlled

t enperature and hum dity roomat 22 to 24 [err]C and 48 to 52%rel ative
hum dity. The sarrpl e baII s then carefully pl aced on the surface of the
water from & & aecondary AlcohelAlkexlates1 cm ~above the water surface. At

t he exact morrent mbaedaa,ldndmudbmai,barausdae;rpeﬁtudécacectm andrer is

ST e St inde Y bt 250 ool B BB ET

the paper ¢ @P‘ar\s and HpR ayithinghe Fagge rqsm heseip can berisedsasAtting agents "bl'é!ﬁ ker

ts"yrayl sh coqu’rabmmweuﬁm Exefiplngtethoxyet sécogdary Bicoliols @ah be asediad Weftihg alnd t?e5
Sets of o basrl ke bl n‘%'“wPa*z% #tqﬁ%@%ﬂﬁﬁﬁllﬁﬁ%ﬂdﬁrec@%aﬁz‘fe
The Linear Alkyl Phenoxylated Alcohols

As in the case of the alcohol alkoxylates, the hexa- through octadeca-
ethoxylates of alkylated phenols, particularly monchydric alkylphenols, having an
HLB within the range recited herein are useful as the viscosity/dispersibility modifiers
of the instant compositions. The hexa- through octadeca-ethoxylates of p-tridecyl-
phenol, m-pentidecylphenol, and the like, are useful herein. Exemplary ethoxylated
alkylphenols useful as the wetting agents of the mixtures herein are: p-tridecylphenol
EO(11) and p-pentadecylphenol EO(18).

" As used herein and as generally recognized in the art, a phenylene group in
the nonionic formula is the equivalent of an alkylene group containing from 2 to 4
carbon atoms. For present purposes, nonionics containing a phenylene group are
considered to contain an equivalent number of carbon atoms calculated as the sum of
the carbon atoms in the alkyl group pius about 3.3 carbon atoms for each phenylene

group.

Olefinic Alkoxylates



final reported result should be the cal cul ated average and standard
devi ati on taken for the 5_sets of data. The units of _the neasurenent are
seconds. The water nust be changed after the 5 sets of 5 balls (total =
25 ball's) have been tested. copious cl eaning of the beaker nay be

necessary if owbiokmesey residue is noted on the inside wall roTridseosaker .
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techni que to nmeasure the water absorptio®Zate is through pad sink

nmeasurenents. After conditi oni ng t he tissue paper of interest and all
controls for a ni niThealkenyl sleohels, path prmery and) sezandagy. apdalkenyl phenels 520

relative huni dlcwes(oiBm tdﬁ&@&daﬂﬂ&&hﬁ&)wm ﬂioaekmfﬁeeam&ﬁaé@t@heet s of
e e Y bich ¥ ALY ninaibe ulel o wiiipg B bid Rlefi? | 2

pl ace through e use ng presses kbt per cutter,
or |aser cutti Aeyepdhni ques. I\/anual scissors cutting is not preferred due

to both the i rreprommd(:ﬁamj\mo@meu ing of the sanples, and the

potential for paper g A S been
cut, it is carefull y%%\géeg’em&mhhm% and szct(’ﬁ%a& Qﬁoﬁ?’%{'{d@g? ﬁl’fﬁéﬁﬁu tn I on of

thi s hol der is wel- ynt'Om"membe ethpxylated @@mabeuwasmnm@rs it h

m ni mal di sruptth@ﬁeseihheenheﬁder is circular in shape and has a d| anet er of

approxi mately 4.2" W res

runni ng parall el tgh%ﬁ%%gﬁ%‘toﬁg?é %%h%@ésg?@&g@& o‘%eﬁpﬁgge&”g%. nts on the
wire's circunf somnentxonsmegm@pmgmmmhem\;{mm¢ surfappmtdxi mat el y 0. 7"
This wire nmesh epgd; §méhqombﬁc§¢m@a@ﬂdag§nys prior to placing the paper

on its surface. ker ks fi 5 It
di stilled water hgtleé'ﬁ* ‘Tfts 'b‘gﬁ'? u%ﬁ%%?éf%&eﬁ%? alﬂ‘?pgllf’zf" ?‘ft?(g%/‘ BX ter
i nsuri ng oneselvweightdasadon thedryfibenwéight of the tissugpapdr. T stas prefesablyt ace
mot ion, t ]be SQ{ai_ﬁ@ﬂkﬁ RhYis Wt gl t@nﬁf&c}ﬁi'bdn%t&ﬁ ekethpliry F&h@ﬁ?%%ah&ﬁr&f Ej he
wat er surface e sa ol der 0 contin war
after the sarrpll’geq“"lag‘af?ﬁg g&l iﬂﬁlﬁ%eé' §‘8?°Pat§s %P%Wm&c g’??‘%é‘f? handl e
cat ches on t he asé dlkylgljcasides bdadhaz alkylglycaside esters such as Crodesta SL-40 which is
available from Croda, Inc. (New York, NY); alkylglycoside ethers as described in
U.S. Patent No. 4.011,389, issued to W. K. Langdon, et al. on March 8, 1977; and
alkylpolyethoxylated esters such as Pegosperse 200 ML availabie from Glyco
Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520 available from Rhone
Poulenc Corporation (Cranbury, N.J.).

St jtives:
Other types of chemicals which may be added, include the strength additives to
increase the dry tensile strength and the wet burst of the tissue webs. The present
invention may contain as an optional component an effective amount, preferably from
about 0.01% to about 3.0%, more preferably from about 0.2% to about 2.0% by
weight, on a dry fiber weight basis, of a water-soluble strength additive resin. These
strength additive resins are preferably selected from the group consisting of dry
strength resins, permanent wet strength resins, temporary wet strength resins, and
mixtures thereof.

(a) Dry strength additives

The dry strength additives are preferably selected from the group consisting of
carboxymethy! cellulose resins, starch based resins and mixtures thereof. Examples of
preferred dry strength additives include carboxymethyl cellulose, and cationic
polymers from the ACCO chemical family such as ACCO 711 and ACCO 514, with
ACCO chemical family being most preferred. These materials are available



way, the screen does not interfere with the water absorption of the paper
sanple. At_ the exact nonent the paper sanple_touches the surface of the
water, a tiner is started. The timer is stopped after the paper stack is
conpletely wetted out. This is easily visually observed by noting a
transiti onydeddgszpaper color fromits dry white color tGerghaglREs 9rayi sh
col oration upon conplete wetting. At the instant of conplete wetting, the
timer is stopped and the total tinme recorded. This total tine is the tine

required for the paper pad to conpl et 43 wet out. This procedure is
repeated for at Ieast addltlonal ti ssue paper No nore than 5 pads
of paper sh&amaersial Vlﬁrl‘?"\/\‘ﬁht: agC‘HFPQ"M@f E"r*N&Wd’eﬁSYst cl eani ng and
refilling of the beaker with fresh water at a tenperature of 22 to 24
[err]C. Al'so, if new and uniqug\ sant 0. he nun. the water should

al ways be changed to the fresh 1 s nal reported tine

val ue for a Pgmwwﬁt@amamuw@l bﬂé‘“&%?ﬁ@fé‘e"ﬂﬂdm Apengrally.dbeseat i ons f or

the 3 to 5 sksiiskehi¢htave prdiousihfoutid addwhith wilkherdiftasfindanitiitingiec seconds.
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Hydr ophi | i ciafarementioned papesty Westfelt, incarperated herein by fefeeenent s of the present
i nvention  ITAYhe usiial @a4e] the “bﬁstﬁkhkmrraﬂmﬁﬁe WateRsblgbI€ lcatictid Maten®s Thaci ur e.

However , st.an ncr Lophobi cit ocC uring the
first two wgg «ghea}ﬁsl’" SAe” ter'gqi‘éble ﬁg% ?Q‘%ﬁeﬂdxﬂxh gﬁ?&f"ﬁe paper has
aged two ( 2)fumishils istquite pogsible. amt;empnhm(pent@i thay pubsequenicevents such@s t i nes ar e

pr teI er ablt y rmssmhﬁdg ¥l feh&rwieﬁﬁs lﬁmduetmw%rmef isSfle resins arelsahubie! V.
wetting tine

tenperature °ﬂyeu ?grus‘r?ﬁ‘g%txf"g @gse g‘f‘fﬁo"'%ﬂl@%ﬁlp éetr“]rgs P lAIOgoat o:)? |O£)n nal
aging condiWetotrengsh resins are-generaliyhelieved torugdergo # erqss-linkingtos otheycuring i i c
both | ong t aeiBtioks dMe iRy Saebiekd snﬁﬂ%%tlﬂﬂ%?'amoﬁg ilié\fﬁ @maRifper at ure and
hum dity expQsur L aper roductg ogc r r est or Jpstance
exposure of ﬁ "lg'égrr?ﬂ% g$ ?‘r%t"gtr'é‘g{" Byooccpt.snjepg.as beantdl ( he | ange of
49 to 82 | eran]ogmfsofwatenwrpresoml year can mm c sone of

Preferably the permanent wet strength resin binder materials are selected from the

' group consisting of polyamide-epichlorohydrin resins, polyacrylamide resins, and

mixtures thereof.

Of particular utility are the various polyamide-epichlorohydrin resins. These materials

are low molecular weight polymers provided with reactive functional groups such as

amino, epoxy, and azetidinium groups. The patent literature is replete with

descriptions of processes for making such materials. U.S. Pat. No. 3,700,623, issued

to Keim on October 24, 1972 and U.S. Pat. No. 3,772,076, issued to Keim on

November 13, 1973 are examples of such patents and both are incorporated herein

by reference.

Polyamide-epichlorohydrin resins sold under the trademarks Kymene 557H and

Kymene 2064 by Hercules Incorporated of Wilmington, Delaware, are particularly

usefsl in this invention. These resins are generally described in the aforementioned

patents to Keim.

Base-activated polyamide-epichlorohydrin resins useful in the present invention are

sold under the Santo Res trademark, such as Santo Res 31, by Monsanto Company

of St. Louis, Missouri. These types of materials are generally described in U.S. Pat.

Nos. 3,855,158 issued to Petrovich on December 17, 1974; 3,899,388 issued to

Petrovich on August 12, 1975; 4,129,528 issued to Petrovich on December 12, 1978;

4,147,586 issued to Petrovich on April 3, 1979; and 4,222,921 issued to Van Eenam

on September 16, 1980, all incorporated herein by reference.



potentially severe exposures conditions a paper sanple may experience in

the trade. Also. autoclaving of the paper sanples can m mic _Severe agi ng
conditions the paper nmay experience in the trade. It nust be reiterated
that after any severe tenperature testing, the sanples nust be

re-condi ti onegygsnssst enperature of 22 to 24 [err]C and a repehiysoinsel dity
of 48 to 52% All testing should also be done within the confines of the

controlled tenperature and hum dity room C. Density The density of
ti ssue paper, as that termis used herei 8% is the average density
cal cul ated as the basis weight of that paper divided by the caliper, with
the appropri aDthermiater-sejuble eatiopissesingaise iptre thecpobjagrylamidegesinsrsuch o0 g/ cc.
Reh S ot e A0SR s P gl py ANC ke 0 1 e
calipor 1o moaSomugid FoRPRS BEsifipre Canfireit Phest mulfns s el L o
( Thwi ng- Al ber t deseribedfin PiS. [Pati Nop3, 256.938)issuexhie Caseis etal vwon Januarnyfl 9t W lpaper is
typically detepgd 656993 issuéd eoAVilRe et O Jafualy 1B, 1978, all heéiporatddinerelnd i S
precondi tioned acaor ding to Tappi Method #T4020M 88 and then the weight is
measured in unPY ¥ ans to the nearest ten-thousanths of a gram
Appropri at e co@sher typenef water-soluble resinsruspfil in thepredentsinvention ighlude aerylici t s of
gt edi bnts SRS shific syrenc butadienc atexes. Numerous examples of thess yoesth | 1%
t hg chenmical °5GFPEHP R&Vt‘%ﬁﬂbgfst Pgt'ﬁntdg% 3?@%@8&{@?‘%‘?* °6F[n'tg iBS‘Fﬁe
paper maki ng f uOctaber 2% 19Tk (nearporates herein by referéh@e.06/ 25557
PCT/ US96/ 01256 gyjj) other water-soluble cationic resins finding utility in this inventiod@re the 8redOt
significantly ?oi}%aﬁgﬁ/y L%r? Xlel%];\;nee %m;[ani%hysd%frés?ng.l 'ﬂgese S‘cﬁ?ﬁﬁ&%ﬂﬁ?’ regétivg he fibrous

polymers have molecular weights on the order of a few thousand. The more common

functional groups include nitrogen containing groups such as amino groups and

methylol groups attached to nitrogen.

Although less preferred, polyethylenimine type resins find utility in the present

invention.

More complete descriptions of the aforementioned water-soluble resins, including

their manufacture, can be found in TAPPI Monograph Series No. 29, Wet Strength

In Paper and Paperboard, Technical Association of the Pulp and Péper Industry

(New York; 1965), incorporated herein by reference. As used herein, the term

“permaneni wet strength resin” refers to a resin which allows the paper sheet, when

placed in an aqueous medium, to keep a majority of its initial wet strength for a

period of time greater than at Jeast two minutes.

(¢) Temporary wet strength additives

The above-mentioned wet strength additives typically result in paper products with

permanent wet strength, i.e., paper which when placed in an aqueous medium retains

a substantial portion of its initial wet strength over time, However, permanent wet

strethh in some types of paper products can be an unnecessary and undesirable

property. Paper products such as toilet tissues, etc., are generally disposed of after

brief periods of use into septic systems and the like. Clogging of these systems can

result if the paper product permanently retains its hydrolysis-resistant strength

properties. More recently, manufacturers have added temporary wet strength

additives to paper products for which wet strength is sufficient for the intended use,

but which then decays upon soaking in water. Decay of the wet strength facilitates

flow of the paper product through septic systems.



‘material, and softness enhancing actions of the quaternary amoni um
~ softening conpounds of the present_invention. A. Wetting Agents:

. The present invention may contain as an optional ingredient from about
0.005% to about 3.0% nore preferably from about 0.03%to 1.0% by wei ght,
on a dry fy Is of a wetting agent. Noni oni gera nt
(Al koxyl at %&%gsra’isal S) Sui t abl e noni onic surfactants %g‘r?kﬁe used
as wetting agents in the present invention include addition products of
et hyl ene oxide and, optionally, propyl2lhe oxide, with fatty al cohols,
fatty acids, fatty am nes, etc. Any of the al koxylated material s of
the parti culExamplesef syisshie tempdranewey strgngth resing include medified sarchhe noni oni ¢

surfactant. Shpdr iits, 306h SU0dToRd) Seatth T3-00805 frarkefed! by lthe

o
surfactants ,of. t ner oryl a; . . Jerr wherein
%2 for - bot b o] SFER S hemitel irBermtion Rlew Yous, New Yo This e 07 v 1
consi sting oirexgth agenycandeuadel by geacting dimethoxyethykNemethylickiproagetasnide acy | |
Eyg: ggg; Ey: wifl{)&kl&ﬁé stifch %B&Mers?%@ﬁ@@&%cﬁ?&n%ﬁ?gégﬁrﬁggi agﬁﬁ_k kﬁglylk - and
y y ups.: i Yo yl -
al kenyl sub?&%&@&%gﬁﬁﬁ’érﬁ?érggggg;g%&gup@s“e “&ﬁygdrsgcmdbyl groups
havi ng a hydncoczoritgd heréinibp réferangehPreferred tempondrp wet 8rengthaksinstinchide pr ef er abl y
from about 319?&%%?19&&:1tﬁs.%i.WAfﬁs@!SS?. uis issiledsailayy 1,199 ¥%dg ocar by
chain length tor h&]gl d go ositions is fromabout 16 to about 18 carbon
at ons and f dRCOSRATAED BRIFH Q¥ FHIEEHE- f r om about 10 to about 14 carbon atons.
I'n the generWith fespsttiteethé classesundespénificydxamplds of butiopermasent tmdt-tempbmnher ein, Y
et stréngth resing listed ab t Id be under. t'the Yesins hi ’ ’
i's typically, gt [ fted abblOH¥hU e O $tddd ikt héFesind fis h R2, and R
ave the ne e

when present, ni ngs given_herern or.e, and/or can be

hydr ogen, arfifepPlay "é\{'a‘“‘leéﬁgi“ed%bﬁ'g‘% to b‘?”éf@r%ﬁ?ﬁpt‘é&s fvertionahout  10- 11.

Per f or mance Mixtiresxsficambatibleswetistrengtly resins canhalsocheiusedimthepmagsiof thism decr ease
when fewer qhﬁgﬁg’{.ate groups are present. The noni onic surfactants
herein are characteri,zed by an HLB, (hydrophilic- . lipophilic bal ance) of
from about 7F &gﬁ‘{ft}lm‘“@(ﬁ“ F‘%‘F‘Qﬁ'ﬁé‘ %"BWP%\‘BHE‘E““S" %‘Pedﬂffﬁlﬂ exemplaryy cour se,
by defi ni ng ikRatarefaridure notmheant wflintt the soope bfthgdrvention. t he HLB of t he
surfactant is, in general, determ ned. However, it is to be noted that the
noni oni ¢ ethoxyl ated surfactants useful herein, for concentrated |iquid
conposi t i onsThedpliavingexamplejliysirates the practicef the present inversion but igmat r el ati vel y
hi ghl 'y et hoXgiefideddo b¥\limitingshepecfer al kyl chain surfactants having short

et hoxyl ated groups may possess the requisite HLB, they are not as -

ef fecti ve herein.
EXAMPLE

The purpose of this example is to illustrate tissue paper made by a
papermaking machine of the type shown in Figure 1, wherein the wet tissue is treated
with an aqueous solution of PEG-400.

A pilot scale Fourdrinier pﬁpermaking machine is used in the practice of the
present invention. A 3% by weight aqueous slurry of NSK is made upina
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of a
permanent wet strength resin (i.e., Kymene 557H marketed by Hercules Incorporated
of Wilmington, DE) is added to the NSK stock pipe at a rate of 1% by weight of the
dry fibers. The adsorption of Kymene 557H to NSK is enhanced by an in-line mixer.
A 1% solution of Carboxy Methyl Cellulose (CMC) is added after the in-line mixer at
a rate of 0.2% by weight of the dry fibers to enhance the dry strength of the fibrous
substrate. The NSK slurry is diluted to 0.2% by the fan pump. A 3% by weight
aqueous slurry of CTMP is made up in a conventional re-pulper. A non-ionic
surfactant (Pegosperse) is added to the re-pulper at a rate of 0.2% by weight of dry
fibers. The CTMP slurry is diluted to 0.2% by the fan pump. The treated furnish
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Exanpl es of nonionic surfactants fol low. The nonionic surfactants of this
invention are not limted to these exanples. In the exanples, the integer

defines the wug;%ggs.,of et hoxyl (EOQ groups in the nol ecul e. perusosni2se
Li near Al koxyl ated Al cohol s a. Linear, Primary Al cohol Al koxyl ates

The deca-, undeca-, dodeca-, tetradeca-, and pentadeca-ethoxyl ates of n-
hexadecanol, and n-octadecanol having an2BLB within the range recited
herein are ° useful wetting agents in the context of this invention.

Exenpl ary et hosjpitenesNSKri is blanded irbthe hepddyoy jandy deporsitedpntq Eoudrinier

Vi acosi } >é/0((1: SO;JWin% t@forintadh éﬁoh@érﬁbr%mé h@l% ﬁnew?s?ﬁg SdGrs dirBugh theI |

n- err (0] at e ural or
synt hetic EB‘H& w%?ﬂi agis&]ﬂ)bya%gec o & é 59?6‘55 are Ei%f“ K6 Eef ul
herein. Speci fmremm-s!sd ofatin mmmﬁsmmﬂmmaéﬂ machieg-digactionandsle- EQ(1 1) ,

ol eyl al cohol - Egodlmachitiecirebion mbdoBilaients per inH, %Eépecuvelyb ‘Thk emBA/onic REONdary
Al cohol Al koxyl

pent adeca-, ocf"%é Q"Sfe'aﬁ%fmm;{‘be?a"d‘é@e&f%ggecﬁbe% c?ﬂs‘s%" e?ftaf’gg‘ét?%f i

2-oct adecanol , the-peint oftansfer. torripl®taspelymerrhelt having:240iginean ddabw pellsipeni n t he
range recited ?tﬁfa?‘d iRclC 3 de&ehtaeﬂclaémwatnung nﬁﬁ%ﬂbﬁotb-'boﬁfhﬁr depht. es

i nvention. Exe ted,secondar oho ) S s vvettl ng
agents in the H? 8@5#'3 fsﬁﬁ‘é‘?\g?q?gf?%a"?é'“ué‘ éf’F‘i “%g :j'f’ and
2- C[ err] EQ( 14) consistency of about 28%. The patterned wel nmdﬂd@lm

Al cohol s fiber cOfsistéhcy BLatioRb65% by Wé&hﬁ' nﬁhﬂdb i#1héR ¥dHeRldS thetshﬁ‘a&@fa‘

t hrough oct adec cﬁt ho%‘é\ﬁt es of al.k hen.al S &ﬁ rticul & I ¥
nonohydri ¢ al k?%‘ﬂ’é‘i’f rYer crepi “{% ‘W‘Wﬁ@gp g"e SSAHUPRL o n
are useful as bpfiRolyvimyd déqdlyl/(BVsﬁpeffhdl fibdr iconsistancly isiincreased tofan estimateds96int

conposi ti ons. Iasr R dry crdpi wa@smﬂ%aczsmmaflm%aefbmdetn{agd%eoén
phenol, mpenta

ot hoxyl at ed ?&pﬁsenoidesgee? a1 1 posiie M resBec e SaBkes 1 ot L s
herein are: p- prquiecay lippeznangle of 2B\t B)! degmies) -the W ankee dryepis opoated @ o)t
As used herein 86@ﬂ> e&%&erﬁﬁlﬂe)’ b6 24 nefeds pe? nhﬁlﬁe)ar'lfhe dfy WEFR YorRig@ group in
the nonionic f ?nrtgry‘l’“aat S e fel‘&j}‘pvaz qtme(%grsagr naﬁlnut\éls ene group containing from
2 to 4 P P
' An aqueous solution is sprayed onto the wet tissue paper through spray
nozzle 220 which contained an aqueous solution comprising about 50% by weight of
a polyhydroxy compound. The polyhydroxy compound used is PEG-400 available
commercially from Union Carbide of Danbury, Connecticut. The wet web has a fiber
consistency of about 25%, total web basis weight basis when sprayed by the aqueous
solution containing the polyhydroxy compound. Two plies of the web are formed
into paper towel products by embossing and laminating them together using PVA
adhesive. The paper towel has about 26
#/3M Sq. Ft basis weight, contains about 1% of the PEG-400 and about 0.5% of the
permanent wet strength resin. The resulting paper towel is soft, absorbent, and very

strong when wetted.




carbon atons. For present purposes, nonionics containing a phenyl ene group
are considered to contain an equivalent nunber of carbon atons calcul at.ed
as the sum of the carbon atons in the al kyl group plus about 3.3 carbon
atons for each phenyl ene  group.
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al kenyl al cohols, both primary and seconda
correspondi ng to those discl osed innediate
et hoxylated to an HLB within the2t7ange re \ _ :
wetting agents in the present invention Branched Tmai n Al koxyl at es
Branched chain primary and secondary al cohols which are_available fromthe
wel | -knomgll gxg R‘rgc 3s can be ethoxylated and can be used as wetting

agents in resen ‘i nventi on. The above eth

surfact ahts ﬁF@‘%&MIWf?Q‘WﬂS&’@i@ﬁ"%Wr tions al oﬁmumlﬂﬂlgﬂm!mlﬁ
conbi nati on, _and i urfactant” enconpasses M x&d fonf oni ¢
surface acti® g &E@é%l%@‘?ﬁé@r@ g'?&surfact ant, if used, is preferably
from about OpP1% t 9 | f wei ght of
the tissue paP trofh @é?&rtoz.%@ &n?y wafrﬂg sgfri!gl? ewﬁ%@%bﬁ@dgﬁ%l%ﬁ th eight
or nore car beﬁﬁ%ﬂgwg BeE*@'% 8? 5H?Pagﬁ$fact ants are linear alkyl

sul f onat es, A ctants

are al kyl gl ycosﬂ{'as |‘ﬂ%‘ﬂ§ﬂﬁoﬁjﬁrﬂ§8¢ cos%ﬂ}gél ers l&?@%ﬁr@?ﬁg@%@ sta SL40
which is. aveplyalycerols baying éd&e'gh everese\momqlar weight fren 150/ t080@e et her s
as descri bedp b]z xyétiylemt eaihd NO polyoRypropPlenei s ored ﬁdlydﬁ#eﬁ len@nggon. et al.

on March 8, { ter Pegospner se 200
M. avai | abl e&& éﬁp@@ﬂ%ﬁé gé@?@ég ngY'ﬁé% ?’g@i %&u%? E%g ALSRC- 520
avai | abl e f r GRm@0Hte 1069, pad mixturasdhareckrander anbury. N, J ).

wherein said tissue paper has a basis weight of from 10 to 65 glm2 and a

density of less than 0.60 g/cc, said polyhydroxy compound having being
applied to a least one surface of a wet tissue paper web.

The

2. The tissue paper of Claim 1 wherein said polyhydroxy compound is
selected from polyoxyethylene and polyoxypropylene having a weight
average molecular weight from 200 to 1000, preferably polyoxyethylene
having a weight average molecular weight from 200 to 1000, more

preferably polyoxyethylene having a weight average molecular weight
from 200 to 600.

3. The tissue paper of Claim 1 or 2 further comprising an effective amount of
a strength additive, wherein said strength additive is preferably selected
from permanent wet strength resins, temporary wet strength resins, dry
strength resins, retention aid resins and mixtures thereof.

4. The tissue paper of Claim 3 wherein said strength additive is a permanent
wet strength resin selected from polyamide-epichiorohydrin resins,
polyacrylamide resins, and mixtures thereof.

5. The tissue paper of Claim 3 wherein said strength additive is a temporary
wet strength resin, preferably a starch-based temporary wet strength
resin.

6. The tissue paper of Claim 3 wherein said strength additive is a dry
strength resin, preferably selected from carboxymethyl cellulose resins,

—
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: rength O her t types of chem cals which may be added,

I ncl ude the ﬂﬂlﬁmlm I! il I ncrease the dry tensil.e. strength and

t he wet burst bs The present i nvention rmay contain as an
optional conmponent an effectlve anoun{ Tt ' tabout 0.01%to

about 3. 0% erably from abou EN Gp6 bypcTvessgbnzss on a
dry fiber wei gﬁt Eam s, of a water-soflubl e %@'?'e‘?ﬁf?t addilti ve resin. These

strength additive resins are preferab V..Sselected fromthe group consisting
of dry strength resins, permnent rength resins. te t
strengt h resi n$targhpased B3PS, tﬁ@‘i‘ed’f“ Ures " tnereof, ' Mast g%%%’tﬁ@(\g?uy
strength addi t icaesoxytiethyl cgliulosecreginh additives are preferably selected from

the group consisting of carboxynmethyl cellul ose resi t arch hased
resins and Tni xtApresessiar spkingsefhfisuie Fﬁper-pﬁﬁ E?%SGP'?" ?r%‘ﬁqgﬂfdl tives

i ncl ude car boxyngsmprisesdhe stepsef. and cationic polynmers fromthe ACCO
chem cal famly such as ACCO 711 and ACCO 514, with ACCO chem cal famly

bei ng nost pr efadr r akt-layieg @nnaquacus| siursy containing iseliulosic fibers Jg)form A5557
PCT/ US96/ 01256 ,, b; 23 commercially

fromthe Aneri caen Cyanam d Conpany of Wayne, New Jersey
(b) Permanent wyt a;pplymtbsaidlmh/eSf'bermmBMWQf/étomﬂﬂ&wglﬁﬂ%eiﬂ!tﬁls usef ul

herein can be ‘Uép ?eﬁ \.ﬁﬁfﬁ‘faéﬁtﬁu BP%ewaterreé?dltﬁlﬂeVﬁb
previously foun aW I ter n. y er maki ng
art are useful ¢ERqUAd tRlJWPBL% E’Eaﬁ?ﬁf‘@? ta‘?l? 8%%‘?{"% Yvhgrem Bf‘tfﬁ%??&n i oned
paper by Westf efrdm 0. 19%6d0200%} dey ﬂibarewenglht;bm @f saitkpolyhydroxyhcompound case,

the wet strengt; , cationic materials. That is to
8 rpighiedfinpdig fRhR oo e

say, the resing e tinme they are added-to the

paper maki ng f rnld}pmglénd@eﬁhgtsgdZWQS-I bl e, and even to be expected, that
subsequent events such~as

wherein said tissue paper has a dry basis weight of from 10 to 65 g/m2
and a density of less than 0.60 g/cc.

8. The process of Ciaim 7 further comprising the step of applying to said
web, a sufficient amount of a polyamide-epichlorohydrin permanent wet
strength resin such that between 0.2% and 2.0%, dry fiber weight basis,
of said polyamide-epichlorohydrin resin is retained by said web.

9. The process of Claim 7 or 8 further comprising the step of applying to said
web, a sufficient amount of a carboxymethyl cellulose dry strength resin
such that between 0.1% and 1.0%, dry fiber weight basis, of said
carboxymethyt cellulose resin is retained by said web.

10. The process of any of Claims 7 - 9 further comprising the step of applying
to said web, a sufficient amount of a starch-based temporary wet strength
resin such that between 0.1% and 1.0%, dry fiber weight basis, of said
starch-based resin is retained by said web.

This Sheet Has Been RTlaced




cross-linking will render the resins.i:nsoluble in water. Further, sone

resins are soluble only under specific conditions., such as over alimted
pH range. Wet strength resins are generally believed to undergo a

cross-linking or other curing Treactions after they have been deposited
on, W thi nwoersegPng the papernmaking fibers. Cross-|inkpgguSsnisisi N0 does
not normally occur so |long as substanti al anounts of water are present.
Preferably the permanent wet strength resin binder materials are sel ected
fromthe group consisting of polyanide- eplchlorohydrln resins,

pol yacryl am de resins, and 1/ xt ures t her eof E@rtlcular utility are
the various pol yam de- epi chl or ohydriQ resg ese terials are | ow

mol ecul ar wei ght pol yners provided WI a N Uncti onal groups such as
am no, epoxy, and azetidi ni um gi® PS.o ﬁ[m iteratwe is replete with
descriptions of processes for making s. U3+ Pat. No.

3. 700, 623, issued to Keimon Cctgbwsy Y/and U. §5 Pat. No.

3,772,076, issued to Keimon NovienRe ; ar-e—exanpl es of such
patents and both are incorporated hg®ei ref erence.

Pol yam de- epi chl or ohydri{n re5|n§/§;_15k

déj"-- rademar ks Kynene 557H and
Kynmene 2064 by Herc Incoro;¢f‘?:=?§§§*'« ngtorf2 Del aware, are
particularly u ul M thlf/’nvent|on TReseyestns are general ly
described in the @f orem FETH\ Base- acti vat ed
pol yani de- epi chl or ohydr i : in t\he present invention are sold
under the Santo Res trag@enfs such as SantoiRes 31, by Monsant o Conpany
of St. Louis, Mssouri. fise types of materijals are generally described in
U S Pat. Nos. 3, 855, ' h on Decenber 17, 1974,
3,899, 388 issued tao- P¢ 1975; 4,129,528 issued to
Petrovich on De cenﬂEr 17, \\ 4,147,584 i ssued to Petrovich on April 3,
1979; and 4, 22%, 921 i ssued t & n Septenber 16, 1980, al

22957
e

24

Fig. 1




O her water-soluble cationic resins useful herein are the pol yacryl am de
resins such as those sold under the Parez trademark, such as Parez 631 NC,
by American Cyanami d Conpany of Stanford, Connecticut. These naterials are
generally described in U S. Pat. Nos. 3,556,932 issued to Coscia et al .
on January wdeenksksl, and 3,556,933 issued to WIIlians: et sdrruseféyas@nuary
19, 1971, all incorporated herein by reference. Oher types of

wat er - sol ubl e resins useful in the present invention include acrylic
enul si ons and ani oni ¢ styrene-butadi ene | at exes. Numerous exanpl es of these
types of resins are provided2/4 U S. Patent No. 3,844,880, Meisel, Jr. et
al ., issued OCctober 29, 1974, incorpora ein oﬁgreference Stil

ot her water-soluble cationic resins ftAdif ifTthis invention are
the urea fornal dehyde and nelanlne!for lesi ns. &hese
pol'yfunctional, reactive polynersTavE R N\ #wei ghtsvon the order of a
f ew t housand. The nore conmon funcggs 71 ncl ude nitrogen
cont ai ni ng groups such as am no groups wn hyl ol gr $ips attached to
nitrogen. Although |ess preferred, g@N/& hfifeni m ne tyfe resins find
utility in the present nvent i on. _IMOxeNdOJRDet e descriptions of the

af orement i oned wat er - bl e re4>?ﬁ:::3$<;ff-o theer manufacture, can be
found in TAPPI M raphj Seri ¢?//. StTeagth | n Paper and

Paper board, Technixal Assgci 4 i on of the PuNp Erﬂj Paper Industry (New
York; 1965), incorporateghg
"permanent wet strength el refers to a re.in whi ch alloms t he paper
sheet, when placed in ap .Lu eep a mpjority of its initial
wet strength for a peripd W
(c} Tenporary wet strength Sy ove-nentioned wet strength
additives typically resul ‘\\ wth per manent wet strength,
i.e., paper whi®h when,-pl aced N3N aquegus nediuntretains a substanti al
portion of its Nnitial8wet strenr:s=xz=_,\°’:. Howgyer, permanent wet
strength in sone types of _psa u n be am@innecessary and
undesirabl & prQge . s toilet tissues, etc. are
general |y drsposed of a‘ter i i e—iito septic systens and
the like. C ogg se systems can .lzb the paper product
permanently retai dronS|s resi 4i r &gt h properties. Mre
recently, nanufag% H y wet strength additives to
paper products f =1 fficient for the intended use,
but which then dec=~q upn iy i o R . Decay ofbihe wet strength

= ;

hn at | east two ninutes.

s
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suitabl e tenporary wet strength resi ns incl ude nodified starch t enporary
wet strength agents, such as National Starch 78-0080, marketed by the

Nat i onal Stwpeéaagyd Chemical Corporation (New York, New Yopdpmusodiisggtype of
wet strength agent can be nade by reacting

di met hoxyet hyl - N- et hyl - chl oroacetam de wi th cationic starch pol yners.
Modi fied starch tenporary wet strength agents are also described in U S
Pat. No. 4,675,394, Sol arek, et g/g., i ssued June 23, 1987, and

i ncorporated herein by reference. Prefgesed tenporary wet strength resins

i nclude those described in U S. Pa N981, 557, Bj orkqui st, issued
January 1. 1991 and i ncorporated Wigz N\ef erence. Wth respect to the
cl asses and specific exanples Qf, u{(\\ \ M and tenporary wet strength
resins |isted above, it shoul d*Re L N /t hat_the resins listed are
exenplary in nature and are not Nea
M xtures of conpatible wet strengt

=

gmt theoscope of this invention.
can al so be used in the practice

of this invention. The above |ist\g optional chem cal additives is
intended to be nerely exenpla in TN and are not neant to limt the
scope of the invention. The Tal ] owifpg"exanpte.l | ustrates the practice of
t he present inventon but is not @a d to bewliniting thereof.
EXAMPLE e purpose of t ample is to illustrate tissue paper
made by a papermaki ng nachi ne of g e type shyg in Figure 1, wherein the
wet tissue is tJregted jlth an ggWeWus sol uti gn of PEG 400. A
/"—‘\

pi |l ot scal e Four d@i ni gZpapermakl ¥ machine is used in the practice of the
present inventilon. ,.;.'/'/ i gaqueous slurry of NSKis nmade up in a
conventional re- pur i i i

of a per manent gt Strength resikh (i.e., Kymene 557H marketed by Hercul es
| ncor por at ed of W I m ngton, DE) ils agded to the NSK stock pipe at a rate
of 1% by wei ght| off} t he - = @

.20
+»
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dry fibers. The adsorption of Kynene 557H to NSK i s enhanced by an in-line
m Xer. A 1% solution of Carboxy Methyl Cellulose (CMC) is added after the

in-line mxer at a rate of 0.2% by weight of the dry fibers to enhance
the dry strength of the fibrous substrate. The NSK slurry is diluted to
0. 2% by th%véfébs%”p- A 3% by wei ght aqueous slurry of GHEYRbaeRde up in
a conventional re-pulper. A non-ionic sur fact ant (Pegospersé? I'S added to
the re-pulper at a rate of 0.2% by wei ght of dry fi bers. The CTMP slurry

is diluted to 0.2% by the fan punp. The treated furnish WO 96/ 25557
PCT/ US96/°01256 4/4 26 m xture (NSK
[ 'CTMP) is blended in the head box osited onto a Foudrinier wre to
form a honobgenous enbryoni ¢ web. occurs through the Foudrinier
wi.re and is assisted by a deflect um boxes. The Fourdrinier wre
is ‘of a 5-shed, satin weave casfi (ng 84 machi ne-direction and
76 cross-machi ne-direction ndRofi r mgh. respectively. The
enbryonic wet web is transferrad Fourdr@nier wire, at a fiber
consi stency of about 22% at the Y\oi transfér, to a photo-pol ynmer belt
havi ng 240 Linear |daho cell g, per uare}inch, 34 percent knuckl e areas
and 14 mls of photo-polyner Tept h. rt de-watering is acconplished by
vacuum assi st ed drai nage unti € as a ~N®er consistency of about
28% The patterne® web is pre-dri y¥air blowrthrough to a fiber
consi stency of abbyt 65% by wei ght= e is then adhered to the surface
of a Yankee d sprayedggriepi ng adhgsi ve conpri sing 0.25% aqueous
solution of | Vi nyl ol . The fib& consistency is increased to
an estimated 96%= b e the reping the web with a doctor blade. The
doct or bl ade hfs evel angle out 25 degrees and is positioned with
respect to thel Ya e dryer to ovirde an i npact angl e of about 81
degrees; the nkge dryer is operdted at about 800 fpm (feet per m nute)
(about 244 meterq{per mnute). Th dry,meb is formed__into roll at a speed
of 700 fpm ( 204 Wgeters per minutgs). 2 § An aq‘Jeous solution is
sprayed onto the tal i SSUE paper\t ugh®spr ay noz@Pe 220 whi ch contai ned
an aqueous sol b rising t 50% by wei ght d&
S
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a pol yhydroxy _conpound. The pol y_lgydr-o')gy conpound used_is PEG 400 avail abl e
comercially from Uni on Carbi de rof Danbury, Connecti WP \ ;

\ . i s a
fi ber consi st eirmtllmllljmthmﬂ ~total web basis wei g yed
by the aqueous ! ! i'ng the pol yhydroxy Eoppound. Two pl of

the web are forned i fAto"paper towel pro@ficts by enbpski nh2AUG 1998 natf ng

t hem t oget her usi ng PVA adhesive. The paper towel hps}jabout 26 #/ q.§

Ft basi's wei ght, contains about 1% of the PEG 400 anfi about 0.5% 0T t

per manent wet Styf EQIJirﬁé&EE?"The resul ting paper tokwel.is soft  absorjbent,
en wette

and very strong i : o What is clained is: 1.
Ti ssue paper consi dti ng Tissvepapel ¢onsisting essentiallyof: wet-| ai d cel | ul osic ™"
fibers; and ): %a.tpsabout 5% of a water sol uble
pol yhydr oxy 4 we@?&%@%‘#&s%@;ﬁi e dry fiber weight of said
ti ssue paper, b)  from aheuted.01%atod abeutydis cofox watemprluble polyhydraxyt ed

fromthe group . L.stin I Vik L ght
aver age nol ecul ar’ comPOS'QJ]\?\‘é%tSHt&} ?I{)emd%ﬁ%% %%'gﬁfé? g%@uttsggﬁgfa%h
po: yoxyet Ey: ene and wherein said palylyyskgxyr cpypaind isrselected from the group
pol yoxyet hyl ene/ pol yoxypr opyl ene, copol : : ' [.ght
average nol ecul ar wei gh@?g%qﬂgaB%&&%gﬁézﬁ‘%ﬂ? a weight a&?ﬁd&%@%{;ﬁd
hmaé}[ lrjui:] ez ;tlvg_erﬁ;)f and m x«tei;ljm ml')mgla}nogfr ﬁlSO}Nitd fabogt 800, polyoxyethyleyiey @dol s

i ght aver age ecul ar_wei r am, about to
about 800 and mixture ofpr‘T’EYPW?B\er%qrﬁot%Wghweé}e?Rﬁ“émepwe"ewPo";rﬁgrﬁavi ng
wei ght average nol ecul afhamg@fWei%ﬁt@Veﬁg@uholaﬁﬂartWeigMdm about 200 to aboutl 000;
wherein said tissue paper._has a ' ght .of from.about, 10 t o abott;‘t 65

g/nferr] and a density dP0Pesdnd RIS (8P O agdl c fixidty o, g r 8%
\(ggPound having bei ng applyghdefols ivirgepabighteveragd molecular weight frdm aboet paper
150 to about 800 and mixture of glycerol with polyoxyethylene
having weight average molecular weight from about 200 to about

1000;
wherein said tissue paper has a basis weight of from about 10 to about 65 g/m?
and a density of less than about 0.60 g/cc, said polyhydroxy compound having

being applied to at least one surface of a wet tissue paper web.

2. The tissue paper of claim 1 wherein said polyhydroxy compound is
selected from the group consisting of polyoxyethylene and polyoxypropylene
having a weight average molecular weight from about 200 to about 1000.

3. The tissue paper of claim 2 wherein said polyhydrdxy compound is
a polyoxyethylene having a weight average molecular weight from about 200 to
about 1000.

4. The tissue paper of claim 3 wherein said polyoxyethylene has a
weight average molecular weight from about 200 to about 600.

5. The tissue paper of claim 1 wherein said polyhydroxy compound is

glycerol.



2. The tissue paper of claim1 wherein said pol yhydr, :
selected fromth of pol yoxyet hyl ene gng

havi ng a wei ght av ecul ar wei ght from about 20(
3. The tissue pa mﬂﬁﬂﬂ&! u! erel n said pol yhydr

pol yoxyet hyl ene ha
about 1000. : The

i sSue paper of claim3

pol yoxyet hyl ene has a wei ght average nol ecul ar wei ght e
about 600. 6. °: Th@l&shé?ﬁH&d?%ﬁﬁh 1%h§rétﬁ's'§ld1pdﬁrﬂﬂﬂix2 cdipdund is
pol yhydroxy conpound is glycero

e tissue paper
of claim1l WnMW@mlﬁhw%vewamelﬁwia@Nﬁamwfr9me‘=1b@u§1%wlabgug P
wei ght aver agegggpl ecul ar wei ght of from about 150 to about 800. 7.
The tissue paper of claim21 wherein said pol yhydroxy conpound is a m xture
of glycerol and pol yoxyet hyl ene havi ng a wei ght average nol ecul ar wei ght
from about 200 to out OfRsue

t im 1
uhar o1 Sai d pol yhyll oxy! Sarsas AP SRim f wiiEinisoR U BERSY lnpcurl
pol ygl ycer ol s sanixture af gyceyot and golyguyetiylena havingss weight average molecular

weight from about 200 to about 1000.

8. The tissue paper of claim 1 wherein said polyhydroxy compound is
a mixture of glycerol and polyglycerols having a weight average molecular weight
from about 150 to about 800.

9. The tissue paper of claim 1 wherein said polyhydroxy compound is
a mixture of polyglycerols having a weight average molecular weight from about
150 to about 800 and polyoxyethylene having a weight average molecular weight
from about 200 to about 1000.

10.  The tissue paper of claim 1 further comprising an effective amount
of a strength additive.

11.  The tissue paper of claim 10 wherein said strength additive is
selected from the group consisting of permanent wet strength resins, temporary
wet strength resins, dry strength resins, retention aid resins and mixtures thereof.

12.  The tissue paper of claim 11 wherein said strength additive is a
permanent wet strength resin selected from the group consisting of
polyamide-epichlorohydrin resids, polyacrylamide resins, and mixtures thereof.

13.  The tissue paper of claim 11 wherein said strength additive is a
_ temporary wet strength resin.

14.  The tissue paper of claim 13 wherein said temporary wet strength
resin is a starch-based temporary wet strength resin.
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pol yam de- epi chl or ohydrin resins, poléacr yl am de resins, and m xtures

t her eof . The tisbus papgap

of claim 13 sal orary gt

glaig 18] whereinsaig cnestieagthfesinrigngt h

resin Is a starch-based

16.
addi tive is %ﬁé‘?g@ﬁ?'%thggé‘ﬁ%tJoﬁgigﬁ'\#/&éf%étmmewy‘ cellulodé resins| S@rdn 5548 Paper
29

t enporary wet resinsgagt mixtaessrthereof.

17.  The tissue paper of claim 16 wherein said dry strength resin is a

carboxymethyl cellulose resin.

18.  Aprocess for making soft tissue paper, said process comprising the

steps of:

a) wet-laying an aqueous slurry containing cellulosic fibers to form a

web;

b) applying to said web at fiber consistency of from about 10% to

about 80%, total web weight basis, a sufficient amount of a water

soluble polyhydroxy compound to impart a bulk sofiness to said

structure, wherein said polyhydroxy compound is selected from the

group consisting of, polyglycerols having a weight average

molecular weight from about 150 to about 800, polyoxyethylene and

polyoxpropylene or polyoxyethylene/polyoxypropylene copolymers

having a weight average molecular weight from about 200 to about

1000, and mixtures thereof and mixture of glycerol with

polyglycerols having a weight average molecular weight of from

about 150 to about 800 and mixture of glycerol with polyoxyethylene

having a weight average molecular weight from about 200 to about

1000; and
c) drying and creping said web;

wherein said tissue paper has a dry basis weight of from about 10 to about 65 g/m?

) and a density of less than about 0.60 g/cc.

19.  The process of claim 18 wherein from about 0.1% to about 2.0%,

dry fiber weight basis, of said polyhydroxy compound is retained by said tissue
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density of | ess than about 0.60 g/cc. 19. The process of claim 18
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pol yhydr oxy conpoumg. i s Thetprocesd obylabmil 8, fuitbencomprising the step of applying to
said web, a sufficient amount of a starch-based temporary wet strength resin such
that between about 0.1% and about 1.0%, dry fiber weight basis, of
said starch-based resin is retalnedbxsald web



papef'ﬁ.

AN N

20. The process of claim 18,

further conprising the step of
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