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FIELD OF THE INVENTION

This invention relates to multi-layered tissue paper web. More particularly,
it relates 10 multi-layered tissue paper web comprising chemical softener
compositions and binder materials. The treated tissue webs can be used to make
soﬂ'. absorbent and lint resistance paper products such as facial tissue, and toilet
tissue products. -

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as facial and toilet
tissues are staple items of commerce. it has long been recognized that four
important physical attributes of these products are thair strength, their softness,
their absorbency, particularly their absorbency for aqueous systems; and their fint
resistance, particularly their lint resistance when wet. Research and development
efforts have been directed 10 the improvement of each of these attributes without
seriously affecting the others as well as 10 the mprovement of two or three

. attributes simultaneously.

‘Strength is the ability of the product and its constituent webs, 10 mamtam .
physical integrity and to resist tearing, bursting, and shredding under use
conditions, particularly when wet.

Softness is 1he tactile sensation perceivéd by the consumer as he/she holds
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
This tactile sensation is provided by a combination of several physical properties.
One of thé most important physical properties related to softness is generally
considered by those skilled in the art to be the stifiness of the paper web from
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Fl ELD -OF THE | NVENTI ON " This invention relates to multi-|ayered
ti Ssue paper web. More particularly, it relates to nmulti-layered tissue
paper w0 9SMI¥T8 si ng chemni cal softeéner conpositions and FCAABA4M@ICrials. -
The treated tissue webs can be used to nake soft, absorbent and |int '
resi stance paper products such as facial tissue, and toilet tissue :
products.. ' BACKGROUND OF THE | NVENTI ON Paper
webs or sheets, sometines called tisgue or paper tissue webs or sheets,
find extensive use in nodern society. Such itens as facial and toilet
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under use paper will absorb at saturation as well as the rate at which the mass absorbs the

liquid.

‘ Lint resistance is the abllny of the fibrous product, and its eonstituem webs,
to bind together under use conditions, particularly when wet. In other words the
higher the lint resistance is, the lower the propensity of the web 1o lint willbe.

The use of wet strength resins to enhance the strength of a paper web is
widely known. For example, Westiolt described & number of such materials and
discussed their chemistry in Cellulose Ch'emi_stry and Technology, Volume 13, at
pages 813-825 (1979). Freimark et al. in U.S. Pat. No. 3,755,220 issyed August
28, 1973 mention that certain chemical additives known as debonding agents
interfere with the natural fiber-to-fiber bonding that occurs during sheet formation
in paper making processes. This reduction in bonding leads to a softer, or less
harsh, sheet of paper. Freimark et al. go on to teach the use of wet strength resins
in conjunction with the use of debonding agents 10 off-set the undesirable effects
of the debonding agents. These debondi ing agents do reduce both dry tensl!e
strength and wet tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974 also teaches that
chemical debonders can be used to reduce the stiffness, and thus enhance the
softness, of a tissue paper web.

Chemical debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issuéd to Hervey et al. on January 12, 1971.

-These materials Include quaternary ammonium salts such as
cocotrimethylammonium chloride, oleylirimethylammonium chloride,
di(hydrogenated)ialiow dimethyl ammonium chloride and stearyltrimethyl
ammonium chloride.

Emanuselsson et al., in U.S. Pat. No. 4,144,122, issued March 13, 1979,
teach the use of complex quaternary ammonium compounds such as bis(alkoxy(2-
hydroxy)propylene) quaternary ammonium chlorides to soften webs. These
authors also attempt to overcome any decrease in absorbency caused by the
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condi t i~ons,

particularly when wet .

per cei ved by t he consunmer as he/she holds a particular product,
acr 6s& WOIEMEHT8 skin, or crunples it within his/her hand.PCITUS%/06#dti| e -
S prOV|ded by a conbi nati on of several physical properties.
i mpor tant physi cal properties related to softness |Is generally
by those skilled in the grt to be the stiffness of the paper web
: 2 which the product

sensation i
of thé nost
consi dered
from .

is nade. St

i ffness, in turn, is usually considered to be directly

debonders through the use of nonionic surfactants such as ethylene oxide and
propylene oxide adducts of fatty alcohols.

Armak Company, of Chicago, lllinois, in their bulletin 76-17 (1977) disclose
the use of dimethyl di(hydrogenated)tallow ammonium chloride in combination with

fatty acid esters of polyoxyethylene glycols to impart both softness and

absorbency to tissue paper webs.

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

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

patterned arrangement, and creping the web from the creping surface to forma .

sheet material.

Conventional quatamary ammonium compounds such as the well known
diatkyl dimethyl ammonium salts (e.g. ditaliow dimethyl ammonium chioride,
ditatiow dimethyl ammonium methyl sulfate, di(hydrogenatedjtaliow dimethyl
ammonium chioride etc ...) are effective chemical debonding agents. However,
these quaternary ammonium compounds are hydrophobic, and can adversely
affect the absorbency of the treated paper webs.. Applicants have discovered that
mixing the quaternary ammonium compound with a polyhdroxy compound (e.g.,
glycerol, sorbitols, polyglycerols or polyethylene giycols) will enhance both
softness and absorbency rate of fibrous cellulose materials.

Unfortunately the use of chemical softening compositions comprising a
quaternary ammonium compound and a polyhydroxy compound can decrease the

- lint resistance of the treated paper webs. Applicants have discovered that the lint

resistance can be improved through the use of suitable binder materials such as

wet and dry strength resins and retention aid resins known in the paper making art.
The present invention is applicable to tissue paper in general, but
particularily applicable 1o mutti-layered tissue tissue paper products such as those
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dependent on the dry tensile strength of the web and the stiffness of the
fi bers which make up the web. Absor bency is the neasure of the
abi®l i® y V0@ 9507 duct, and its consfituent webs, to absor PCIREWOSIEs , of
liquid, particularly aqueous solutions or dispersions. Overall absorbency’
as perceived by the consuner is generally considered to be a conbination of
the total quantity of liquid a given mass of nulti-layered tissue paper
will absorb at saturation as well as%the rate at which the mass absorbs the
l'i quid. Lint resistance is the ability of the fibrous product, and
its constit udascrinedin,U.SoPatemd3. 0942 IhissuachigdviorganJre etali qn Novembeeda.i cul ar | y
when wet. | n19¥é)@hd iMesrporatedMeretn tiyveferénige. | i Nt resistance is, the |ower the
propensi ty of tndy waR cbfactdrifis WudrioR provide soh, BBSorbkf af i Hsistdrcg ot N

ngt 'S y Kn

resins to enhance th@s reﬂg a a paper we w de own. For :
exanpl e, Wesfmuli-ayeredlissuppapeLPRANP%: of such nmaterials and discussed their

chem stry in’ Cel |isaise Thiherabiset atthisiavantien taprovide p prscessior makingages

813- 825 (197gpH, dbserbewa/ lint @sisahce multiayaredtissue plper prodds.220 i ssued August
niertere wigh { o iae aneod) fgﬂfw{dmgﬁw e "Sheet
formation i&?em%f'ea%ﬁpﬁﬂeﬁtr' e.%;segg',bgﬁ‘g 8@%%%%%{"3 bonding leads to a
softer, or less harsh, sheet of paper. Freimark et al. go on to teach the

use of wet strength resins SUMMARYUOETHEAINVENTION e use of debondi ng agents
to off-set the undesirable effects of the debondi ng agents. These

debondi ng. agent s i - ] sile
strength " g&aévrg%%vp@{onﬁg%ﬁ%%ag' %ﬁr%g{?ﬁﬂ%guegq;%hyéﬁ,gwm, al so
t eaches t hat tissue paper products comp sing papet making fibers, chemical softening
' compositions and binder materials. Briefly, the chemical softening composition -
comprises a mixture of : ' ‘

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

having the formula
R 'R1 : : |
AN
+ X
2
R2 Rt

wherein each R2 subétituen_t is a C1 - C6 alkyl or hydroxyalkyl group, or mixture
thereot; each Ry substituent Is a C14 - C22 hydrocarbyl group, or mixture
thereof; and X" is a suitable anion; and

(b) from about 0.01% to about 3.0% of a polyhydroxy compound; preferably
selected from the group consisting of glycerol, sorbitols, polyglycerols having a.
weight average molecular weight of from about 150 to about 800 and
polyoxyethylene glycols and polyoxypropylene glycols - having a weight average
molecular weight from about 200 to 4000. '

Preferably the weight ratio of the quaternary ammonium compound to the
‘polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0. it has been
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chem 6al debonders can be used to reduce the stiffness,

and t hus enhance

the softness, of a tissue paper web. Chem cal debondi ng agents

have bweres#i4?8| osed I n various refierences such as U. SPCHES4/0@14

3, 554, 862.

i ncl ude quaternary amoni-um salts such as
ol eyl tri met hyl amoni um chl ori de,

i ssued to Hervey et al on Januaiy 12, 1971. These-naierials

_ cocot ri met hyl anmoni um chl ori de,
di (hydrogenated)tal | ow di net hyl

anmoni um -

chloride and stearyltrinethyl am$oni um chl ori de. Emanuel sson et
al, In US. Pat. No. 4,144,122, |ssued March 13, 1979, teach the use of
conpl ex quaﬁs%mu 1ETIRN Ehemicab spRanings compdsitien i mofe bitextive ®hen the

hydroxy)pr
authorS-aI
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These

mnxe tog er preferab rctoan%m%g&urs %E gtalggst 48 °eb§e%r£’ %938 agfal&éed by the

_ to the papermaking furnish.

Examples of quaternary ammonium compounds suitable for use in the
present invention include the well-known dialkyldimethylammonium salts such as

DiTallow DiMethyl Ammonium Chloride (DTDMAC), DiTallow DiMethyl Ammonium -

Methy! Sulfate (DTDMAMS), Di{Hydrogenated)Tallow DiMethyl Ammonium Methyl

Sulfate (DHTDMAMS), Di(Hydrogenated)Tallow DiMethyl Ammonium Chloride )

(DHTDMAC).

Examples of polyhydroxy compounds useful in the prasent inventuon
include glycerol, sorbitols, polyglycerols having a weight average molecular weight
of from about 150 to about 800 and polyoxyethylene glycols having a weight
average molecular weight of from about 200 to about 4000, with polyoxyethylene
giycols having a weight average molecular weight of from about 200 to about 600
being preferred.

The term binder refers to the various wet and dry strength additives, and
retention aids known in the ant. These materials improve the lint resistance of the
tissue paper webs of the present invention as well as.counteracting any decrease
in tensile strength caused by chemical sofiening compositions. Examples of
suitable binder materials inciude permanent wet strength resins (i.e. Kymene ®
557H marketed by Hercules Incorporated of Wilmington, DE), temporary wet

strength resins (i.e. National starch 78-0080 marketed by National Starch and

Chemical corporation of New-York, NY), dry strength resins {i.e. Acco ® 514,

Acco ® 711 marketed by American Cyanamid company of Wayne, New Jersey)
and retention aid resins (i.e. Percol ®175 marketed by Allied Colloids of Sutfolk,
Virginia). :

Briefly, the process for making the multi- layered tissue paper webs of the
present invention comprises the steps of formation of a mutti-layered paper making
furnish from the aforementioned components, deposition of the multi-layered paper
making fumish onto a foraminous surface such as a Fourdrinier wire, and removal
of the water from the deposited furnish. '

All percentages, ratios and- proportions herein are by weight unless
otherwise specified. '
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3 debonders through the use of nonionic surfactants such as ethyl ene oxide
and propwl ene oxi de adducts of fatty al cohols. - Armak_Conpan of
Chiccago WOPIPHB s, in their bulleti'n 76-17 (1977) di sc|o§&TN§§P’B¥i‘? of

di net hyl di (hydrogenat ed)tal | ow ammoni um chl oride in conbination with fatty
aci d*esters of pol yoxyethylene glycols to inpart both softness and
absorbency to tissue paper webs. One exenplary result of research
.directed toward inproved paper webs ®s described in U S. Pat. No.

3,301, 746, issued to Sanford and Sisson on.January 31,1967. Despite the
high quality of paper weBBIERRESGRIPTION Wﬁﬁgﬂﬁﬁﬂﬁsbed in-this patent,
and despite the conmercial success of products forned fromthese webs,
ngfegr g fr;plefe f °,r3t i vgir\ifeg% %ﬁeéiﬁéaﬁdﬂbneﬂuésrmmmﬁuswa@&uﬁw phiftifg ¢ifBhd nued. "

X : . . : uary :
1979, descri Bﬁﬁ%élﬁeﬁ'ﬂ%ﬂ%t 'Hgfq%sgﬁfgﬁ%nr P‘q? 6’?!‘#";%5‘ ?i%vebﬁéggﬁdtg?br ous
sheet . More uagasstped oM the following descripfion taken t"rF@"&‘P?‘@HQ‘P‘ﬂ hprassoqated yo paper
web (whi ch neawingscin'whiohn sof t éned by the addition of chem cal debondi ng
agents) can be ergigutg qds @)schemtiic icross-sectionarndewp o) @hrdeIqyeredisingtaLpty ace of t he

o ek Dot ¢ RAiBsBlE inHoCodhed with 1o prdfint pveiiidna 1 angerent by @ honding
mat eri a su as_an acryrli ex-rubber . enul.sion, a er. so e resin,
or an el astoneri (,F'%ﬂgi -'%@sﬁﬁ?@'f:ﬂ"fs' eﬂalmglofatwo-layeremwo-ply%qaf .
' tissue in accordance with the present invention.
The present invention is described in more detail below.

DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and
distincily 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 "lint resistance” is the ability of the fibrous product,
and its constituent webs, to bind together under use conditions, particularly when
wet. In other words, the higher the lint resistance is, the lower the propensity of the
web 1o lint will be. . _

As used herein, the term “binder” refers to the various wet and dry strength
resins and retention aid resins known in the paper making ar.

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

As used herein, the terms “tissue paper web, paper web, web, paper sheet
and paper product” all refer to sheets of paper made by a process comprising the

- steps of forming an aqueous paper making fumish, depositing this fumish 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. o . o '

‘As used herein, an "aqueous paper making furnish® is an aqueous slurry of
paper making fibers and the chemicals described hereinafter. ' )

As used herein, the term *multi-layered tissue paper web, multi-layered
paper web, multi-layered web, multi-layered paper sheet and multi-layered paper '

" product” all refer o sheets of paper prepared from two or more layers of aqueous
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been adhered to one surface of the web and to the creping surface in the
fine _patterned arrangenent, and creping the web fromthe creping surface-
to forWQ9%8¥&t naterial . “* Conventi onal quat enarBCTAUSPAM6IIM
conpounds such as the well known dialkyl dinmethyl amoniumsalts (e.g.

di tal F'ow di met hyl ammoni um chl oride, ditallow di methyl ammoni um net hyl

sul fate, di(hydrogenated)tallow dingthyl ammoniumchloride etc ...) are
ef fecti:ve chem cal debondi ng agents’ However, these quatemary anmmoni um
conmpounds are hydrophobi c, and can adversely affect the absorbency of the
tr eat ed: papRapenmeking fumpish jwhigh are peelasably cempised of difgient bheg tyges.fke quat er nary
anmoni um cofifeesgpicallytteing rplativelydongsotivony and teldtively .shor hardwoad fibessor bi t ol s,
pgl ygLych&s gge'doml Ws%wxdasaemakat?.olm ligdrs _awbwr&abubqaﬁmeasaeéfrﬁ RS S ?nfi .
absorbency [ . [ rtunately the
use of chen‘l’%&?_""g%?{ %R’F?i‘géi‘g",l"!és |' ? fng%g@écrgél rffi}s@:ﬂon 3"9 of "J%#e%#glf %/yammni um
conmpound aniaramioRusiseeaens., i theipdivicual laxers aginitigl °3?R-9°“§%9ﬂ’@'°r‘§_§ﬂsstance of

t he treat edthpdayers ambsubséquoenily corbindcaiwhile iwet)to dommi atlayered ¢omposita

resi stance ggy be i nproved through the use of suitable binder materials

such as ~ wet angy Gy oib rir?fﬁt §5 b hisINenficr §'Bhd Bﬂn%@f&?é n{&éu{ nown In the
paper making art. sent .lnvention,ls ca o tissue
paper in gegﬁqgél",'akm furnish, F&‘fﬁ%&ﬁw’aﬁﬁ P%I"@kk"(g Pﬁ *h-eé‘ié%d tissue
ti ssue papesomatinascretorred 4o as wopd puip), and a mixture of at least one quaternary

ammonium compound, a polyhydroxy compound and binder materials all of which

will be hereinafter described.

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

Both hardwood puips and softwood pulps as well as blends of the two may
be employed. The terms hardwood pulps as used herein refers to fibrous pulp
derived from the woody substance of deciduous trees (angiosperms): wherein
softwood pulps are fibrous pulps derived from the woody substance of coniferous
trees (gymnosperms). Hardwood pulps such as eucalyptus are particularily
suitable for the outer layers of the multi-layered tissue webs described hersinafter,
whereas northem softwood Kraft pulps are preferrred for the inner layer(s) or
ply(s). Also applicable to the present invention are fibers derived from recycled
paper, which may contain any or all of the above categories as well as other non-
fibrous materials such as fillers and adhesives used to facilitate the original paper
making. . . o '

Chemical Softener Compositions '

The present invention contains as an essential component a mixture of a
quaternary ammonium compound and a polyhydroxy oompbund. ‘The ratio of the
quaternary ammonium compoundto the polyhydroxy compound ranges from
about 1.0 : 0.1 to 0.1 : 1.0; preferably, the weight ratic of the quaternary
ammonium compound to the po|yhydr6xy compound is about 1.0:0.3100.3:1.0;

. more preferably; the weight ratio of the quaternary ammonium compound to the
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4 described in U S Patent 3,994,771, issued to Mrgan Jr. et al. on
Novenber 30, 1976, and incorporated herein by reference. It is an
obj-eét YO 95191478 nvent i on to provi dé soft, absorbent and IRGI{USP849%44 apnce -
mul ti-layered tissue paper products. It is also a further object of’
this invention to provide a process for making soft, absorbent, |int
resistance nulti-layered tissue paper products. These and ot her

obj ect;s are obtai'ned using the pres@nt i nvention, as.will becone readily
apparent froma reading of the follow ng disclosure

SUMVARY OF TadiyhydawyNepmpeiund is about 1.0:0.7100.7: 1.0, although this ratio will vary

depending upon the molecular weight of the partncular polyhydroxy compound
and/or quaternary ammonium compound used. .
Each of these types of compounds will be descnbed in detail below.
- A. Quaternary Ammonium Compound
_ The chemical softening composition contains as an essential eomponent ,
from about 0.01% to about 3.00% by weight, preferably from about 0.01% to about
1.00% by weight of a quaternary ammonium compound having the formula

\/-

Rz , R1

In the structure named above each R1 is C14-C22 hydrocarbon group, preferably .
taliow, R2 is a C1 - C6 alky! or hydroxyalky! group, preferably C1-C3 alky!, X" is a
suitable anion, such as an hafide (e.g. chloride or bromide) or methyl sulfate. As
discussed in Swern, Ed. in Bailey's Industrial Oil and Fat Products, Third Edition,

- John Wiley and Sons (New York 1964), tallow is a naturally occurring material
having a variable composition. Table 6.13 in the above-identified reference edited
by Swern indicates that typically 78% or more of the fatty acids of tallow contain 16
or 18 carbon atoms. Typically, half of the fatty acids present in tallow are
unsaturated, primarily in the form of oleic acid. Synthetic as well as natural
“taliows" fall within the scope of the present invention. Preferably, each R1 is C16-
C18 alkyl, mos! preferably each R1 is straight-chain C18 alkyl Preferably, each
R2 is methyl and X is chioride or methyl sulfate.

Examples of quaternary ammonium eompounds suitable for use in the
present invention include the well-known di ialkyldimethylammonium salts such as
ditallow dimethyl ammonium chioride, ditallow dimethylammonium methyl sulfate,
di(hydrogenated)taliow dimethyl ammonium chloride; with di(hydrogenated)tatiow
dimethyl ammonium methy! sulfate being preferred. This particular material is
available commercially from Sherex Chemical Company Inc. of Dublin, Ohio under
the tradename “Varisoft ® 137",

B. Polyhydroxy Compound

'\
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The present invention provides soft, absorbent, lint resistant
nul;i;lagered ti ssue paper products conprising paper making fibers,

cheni ¢WO980143%i ng conpositions and binder materials. BrPEHU§94/06%14 cheni cal
softening conposition conprises a mxture of: (a) fromabout 0.01%to
about " 3. 0% of a quat emary amoni um conpound having the fornul a

RI [err] wherein each [err] sugstituent Is a Cl-C6 al kyl or

hydr oxyal kyl group, or mxture ther each [err] substituent.is a Cl4. -
C22 hydrocar byl oup, 'or mxture thereof; and [err] is a sui tabl e ani on;
~and (b) from aﬁgﬁﬁhﬂ"'ﬂbfﬁQ"S"‘ﬁ%GB'P"PW&""E"&&%/W8?%95@93’@Qﬁ*pmﬁi

pref erabl y sehebdut0.0f %ctonabbt 30051y weight; preferablydfonyabone0.01% teatsdat t ol s, .
pol ygl ycerohgod/g%{wg@hgom@}wd,a ¥eecmpaun®@!l ecul ar wei ght of from about 150 to

about 800 and pe{yQXyelfNEhPsoR eorlotndideRiPh Y 3rBEAPIHLHIEn Heiyg®! S Naving a

wei ght avera
g v glgcerol sorbitols, polyglycerols having a weight average molecular weight of from

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

A particularly preierred polyhydroxy compound is polyoxyethylene glycol
having an weight average molecular weight of about 400. This material is available
commercially from the Union Catbude company of Danbury, Connecticut under the
tradename *PEG-400".

The chemical soﬂemng composltaon described above l.e. mixturo of a
qQuaternary ammonium compounds and a polyhydroxy compound are preferably
diluted to a desired concentration to form a dispersion of the quat and polyhydroxy
compounds before being added 10 the aqueous slurry of paper making fibers, or

‘furnish, in the wet end of the paper making machine at some suitable point ahead

of the Fourdrinier wire or sheet forming stage. However, applications of the above
described chemical softening composition subsequent to formation of a wet tissue
web and prior to drying of the web to completion will also provide significant
softness, absorbency, and wet strength beneﬁts and are expressly included within
the scope of the present invention.

It has been discovered that the chemical softening composition is more
effective when the quaternary ammonium compound and the polyhydroxy
compound are first pre-mixed together before being added to the paper making
fumish. A preferred method, as will be described in greater detail hereinafter in
Example 1, consists of first heating the polyhydroxy compound 10 a temperature of
about 66 °C (1 50°F), and then adding the quaternary ammonium compound to the
hot polyhydroxy compound to form a homogenous fluid. The weight ratio of the
quaternary ammonium compound to the polyhydroxy compound ranges from
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frol ecal ar wei ght from about 200 to 4000. Preferably the weight .
rati o of the quatenmary anmoni um conpound to the pol yhydroxy conpound
rangés fWQASMMat 1.0 : 0.1 to 0.1 1.0. It has been PCT/US94/06914

5 discovered that the chem cal softening conmposition is nore effective
when -t he pol yhydroxy conpound iand the quaternary amoni um conpound are
first pre- mxed together, preferably at a tenperature of at least 40 [err]
bef ore bei ng added 10

about 1.0 : 0.1 to 0.1 : 1.0; preferably, the weight ratio of the QUaternary
ammonium compound 10 the polyhydroxy compound is about 1.0 :0.310 0.3 :1.0;
‘more preferably, the weight ratio of the quaternary ammonium compound to the
polyhydroxy compound is about 1.0 : 0.7 to 0.7 : 1.0, although this ratio wili vary
depending upon the molecular weight of the particular compound and/or
quaternary ammonium compound used.
it has unexpectedly been found that the adsorptxon of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
quaternary ammonium compound and added to the paper by the above described
process. In fact, at least 20% of the polyhydroxy compound and the quaternary
ammonium compound added to the fibrous cellulose are retained; preferably, the
- retention level of quaternary ammonium compound and the polyhydroxy
compound is from about 50% to about 90% of the added levels.

- Importantly, adsorption occurs at a concentration and within a time frame
that are practical for use during paper making. In an effort to better understand the
surprisingly high retention rate of polyhydroxy compound onto the paper, the
physical science of the melted solution and the aqueous dispersion of a
Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl Suﬂate (DHTDMAMS). and
polyoxyethylene glycol 400 were studied.

“Without wishing to be bound by theory, or to otherwise limit the present
invention, the following discussion is offered for explaining how the quaternary
ammonium eompound promotes the adsorption of the polyhydroxy compound onto
paper.

Information on the physical state of DHTDMAMS Di(Hydrogenated)Tallow
DiMethyl Ammonium Methyl Sutfate, RoN+(CHg)2,CH30S03" and on DODMAMS
is provided by X-ray and NMR (Nuclear Magnetic Resonance) data on the

" commercial mixture. DODMAMS (OiOctadecyl DiMethyl Ammonium Methy!
‘Sulfate, (C1gH37)2N+(CH3)2,CH30804") is a major component of DHTDMAMS,
and serves as a mode! compbund for the commercial mixture. it is useful to
consider first the simpler DODMAMS system. and then the more complex
commercial DHTDMAMS mixture.

Depending on the temperature, DODMAMS may exist in any of four phase

~ states: two polymorphic crystals (XP and X%), a lamellar (Lam) fiquid crystal, or a
liquid phase. The XB crystal exists from below room temperature to 47 °C. At this
temperature it is transformed into the polymorphic X® crystal, which at 72 °C is
transformed into the Lam liquid crystal phase. This phase, in tum, is transformed
into an isotropic liquid at 150 °C. DHTDMAMS is expected to resemble

\
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t'o the papermaki ng furnish. Exanpl es .of quaternary anmoni um
conpounds suitable for use in the present invention include the well-known
di al Ky gspaimsl anmoni um sal ts such' as Di Tal | ow Di Met hy| péwruss4/ess4Chl or i de
(DTDMAC), Di Tal | ow Di Met hyl Ammoni um Met hyl Sul fate ( DTDVAMB),

Di (Hydr ogenat ed) Tal i ow Di-Met hyl Ammoni um Met hyl Sul fate (DHTDVAMVE),

Di (Hydr ogenat ed) Tal | ow Di Met hyl Ammoni um Chl ori de ( DHTDVAC) .

Exanpl @s of pol yhydroxy conpounds Y4seful in the present invention include
glycerol sorbitols, polyglycerols having a wei ght average nol ecul ar wei ght
.of from ameDMlﬂm matsadmyat:am'laalod epcapy thay theHempatatures obihg phasd ng a wei ght

av?ar age {Tﬁhﬁﬁsﬂio% wilt®b idweréd and Broaddnedl FoPdanipt, &mwnaﬁ&@ﬂommet*ﬁt ‘s

ol yoxye e of from
bout 300 1% o x e s bol 9?3% A Al g b SRR
the vari OUQQPMA%CQ"& yaler H&t‘l’? a {ndicate\that sexeral coystabry 13/R PRRSR known in
the art. Tiasstionatoecurdh OHTOMAMS rather thamone es irc DQRMAMS. Theconset ssue paper

webs of thi‘e:ﬁt{e@a’i@@fof tHaRtiesP Bt these'@drsitions i§ BB CHindgdod Hgredmentwl ease 1 n
tensile stgﬁgg ggégused y chem cal softening conpositions. Exarrpl es of
r

[ I | | nen h resi . e. rr
3571 ket ed BOONAG (ORicicp) SN Rk phafan) AspRIb AR of o7 v it
strength r different béhamor m.mmmmmmumﬂmawmoonm Starch
and  Chem Gaist IAAiD 86pound (Dhughin/el/al, dourhbjof PHysical (Chendstdy, Prysicat (i.e. [err]
o148, L€ lsclehte mﬁ%%&at J:ﬁ.yw IGATRWBler SysiBiH1G, New Jersey)
gﬂﬁf (r)ﬁ(ent 'é) mbal t?ass'e vlot. lu sir%ag fﬁ&%s@‘l incorpora ed loids of

’ herein by reference). This difference, however, is believed not to be important to '
the use of this eompound (or its commercial analog DHTDMAC) in the treatment
of paper.

Mixtures of DHTDMAMS wlth PEG-400.

A 1 : 1 weight ratio mixture of these two materials is studied DODMAMS
and PEG are shown to be immiscible at high temperatures, where they coexist as
two liquid phases. As mixtures of the two liquids within this region are cooled, a
Lam phase separates from the mixture. This study therefore shows that these two
materials, while immiscible at high temperatures do become miscible at lower
temperatures within the Lam liquid crystal phase. At still lower temperatures

crystal phases are expected 10 separate from the Lam phase, and the compounds
are again immiscible.

These studies therefore suggest that in order to form good dispersions of
DHTDMAMS and PEG-400 in water, the premix that is diluted with water should
be held within the mtermediate temperature range where the two eompounds are
miscible.

Mixtures of DHTDMAC with PEG-400.

~ Phase studies of these two materials using the step-wnse dilution method
demonstrate that their physical behavior is considerably ditferent from that of
DHTDMAMS. No liquid crystal phases are found. These compounds are miscible
as liquid solution over a wide range of temperatures, which indicates that
dispersions may be prepared from these mixtures over a comparable range of
temperatures. In particular no upper temperature fimnit of musc:btlny exists.
Preparation of dlsperslons

-
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Vi rgi'ni a).

mul't i- | QI 4Baper naki ng
deposi on of the multi-I ayered paper

°

Briefly, the process for making the multi-layered tisue
paper webs of the present | nvenion conprises the steps of formation of a

~furni sh fromthe aforenenti BREYSNBMent s,
maki-ng furni sh onto a foram nous

surface such as a Fourdrinier wire, and renoval of the water fromthe
deposi ted furnish. Al pergentages, ratios and proportions herein
are by weight unless otherw se s‘%eci fied. '

6

Dispersions of either of these materials may be prepared by diluting a premix,
that is held at a temperature at which the polyhydroxy compound and the
quaternary ammonium salt are miscible, with water. It does not matter greatly
whether they are miscible as a liquid crystalline phase (as in the case of
DHTDMAMS), or- as a liquid phase (as in the case of DHTDMAC). Neither
DHTDMAMS nor DHTDMAC are soluble in water, so that dilution of either dry
phase with water will precipitate the quaternary ammonium compound as small
;Sarticles. Both quaternary ammonium compounds will precipitate at elevated

‘temperatures as a liquid-crystal phase in dilute aqueous solutions, regardiess of

whether the dry solution was liquid or liquid crystalline. The polyhydroxy
compound is soluble with water in all proportions, so is not precipitated.

Cryoelectron microscopy demonstrates that the particles present in the
dispersion are about 0.1 to 1.0 micrometers in size, and highly varied in structure.
Some are sheets (curved or fiat), while others are closed vesicles. The
membranes of all these particles are bilayers of molecular dimensions in which the
head groups are exposed to water, the tails are together. The PEG is presumed to
be associated with these particles. The application of dispersions prepared in this
manner 10 paper results in attachment of the quaternary ammonium ion to the
paper, strongly promotes the adsorption of the polyhydroxy compound onto paper,
and produces the desired enhancement of softness with retenhon of wettabmy
State of the dispersions.

When the above described dispersions are cooled, the partial crystallization
of the material within the ‘colloidal particies may occur. However, it is likely that the
attainment of the equilibrium state will require a long time (perhaps months), so
that the membranes within those particles that imeract with paper are in a

_ disordéred state.

it is believed that the vesicles containing DHTDMAMS and PEG break apan
upon drying of the fibrous cellulosic material. Once the vesicle is broken, the
majority of the PEG component may penetrate into the interior of the celiulose
fibers where it enhances the fiber flexibility. importantly, some of the PEG is

retained on the surface of the fiber where it acts to enhance the absorbency rate of

the cellulose fibers. Due to ionic interactions, the majority of the DHTDMAMS
component stéys on the surface of the cellulose fiber, where it enhances the
surface feel and softness of th_e paper product.
Binder materlals :

The present invention contains as an essential component from about 0.01%

to about 3.0%, preferably from about 0.01% to about 1% by weight of a _bmder '

'\ '
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BRI EF "DESCRI PTI ON OF THE DRAW NGS

Wil e the Speci ficati on concl udes

with claims particularly pointing out and distinctly claimng the present

[ nvent | W0, 95101478 s bel i eved the invention is better

under sPOTYUSS4/06%04t he

foll owi ng description taken in conjunction with the associ ated draw ngs, i n

whi ch?

Figure 1 is a schematic cross-sectional view of a

three-layered single ply toilet tissue in accordance with the present
Figure 2 is a schematic cross-sectional view of a
two-| ayered two-ply facial tissue in accordance with the present
The pr esentmatena rselected lfomithecgrobe donsisting oé persianent wetl strangth resins,
DETAI LED Ry Wil EenbiiErdME-SR Gl¥ength resins, \Whehior BidS rési@Cdnlyi Cat i on
concl udes Wt e[Csl

cl al m ng

i nvent | on.

t he subj ect

constltuent
wet. |n-ot
propensity

tﬁérgﬁ 'ﬁféﬁl af! t%XaIPQ&% OPH'I\I §fd Ehﬁ& \k/,ﬁ t
i nvention desf 'b&eny}gtsg gﬁ‘gaﬂdé;y;i% ng '}-E&mggmg E BePi‘e eé(} { a

description andf permanant wehstrength isxdasjsed he binder mateyl@s ¢arbelobosenn,
"lint resi gr@fcCehe muahmgatyrbm;s y oDf chidmticdls Drpulpanidecfsithlorohydria,t S

t

| nventi on.

fier CAmPIIONSH Wi ng det ai | ed

the term

v}gagﬁ&st Hﬂﬁﬁ ﬁlﬁ{m#bggﬁggé;ﬂ&ghm%m +,g§ul; |r a{ lh)é when
grmaligny g >

)Eeéhnqummwet polymers an ures t ore:
Polyamide-epichlorohydrin resins are cationic wet strength resins which have

been found to be of particular utility. Suitable types of such resins are described in
U.S. Patent No. 3,700,623, issued on Oclober 24, 1972, and 3,772,076, Issued on
November 13, 1973, both issued to Keim and both being hereby incorporated by
reference. One commercial source of a useful polyamide-epichiorohydrin resins is

" Hercules, Inc. of Wilmington, Delaware, which markets such resin under the mark

Kymeme ® 557H.

.Polyacrylamide resins have also been found 1o be of utility as wet strength
resins or retention aids. These resins are described in U.S. Patent No. 3,556,932,
issued on January 19, 1971, to Coscia, et al and 3,556,933, issued on January
19, 1971, to Williams et al., both patents being incorporated herein by reference.
One commercial source of polyacrylamide resins is American Cyanamid Co. of
Stanford, Connecticut, which markets one such resin under the mark Parez ® 631
NC. Other commercial sources of cationic polyacrylamide resins are Allied
Colloids of Sulfolk, Virginia, and Hercules, inc. of Wilmington, Delaware, which
markets such resins under the marks Percol ® 175 and Reten ® 1232.

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

If temporary wet strength Is desired, the binder materials can be chosen
from the following group of starch-based temporary wet strength resins: cationic
dialdehyde starch-based resin (such as Caldas produced by Japan Carlet or
Cobond 1000 produced by National Starch); dialdehyde starch; and/or the resin
described in U.S. Patent No. 4,981,557 issued on January 1, 1991, to Bjorkquist
and incorporated herein by reference.

If dry strength is desired, the binder materials can be chosen from the
following group of materials: polyacrylamide (such as combinations of Cypro 5§14

—_
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As used herein, the term"binder" refers to the various wet and dry
strength resins and retention aid resins known in the paper neking art.

As ‘used W@ os0M78 t he term "water sol'uble" refers to mater iRATEUOHAO14r ¢

sol ubl e in water to at least 3% at 25 [err] As used herein, the’
terns "tissue paper web, paper web,. web, paper sheet and paper product”
all refer to sheets of paper nmade by a process conprising the st eps of
form ng an aqueous paper neking fuféish, depositing this furnish on a

foram nous surface, such as a Four dri ni er wire, and renoving the water from.

the  furnighy AscdeMedbiiavit prodliceday AMBRAN icpdnamhidislWVages N.9W;tstaren wi t hout
pressi ng, &qéh aeofY 2 %gi,fk p Starch); olyﬁﬁylmﬂolh [:6h as Aol S4bHEOUS paper

king f b d th
T ey A SRl U o Merbwn, PSP iy ol i

“mul ti - | ayepelRarylaie ateyrs) end/orearbanymethy| egfluiose (such ascAquales, CMGIT i - | ayer ed

web, mul ti - fromeRquediondiic Wimiagton,cDE). inugenieral, syitabiedstareh dor pragticingtiet " al | refer

to sheets OBreQaerianhﬁmﬁseehéraam&w by " wieF SokiBiNy, el hjdropRiichy.
~ Exemplary starch materials inciude corn starch and potafo starch, albeit it is not
intended o thereby limit the scope of suitable starch materials; and waxy corn
starch that is known industrially as amioca starch is particularly preferred. Amioca
starch differs from common corn starch in that it is entirely amylopectin, whereas
common corn starch contains both amplopectin and amylose. Various unique
characteristics of amioca starch are further described in "Amioca - The Starch
from Waxy Corn®, H. H. Schopmeyer, food Industries, December 1945, pp. 106-
108 (Vol. pp. 1476-1478). The starch can be in granular or dispersed forn albeit
granular form is preferred. The starch is preferably sufficiently cooked to induce
swelling of the granules. More preferably, the starch granules are swollen, as by
cooking, 10 a point just prior to dispersion of the starch granule. Such highly
swollen starch granules shall be referred o as being “fully cooked". The conditions
for dispersion in general can vary depending upon the size of the starch granules,
the degree of crystallinity of the granules, and the amount- of amylose present.
Fully cooked amioca starch, for example, can be prepared by heating an aqueous
slurry of about 4X consistency of starch granules at about 190 °F (about 88 °C) for
between about 30 and about 40 minutes. Other exemplary starch materials which
may be used include modified cationic starches such as those modified to have
nitrogen containing groups such as amino groups and methylol groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater,
New Jersey). Such modified starch materials are used primarily as a pulp furnish
additive to increase wet and/or-dry strength. Considering that such modified starch
materials are more expensive than unmodified starches, the latter have generally
been preferred. ' o

Methods of application include, the same previously described with

reference 1o application of other chemical additives preferably by wet end addition,
spraying; and, less preferably, by printing. The binder may be applied to the tissue
paper web alone, simultaneously with, prior to, or subsequent to the addition of
softener, absorbency, and/or aesthetic additives. At least an effective amount of a
bmder. preferably starch, to provnde lint control and concomitant strength increase
upon drying relative 1o a non-binder treated but otherwise identical sheet is
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7 paper naking furnish which are preferably conprised of different fiber
types, the fibers typically being relatively long softwood and rel atively
shoTt“hﬂJﬂmnan fibers as used in tissue paper naking, TRET/USNMIN6II4 ¢
preferably formed fromthe deposition of separate streans of dilute fiber
slurries, upon one or nore endl ess foram nous screens. |If the individual

| ayers are initially forned on separate wires, the |ayers are subsequently
conbi ned (while wet) to forma laye?ed conposite web. The first .step
in the process of this invention is the formng of an aqueous paper making

furni sh. Thpeeferably appliediaghe sheet. B%Fb'm&“m}"@%rosown anepbaut 88% sonet i mes
referred t @fasbingerds rasdindd in sheodriednshest, calculbted onlacdrg tibenweightaiagisnar y

anmmoni um C%BOH'B% t%fe?&ﬂ&’%%ﬂfe@%!b&ﬁ@f%%ﬂd 266l Ri0Yi8f a Bd8F Mmadedaial | of which
w Il be herel ‘?a%iyeﬁrwgﬁgﬁsr | hgﬂi‘a'" I's anticipated that wood pulp in
all its varf &gl Slan cénprlse t he paper making fibers used in
this invention. However, other cellulose fibrous pul ps, such as cotton
| i ners, bagasseThe aycond stapcin the prochss ofstbis iavedtiorviscthe idepasitingl of ithee d .
multi-layered paper making furnish using the above described chemical softener
composition and binder materials as additives on a foraminous surface and the
third step is the removing of the water from the fumish so deposited. Techniques
and equipment which can be used to accomplish these two processing steps will -
be readily apparent to those skilled in the paper making art. Preferred mutti-
layered tissue paper embodiments of the present invention contain from about
0.01% to about 3.0%, more preferably from about 0.1% to 1.0% by weight, ona
dry fiber basis of the chemical softening composmon and binder materials
described herein. :
The present invention is applicable 1o multi-layered tissue paper in general,
including but not limited to conventionally felt-pressed multi-layered tissue paper;
high bulk pattern densified mutti-layered tissue paper; and high bulk, uncompacted
multi-layered tissue paper. The mutti-layered tissue paper products made
therefrom may be of a single-ply or multi-ply construction. Tissue structures
- formed from layered paper webs are described in U.S. Patent 3,994,771, Morgan,
- Jr. ot al. issued November 30, 1976, and incorporated herein by refererice. In
general, a wet-laid composite, soft, bulky and absorbent paper structure Is
. prepared from two or more layers of furnish which are pretferably comprised of
different fiber types. The layers are preferably formed from the deposition of
separate streams of dilute fiber slurries, the fibers typically being relatively long
softwood and relatively short hardwood fibers as used in mutti-layered tissue paper -
making, upon one or more endless foraminous screens. if the individual layers are
initially formed on separate wires, the layers are subsequently combined (while
waet) to form a layered composite web. The layered web is subsequently caused to
conform 10 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 paper makihg process. The layered web may be stratified with
respect 1o fiber type or the fiber content of the respective layers may be essentially
the same. The multi-layered tissue paper preferably has a basis weight of between .
10 g/m2 and about 65 g/m2, and density of about 0.60 g/cm3 or less. Preferably,
basis weight will be below about 35 g/m2.or less; and density will be about 0.30

.
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Whod -'pul ps usef ul herein include chenical pul ps such as Kraft, sulfite and

sulfate pul ps as well as nmechanical pul ps including for exa ground
wood t V0 a80MThani cal pul ps and Chem - Ther noMechani cal E? . Pul ps
derived from both deci duous and coniferous trees can be used. . Both'~

har dwood pul ps and softwood pul ps as well as blends of the two may be
enpl oyed The terns hardwood pul ps as used herein refers to fi-brous pulp
derived fromthe woody substance.of 18eci duous trees (angi ospermns): wherein
sof twood pul ps are fibrous pul ps derived fromthe wody substance of

coni ferous gcmdor (e3y.rMass peforably, défsityiwilibe betvwees OD4cg/cratand0c20i g/grbdis ar e
pa[)t ! SU' arl 'by g S Uiho iR 1aly bred i.&s%ecaabarwéwmﬁe plesbManvirtidn cdmpiRb @l tissue
webs descri er s are-
preferred fo ‘H@"’%H‘E%éﬁgéme frgﬁ%e?ﬁﬁgﬂﬁg&ﬁ RE E&Bwhgs ﬂ{o&uﬁ%b{)he pr esent
i nvent.ion ar Withjthg fiest é?é’PNy e rﬁ?ﬁee‘e rechUssup . Paﬁﬁ'm?ﬂmﬁe Y¥88 ai n any or
alt of the abupespaseddayers, aminnes memqéam.md two outer fayersowith thatnmer al s such
as filters apgenfbiandvivesnare two ot lldyers. e Théawe bur derpRIrablyBki Ng.

Chem cal Sofkaﬂ tise & BRASH fiiehtary consttuohl16r Rbd5P 803, drhiéid vy M}ggg}a' ns as an

s el oyt AR

und to the

pol yhydr oxy @ndrpeautd-5mmgEnsse shas Pa&ﬁb’ﬂ?""lﬂ fibers gre fypicalhphardwaodfibess cf er abt v,
the wei-ght r ptdterablfy, dutalyptus fitersioAltematively, lowcostopmes df shortifibersisotly hy dr oxy
conmpound i s gbguiitelibars, tHermome2hhical pulp, ChemilMheAndMethakied Pulp (cimpy\/el ght
ratio of thegguat criaied MIRP HeliBing MBI Wchidhaldd from recycled fibers and
-mixtures thereof can be used in one or both of the outer layers or blended in the
inner layer, if desired. The inner layer preferably comprises a primary filamentary
constituent of about 60% or more by weight of relatively long paper making fibers
* having an average fiber length of least about 2.0 mm. These long paper making
fibers are typically softwood fibers, preferably, northern softwood Kraft fibers.
Figure 1 is a schematic cross-sectional view of a three-layered single ply toilet
tissue In accordance with the present invention. Referring to Figure 1, the three
layered single ply web 10, comprises three superposed layers, inner layer 12,
and two outer layers 11, Outer layers 11 are comprised primarily of short paper
making fibers 16; whereas inner layer 12 is compnsed primarily of long paper
making fibers 17.
In an alternate preferred embodiment of the present inventlon. muln-ply
tissue paper products are formed by placing at least two multi-layered tissue
paper webs in juxtaposed relation. For example, a two-ply tissue paper product
“can be made comprising a first two-layered tissue paper web and a second two-
layered tissue paper web in juxtaposed relation. In this example, each plyisa
two-layer tissue sheet comprising a first layer and a second layer. The first layer
preferably comprises the short hardwood fibers and the second layer preferably
comprises fhe long softwood fibers. The two plys are combined in a manner such
that the short hardwood fibers of each ply face outwardly, and the layers
containing the long softwood fibers face inwardly. Figure 2 is a schematic cross-
sectional view of a two-layered two-ply tacial tissue in accordance with the present
invention. Referring to figure 2, the two-layered two- ply web 20, is comprised of
two plies 15 in juxtaposed relation. Each ply 15 is comprised of inner layer 19,
and outer layer 18. Outer layers 18 are comprised primarily of short paper
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8 pol yhydroxy compound is about 1.0 0.7 to 0.7 1.0 although this ratio

w Il vary dependi ng upon the nol ecul ar wei ght of -the particul ar pol yhydr oxy
CONPOUWO 950LH78r quat er nary anmmoni um conpound used. PCT/USMR914f t hese
types of conpounds will be described in detail below A QJaternary
Anmoni um Conpound The chem cal softening conposition contai'ns as .an
essential conponent from about 0.01%to about 3.00% by weight, preferably

from about 0.01%to about 1. 00% by7 wei ght of a quat ernary anmoni um conmpound
havi ng the formul a

making fibers 16; whereas inner layers 19 are compnsed primarily of long paper
making fibers 17. Similarly three-ply tissue paper products can be made by placing
three multi-layered tissue paper webs in juxtaposed relation.

it should not be inferred from the above discussion that the present
invention is limited to tissue paper. products comprising three-layers -- single ply
or two-plys -- two layers, etc. Tissue paper products consisting of three or more
plys in combination with each ply consisting of one or more layers are also
expressly meant to be included within the scope of the present invention.

Preferably, the majority of the quaternary ammonium compound and the
polyhydroxy compound is contained in at least one of the outer layers of the multi-
layered tissue paper web of the present invention. More preferably, the majority
of the quaternary ammonium compound and the polyhydroxy compound is
contained in both of the outer layers. It has been discovered that the chemical
softening composition is most effective when added to the outer layers or plies of
the tissue paper products. There, the mixture of the quaternary compound and
polyhdroxy compound act to enhance both the sofiness and the absorbency of the
multi-layered tissue products of the present invention. Referring to figures.1 and 2,
the chemical softening composition comprising a mixture of the quatemary
ammonium compound and the polyhdroxy compound is schematically represented
by dark circies 14. It can be seen in figures 1 and 2 that the majority of the
chemical softening composition 14 is contained in outer layers 11 anq 18,
respectively. |

However, it has also been discovered that the lint resistance of the
muftilayered tissue paper products decreases with the inclusion of the quaternary
ammonium compound and the polyhdroxy compound. Therefore, binder materials
are used for linting control and 1o increase the tensile strength. Preferably, the
binder is contained in the inner layer and at least one of the outer layers of the
multi-layered tissue paper webs of the present invention. More preferably, the |
binder is-contained throughout the - multi-layered product, i.e., in the inner and
outer layers. Referring to figures 1 and 2, the binder materials are schematically
represented by white circles 13. It can be seen in figures 1 and 2 that the majority
of the binder materials 13 are contained in inner layers 12 and 19 respectively. In
an alternate preferred embodiment (not shown), the majority of the binder is
contained in at least one of the outer layers, more preferably both of the two outer
layers of the mutti-layered product.

The combination of the chemical softening composition comprising a
quaternary ammonium compound and a polyhdroxy compound in conjunction with

'\
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[er'r] In the structure naned above each [err] is.Cl4-C22 hydrocar bon group,
preferably tallow, [err] is a ClL - C6 alkyl or hydroxyal kyl group,

pr éf ér aBVQ 9T al ky, [err] is a Suitable anion, such aPCEUNPOHe (e.g.
chloride or bromide) or nethyl sulfate. As di scussed in Swern, Ed. in

Bail ey's Industrial Ol and Fat Products, Third Edition, John WIley and
Sons (New York 1964), tallowis a n ur-ally occurring rrateri al having a
vari abl e conposi.tion. Table 6. 13 i n'§ he above-identified reference edited
by Swern indicates that typi cally 78% or nore of the fatty acids of tallow
contain 16 od birget matesial sasylts in FissueaPaner Riadyct daving supesior gofinsislls pr esent
In tall ow ar gbsorbeaty) aat tiol, registancarpropprties. Gohdu@mdﬂngahem;a&moﬂltheSynt hetie

as v\é\ﬁ![ ! as ”é*e:crm@dl soﬁ&lu\@&ﬁnpo&ﬁéﬂ to/thb fbiiufbrtlﬁgﬂrsscdl?%s(bft te R st r pasel
[err] is st rﬁ%g?ﬁfgg é ﬁﬁ%i'gegﬁ%é ]Tyb épl f @ P 'E%ﬁ“?'goa? er[ﬁae[‘ﬁ yand
[err] is chl ¥fqughowdtha tissyg sh %UPF%‘@ linting. H %ﬁ’\'ﬂﬂry anmoni um
conpounds sucanpeisiion.dhe bipderimaterials calpbesdamuvelnmq \mare lnost ndedeghe wel | - known
di al kyl di met hy| aipgRwérighalR Iﬁmm?eraankﬂd PaierlaAétibds BT RAKing™ Cchl or i de,
di tall ow di mgfd\aBenRE khSWd T idVdn. SUen gHbbr is typically made by depositing paper
making furnish on a foraminous forming wire. This forming wire is often referred to
in the art as a Fourdrinier wire. Once the furnish is deposited on the forming wire, it
is referred to as a weh. The web is dewatered by transferring to a ‘dewatering felt,
pressing the web and drying at elevated temperature. The particular techniques
and typical equipment for making webs according to the process just described are
well known to those skilled in the art. in a typical process, & 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 t0 a fiber consistency of between about 7%
and about 25% (total web weight basis) by vacuum dewatering and further
dewatered by pressing operations wherein the web is subjected to pressure
developed by opposing mechanical members, for example, cylindrical rolis.
The dewatered web is then further pressed during transfer and being dried
by a stream 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. Vacuum may also be applied to the
web as it is pressed against the Yankee surface. Multiple Yankee dryer drums may
be employed, whereby additional pressing is optionally incurred between the
drums. The multi-layered fissue paper structures which are formed are referred to
hereinafter as conventional, pressed, multi-tayered tissue paper structures. Such
sheets are considered to be compacted since the web is subjected to. substantial
mechanical compression forces while the fibers are moist and are then dried while
- in a compressed state.
~ Pattern densified multi-layered tissue paper is characterized by having a
relatively high bulk field of relatively low fiber density and an array of densifiéd
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 parially, within
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di (hydrogenated)tal |l ow di net hyl ammoni um chl oride; with

di (hydrogenated)tall ow dinmethyl anmonium nethyl sulfate being preferred.
Thi's pwo ¢sw1emr -material is avail*abl e comrercial |y frorcBhusssaosstdheni cal
Conpany Inc. of Dublin, Chio under the tradenane [err] 137". B.:

Pol yhydr oxy Conpound - _ 9
The chemi cal softening.conmposition contains as an essential conponent from
- about 0.01%to about 3.00% by wei gBt, preferably fromabout 0.01 %to about

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 4,637,859, issued to Paul D. Trokhan on January 20, 1987;
all of which are incorporated herein by reference. _

In general, pattern densified webs are preterably prepared by depositing a
paper making furnish on a foraminous forming wire such as a Fourdrinier wire to
.form a wet web and then juxtaposing the web against an array of supports. The
web is pressed against the array of supports, thereby 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 turther 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 such a manner so &s 10 substantially avoid compression of the high
bulk field. This 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 may be integrated or partially integrated to reduce the total
number of processing steps 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
5§5% of the multi-layered tissue paper surface comprises densified knuckles having

a relative density of at least 125% of the density of the high bulk field.

The array of supports is preferably an imprinting carrier fabric having a
patterned displacement of knuckles which operate as the array of supports which
facilitate the formation of the densified zones upon application of pressure. The
pattern_of knuckles constitutes the array of supports previously referred to.
Imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and
Sisson, issued January 31, 1967, U.S. Patent No. 3,821,068, Salvucd, Jr. et al .,
issued May 21, 1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et al ., issued March 30, 1971, U.S. Patent
No. 3,473,576, Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065,
Trokhan, issued December 16, 1980, and U.S. Patent No. 4,528,239, Trokhan,
issued July 9, 1985, all of which are incorporated herein by reference.
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1. 00% by wei ght of a pol yhydroxy conpound. - Exanpl es of pol yhydroxy
conpounds useful in the present i nvention include glycerol sorbitols, .
potygl yo¥O 85814 vi ng a wei ght averdge nol ecul ar wei ght oGRSt . 150 t'o
about” 800 -and pol yoxyet hyl ene glycol s and pol yoxypropyl ene gl ycol s havi ng’ a
wei ght average nol ecul ar viei ght of from about 200 to about 4000, preferably
.from about 200 to about 1000, nost preferably from about 200 to about 600.
Pol yoxyet hyl ene gl ycols having an W@ ght average nol ecul ar .wei ght of from
about 200 to about 600 are especially preferred. M xtures of the

above- descri bed Fagtesablyc tisex uraishniso firstl formey intb > wie wedah. a fsrtaminsasp! e,

mte ngegroae . ?ﬁ-@ hier. 3 w&vg&ue&.&%&nﬂawm&mé % rafSlefted Oﬁtverzggeto
600 are usef‘h ’PP't“ﬁng?é@eﬁ% Qq{bglhﬂasndltemaiqﬁ%ggﬁp@al °§A{$B ratio of
gl ycerol t olgsemipeus,suppotiag sagie which alse gperatass amimprintiag fabm 10.

A parti cul atdriyiedhtied wetvaed i déwatgred and; pmrphiw.nuemlallppﬁegdndytehhybaae gl ycol
having an Wﬁb&%n@féﬁhe,%f BBiwaeH [abbutatiog lahd @boat 8otk BeRater: e.mas erial is

Connect  cut Sﬁ'ﬂ%“‘rﬁs ‘ﬁ{ i{héﬁ%@? of Bog yighul B6te¥ Begiln BlowdhbophY . o1 ng
conposi ti on9ye: Ih imprint 8 hgipprifting fabrig is &B&?Md?@‘aﬂ%ﬁ? um
conmpounds adﬁclasqul gqu: eFigr to dntingtheaweb o csampiplion. Qnd methibdt fora desi r ed

concentrati @ge |.§|qﬁgmﬁs it thesuigh iapplicafiort Semactenican grassurs. s Gdera COWDOU”dS
before bei ng?ﬁéd ?Qﬁrﬁfwgﬁhﬁa% HIIleﬁéh rts'iﬁé‘i rhitinting &b

furnish, In

fibie
ahead of t paal pﬁ H%I%PWF@"E‘V‘PM??W gPﬁd&' SO%E\@I able poi nt

appl i cati on dispesedibetweaen 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. Fiuid pressure may be applied to induce impression of densified zones
during initial dewatering, in a separate, subsequent process stage, or a
combination thereot. '
Uncompacted, nonpatiern-densified multi-layered tissue paper. structures
are described in U.S. Patent No. 3,812,000 issued to Joseph L. Salvucci, Jr. and
" Petar N. Yiannos on May 21, 1974 and U.S. Patent No. 4,208,459, issued to
Henry E. Becker, Albert L. McConnell, and Richard Schutte on June 17, 1980,
both of which are incorporated herein by reference. In general, uncompacted, non
pattern densified multi-layered tissue paper structures are prepared by depositing
a paper making fumish on a foraminous forming wire such as a Fourdrinier wire 10__
form a wet web, draining the web and removing additional water without
" mechanical compression until the web has a fiber consistency of at least 80%, and
creping the web. Water is removed from the web by vacuum dev)atefing and
thermal drying. The resulting structure is a soft but weak high bulk sheet ot
relatively uncompacted fibers. Bondmg material is preferably applied to pomcns of
the web prior to creping.
 The mutti-layered tissue paper web of this invention can be used in any
application where soft, absorbent mutti-layered tissue paper webs are required.
Particularly advantageous uses of the multi-layered tissue paper web of this
invention are in toilet tissue and facial tissue products. For example, two multi-
layered tissue paper webs of this invention can be ply-bonded to form 2-ply facial
or {oilet tissue products.

/
\\\\\\\\\\\\\\\\\\\\\



descrd bed chemical sof t eni ng conposition subsequent to formation of a wet

tissue web and prior to drying of the web to conpletion will also provide
si gni-fwo®s01478 of t ness, absorbency; and wet strength benB¢T/UE4W6M4ar e
expressly included within the scope of the present -invention. It

has been dl_scovered that -the chem cal softening conposition Is nore
effective when the quaternary amoni um conpound and the pol yhydroxy .
conpound are first pre-mxed toge2her before being added to the paper
making  furnish. A preferred method, as will be descrjbed In greater
detail hereinafter In EMelepliar Welmmiwmmaﬂbnfi rst heating the

pol yhydr oxy comqgua@iuct‘gna t enper at ure of about 66 [err] [err] and then

oo S ARl Bl LR ST
corrpound treoleuiarsizey hIRg BrepeigsMhishhave sgalied pelymers to be used in a
diversity of applications derive almost entirely from their macro-molecular nature. ‘
In order to characterize fully these materials it is essential to have some means of
defining and determining their molecular weights and molecular weight
distributions. It is more correct to use the term relative molecular mass rather the
‘molecular weight, but the latter is used more generally in polymer technology. it is
" not always practical 1o determine molecular weight distributions. However, this Is
becoming more common practice using chromatographic techniques. Rather,
recourse is made to exptessmg molecular size in terms of molecular weight
_ averages.
B. Molecular weight averages
If we consider a simple molecular weight distribution which represents the
weight fraction (wj) of molecules having relative molecular mass (M), it is possible
to define several useful average values. Averaging carried out on the basis of the
number of molecules (Nj) of a particular size (M;j) gives the Number Average
.. Molecular Weight

Mn = ZNiMi
ZNi

- An imponarit consequence of this definition is that the Number Average
Molecular Weight in grams contains Avogadro’s Number of molecules. '
This definition of molecular weight is consistent with that of monodisperse
. molecular species, i.e. molecules having the same molecular weight. Of more
significance is the reeogmtuon that if the number of molecules in a given mass of a
polydisperse polymer can be determined in some way then Mp, can be calculated
readily. This is the basis of colligative property measurements.
Averaging on the basis of the weight fractions {(Wj) of molecules of a given
mass (M;) leads to the definition of Weight Average Molecular Weights

Mw = ZWiNi = ZNiM2
Z Wi Z NiM;
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10 about 1.0 0.1 to 0.1 :1.0; preferably, the weight ratio of the
quat er nary ammoni um conpound to the pol yhydroxy conpound isﬂﬂﬁ? é .00.3
to:0-3: WOO50MI ¢ preferably, the vweight ratio of the quzﬁcér ’§ % ni um-
conpound to the pol yhydroxy conpound is about 1.0: 0.7 to 0.7 :1.0,
al theugh this ratio will vary dependi ng upon the nol ecul ar wei ght of the
particul ar conpound and/or quaternary ammoni um conpound used. It has
unexpect edly been found that the adggorption of the pol yhydroxy conpound
onto paper is significantly enhanced when it is prem xed with the

. quat ernary anmoni um ¢ ; ; descri bed
process. In M‘&'(ﬁ? mofe ﬁ%‘;‘g;ﬁ%q%faﬁﬁggn%%*nﬁrrné(‘%%(a)m% d’ﬁﬁ‘%ﬁ?’?he _
quat er nary a'nm)hFQ!'HF‘Em%ﬁ?ﬁﬂ"aéﬂ)ﬂé%'%ﬂmf%@s#ﬁ?ﬁﬂés@éﬂ?ﬁn JREENENE! [ et ai ned;

pref er abl y, ptopertiegbicpotymens angietheesforpsed inthepresentinyAnidm conpound and t he

pol yhydroxy conpound is from about 50%to about 90% of the added |evels.

lLmportantly, adsorption OCRQQ?“@;' a@d?mﬁﬁﬁrﬁéﬁdu?& and within a time franme

url

that are practical for use ng paper king. I'n an effort to better
understand the surprisingly high retention rate of polyhydroxy conpound
onto the paper, Adalysisiofshecamountiobtieatment chamicaleused haeain ef ©glRingR ANt he aqueous
di sper si on. ghuliiafbrotBisbue papertwabs tah be perdirhied by any'\method acceptadiinthe Sul f at e
(DHTDVAVE) . J3pitable art. ' :
A. Quantitative analysis for quaternary ammonium and polyhydroxy
compounds _ :

" For example, the level of the quaternary ammonium compound, such as
Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl Sulfate (DHTOMAMS)
retained by the multi-layered tissue paper can be determined by solvent extraction
of the DHTDMAMS by an organic solvent followed by an anionic/cationic fitration
using Dimidium Bromide as indicator; the level of the polyhydroxy compound, such
as PEG-400, can be determined by exiraction in an aqueous solvent such as
water followed by gas chromatography or.colorimetry techniques to determine the
level of PEG-400 in the extract. 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 multi-layered tissue paper.
B. Hydrophtlicity (absorbency) o :
Hydrophilicity of multi-layered tissue paper refers, in general, to the
propensity of the multi-layered tissue paper to be wetted with water. Hydrophilicity
of multi-layered tissue paper may be somewhat quantified by determining the
- period of time required for dry muhi-layered tissue paper to become completely
wetted with water. This period of time is referred 10 as “wetting time®. In order to
provide a consistent and repeatable test for wetting time, the following procedure
may be used for wetting time determinations: first, a conditioned sample unit sheet
(the environmental conditions for testing of paper samples are 23+1°C and 50+2%
R.H. as specified in TAPPI Method T 402), approximately 4-3/8 inch x 4-3/4 inch
(about 11.1 cm x 12 cm) of multi-layered tissue paper structure is provided;
second; the sheet is folded into four (4) juxtaposed quarters, and then crumpled
into a ball approximately 0.75 inches (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 distilled
water at 23 + 1°C and a timer is simultaneously started; fourth, the timer is

~ This Sheet Has Been Replaced
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pol yoxyet hyl ene gl ycol 400 were studi ed. Wt hout wishing to be bound
by theory, or to otherwise linmt the present invention, the follow ng

di Scuspd 9801am of fered for expl ai nkng how the quaternar mmﬂmmm conmpound
pronotes the adsorption of the pol yhydroxy conpound onto paper.

I nfor-mati on on the physical state of DHTDVAMS Di ( Hydr ogenat ed) Tal | ow

Di Met hyl - Ammoni um Met hyl Sul fate, [err] and on DODVAMS is provided by
X-ray and NVR (Nucl ear Magnetic Resonance) data on the comercial mxture.
DODMAVS ( Di Cct adecyl Di Met hyl Ammoni um Methyl  Sul fat e, [err] is a major
conponent g daﬂimwheﬁwdnmgbm baltedahmwomptewd)@od'opfe(ewetm commer ci al

m xt ure. n%ob?e 'yto consider first the SI rrpl er DODMAMS system and

t hen t he re co 0 . endi ng on the
t enperature, DU!H’ER)B?(% h%nﬁgrs ?qﬁ““?ﬂm reembodg?en% mt WO

pol ynor phi preserymvamsm[r@ayr Pf equisq. bede eéf“‘f‘%ﬁ‘r@?'\" ately after magiarey ystal, or a
l'iquid phaaeweéaaesubaanﬁal incremses inchyidsopbolicity rmayeoasur duning the fitsbiwet ure to 47

[rerrl lAt t arfteﬁgg'%ﬁt iy éred tissup ptabansﬁ:aamdagnamg rpapmjay agecohi ¢ [ terlr]
crysta a L grggh s'a?JTPeie crysta
hase. éyge ﬁ %ﬂ'ﬁiun ?"anf‘rans |nt liquid at
I5)50 [err] MEWA |"3° 800 & sueh t'@’r "9[}- mes |
. méasured at the end of a two week aging penod at room temperature are referred
to as "two week wetting times.®
C.Density

The density of multi-layerecl tissue paper, as that term is used herein, is the
average density calculated as the basis weight of that paper divided by the cafiper,
with the appropriate unit conversions incorporated therein. Caliper of the multi-
tayered tissue paper, as used herein, is the thickness of the paper when subjected

~ 1o a compressive load of 95 ¢/ in2 (15.5 g/cm2).

" D. Lint
Dry lint

Dry lint can be measured using a 8ulherland Rub Tester, a piece of black
fekt, a four pound weight and a Hunter Color meter. The Sutheriand tester is a
motor-driven instrument which can stroke a weighted sample back and forth

across a stationary sample. The piece of black felt is attached to the four pound
weight. The tester then rubs or moves the weighted felt over a stationary issue
sample for five strokes The Hunter Color L value of the black felt is determined -
before and after rubbing. The ditference in the two Hunter Color readings
coristitutes a measurement of dry linting. Other methods known in the pnor arts
for measuring dry lint also can be used.
Wet lint : -

A suitable procedure for measuring the wet linting' property of tissue
samples Is described in U.S. Patent No. 4,950,545; issued to Walter et al., on
August 21, 1990, and incorporated herein by reference. The procedure essentially

~ invoives passing a tissue sample through two steel rolls, one of which is partially
submerged in a water bath. Lint from the tissue sample is transferred to the steel
roll which is moistened by the water bath. The continued rotation of the steel roll
deposits the lint into the water bath. The lint is recovered and then counted. See
col. 5, fine 45 - col. 6, ine 27 of the Walter et al. patent. Other methods known in
the prior art for measuring wet lint also can be used.

is Sheet Has Been Reﬂlaced
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11 DBODVAMS in its physical behavior, except that the tenperatur
phase transitions will be | owered and broadened. For exanple, th
transitiWa9%MW8the [err] to the [érr] crystal occurs at BCT/USS0§914n
DHTDVANS i nstead of 47 [err] as in DODVAMS. Also, calorinetric data

i ndi cate that several crystal [efr] Lam phase transitions occur
rat her than one as in DODVAMS. The onset tenperature of .the highest of

these transitions is 56 [err]

es of the
e

i n DHTDVAMS

in gopg agreenent with t he X-ray data.

DODVAC ( Di Cct adecyl Di Met hyl  Ammoni um Chl ori de) displays qualitatively

di fferent behavior from DODMAMS In that the Lamliquid crystal

not exi st
Physi cal
1.

Sci ence of the Dl octadecy

phase does

in this- compound (La@@kéﬁ'ﬁg{% ntg OUr ! nal of Physical Chemstry,

ammnl um Chl ori de-Water System

Other chemicals commonly used in paper making can be added to the .

chemiwl softening composition dest:ﬁbed herein, or to the paper making furnish
so long as they do not significantly and adversely affect the softening, absorbency

of the fibrous material, and enhancing actions of the chemical softening

composition. .
For example, surfactants may be used to treat the multi-layered tissue

. paper webs of the present invention. The level of surfactant, it used, is preferably

from about 0.01% to about 2.0% by weight, based on the dry fiber weight of the

" multi-layered tissue paper. The surfactants preferably have alkyl chains with eight

or more carbon atoms. Exemplary anionic surfactants are linear alkyl sulfonates,
and alkylbenzene sulfonates. Exemplary nonionic surfactants are alkylglycosides
including alkylglycoside esters such as Crodesta SL-40 which is available from

' Croda, Inc. (New York, NY); alkylglyeoslde ethers as described in U.S. Patent

4.011,389, issued to W. K. Langdon, et al. on March 8, 1977; and
alkylpolyethoxylated esters such as Pegosperse 200 ML available from Glyco

.Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520 available from Rhone
- Poulenc Corporation (Cranbury, N.J.).

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

The following examples illustrate the practice of the present Invanuon but
are not intended to be limitmg thereot.

EXAMPLE 1

“The purpose of this example is 1o lliustrate a meth_od'that can be used to
make-up a chemical softener ‘composition comprising ~a mixture of

. Di{Hydrogenated)Tallow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS) and

Polyoxyethylene Glycol 400 (PEG-400).

A chemical softener composition is prepared according to the following
procedure : 1. An equivalent weight of DHTDMAMS and PEG-400 is weighed
separately. 2. PEG is heated up 10 about 66 °C (150 °F); 3. DHTDMAMS is
dissolved in the PEG to form a melted solution at 66 °C (150 °F); 4. Adequate
mixing is provided to form a homogenous mixture of DHTDMAMS in PEG; 5.

This Sheet Has
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équi l.i'bri um Phase Behavi or, 1990, vol une 94, pages 2546- 2552, I ncorporated

herein by reference). This difference, however, is believed not.to be
i mpor i aWD 9581478 use of this conpound (or

t he treatnment

i ts commer ci al pervassagmedIdTDVAC) 1n
of paper. M xtures of DHTDVAMS with PEG 400. Al:

1

wei ght ratio m xture of these two materials is studied. DODVMAMS and PEG

are shown to be inmscible at high tenperatures,

|.i qui d. phases.

cool ed, a Lam phase separates fromthe m xture.

m sci bl e at

As m xtures of the pgo liquids within this region are

ase.

where they coexist as

t wo

‘This study therefore shows

that these ¢ ryxphomasg Al b dr o) bl B '8k IR B ey 90 beco

still | owert®

Lam phase;, and The chemisalusaiteneraeampasition of {h) ean be @re-mixed (stBipedes st udi es

enper at ur es lquid crys

%tures crystal phases are expected to separate fromthe

theref ore satpyesat théehenical suphiier (e0g. [Shorexgompanyi of(Bublih, CORioPand thEAr DVAMVS and

PEG 400 in g&h

mscible WY

two materials

physi cal behavior Is consi derabl EXAMPLE2ent from t hat - of DHTDIVANMS. No

liquid crystal
sol ution over

unds are

Bﬁ%&%&?%éﬁ%%%e ePhase studi es of these

Eﬁucag)‘@}'% ope@ 10 the Litiiaté Bséts btth& ehethitdl s&ﬁéﬁ? @3%30 n be held

usi ng the step-wise dilution nethod denonstrate that their

phases are found. These conmpounds are mscible as I|qU| d

di spersions W;%%w’oapg?ae& %%%Hﬁ&&{e *@gﬂég@ﬁ&'@? es‘gpgg‘%e range of

-up a che ical softener compositnon which comprises a mixturo of

Di{Hydrogenated)Tallow DiMethyl Ammonium Methy! Sulfate (DHTDMAMS) and a
mixture of Glycerol and PEG-400.

‘A chemical softener composition is prepared aecording to the following

procedure : 1. A mixture of Glycerol and PEG-400 is blended at 75 : 25 by weight
ratio; 2. Equivalent weights of DHTDMAMS and the mixture of (1) are weighted
soparately; 3. The mixture of (1) is heated up to about 66 °C (150 °F); 4.
DHTDMAMS s dissolved in (3) to form a melted solution at 66 °C (150 °F); 5

Adequate mixing is provided to form a homogenous mixture of DHTDMAMS in

3)

6. The homogenous mixture of (5) is cooled down toa solid form at room

temperature.

The chemical sofiener composmon of {(6) can be pre-mixed (steps 1-6

above) at the chiemical supplier (e.g. Sherex company of Dublin, Ohio) and then
economically shipped to the ultimate users of the chemical softening composition
- where it can then be diluted to the desired concentration.

EXAMPLE 3

The purpose of this exémple is to ltlustrate a method using blow through

drying and layered paper making techniques to make soft, absorbent and lint
resistance toilet multi-layered tissue paper treated with a chemical softener
composition comprising Di(derogenated)Tallow DiMethyl Ammonium Methyl
Sulfate (DHTDMAMS) and a Polyoxyelhylana Glycol 400 (PEG-400) and a
temporary wet strength resin.

. A pilot scale Fourdrinier paper making machine is used in the practice of the -

present invention. First, the chemical softener oomposmon is prepared according
to the procedure in Example 1 wherein the homogeénous premix of DHTOMAMS

\
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t'errpef-atures In particular no upper tenperature limt of mscibility

exi st s.

diluting a prem Xx.

Preparation of di sperS| ons.
12" . weyemms ons of either of 'these material s my be [ROTES94/069Dy -
that is held at a tenperature at which the pol yhydr oxy

conpound and the quaternary amoniumsalt are mscible, with water.

It does

not- matter greatly whether they are mscible as a liquid crystalline.phase

(as in the case of - DHTDVAMS) ,
Nei t her

- and polyhydroxy compounds in solid state is re-melted at a temperature of about

: DHTDI\/AC)

66 °C (150°F). The melted mixture is then dispersed in a conditioned water tank

~ (Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The particle size of

the vesicle dispersion is determined using an opucal microscopic techmque The
particle size range is from about 0.1 to 1.0 micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the
temporary wet strength resin (i.e. National starch 78-0080 marketed by National
Starch and Chemical corporation of New-York, NY) is added to the NSK stock pipe
at a rate of 0.75% by weight of the dry fibers. The adsorption of the temporary wet
strength resin onto NSK fibers is enhanced by an in-line mixer. The NSK slurry is
diluted to about 0.2% consistency at the fan pump.

“ Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up in a

conventional re-pulper. A 2% solution of the temporary wet strength resin (l.e.

National starch 78-0080 marketed by National Starch and Chemical corporation of
New-York, NY) is added 1o the Eucalyptus stock pipe before.the stock pump at a
rate of 0.1% by weight of the dry fibers; and a 1% solution of the chemical softener
mixture is added to the Eucalyptus stock pipe before the in-line mixer at a rate of
0.2% by weight of the dry fibers. The Eucalyptus slumry is diluted to about 0.2%
consistency at the fan pump.

~ The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and

‘vacuum boxes. The Fourdrinier wire is of a S-shed, satin weave configuration

having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryomc wet web is transferred from the photo-polymer

“wire, at a fiber consistency of about 15% at the point of transfer, to a photo-

polymer fabric having 562 Linear idaho cells ber square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth.  Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber eonsistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a

sprayed creping adhesive comprising 0.25% aqueous solution of Polyviny! Alcohol -

(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
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" DHTDMAMS nor DHTDMVAC are soluble in water, .so that dilution of either dry
phase with water will precipitate the quaternary anmoni um conpound as snal |
part i-ciy@pesp@igh quat ernary anmoni um conpounds wi || precPOTUS406a14 el evat ed
tenperatures as a liquid-crystal phase In-dilute aqueous sol utions,
regar-dl ess of whether the dry solution was liquid or |iquid crystal l'i ne.
The pol yhydroxy conmpound is soluble with water in all proportions, so is
not precipitated. Cryoel ectr P m croscopy denonstrates that the
partic’l es present in the dispersion are. about 0.1 to 1.0 microneters In

size, and h| var i cture. e r flat),
whi | e ot heffe€ &P mm@'r}géi gs pﬁ'ﬂﬁ'"ﬁ%ﬁ%n@%w%f %;?rpgﬁﬁ'ig?oqlp%rt icles are
bi | ayers of speddal 708 fomi2iemetersper minulpSich t he head groups are exposed to .
wat er, the tai lTheaved i$ @peériedinto bre PiGilti-lapered tissed paper peodasts Jbpat ed with

these part| hﬁé erE@ﬁssagaéﬁe?ﬁas aoupis drms&nsésfrsw@ﬁae&dam@ab&ms manner to

paper resu attac &%B@I%%E”S?% 'g Qudthe paper,
strongly p &"%ﬁ'??"a |on o*' co ont o paper,
and pr oducéﬁeﬂm% reRia| r'@a° bné B‘ﬂ yitizt ﬂéé%d “#/sPﬂ ﬂaQPEFﬁ $h of

wet t abi | i t mbscBberitchasf gobd ntctesigtancei andsis suitable fonwenas fagiahand/er tollescr i bed

di sper si ongg ?'yeg cooled, the partial crystallization of the material within
the colloidal particles may occur. However, it is likely thatthe

attai nment of the equilibrium Skm4 require a long tine (perhéps
nont hs), so that the nmenbranes hose particles that interact with

paper are in a disordered state. It is believed that the vesicl es
cont ai ni ng DHTDI\purposd oPhis dxample isyreillostratea method using afblavwnthrdughr ous
cel l ul osi C JaRdgpager maidng ?ec’hﬁﬁué’ﬂﬁhﬁ*@séﬁ aBEGHaH and R resistance toilet
multi-layered tissue paper treated with a chemical softener composition comprising
Di(Hydrogenated)Tallow DiMethyl Ammonium Chioride (DHTDMAC) and a mixture
of polyhydroxy compound (Glycerol / PEG-400) and a dry strength additive resin.
_ A pilot scale Fourdrinier paper making machine is used in the practice of
the -present invention.  First, the chemical softener composition is prepared
according to-the procedure in Example 2 wherein the homogenous premix of
DHTDMAC and polyhydroxy compounds in solid state is re-melted at a
temperature of about 66 °C (150 *F). The melted mixture is then dispersed in a
conditioned water tank (T emperature ~ 66 °C) to form a sub-micron vesicle
dispersion. The particle size of the vesicle dispersion is determined using an
optical microscopic technique. The particie size range is from about 0.1 10 1.0
micron. _ : -
' Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slunry is refined gently and a 2% solution of the
dry strength resin (i.e. Acco ® 514, Acco ® 711 marketed by American Cyanamid
company of Fairfield, OH) is added to the NSK stock pipe at a rate of 0.2% by
weight of the dry fibers. The adsorptlon of the dry strength resin onto NSK fibers is
" enhanced by an in-ine mixer. The NSK slury is diluted 10 about 0.2% consistency
~ at the fan pump. ' _
_Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up ina .
" conventional re-pulper. A 2% solution of the dry strength resin (i.e. Acco ®514,
Acco ® 711 marketed by American Cyanamid company of Fairfield, OH) is added
to the Eucalyptus stock pipe before the stock pump at a rate of 0.1% by weight of
the dry fibers; and a 1% solution of the chemical softener mixture is added to the

T
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maj ority of the PEG conponent may penetrate Into the interior of the
cellulose fibers where it enhances the fiber flexibility. ortantly,

sore ‘of WO8SPMT | s retained on the surface of the fiber Rméi 4P914ct,s to
enhance the absorbency rate of the cellulose fibers.. Due to ionic

I nter-actions, the myjority of the DHTDMAMS conponent stays on the surface
of the cell uI ose fiber, where it enhances the surface feel and softness of-
t he paper product. Binder material28 The present invention contains
as an essential conponent from about 0.01% to about 3.0% preferably from
about 0. 01% Egrafptustsicckopine batorglre indinaminiendea rate of 0.2% by weight of the

dry fibers. The Eucalyptus slurry is diluted to about 0.2% cons:stency at the fan
pump.

The treated furnish mixture (30% of NSK /7 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire 1o form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer

- wire, at a fiber consistency of about 15% at the point of transfer, o a photo-
polymer fabric having 562 Linear Idaho cells per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth.  Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patierned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased 1o an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
{feet per mmute) (about 244 meters per minute). The dry web is lormed into roll at
a speed of 700 fpm ( 214 meters per minutes).

Two plies of the web are formed into mulﬂ-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
tissue paper has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
chemical softener mixture and about 0.2% of the dry strength resin. Importantly,
the resulting multi-layered tissue paper is soft, absorbent, has good lint resistance.
and is suitable for use as facial and/or toilet tissues.

EXAMPLE S

The purpose of this example is to illustrate a method using a conventional
drying paper making technique to make soft, absorbent and lint resistance toilet
multi-layered tissue paper treated with a chemical softener composition comprising
Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS) and a
Polyoxyethylene Glycol 400 (PEG-400), a dry strength additive and a cationic
polyacrylamide additive resin (Percol ® 175) as retention aid.
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i3 material selected fromthe group consi'sting of pernmanent wet strength
resins, tenporary wet strength resins, dry strength resins, retention aid

r esi nswowhoigpgt Ur es thereof. The binder materials act teceRRd4/gp1I4 | NtiNg
and also to offset the loss in tensile strength, if any, resulting fromthe

chemcal softener conpositions. 1f permanent wet strength is desired,
the binder materials can be chosen fromthe followi ng group of chenicals:
pol yanj de- epi chl or ohydri n, pol yacggl am des, styrene-butadi ene | at exes;

i nsol ubi I'i zed pol yvi nyl al cohol ea-. formal dehyde; pol yet hyI enei m ne;
chitosan ‘polymers and rj xtures thereof. Polyanm de-epichlorohydrin resins
are cationic vvé\tp"g't?‘%ﬁ?? Hrdpgies papermpking machine;is usedip ihepracice,ef 1@ parti cul ar
utility. SpheserbinyentiopesFitst, the chamicaksoftenerracomposition ib ppanad Bccardimpt ent  No.

3, 700, 623, 19 16 pRstedite @ Exdifgle 24vheidi the UMbgBnoUEZprEMR of DEITBRAMS Novenber

13, 1973, WA d by

et onas 54 PeG0Y §f'sdig s!ﬁ’f‘d |§B@E§S§H}H¥ &ﬁul?ig Qﬁflﬁbr :awgﬁaﬁgrﬁfgfohy rtn
resins is cgf@?ﬁ?ﬂéu 81’°’WY%§| '?ﬂ?’s'% 9848 such resin
.under the m«svmymmrwmpsmmptml mncmsmiqmmrﬁmm size have al so
been f oundrdnge Isdronf abot 0.1 to/1.0micrer. strength resins or retention aids.

These resins arsgcgﬁ;cgljgecbl Wei E:'yugngu of3N§l?3s%g2de ¢ d on January

Wit cbhyBbHhpedbe ?em° O PRBRAD 308 oo, one

&é?%r ence. One
. comer ¢i al dgo?!@&ﬂ“‘dﬁ“ﬁdi & L09 441 markeled by AmedeancCyanamidi Co. of
St anford, Companyiof Wayne, Newcle Wl&addaddqmmmodsplm atrecrate of D@%ar k Par ez
[err] 631 by weight of the dry fibers. The adsorption of the dry strength resin onto NSK
: fibers is enhanced by an in-line mixer The NSK slurry is diluted to about 0.2%
consistency at the fan pump. ' '
Third,. a 3% by weight aqueous slurry of Eucalyptus fibers is made upin a
conventional re-pulper. A 1% solution of the chemical softener mixture is added to
the Eucalyptus stock pipe before the stock pump at a rate of 0.2% by weight of the
dry fibers; and a 0.05% solution of Percol ® 175 is added to the Eucalyptus layers
before the fan pump at a rate of 0.05% by weight of the dry fibers. The adsorption
‘of the chemical softener mixture to Eucalyptus fibers can be enhanced by an in-
line mixer. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan
pump. .
“The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in
~'the head box and deposited onto a Fourdrinier wire 1o form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
-vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
. inch, respeétively. The embryonic wet web is transferred from the Fourdrinier
wire, at a fiber consistency of about 15% at the point of transfer, 10 a conventional
felt. Further de-watering is accomplished by vacuum assisted drainage until the
web has a fiber consistency of about 35%. The web is then adhered to the
surface of a Yankee dryer. The fiber consistency is increased to an estimated
96% before the dry creping the web with & doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the Yankee
dryer to provide an impact angle of about 81 degrees; the Yankee dryér is
operated at about 800 fpm (feet per minute) (about 244 meters per minute). The
dry web is formed into roll at a speed of 700 fpm (214 meters per minutes).
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NC. © her commerci al

Col | oi ds of Sul folk, Virginia, and Hercules, Inc. of WImngton,
which W@ RSM&uUCh resins under the marks Percol [err] PRGS04 en [err]
- Still other water-soluble cationic resins finding utility in

1232.

this-invention are urea

sources of cationic polyacrylamde resins are Allied

Del awar e,

‘f or mal dehyde and nel am ne formal dehyde resins.

The nore conmon functional groups of these pol yfunctional resins are

ni trogen contai ni ng groups such as3 am no groups and net hyl ol

gr oups

attached to nitrogen. Polyethyleninmine type  resins may also find utility

in the present itgSikes efthe web are 1orhi‘edtnﬂmhﬁﬂtﬁfa¥e%tus§ﬂer 8¢ Proligeglesi 1 ed,

t enporary

(such as Cali$f48 PRPY

g 8ROyl 23 #

the

h based

bi nder mat er 'ﬂi"?@%@ﬁﬁ?‘ﬁgﬁi"%’ ggr% bhSad g‘ﬁ?ﬁﬁd{]ﬁp%;?&og\%hé%eié d resin

rqaé'ts"ﬁ'g . CORGiIRg AR 1% eidbeed by

Nat i onal St elerhigal sdit&dedain\de. abpatrtl;lm ofithe/dsy stréngth eesinrand adem@cdﬂsed in US.
Patent No. @48 tetoftibniaibieein. MMpolRIRthA the hsuiﬁahulﬁ-&y&b@ﬁ&% por is

i ncor por at egyh %B?drﬁeﬁ? yhisgq‘aﬁ ﬁﬁlcr?snstance and is %Jnfﬁfe%ﬁssﬁea@q[f ?n&éf

. binder matert al
pol yacr yl amQig!

OW ng grou
F§"l?éh as combi nati ons of Cypro 514

EXAMPLE 6

and
ired,
erlals

The purpose of this example is 1o illustrate a method using a blow through

drying and layered paper making techniques to make soft, absorbent and lint
resistance ,tacial multi-layered tissue paper treated with a chemical softener
composition comprising Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl

~ Sultate (DHTDMAMS) and a Polyoxyethylene Glycol 400 (PEG-400), a permanent

wet strength resin and a retentlon aid (Percol ®175).

A pilot scale Fourdnmer paper making machine is used in the practice of the'
present invention. _First, the chemical softener composition is prepared according
to the procedure in Example 1 wherein the homogenous premix of DHTDMAMS
and polyhydroxy compounds in solid state is re-melted at a temperature of about
66 °C (150°F). The metted mixture is then dispersed in a conditioned water tank
(T_em_perature ~ 66 °C) to form a sub-micron vesicie dispersion. The particie size of
the vesicle dispersion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the
permanent wet strength resin (i.e. Kymene® 557H marketed by Hercules
Incorporated of Wilmington, DE) is added to the NSK stock pipe at a rate of 1% by

‘weight of the dry fibers. The adsorption of the temporary wet strength resin onto

NSK fibers is enhanced by an in-line mixer. The NSK slurry is diluted to about
0.2% consistency at the fan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made upina

. conventional re-pulper, . A 1% solution of the chemical softener mixture is added

to the Eucalyptus stock pipe before the in-line mixer at a rate ot 0.2% by weight of
the dry fibers; and a 0.5% solution of Percol ® 175 is added to the Eucalyptus
layers before the fan pump at a rate of 0.05% by weight of the dry fibers. The
Eucalyptus slurry is diluted to about 0.2% consistency at the fan pump.

_This Sheet Has Been Re

LT

t he



14 and Accostrength 711 produced by Anerican cyanam d of Wayne, N.J.);
starch (such as-corn starch or potato starch); polyvinyl alcohol (such as
Ai rval wo0spraagiuced by Air Product's Inc of Allentown, PACT/USn6ms | ocust
bean guns: pol yacryl ate | atexes: and/or carboxynet hyI cel lul ose (such as
Aqualon CMC-T from Aqual on Co., Wl nington, DE). In general, suitable
starch for practicing the present Invention |Is characteri zed by water

sol ubiJity, and hydrophilicity.. Exgaplary starch materials include corn
starch and potato starch, albeit it is not intended to thereby limt the

scope of suitabyg, ééa@éanrmt,ﬁhw (8% BPAISK Kou R EeAlST R BidhBba > koW,

i ndustri al l tar m oca st arch * :
differs f ro‘ﬁ? @‘Sﬂﬁg‘w‘ E’Eﬁa g?dc?ﬁi? ﬁaFrt"Hﬁﬁ'"ief “1'% tgl’ﬁ'ﬂ%ﬂ SmBMONGWER i n, wher eas
conmon cor rPewalering aseurs reughthe Rowsinias wiretand '%M'WY@@G“GMQHWS uni que
char act er i sidcosm doxes)i TieaFUrdrinidr wireds btia Shehedd satin waaeb donfiguiaticnca - The

Starch fr Onﬂa\‘)ﬁ'@ 4%56}me|-'hlr79§|on5§mi §'sr mabinldirdbibs Hoh@fﬁammﬁﬁb 1945,

8!0 s pé?g ed f 1(%%?# cfpely ]l'he em R wet icétt?‘arn(s: orred 'i'rorrﬁhe Shog mer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
polymer fabric having 711 Linear Idaho cells per square inch, 40 percent knuckie
area and 9 mils of photo-polymer depth.  Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web Is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohot
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of apout 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).

The web is converted into a two ply multi-layered facial tissue paper. The
multi-layered tissue paper has about 21 #/3M Sq Ft basis weight, contains about
1% of the permanent wet strength resin, about 0.2% of the chemical softener
mixture and about 0.05% of the retention aid resin. Importantly, the resulting
multi-layered tissue paper is soft, absorbent, has good lint resistance and is
suitable for use as facial tissues.

LT



granular formis preferred. The starch is preferably sufficiently cooked to
induce swelling of-thegranules—Mre preferably, the starch granules are
swol |-en, Wad5sMIaT& ooki ng._to a point just prior to di spersiROT/USY4M0EM4 St arch -
granul e. Such hi ghl EM’I[IE“!E"HI)H;"UW anul es shall be referred to as being
"fully cooked". The i spersion in general can vary dependi ng
upon the size of the starc granul es, the degree of crystallinity of the
granul es, and the anount of anylose present. Fully cooked am oca starch,
for exarrpl e, can be prepared by heating an aqueous slurry of about 4X

consi stency of starch granules at abgut 190 [err] (about 88 [err] for

bet ween about 30 and about 40 m nutes. O her exenplary starch materials

whi ch may be used include nodified cationic starches such as those nodified
to have ni-trogen coqntal i P groups such as am no groups and net hylal” groups
attached to mg’f-ro'gwr——arvm' ble from National Starch and Chenical Conpany,
(Bri dgewat er ,1.NewA Jeuiti-iaypred Siseue paner webhatagtasimedhittbpy ik Icomarises ped
primarily as a pulesstf tWoségerpuded tlayees, t  firstdayes sandvatt leastdomer sebopdst r engt h.
Consi dering that gyg fboﬁﬁ&id‘uk%ﬂid%ﬁrlmfr@t@ﬁﬁxﬁﬂ-l&g@é@@'&@mﬁﬁﬁ 1si ve than
unnodi-fied starches, the latter have generally been preferre

‘Met hods of appli catl ompaperahakihg, fibers; sane previ ously described wth
reference to appl catl on f a fe y by wet end
addi tion, spr ayl Imgéqﬁr e@g gt% L"aggmh 'ﬁ?‘ﬁ@pﬁﬁge'ﬁg‘#%aer may be
applied to the ti ssue awaipthe 18| one, si rrul taneousl y with, prior to, or
subsequent to the additio f softener, abﬁprbency and/ or aesthetic .
additives. At |east an eff %;/‘g\inount of# a binder, preferably starch, to

provide lint control and concOs{tant sirength increase upon drying
relative to a non-binder treate w_'_othervm se |dent)! cal sheet IS

N

wherein each Ro substituent is a8 C1 - C6 alkyl or hydroxyalkyl -
group, or mixture thereof, preferably C1 - C3 alkyl, most

preferably methyl; each R4 substituent is a C14 - C22

hydrocarby! group, or mixture thereof, preferably C16 - C18

alkyl; and X" is a suitable anion, preferably chioride or methyi

sulfate; '

c) from 0.1% to 3.0% of a water soluble polyhydroxy compound;
wherein said polyhydroxy compound is preferably selected from
glycerol, sorbitols, polyglycerols having a weight average
molecular weight of from 150 to 800, polyoxyethylene giycols
and polyoxypropylene glycols having a weight average
molecular weight from 200 to 4000, preferably from 200 to
1000, most preferably from 200 to 600, and mixtures thereof;
and

'\
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15 preferably applied-te—the sheet. Preferably, between about 0.01% and
about 3. 0% of a S, ret al ned in the dried sheet, calculated on a dry
fi ber: \WO@s0147a s "m ferably, between about PCIVUSS#réo1about 1. 0%
of a binder nater starch-based, is retained. The
second step in the. process o Is invention is the depositing of the

mul ti-1ayered paper making furnl sh using the above descri bed chem cal

sof t engr : 33 :

-d)  from 0.01% to 3.0% of a binder material wherein said binder
material is preferably selected from permanent wet strength
resins, preferably polyamide-epichlorohydrin, or polyacrylamide
permanent wet strength resins, and mixtures thereof,
temporary wet strength resins, preferably a starch-based
temporary wet strength resin, dry strength resins, retention aid
resins and mixtures thereof.

2. The muilti-layered tissue paper web of Claim 1 wherein said multi-
layered web comprises three superposed layers, an inner layer and
two outer layers, said inner layer being located between two said
outer layers, said multi-layered web preferably comprising a single
ply, wherein said quaternary ammonium compound, said water
soluble polyhdroxy compound, and said binder material are each
contained in one or more of said layers of said multi-layered web.

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

4. The mutti-layered tissue paper web of Claim 2 or 3 wherein the
majority of the binder is contained in said inner layer.

5. The multi-layered tissue paper web of any or Claims 2 - 4 wherein
said inner layer comprises relatively long paper making fibers,'
preferably softwood fibers, most preferably northern softwood fibers,
said long paper makmg fibers having an average length of at least 2.0
mm and wherein each of two said outer layers comprises relatively
short paper making fibers, preferably hardwood fibers, most
preferably eucalyptus fib’eis.- said short paper making fibers having an
average length between 0.2 and 1.5 mm. '

6. The muiti-layered tissue paper web of Claim 5 wherein said inner
layer comprises mixtures of softwood fibers and low cost fibers, and
at least one of said outer layers comprises low cost fibers or mixtures
of hardwood fibers and low cost fibers, wherein said low cost fibers
are selected from sulfite fibers, thermomechanical pulp fibers, chemi- -
thermomechanical pulp fibers, recycled fibers, and mixtures thereof.
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'corrposrtron and_bi nder materi+ats—as additives on a foram nous surface and
the third step Is the re the water fromthe furnish so deposrted
Tethni qWes9SAN4Tt e?ﬂl‘“nﬂl i“ﬁ m‘@‘*n be used to acconpli shPEHESM/A6H4 )
processi ng steps apparent to those skilled in the paper
maki pg art. Pref er'red rrultr- | ayered tissue paper enbodi nents of the
present invention contain fromabout 0.01%to about 3.0% nore preferably

from about 0.1%to 1.0% by weight, onsg dry fiber basis of the chem cal

sof t eni ng conposition and binder materi gqeadesgrr bed. herein. The

~present inverti orf edNURYPrRAISEue RPRR e Glaimss L, & Whesep the) general |
" including but notquatemiare dmmeniusm eomppuntais| wwerqgemtwqummm ayered

ti ssue paper; hiﬁhmmhk Ghidrider or dRRrbaendteditbiidw | dyiethgr akrinsditen paper ; and
hi gh bul k, unco ? é?d't' | ayered tissue paper. The nulti-I|ayered

ti ssue paper products nade therefrommay be of a single-ply or multi-ply
const ructi on8. Ti Stheandtilayetedntissue papeneabfiaf any bhCimsdl pdpehereinltbe ar e

described in U S.yéigitRatiod .of the’ qlatetbiirg d8mmoditm @6 @e do%y&@xfdoyerrber 30,
1976, and ‘i ncor pq ?r%gn&]? ihggg}%i ¥ £69%C0.3' M09 ﬂﬁér?’&y ffoniGlg L &l d

conposite, soft, ent paper struct prepared fromtwo
or nore |ayers of 15? g '\?,hlch are preferably conprised of different '

fiber types. glhe AQN@{, Pwaﬁs%u@b%é?rﬁ%d&tfc%ﬁﬁﬁnﬁ raQrQaE{‘%NS"?;BR Jsh@“ of

Separate str eams ut e bei ng

typl c
relatively | ong '5"6'“%8’3 3?‘?83 pealpgt ?vféf °§s%lér"[ har% 5\4@ 5‘ t' ‘és used in
“multi-layered ti sussue B@RﬁérP'°dr‘|‘ﬁkP’r?ée'a'?J¥)Gﬁm6H§§sdPV°rﬂ'F§ ‘@hﬂF@s‘?cf‘&f ani nous
screens. |f the iwei sasiduplies! prpéarablyscomprises aivMoy stperpusdd Olayerspandt e wires,

the | ayers are SURR&EIRENT lsidCoMua@ehaty'hi | Smmb&itir T O chbpbumd | ayier ed

COWOS' te web. Th&(hyﬁ%%@ﬁﬂe&’i@ﬂo&vs d?rH&?lsqu&rgr’dX %ﬁuﬁ'ﬁﬁy}ls%lfate, said
polyhydroxy compound is polyoxyethylene glycol having a weight
average molecular weight of from 200 to 600, and said binder
materigls are permanent wet strength resins and temporary wet
resins, wherein the majority of said quaternary ammonium compound
and said polyhdroxy compound are contained in at least one of said
outer layers and wherein the majority of said binder material is
contained in said inner layer.

10. The mhlti-iayered tissue paper web of any of Claims 1 - 9 wherein
said tissue paper web is a toilet tissue or a facial tissue.

\\
This Sheet H

M



-

conformto the surface of an open nmesh dying/inprinting fabric by the .
application of a fluid force to the web and thereafter thernally predried
on sdi WO M4 as part of a |ow density paper naking pPOTAS3U06914c | ayer ed
.web may be stratified wwth respect to fiber type or the fiber content of
the respective |layers may be essentially the same. The nulti-|ayered

ti ssue paper preferably has a basis weight of between 10 g/[err] and about
65 g/[err], and density of about 0.60 g/[err] or less. Preferably, basis
wei ght will be bel ow about 35 g/[err] Orl)qSS; and density will be about -
0. 30 . - 16
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-g/[err] or less. Most preferably, density will be between 0.%%"&"/‘[7&% and
0.2Q g/[err] The multi-layered tissue paper webs of the present

i nvention conprise at | east two superposed |ayers, a first |ayer and at

| east one second | ayer contiguous with the first |ayer. Preferably, the
mul ti-layered tissue papers conprise three superposed |layers, an inner or
center layer, and two outer layers, with the inner |ayer |ocated between
the two outer |layers. The two outer layers preferably. conprise a primry
filamentary constituent of about 60% or nore by weight of relatively short
paper maki ng fibers having an average fli ber between about 0.2 and about 1.5
mm° These short paper making fibers are typically hardwood fi bers,
preferably, eucalyptus fibers. Aternatively, |ow cost sources of short
fibers such as sulfite fibers, thernonechanical pulp

Cheni - Ther rml\MUtErMckYEHEQ)T(SBUE PARERME&GS&MEBI&NQIGHEWCWl ng
fibers fracti ogHEIENING COMPOSITIONS AND'BINDER'MATERRIESTANDBN be used
in one or both of the ou ¥OR mm‘{m@-fk@ sR(MEnner | ayer, |If
desired. Fhe-inner | wnm_‘:a‘rprl ses _a prinary filanentary.
constituent oREZBOGEIBSUESTSmor e SBy wef ght of raFTat'lmTﬁytmﬁrt@i’ﬁ’ﬁ[Ser §€ki ng
fibers h MRpsafplisverpage .f.i.berpagedgt.h.. of | eabtwabout. 2::0 mme: Thesenkehd!.
paper makiid ifimor s @ eyl ceddgyd sektywood f| bers,. preferﬁblynn@r*the:tm
sof t wood [ abbwink@Rr:$esfdi. guL & ghged..a..sghemat | cycr 0ss: secti onalth i, gwgod | -a
t hree- | ayign echsahagl @ ppked .130i | Bfagtd Ssue|in ace quancerwtn the sresentd ..

| nvent i on.p Qe e ifgerhi gure f the three ayered singl'e pIy web fO

compri sed i OE R e L Pkt o aan (e bt queayer s 11
Quter layers 11 are conprised prinarily of sh 1&%@‘ B L W.L';'é'"

whereas inner layer 12 is corrprplg_qgidpr-m@m\}mmm ong paper mnaking fi bers
17.

This invention relates to. multi-layered tissue paper web. More particutarly,
it relates 1o multi-layered tissue paper web comprising chemical softener
compositions and binder materials. The treated tissue webs can be used to make
soft, absorbent and lint resistance paper products such as facial tissue, and toilet
tissue products.

B.ACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or.
sheets, find extensive use in modern society. Such items as facial and toilet
tissues are staple items of commerce. It has long been recognized that four
important physical attributes of these products are their strength, their softness;
their absorbency, particularly their absorbency for aqueous systems; and their fint
resistance, particularly their lint resistance when wet. Research and development
efforis have been directed 10 the improvement of each of these attributes withiout
seriously affecling the others as well as to the improvement of two or three
attributes simultaneously. -

Strength is the abllity of the product, and its constituent webs. 10 - maintain K
physical integrity and to resist tearing, bursting, and shred&ing under-use,
conditions, particularly when wet. :

Softness is the tactile sensation perceived by the consumer as he/she holds
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
This tactile sensation is provided by a combination of several phyéical properties.
One of the most important physical properties related to softness is generally
considered by those skilled in the art to be the stifiness of the paper web from

LAl e



I'n an alternate preferred enbodi nent of the present invention, nulti-ply
*:tissue paper products are fornmed by placing at least ftwo multi-lay

et
and a second two- |ayered tissue paper web in juxt

posed rel
exanpl e, each ply is a two-layer tissue sheet conprii sﬂﬁ‘gogFﬂ%‘sst

ti 3sue paper webs In juxtaposed relation. For exa NE?EACEMW SHEET
paper product can be nade conprising a first two-{l gyes ++
ta

fi OT
I
r dwood

a second layer. The first layer preferably conprijsds_the shart. h

fi bers and the second |ayer preferably conprises
The two plys are conbined In a manner such that tk
of each ply face outwardly, and the |ayers
fibers face inwardly. Figure 2 is a sch

two-| ayered two-ply facial

ed .
ssue

er web
In this

i
a

yer and

t he | ong sof twood {fi bers.

fibers

cont ai ni ng the | ong sof t wood
tic cross- sectional

view of a
tissue in accordance with the present

| nvention. RefeLfindnd Srokl@U fad . Sillfekd%n Lty Q6 Lludn% Blidred 5208 Birad :
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primarily of shehichpsakeup the web.

Absorbency is the measure of the ability of a product, and its constituent
waebs, to absorb quantities of liquid, particularly aqueous solutions or dispersions.:
Overall absorbency as perceived by the consumer is generally considered 1o be a
combination of the total quantity of liquid a given mass of multi-layered tissue
paper will absorb at saturation as well as the rate at which the mass absorbs the

liquid.

Lint resistance is the ability of the fibrous product, and its constituent webs,
to bind together under use conditions, particularly when wet. In other words, the

higher the fint resistance Is, the lower the propensity of the web to fint will be.

The use of wet sirength resins to enhance the strength of a paper web is
widely known. For example, Westielt described & number of such materials and
discussed their chemistry in Cellulose Chemistry and Technology, Volume 13, at
pages 813-825 (1979). Freimark et al. in U.S. Pat. No. 3,755,220 issued August
28, 1973 mention that certain chemical additives known as debonding agents
interfere with the natural fiber4o-fiber bonding that occurs during sheet formation
in paper making processes. This reduction in bonding leads to a softer, or less
harsh, sheet of paper. Freimark et al. go on {0 teach the uss of wet strength resins
in conjunction with the use of debonding agents to off-set the undesirable efiects
of the debonding agents. These debonding agents do reduce both dry tenslie

strength and wet tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also teaches that
chemical debonders can be used 1o reduce the stifiness, and thus enhance the

softness, of a tissue paper web.

Chemical debonding agents have beon discosed in various refarences
such as U.S. Pat. No. 3,554,862, issuéd to Horvey et al. on Jaiuary 12;:1971.
These materlais Include quaternary ammonium salts such as
cocotrimethylammonium chloride, oleylirimethylammonium chloride,
di(hydrogenated)taliow dimethyl ammonium chloride and stearylirimethyl

ammonium chiloride.

Emanuelsson et al., in U.S. Pat. No. 4,144,122, issued March 13, 1979,
teach the use of complex quaternary ammonium compounds such as bis(alkoxy(2-
hydroxy)propylene) quaternary ammonium chiorides to soften webs. These
authors also attempt to overcome any decrease in absorbency caused by the
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.17 making fibers 16; whereas inner |layers 19 are com
"Tong paper making fibers 17. Sinmilarly three-ply ti

of
can

be made by placing three nulti-layered tissue paper
rel ation. It should not be inferred fromthe apo e1d1 gysg%)n
.the present invention is limted to tissue paper profgucts
three-layers - single ply or two-plys - two |ayers, Et
products consisting of three or
consi sting of one or

conpri si ng
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wi thin the scope of the present invention.

of the quaternary ammoni um conpound and t he pol yhydroxy conpound is
contained In at | east one of the outer 3 ayers of the multi- |ayered
paper web of the present invention. Mre preferably, the majority of

more | ayers are also expressly heant to be | ncluded
Preferably, the majority

ti ssue
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plies of the tissulex{‘;‘%%%&ﬁ

conmpound and the use of dimethyl di(hydrogenated)tatiow ammonium chloride in combination with
fatty acid esters of polyoxyethylene glycols to impart both softness and
absorbency 1o tissue paper webs.

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

For example, Backer et al. in U.S. Pat. No. 4,168,594, issued January 18,
1979, describe a method they contend will form a strong, soft, fibrous sheet. More
specifically, they teach that the strength of & tissue paper web (which may have
been softened by the addition of chemical debonding agents) can be enhanced by
adhering, during processing, one surface of the wab to a creping surface In a fine
patterned arrangement by a bonding material (such as an acrylic latex rubber
emulsion, a water soluble resin, or an elastomeric bonding material) which has

ES}[‘e‘n’f nghgoﬁgbﬁ{pﬂeﬁi‘%ﬁa@%%jsu{,{gg,?tggg@oﬁu@covered that the chenical

o, JE Ty BRI re0 QR rsBEs o )"

been adhered to one surface of the web and to the creping surtace in the fine -

patterned arrangement, and creping the web from the creping surface to form a
shest material. :

Conventional quaternary ammonium compounds such as the well known

dialkyl dimethyl ammonium salts (e.g. ditallow dimethyl ammonium chioride,

ditallow dimethyl ammonium methy! sulfate, di(hydrogenated)taliow dimethyl '

ammonium chloride etc ...) are effective chemical debonding agents. However,
these quaternary ammonium compounds are hydrophobic, and can adversely
affect the absorbency of the treated paper webs.. Applicants have discovered that
mixing the quatemary ammonium compound with a polyhdroxy compound (6.9,
glycerol, sorbitols, polyglycerols or polyethylene glycols) will enhance both
softness and absorbency rate of fibrous celiuiose materials.

Unfortunately the use of chemical softening compositions comprising a
quatemary ammonium compound and & polyhydroxy compound can decrease the
lint resistance of the treated paper webs. Applicants have discovered that the fint

resistance can be improved through the use of suitable binder materials such as’

wet and dry strength resins and retention aid resins known in the paper making art.
The present invention is applicable to tissue paper in general, but
particularily applicable to multi-layered tissue tissue paper products such as those



_pol yhdroxy conpound act to enhance both the softness and the absorbency of

“the_nulti-layered tissue products of the present I|ny
figures and 2, the chem cal softening conposition ¢
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[ SHERT]e of

t he quat ernary ammoni um conpound and the pol yhdr oxy [campound—is
schematically represented by dark circles 14. It can Qe ief@gl.g,fig res 1
and 2 that the majority of the chem cal softening cdngosi't %4 s
contained in outer layers 11 and 18, respectively. However...it {has

al so been discovered that the lint resistance of thg nultilayered tis;sue

paper products decreases with the inclusion of the qm—aﬂﬂmrﬂm

conpound and t he pol yhdroxy conpound. Therefore, binder materi als are used

for linting control

and to increase the tgnsile strength. Preferably, the

bi nder is contained in the inner |ayer and at | east one of the outer layers
of the nulti-|ayRsabeliibOL PARHRES ITRIT10Esid o NGFENlr. b AESH N
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and a pol yhdr oxy

conmpound in conjunction with
SUMMARY OF THE INVENTION

The present invention provides soft, absorbent, lint resistant mutti-tayered
tissue paper products comprising paper making fibers, chemical softening

compositions and binder materials. Briefly, the chemical softening composition
comprises a mixture of :

(@) from about 0.01% to about 3.0% of a quaternary ammonium compound
having the formula

e
>

R2 - Ry

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group, or mixture
thereof; each Ry substituent is a C14 - C22 hydrocarbyl group, or mixture
thereof; and X" is a suitable anion; and

(®) from about 0.01% to about 3.0% of a polyhydroxy compound; preferably
solected from the group consisting of glycerol, sorbitols, polyglycerols having a
weight average molecular weight of from about 150 to about 800 and

polyoxyethylene gtycols and polyoxypropylene glycols having a weight average
molecular weight from about 200 to 4000.

Preferably the weight ratio of the quaternary ammonium compound to the
polyhydroxy compound ranges from about 1.0 : 0.1 o 0.1 : 1.0. It has been



PORY
O

A8 a binder

sof t:ness

However ,

the art.

mat eri al

onal | y pressej

RERCACEMER] SHEET

v

lint}]np.
li ke the chemical softening conposition, tle}jbi hd@CTQsri
be sel ectivel y added where npbst needed. Convent i
multi-layered tissue paper and net hods for making sfich paper are know

Such paper is typically nmade by depositing

U

5

discovered that the chemical softening composition is more effective when the
polyhydroxy compound iand the quaternary ammonium compound are first pre-
mixed together, preferably at a temperature of at least 40 °C, before being added
to the papermaking furnish.

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

Examples of polyhydroxy compounds useful in the present invention
include glycerol, sorbitols, polyglycerols having a weight average molecular weight
of from about 150 to about 800 and polyoxyethylene glycols having a weight
average molecular weight of from about 200 to about 4000, with polyoxyethylene
glycols having a weight average molecular weight of from about 200 to about 600
being preferred.

The term binder refers to the various wet and dry strength additives, and
retention aids known in the art. These materials improve the lint resistance of the
tissue paper webs of the present invention as well as counteracting any decrease
in tensile strength caused by chemical softening compositions. Examples of
sultable binder materials Include permanent wet strength resins (i.e. Kymene ®
§57H marketed by Hercules Incorporated of Wilmington, DE), temporary wet
strength resins (i.e. National starch 78-0080 marketed by National Starch and
Chemical corporation of New-York, NY), dry strength resins (i.e. Acco ® 514,
Acco @ 711 marketed by American Cyanamid company of Wayne, New Jersey)
and retention aid tesins Q. e. Parcol @175 marketed by Allied Collolds of Sutiolk,
Virginia). _

Briefly, the process for. making the mulll-layered tissue paper "webs of the
present invention comprises the steps of formation of a mutti-layered paper making
fumish from the aforementioned components, deposition of the mutti-fayered paper
making fumish onto a foraminous surface such as a Fourdrinier wire, and removal
of the water from the deposited furnish.

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

results in a tissue paper product having superior
, absorbency, and lint resistance properties. Selectively adding
the majority of the chem cal softening conposition

plys of the tissue paper, enhances its effectivenesg.
material s are dispersed throughout the tissue sheet |t ¢ control
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.making furnish on a foram nous formng wire. This formng wire is often
teferred to in the art as a Fourdrinier wire. Ongce_the furnish |s deposited

on the formng wire, it is referred to as a web.
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The present invention is descrbed in more detail below.

DETAILED DESCRIPTION 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 detalied
description and of the appended examples._

As used herein, the term *lint resistance® is the ability of the fibrous product,
and its constituent webs, to bind together under use conditions, particularly when
wet. In other words, the higher the lint resistance is, the lower the propenstty of the
web to lint will be.

_ As used herein, the term "binder” refers to the various wet and dry strength
resins and retention aid resins known in the paper making art.

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

As used herein, the terms “lissue paper web, paper web, web, paper sheet
and paper product® all refer to sheets of paper made by a process comprising the
steps of forming an aqueous paper making furnish, depositing this furriish on a
foraminous surface, such as a Fourdrinier wire, and removing the water from the
furnish as by gravity or vacuum-assisied drainage, with or without pressing, and
by evaporation. '

* As used herein, an “aqueous paper making furnish® Is an aqueous slurry of

~ paper making fibers and the chemicals described hereinafter.

As used herein, the term *multi-layered tissue paper web, multi-layered
paper web, multi-fayered web, multi-layered paper sheet and multi-layered paper
product® all refer to sheets of paper prepared from two or more layers of aqueous



Pattern densified nulti-layered tissue paper is characterized by having a

relatively high bulk field of relatively |ow fiber - py of
densified zones of relatively high fiber density. @M@W@&ﬁm? d is
alternatively characterized as a field of pillow regfons. The denj ed

=

zones are alternatively referred to as knuckle regjops.1 TOETHEOS! ff ed
zones may be discretely spaced within the high bulk field or my be
i nterconnected, either fully or partially, within

19 the high bulk field. Preferred processes for meking pattern densiffied
ti ssue webs :
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paper making furnish which are preferably comprised of different fiber types, the
fibers typically being relatively long softwood and relatively short hardwood fibers
as used in tissue paper making, The layers are preferably formed from the
deposition of separate streams of dilute fiber slurries, upon one or more endless
foraminous screens. If the individual layers are initially formed on separate wires,
the layers are subsequently combined (while wet) to form a layered composite
web.

The first step in the procass of this invention is the forming of an aqueous
paper making furnish. The furnish comprises paper making fibers (hereinafter
sometimes referred to as wood pulp), and a mixture of at least one quaternary
ammonium compound, a polyhydroxy compound and binder materials all of which
will be hereinatter described.

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

Both hardwood pulps and softwood pulps as well as blends of the two may
be employed. The terms hardwood puips as used herein refers to fibrous pulp -
derived from the woody substance of deciduous trees (angiosperms): wherein
softwood pulps are fibrous pulps detived from the woody substance of coniterous
trees (gymnosperms). Hardwood pulps such as eucalyptus are particularily
sultable for the outer tayers of the multi-layered tissue webs described hereinatter,
whereas northem softwood Kraft pulps are prefermred for the inner layer(s) or
ply(s). Also applicable to the present invention are fibers derived from recycled
paper, which may contain any or all of the above categories as well as other non-
fibrous matertals such as fillers and adhesives used to facilitate the original paper
making.

Chemical Softener Compositions

The present invention contains as an essential component a mixture of a
quaternary ammonium compound and & polyhydroxy compound. The ratio of the
quaternary ammonium compound to the polyhydroxy compound ranges from
about 1.0 : 0.1 to 0.1 : 1.0; preferably, the weight ratio of the quaternary
ammonium compound to the polyhydroxy compound is about 1.0 : 0.310 0.3 : 1.0;
more preferably, the weight raio of the quaternary ammonium compound to the



‘are disclosed in U S. Patent No. 3,301, 746, issued ‘%anford and_Si sson on

‘January 31, 1967, U.S. Patent No. 3,974,025, issuedjt Ep on
August 10, 1976, and U.S. Patent ‘No. 4,191, 609, iss gygﬁl¢Té$ﬁEg€khan
on March 4, 1980, and U. S. Patent 4,637,859, issued to Paul D. Trokhgan on
January 20,1987; all of which are incorporated herdi ] by ¥@EEiBtce.
In general, pattern densified webs are preferably grdpared by depogi{ing a
paper making furnish on a foram nous form ng wire quch as a Fourdringer
wire to forma wet web and then juxtaposing the web—eagairst—an—arrayl 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 lgetween the array of supports and

t he wet web. The remai nder of the web not conpressed during this operation
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optional predrying, the web i gedried to c | etion, preferably still
avoi di ng nmechani cal pressing. feraWom about 8% to about

Rz R1

In the structure named above each R is C14-C22 hydrocarbon group, preferably
taliow, R2 is a C1 - C6 alkyl or hydroxyatkyl group, preferably C1-C3 alkyl, X" is a
suitable anion, such as an halide (e.9. chloride or bromide) or methyl sulfate. As
discussed in Swem, Ed. in Bailey's Industrial Oil and Fat Products, Third Edition,
John Wiley and Sons (New York 1964), tallow is a naturally occuriing material
having a variable composition. Table 6.13 in the above-identified reference edited
by Swem indicates that typically 78% or more of the fatty acids of taflow contain 16
or 18 carbon atoms. Typically, half of the fatty acids present in tallow are
unsaturated, primarily in the form of oleic acid. Synthetic as well as natural
“taliows® fall within the scope of the present invention. Preferably, eath Rt Is C16-
C18 alkyt, most preferably each R1 is straight-chain C18 alkyl. Preierably. each
~ R2is methyl and X" is chloride or miethyl sulfate.

Examples of quaternary ammonium compounds suitable - for use In the
present invention include the well-known dialkyldimethylammonium salts.such as
ditaliow dimethy! ammonium chioride, ditaliow dimethylammonium methy! sulfate,
di(hydrogenatedjtaliow dimethyl ammonium chioride; with di(hydrogenated)taliow
dimethyl ammonium methyl sulfate being preferred. This particular material is
available commercially from Sherex Chemical Company Inc. ol Dublin, Ohio under
the tradename “Varisoft ® 137"

B. Polyhydroxy Compound



55% of the nulti-layered tissue paper surface conprises densified knuckl es

having a relative density of at |east 125% of the dens Trh e R 1 qf | k
field. The array of supports is preferably an Rﬁfmﬁl\m\rﬂ;@ﬁﬂ
fabric having a patterned displacenent of knuckles iich operate as |the

array of supports which facilitate the formation of }the dehgcCtTieeb zdnds
upon application of pressure. The pattern of knuckl onstitutes tHe
array of supports previously referred to. Imprinting carrrer rabprics 4re
disclosed In U S. Patent No. 3,301, 746, Sanford and Sisson, jssued
January 31, 1967, U.S. Patent No. 3,821,068, Salvucci, Jr:. et al I ssued
May 21, 1974. U. S. Patent No. 3,974,025, Ayers, issued August 10, 1976,

U S. Patent No. 3,573,164. Friedberg etq al ., issued March 30, 1971, U.S.

Pat ent No. 3,473,576, Ameus, issued Cctober 21, 1969, U. S. Patent No.
4,239, 065, Tr-okhq.
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herein by ref efrem@bout 0.01% to about 3.00% by weight, preferably from about 0.01% to about
1.00% by weight of a polyhydroxy compound.

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

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

The chemical softening composition described above l.e. mixture of a
quaternary ammonium compounds and a polyhydroxy compound are preferably
diluted 10 a desired concentration to form a dispersion of the quat and polyhydroxy
compounds before being added to the aqueous slurry of paper making fibers, or
furnish, in the wet end of the paper making machine at some suitable point ahead
of the Fourdrinier wire o sheet forming stage. However, applications of the above
described chemical softening composition subsequep't to formation of a wet tissue
web and prior to drying of the web to completion will also provide significant
softness, absorbency, and wet sirength benefits and are exprassly included within
the scope of the present invention. .

it has been discovered that the chemical sofiening composition is more
effective when the quaternary ammonlum compound and the polyhydroxy
compound are first pre-mixed together before being added to the paper making
furnish. A preferred method, as will be described in greater detall herelnafter in
Example 1, consists of first heating the polyhydroxy compound to a temperature of
about 66 °C (150°F), and then adding the quaternary ammonium compound 10 the
hot polyhydroxy compound to form a homogenous fluid. The weight ratio of the
quaternary ammonium compound 1o the polyhydroxy compound ranges from




20 Preferably, the furnish is first formed into_a_wet web on a
“-forami nous forming carrier, such as a Fourdrinier wijig: Thewyehy iSinn
dewat ered and transferred to an inprinting fabric. Tﬁqéﬂ‘f‘ﬁ‘tmﬁﬁT
alternately be initially deposited on a foram nous gugporting carri¢r fwhi ch
al so operates as an inprinting fabric. Once forned, |t He WStOGEMHTSs
dewatered and, preferably, thermally prodded to a sl dcted fiber
consi stency of between about 40% and about 80% Dewatering can be perjornmed
Wi th suction boxes or other vacuum devices or wth Btewthrough dryerk. The
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knuckle inprint of the inprinting fabric Is inpressed in the web as
di scussed above, prior to drying the web to conpletion. One nethod for

acconplishing this is through applicatHBn of mechani cal pressure. This can
be done, for exanple, by pressing a niproll which supports the inprinting

fabri in he f f rying.dr - Yank ryer, wherein

the web e i 50k Bet Seeto b i irbletasis B Soiabe SAUR B e batbmanior abi y,

t he. web is nol camenium reomppued torihe Palyhyssoxy spmpeungris about 3.0cRtod)3 vhoof

dryi ng bxt/) app! ifisrbipeetenablyf ihei weightaatalorthwiqilemarycamimonidmy cormpsuntho Gfe 2 i to
i on X r r r : i .Gy r. be. i

huke | o scircliod BRI B 0 07 5 AN ADGuSaY)

separate, su bse&?@ﬂ?mﬁr‘t‘ﬁf’é‘s b'nes[ngg%?u 3y, weight” ot the paricular compound and/or

quaternary ammonium compound used. :

it has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
quaternary ammonium compound and added to the paper by the above described
process. In fact, at least 20% of the polyhydroxy compound and the quaternary
ammonium compound added to the fibrous cellulose are retained; preferably, the
retention lovel of quaternary ammonium compound and the polyhydroxy
compound is from about 50% to about 80% of the added levels.

importantly, adsorption occurs at a concentration and within a time frame
that are practical for use during paper making. In an effort {0 better understand the
surprisingly high retention rate of polyhydroxy compound onto the paper, the
physical science of the melted solution and the aqueous dispersion of a
Di{Hydrogenated)Taliow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS), and
polyoxyethylene glycol 400 were studied.

Without wishing to be bound by theory, or to otherwise limit the present
invention, the following discussion is offered for explalning how the quaternary
ammonium compound promotes the adsorption of the polyhydroxy compound onto
paper.

information on the physical state of DHTDMAMS Di(Hydrogenated)Tallow
DiMethyl Ammonium Methyl Sutfate, RoN+(CH3)2.CH30S03" and on DODMAMS
is provided by X-ray and NMR (Nuclear Magnetic Resonance) data on the
commercial mixture. DODMAMS (DiOctadecyl DiMethyl Ammonium Methyl
Sulfate, (C1gH37)2N*(CH3)2.CH30S03°) Is a major component of DHTOMAMS,
and serves as a model compound for the commercial mixture. it I$ useful to
consider first the simpler DODMAMS system, and then the more complex
commercial DHTDMAMS mixture.

Depending on the temperature, DODMAMS may exist in any of four phase
states: two polymorphic crystals (XB and X&), a lameliar (Lam) fiquid crystal, or a
liquid phase. The XP'crystal exists from below room temperature 10 47 °C. At this
temperature it Is transformed into the polymorphic X& crystal, which at 72 °C is
transformed into the Lam liquid crystal phase. This phase, in tumn, is transformed
into an isotropic tiquid at 150 °C. DHTDMAMS is expected to resemble




‘c_onbi nation thereof. Unconpact ed, nonpattern-densified mlti-layered

ti ssue paper structures are described In U S. Patent No—&r8i7: tad

to Joseph L Sal vuocci, Jr. and Peter N. Yiannos on My IEPLAGEKM
Pat ent No. 4,208,459, issued to Henry E. Becker, Al bei

Ri chard Schutte on June 17, 1980, both of which are ingofp
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conpression until the web has a fiber consistency of at |east 80% and
creping the web. Water is renoved frdmthe web by vacuum dewat eri ng and
thermal drying. The resulting structure is a soft but weak high bulk sheet

of relati Veluoummqisqﬂayéwetsa\avmmdcm ARt feaiperatuies & ®icdphageapp! i ed
to portions ns]iugt?sm RwePdd Mbb% $Hn g@ For example, tﬂ_{‘ﬁaﬁgi{lorn't Weh@d tissue
paper - web of Yansd

I on can I catlon ere, soft,

e_use n
absor bent nul i mPa’&%r‘éﬁ‘%‘ occyes phd %wé‘bb 58&“&"@%6 $igad ot Bf 16 A% Wy 1 y
advant ageous DODMAMS. Ak, mhnmlw@ted\d!qatasmet seygeal ofystal of Liam phasenvent i on
fi;eelr gdt ?: 'Sgbtridsﬁféﬁ? 086Ut in mmiMAMis&umepnﬁd \Rb Bs IFDODMAMS. ernetdheetglrﬂmt 12 "
: a>c/i 2l or t Of‘elugﬁfjgtfrg \Qﬁgﬁ Iﬁ%t}f&g#gl.hegw friMsidRs RHB RS iR h¥sd agHdEkletuith Pty
DODMAC (DiOctadecy! DiMethyl Ammonium Chloride) displays qualitatively
different behavior from DODMAMS In that the Lam liquid crystal phase does -not
exist in this compound (Laughlin et al., Journal of Physical Chemistry, Physlcal
Sclence of the Dioctadecyldimethylammonium Chloride-Water System. 1.
Equilibrium Phase Behavlor, 1990, volume 94, pages 2546-2552, incorporated
herain by reference). This differenca, however, is believed not to be important to
the use of this compound (or its commercial analog DHTDMAC) in the treatment
of paper.
Mixtures of DHTDMAMS with PEG-400.
A 1 : 1 weight ratio mixture of these two materials is studied. DODMAMS
and PEG are shown to be immiscible at high temperatures, where they coexist as
two liquid phases. As mixtures of the two fliquids within this region are cooled, a
Lam phase separates from the mixture. This study therefore shows that these two
materials, while immiscible at high temperatures do become miscible at lower
temperatures within the Lam liquid crystal phase. At still lower temperatures
_crystal phases are expected 1o separate from the Lam phase, and the compounds
are again immiscible.
These studies therefore suggest that in order to form good dispersions of
DHTOMAMS and PEG-400 in water, the promix that is diluted with water should
be held within the intermediate temperature range where the two compounds are
miscible.
Mixtures of DHTDMAC with PEG-400. - :
Phase studies of these two materials using the step-wise dilution method
demonstrate that their physical behavior is considerably ditferent from that of
DHTDMAMS. No liquid crystal phases are found. These compounds are miscible
as liquid solution over a wide range of temperatures, which indicates that
dispersions may be prepared from these mixtures over a comparable range of

temperatures. In particular no upper temperature limit of miscibility exists.
Preparation of dispersions.
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21 Mol ecul ar Wi ght Determ nation . A )
"I ntroduction - The essential distinguishing ch e gt c-of—pohyneric
materials is their nol ecular size. The properties ’%é‘ﬁ-@iﬁ%ﬁlﬁ

polymers to be used in a diversity of applications {dgrive alnost eftijrely
fromtheir macro-nol ecular nature. In order to characteqiqz@ {-%c}y hése
materials it is essential to have sone neans of deffi ni ng an% det’er i i ng
their nol ecul ar wei ghts and nol ecul ar wei ght di stributTons—+t—t+s e
correct to use the termrelative nol ecul ar nmass ratfher the nol ecul ar

wei ght, but the latter is used nore generally in polynmer technology. It

not always practical to determ ne nol ecul ar wei ght distributions.
this is 12
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Dispersions of either of these materials may be prepared by diluting a premix,
that is held at a temperature at which the polyhydroxy compound and the
quaternary ammonium salt are miscible, with water. It does not matter greatly
whether they are miscible as a liquid crystalline phase (as in the case of
OHTDMAMS), or as a liquid phase (as in the case of DHTDMAC). Neither
DHTDMAMS nor DHTDMAC are soluble in water, so that dilution of either dry
phase with water will precipitate the quaternary ammonium compound as smali
paricles. Both quaternary ammonium compounds wiil precipitate at elevated
temperatures as a liquid-crystal phase in dilute aqueous solutions, regardless of
whether the dry solution was liquid or liquid crystalline. The polyhydroxy
compound is soluble with water in all proportions, so Is not precipitated.

Cryoelectron microscopy demonstrates that the particles present in the
dispersion are about 0.1 to 1.0 micrometers in size, and highly varied in structure.
Some are sheets (curved or fiat), while others are closed vesicles. The
membranes of all these particles are bilayers of molecular dimensions in which the
head groups are exposed to water, the tails are together. The PEG is presumed to
be associated with these particles. The application of dispersions prepared in this
manner to paper results in attachment of the quaternary.ammonium ion 1o the
paper, strongly promotes the adsorption of the polyhydroxy compound onto paper,
and produces the desired enhancement of softnass with retention of wettability.
State of the dispersions. -

When the above described dispersions are cooled, the partial crystalfization
of the material within the colioidal particles may occur. However, it is tikely thatthe
attainment of the equilibrium state will require a long time (peihaps months), so
that the membranes within those particles that interact with paper are in a
disordéred state. '

i is believed that the vesicles containing DHTDMAMS and PEG break apart
upon drying of the fibrous cellulosic material. Once the vesicle Is broken, the
majority of the PEG component may penetrate into the interior of the cellulose -
fibers where it enhances the fiber flexiblliity. importantly, some of the PEG is
retained on the surface of the fiber where it acts to enhance the absorbancy rate of
the cellulose fibers. Due to lonic interactions, the majority of the DHTDMAMS

component stays on the surface of the cellulose fiber, where it enhances the
surface feel and sofiness of the paper product.
Binder materials

The present invention contains as an essential component from about 0.01%
to about 3.0%, preferably from about 0.01% to about 1% by weight of a binder
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If permanent wet strength is desired, the binder materials can be chosen
from the following group of chemicals: polyamide-epichlorohydrin,
polyacrylamides, styrene-butadiene latexes; insolubilized polyvinyl alcohol; urea-
formaldehyde; polyethyleneimine; chitosan polymers and mixtures thereof.
Polyamide-epichlorohydrin resins are cationic wet strength resins which have
been found to be of particular utility. Suitable types of such resins are described in
U.S. Patent No. 3,700,623, issued on October 24, 1972, and 3,772,076, issued on
November 13, 1973, both issued to Keim and both being hereby incorporated by
reference. One commercial source of a useful polyamide-epichlorohydrin resins is
Hercules, Inc. of. W’lmmglon. Delaware, which markets such resin under the mark
Kymeme ® 557H.

Polyacrylamide resins have also been found to be of utility as wet strength
rasins or retention aids. These resins are described in U.S. Patent No. 3,656,932,
issued on January 18, 1971, to Coscia, et al. and 3,656,833, issued on January
19, 1971, to Williams et al., both patents being incorporated herein by reference.
One commercial source of polyacrylamide resins is American Cyanamid Co. of
Stanford, Connecticut, which markets one such resin under the mark Parez ® 631
NC. Other commercial sources of cationic polyacrylamide resins are Allied
Colioids of Sulfolk, Virginia, and Harcules, inc. of Wilmington, Delaware, which
markets such resins under the marks Percol ® 175 and Reten ® 1232,

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

i temporary wet strength Is desired, the binder materials can be chosen
trom the following group of starch-based temporary wet strangth resins: cationic
dialdehyde starch-based resin (such as Caldas produced by Japan Carlet or
Cobond 1000 produced by National Starch); dialdehyde starch; and/or the resin
described in U.S. Patent No. 4,981,557 issued on January 1, 1991, to Bjorkquist
and incorporated herein by reference.

i dry strength is desired, the binder materials can be chosen from the
foliowing group of materials: polyacrylamide (such as combinations of Cypro 514
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and Accostrength 711 produced by American cyanamid of Wayne, N.J.); starch
(such as corn starch or potato starch); polyvinyl aicohol (such as Airvol 540
produced by Air Products Inc of Allentown, PA); guar or locust bean gums:
polyacrylate latexes; and/or carboxymethyl cellulose (such as Aqualon CMC-T
from Aqualon Co., Wilmington, DE). In general, suitable starch for practicing the
present Invention is characterized by water solubility, and hydrophilicity.
Exemplary starch materials include corn starch and potaio starch, albeit it is not
intended to thereby limit the scope of suitable starch materials; and waxy com
starch that is known industrially as amioca starch Is particularly preferred. Amioca
starch differs from common com starch In that it s entirely amylopectin, whereas
common corn starch contains both amplopectin and amylose. Various unique
characteristics of amioca starch are further described In "Amloca - The Starch
from Waxy Corn®, H. H. Schopmeyer, food Industries, December 1945, pp. 106-
108 (Vol. pp. 1476-1478). The starch can be in granular or dispersed forn albeit
granular form is preferred. The starch is preferably sufficiently cooked to induce
swelling of the granules. More preferably, the starch granules are swollen, as by
cooking, to a point just prior to dispersion of the starch granule. Such highly
swollen starch granules shall be referred 1o as being *“fully cooked". The conditions
for dispersion in general can vary depending upon the size of the starch granules,
the degree of crystallinity of the granules, and the amount of amylose present.
Fully cooked amioca starch, for example, can be prepared by heating an aqueous
slurry of about 4X consistency of starch granules at about 190 °F (about 88 *C) for
between about 30 and about 40 minutes. Other exemplary starch materials which
may be used include modified cationic starches such as those modified to have
nitrogen containing groups such as amino groups and methytol groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater,
New Jersey). Such modified starch materials are used primarily as a pulp furnish
additive to inerease wet and/or dry strength. Considering that such modified starch
materials are more expensive than unmodified statches. the latter have generally
been preferred.

Methods of application include, the same previously described with
reference o application of other chemical additives preferably by wet end addition,
spraying; and, less preferably, by printing. The binder may be applied to the tissue

paper web alone, simuttaneously with, prior to, or subsequent to the addition of '

softener, absorbancy, and/or aesthetic addifives. At least an effective amount of a
binder, preferably starch, to provide lint control and concomitant strength increase
upon drying relative to a non-binder treated but otherwise identical sheet is



~applicable art A. Quantitative analysis for quaternary amoni um and
pol yhydr oxy conpounds For exanple, the |evel 2

S
anmoni um conpound, «such as Di (Hydrogenated)TaIIom/E]REPL&CEﬁmmﬁrgﬂbd t hyl
Sul fate (DHTDVAMS) retained by the nulti-layered tigsde paper can beg
determ ned by solvent extraction of t-he DHTDVAMS by |af Eg /L1998 ven
foll owed by an anionic/cationic ttration wusing Dimdidm Brom de as
i ndicator; the level of the pol yhydroxy. conpound, sudh .cafp be
determ ned by extraction in an aqueous sol vent such gs. water followedjby
gas chromat ography or colorinetry techniques to determne the |evel of
PEG 400 in the extract. These nethods are exenplary, and are not neant to
excl ude other nethods which may be usggul for determning |levels of
particular conponents retained by the nmulti-layered tissue paper.

i ssue paper PufEb SHBURTRGH] phect Pf%'ﬁfawi’#%*“%%i# @’; et %% 4 dpod 95 7

yer ed
ti ssue paper o adundesis é%a'ﬂﬂﬂ the,feed s ﬁ‘? 01 § dnyfibafyreight basisr ed

ti ssue paper rang, nore prefathbly, hgmnlabpetﬂ b‘;‘a atek about h0%oftehkindgranatertal,of ti ne

required for Cb’ryfefaﬂlyfgtaﬂc%ﬁgﬂhs&aﬁﬁu@ paper to becorre conpl et el y wet t ed
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and equipment which can be used to accomplish these two processing steps will

be readily apparent to those skilled in the paper making art. Preferred muli-

layered tissue paper embodiments of the bre_sent invention contain from about

0.01% to about 3.0%, more preferably from about.0.1% to 1.0% by weight, on a

dry fiber basis of the chemical softening composition and binder materals

described herein. )

The prasent invention is applicable to multi-layered tissue paper in general,
including but not limited o conventionally felt-pressed multi-layered tissue paper;
high butk pattern densified mutti-layered tissue paper; and high bulk, uncompacted
multi-layered tissue paper. The multi-layered tissue paper products made
therefrom may be of a single-ply or multi-ply construction. Tissue structures
formed from layered paper webs are described in U.S. Patent 3,894,771, Morgan,
Jr. et al. issued November 30, 1976, and incorporated herein by reference. In
general, a wet-laid composite, soft, bulky and absorbent paper structure Is
prepared from two or more layers of fumish which are preferably comprised of
different fiber types. The layers are preférably formed from the deposition of
separato streams of dilute fiber slurries, the fibers typically being relatively long
softwood and relatively short hardwood fibers as used in multi-layered tissue paper
making, upon one or more endless foraminous screens. If the individual layers are
initially formed on separate wires, the layers are subsequently combined-(while
woet) to form a layered composite web. The layered web Is subsequently caused to
conform 1o the surface of an open mesh drying/imprinting fabric by the application
of a fluid force to the web and thereatter thermally predred on said fabric as part of
a low density paper making process. The layered web may be stratified with
respect o fiber type or the fiber content of the respective layers -may be essentially
the same. The multi-layered tissue paper preferably has a basis weight of between
10 g/m2 and about 65 g/m2, and density of about 0.60 g/em3 or less. Preferably,
basis weight will be below about 35 g/m2 or less; and density will be about 0.30



"provi ded;

about 1 inch (about 2.5 cn) in dianeter; third, the pa Ied sheet
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(about 11.1 cmx 12 cm) of nulti-layered tissue paper structure is

second, the sheet is folded into four (4) - mmm@@ﬁﬁféﬁs

and then crumpled into a ball approxinmately 0.75 I nch®

oIt U]

HA]'tO
pl faced

23 -stopped and read when wetti- ng of the balled sheet}is conpleted.

Compl ete wetting is observed visually.
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g/cm3 or less. Most preferably, density will be between 0.04 g/cm3 and 0.20 g/em3.

" The multi-layered tissue paper webs of the present invention comprise at
least two superposed layers, a first layer and at ieast one second layer contiguous
with the first tayer. Preferably, the multi-layered tissue papers comprise three
superposed layers, an inner or center layer, and two outer layers, with the inner
layer located between the two outer layers. The two outer layers preferably
comprise a primary filamentary constituent of about 60% or more by weight of
relatively shorl paper making fibers having an average fibar between about 0.2
and about 1.5 mm. These short paper making fibers are typically hardwood fibers,
preferably, eucalyptus fibers. Altematively, low cost sources of short fibers such
as sulfite fibers, thermomechanical pulp, Chemi-ThermoMechanical Pulp (CTMP)
fibers, recycled fibers, including fibers fractionated from recycled fibers and
mixtures thereof can be used in one or both of the outer layers or blended in the
inner layer, if desired. The inner layer praferably comprises a primary fitamentary
constituent of about 60% or more by weight of relatively long paper making fibers
having an average fiber length of least about 2.0 mm. These long paper making
fibers are typically softwood fibers, preferably, notthern softwood Kraft fibers.
Figure 1 is a schematic cross-sectional view of a three-layered single ply toilet
tissue in accordance with the present invention. Referring to Figure 1, the three
layered single ply web 10, comprises three superposed layers, inner layer 12 ,
and two outer layers 11. Outer layers 11 are comprised primarily of short paper
making fibers 16; whereas inner layer 12 Is comprised primarily of long papor
making fibers 17.

In an alternate preferred embodiment of the present lnvent:on. mulli-ply
tissue paper products are formed by placing at least two mutti-layered tissue
paper webs in juxtaposed relation. For example, a two-ply tissue paper product
can be made comprising a first two-layered tissue paper web and a second two-
layered tissue paper web in juxtaposed relation. In this example, each plyisa
two-layer tissue sheet comprising a first layer and a second fayer. The first layer
preferably comprises the short hardwood fibers and the second layer preferably
comprises the long softwood fibers. The two plys are combined in a manner such

that the short hardwood fibers of éach ply face outwardly, and the layers

containing the long softwood fibers face inwardly. Figure 2 is a schematic cross-

sectional view of a two-layered two-ply facial tissue in accordance with the present ‘

invention. Refening to figure 2, the two-layered two- ply web 20, Is comprised of
two plies 15 in juxtaposed relation. Each ply 15 is comprised of inner layer 19,
and outer layer 18. Outer layers 18 are comprised primarlly of short paper
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_Hydrophilicity characters of multi-layered tissue paper enbodinents of th

present invention may, of course. be determ ned i mediately after
manuf act ure. However, substantial increases in hydrophebici
during the first .two weeks after the multi-layered ti{REFEACE
I.e., after the paper has aged two (2) weeks follow ng i Ts manmufactr

period. Accordingly, wetting tines nmeasured at the end|of
period at roomtenperature are referred to as "two
C. Density The density of nulti-layered tissu

Thus, the wetting tines are preferably neasured at the enﬁig(ﬂgﬁ% t o
ek
j tine:

e

>}

i ncorporated therein. Caliper of the Wul ti - | ayered tissue paper,

NT SHEETe:

Y~

week
hi ng

paper, as that t
I's used herein, is the average density cal cul ated asTThe basts—-werght-

t hat paper divided by the caliper, wih the appropriate unit conversions
as used

herein, is the thickness of the paper when subjected to a conpressive |oad
of 95 [err] (Tmking[fibers 16; whereas ifger jaypts 19page ¢omprised primarily pf long papercan be

measur ed usi ngnakingUibees 17aSimiRdpthieesptyelissue ppparproductsaian b makie by plagingour

pound wei ght amdewmz@@d%u%awmssanﬁbaa&sgbh%thﬁ tester is a

across @ Stati Sﬁtai“@‘%g§%¥*c%&wf°?§{é9§?‘"§| 54 RPN RSB, 1c 1 our

pound wei ght iq‘f?@“g'é‘ost “WH%H‘#’&B@QSPWG’@WSW& Wrredeyers 1t sisple plya

stationary i ssuéwo-plyspi-etwodaydrs, ots. Sissuskpaper prosiubisicoasistitglobthrde erahore of t he
bllack felt is gipf av Bdmbidatidewin @acth plyaddngisting!dpions- orThsredafdre afé' @fio! N t he

two Hunter Col ghdsERMdHAT10 be included within the scope of the present invention.
Preferably, the majority of the quaternary ammonium compound and the
polyhydroxy compound is contained in at least one of the outer layers of the multi-
layered tissue paper web of the present invention. More preferably, the majority
of the quaternary ammonium compound and the polyhydroxy compound Is
contained in both of the outer layers. It has been discovered that the chemical
softening composition is most effective when added to the outer iayers or plies of
the tissue paper products. There, the mixture of the quaternary compound and
polyhdroxy compound act fo enhance both the softness and the absorbency of the
mutti-layered tissue products of the present invention. Referring 1o figures.1 and 2,
the chemical softening composition comprising a mixture of the quatemary
. ammonium compound and the polyhdroxy compound is schematically represented
by dark circles 14. It can be seen In figures 1 and 2 that the majority of the
chemical softening composition 14 is contained in outer layers 11 and 18,
respectively. _ :
" However, it has also been discovered that the lint resistance of the
multitayered tissue paper products decreases with the inclusion of the quatemnary
ammonium compound and the polyhdroxy compound. Therefore, binder materials
are used for linting control and to increase the tensile strength. Preferably, the
binder is contained in the inner layer and at least one of the outer layers of the
multi-layered tissue paper webs of the present invention. More preferably, the
binder is contained throughout the mutti-layered product, L.e., in the inner and
outer fayers. Referring to figures 1 and 2, the binder materials are schematically
represented by white circles 13. It can be seen in figures 1 and 2 that the majority
of the binder materials 13 are contained in inner layers 12 and 19 respeciively. In
an alternate proferred embodiment (not shown), the majority of the binder is
contained in at least one of the outer layers, more preferably both of the two outer
layers of the mutti-layerad product.
The combination of the chemical softening composition comprising a
quaternary ammonium compound and a polyhdroxy compound in conjunction with



.constitutes a measurement of dry linting. Qher nethods known In the prior

arts for neasuring dry lint also can be used. Wet LAQEMF{I‘EwSﬁEBT tabl e
S

procedure for measuring the wet linting property of
described In U S. Patent No. 4,950,545; issued to | tler et al., on

August 21, 1990, and incorporated herein by referende.| Thet grpessdur
essentially I nvol ves passing a tissue sanple throygh two steel rolfl 4
of which is partially subnerged in a water bath. Unt=fTomtnhe (Issug
sanple is transferred to the steel roll which is i st ened thhPJAEiter
bath. The continued rotation of the steel roll deposits the lint into the
water bath. The lint is recovered and then counted. See col. 5, line 45 -

col. 6, line 27 of the Walter et al. pati@nt. O her nethods known in t he
prior art for measuring wet lint also can be used.

a binder material results in a tissue paper product having superior softness,
absorbency, and lint resistance properties. Selectively adding the majority of the
-chemical softening composition 10 the outer layers or plys of the tissue paper,
enhances its effectiveness. Typically the binder materials are dispersed
throughout the tissue sheet to control linting. However, like the chemical softening
composition, the binder materials can be selectively added where most needed.

Conventionally pressed multi-layered tissue paper and methods for making
such paper are known in the art. Such paper is typically made by depositing paper
making furnish on a foraminous forming wire. This forming wire is often referred 1o
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 transterring to a dewatering felt,
pressing the web and drying at elevated temperature. The particular techniques
and typical equipment for making webs according 1o the process just described are

- well known 10 those skilled in the art. In a typical procass, 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 1o a fiber consistency of between about 7%
and about 25% (total web weight basis) by vacuum dewatering and further

dewatered by pressing operations wherein the web is subjected to pressure
developed by opposing mechanical members, for example, cylindrical rolls.

The dewatered web is then further pressed during transfer-and being dried
by a stream 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. Vacuum may also be applied to the
web as it is pressed against the Yankee surface. Multiple Yankee dryer drums may
be employed, whereby additional pressing is optionally incurred between the
drums. The multi-layered tissue paper structures which are formed are referred to
hereinafier as conventional, pressed, multi-layered tissue paper structurés. Such
sheets are considered to be compacted since the web is subjected to sqﬁstantlai
mechanical compression forces while the fibers are moist and are then dried while
in a compressed state.

Pattern densified multi-layered tissue paper is characterized by having a
relatively high bulk field of relatively low fiber density and an amay 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

, one
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24 _ Optional Ingredients Q her chen1ca|s
“commpnl y used in paper naking can be added to the -E-a-

conposi tion described herein, or to the paper maki nBEFLR ﬁlyﬁﬁhoSHEB

they do not significantly and adversely affect the{sgftermng, —absotbgency of

the fibrous material, and enhancing actions of the crem'lclgi fg‘j ening
conposi tion. For exanple, surfactants may be {uged't q

multi-layered tissue paper webs of the present invgnti-op.TFhe-tevet pf
surfactant, if used, is preferably fromabout 0.01%to about 2.0% by
wei ght, based on the dry fiber weight of the multi- ~rTsSSUe paper.
The surfactants preferably have al kyl chains with eight or nore carbon
atons. Exenplary anionic surfactants are |inear al kyl sulfonates, and

al kyl benzene sul fonates. Exenplary noW onic surfactants are al kyl gl ycosi des
i ncl udi ng al kyl gl yocosi de esters such as Crodesta SL-40 which is avail able
from Croda, | tte higtNbulk fieldk Preieed pibdesses fot making Rattpey densifieditissue websl i n U. S.
Pat ent 4, 011, 3dPdistioSetth US. Watdnt Noaadd9 746 Lissaed t@SaMordind3Sisddh/én and

al kyl pol yet hoxylale8; 639! .55 PatdntNo. 3292005 186e8Q0 Piler & AfidrdBh Rufutm A yco
10, 1976, and U.S. Patent No. 4,191,609, issued to Paul D. Trokhan on March 4,
1980, and U.S. Patent 4,637,859, issued to Paul D. Trokhan on January 20, 1987;
all of which are incorporated herein by reference.

In general, pattern densified webs are preferably prepared by depositing a
paper making furnish on a foraminous forming wire such as a Fourdrinier wire to
form a wet web and then juxtaposing the web against an array of supports. The
web is pressed against the array of suppéns. thereby resutting in densified zones
in the web at the locations geographically corresponding 10 the points of contact
between the array of sUppons 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 such a manner so as to substantially avoid compression of the high
bulk field. This 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 may be integrated or partially integrated to reduce the total
number of processing steps 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 multi-layered tissue paper surtace comprises densified knuckles having
a relative density of at least 125% of the density of the high bulk field.

The array of supports is preferably an imprinting carrier fabric having a
patierned displacement of knuckles which operate as the array of supports which
facilitate the formation of the densified zones upon application ef pressure, The
pattern of knuckles constitutes the array of supporis previously referred to.
Imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and
Sisson, issued January 31, 1967, U.S. Patent No. 3,821,068, Salvucdi, Jr. et al .,
issued May 21, 1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et al ., issued March 30, 1971, U.S. Patent
No. 3,473,676, Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065,
Trokhan, issued December 16, 1880, and U.S. Patent No. 4,528,239, Trokhan,
issued July 9, 1985, ali of which are incorporated herein by reference.
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not nmeant to limt the scope of the invention. The foIIovmn

exanples illustrate.the practice of the present inventipn bGDCTaWQEno
intended to be imting thereof.

The purpose of this exanple is to illustrate a nethod

make-up a chemi cal softener conposition conprising a R-d-tHe—of

that can be used ko
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D (Hydr ogenat ed) Tal | ow Di Met hyl Anmmoni um Met hyl Sul fate ( DHTDVAMS) “and
Pol yoxyet hyl ene d ycol 400 (PEG 400). A chem cal softener
conposition is prepared according to t e fol |l owi ng procedure : 1. An
equi val ent wei ght of DHTDVAMS and PEG 0 is wei ghed Separately; 2

is heated up to about 66 [err] (150 errJ‘J 3. DHTDVAMS i s di ssol ved'
PEG to form a mel t cRretasatly. tbe tuenisheis] sy

is provided to |§fﬁﬁﬂp carferSuph rasusFourdrinier avire! TRI-WED/IS\BewalerBEand feansferred

to an imprinting fabric. The furnish may alternately be initially deposited on a
foraminous supporting carrier which also operates as an imprinting fabric. Once
formed, the wet web is dewatered and, preferably, thermally predried to a selected
fiber consistency of between about 40% and about 80%. Dewatering can be
performed with suction boxes or other vacuum devices or with blow-through
dryers. The knuckie imprint of the imprinting fabric Is impressed in the web as
discussed above, prior to drying the web 1o 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 & suction box, or with a blow-through
dryer. Fluid pressure may be applied 1o induce impression of densified zones
during initial dewatering, in a separate. subsequent process stage, or a
combinatuon thereof.

Uncompacted, nonpattern-densified multi-layered tissue paper structures
are described in U.S. Patent No. 3,812,000 issued to Joseph L. Salvucci, Jr. and
Peter N. Yiannos on May 21, 1974 and U.S. Patent No. 4,208,459, issued to
Henry E. Becker, Albert L. McConneli, and Richard Schutte on June 17, 1980,
both of which are incorporated herain by reterence. In general, uncompacted, non
pattern densified multi-layered tissue paper structures are prepared by depositing
a paper making furnish on a foraminous forming wire such as a Fourdrinier wire to
form a wet web, draining the web and removing additional water without
mechanical compression until the web has a fiber consistency of at least 80%, and
creping the web. Water is removed from the web by vacuum dewate'ﬂng and
thermal drying. The resulting structure is a soft but weak high bulk sheet of
relatively uncompacted fibers. Bonding material is preferably applied to portions of
the web prior to creping.

The multi-layered tissue paper web of this invention can be used in any
application where soft, absorbent multi-layered tissue paper webs are required.
Particularly advantageous uses of the muiti-layered tissue paper web of this
invention are in toilet tissue and facial tissue products. For example, two muiti-

layered tissue paper webs of this invention can'be ply-bonded to form 2-ply facial
or tollet tissue products.

PEG
in the

rmed intp ;& met aveb/ehegUaraeninousi xi ng



25 The honopgenous m xture of (4) is cooled down to a solid format room
“tenperature. The chem cal softener conposition of (5) can be
pre-m xed (steps 1-5 above) at the chem cal supplier

of Dublin, Chio) and then econonically shipped to thehki

¢!

chem cal softening conposition where it can then be di ut ed to thé desj red
concentration. EXAMPLE] 2 | %’h
purpose of this exanple is to Illustrate a nmethod that can Z%
make-up a chem cal softener conposition which conpripges™
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Molecular Welght Determination

A. Introduction

The essential distinguishing characteristic of polymeric materials is their
molecular size. The properties which have enabled polymers to be used in a
diversity of applications derive almost entirely from their macro-molecular nature.
In order to characterize fully these materials # is essential to have some means of
defining and determining their molecular weights and molecular weight
distributions. It is more correct to use the term relative molecular mass rather the
‘molecular Weight. but the latter is used more generally in polymer technoiogy. Rtis
not always practical to determine molecutar weight distributions. However, this is
becoming more common practice using chromatographic techniques. Rather,
recourse is made to expressing molecular size in terms of molecular weight
averages.

8. Molecular welght averages -

If we consider a simple molecular weight distribution which represents the

weight fraction (wj) of molecules having relative molecular mass (Mj), it is possible
to define several useful average values. Averaging carried out on the basis of the

number of molecules (N;) of a particular size (M;) gives the Number Average
Molecular Weight

Mn = ZNiMi
Z Ni

An important consequence of this definition is that the Number Average
Molecular Weight in grams contains Avogadro's Number of molecules.
This definition of molecutar weight is consistent with that of monodisperse
molecular species, 1.e. molecules having the same molecular weight. Of more
significance is the recognition that if the number of molecules in a given mass of a
polydisperse polymer can be determined in some way then Mp, can be calcutated
readily. This is the basis of colligative property measurements.
Averaging on the basis of the weight fractions (Wi) of molecules of a given
mass (M;) leads to the definition of Weight Average Molecular Weights

we=ZWiNi « ZNiM?2
Z Wi Z NiM



D (Hydr ogenat ed) Tal | ow Di Met hyl Ammoni um Met hyl Sul fate (DHTDVAMS) and a
“m xture of dycerol and PEG 400. - A chenical sqoftener cooposition is

prepared according to the following procedure: 1. A TeSHEETD!

and PEG 400 is blended at 75 :25 by weight ratio; 2. rghys of
DHTDVAMS and the m xture of (1) are weighted separatielly; 3. _Th I xfuge of
(1) is heated up to about 66 [err] (150 [err] 4. vE 1 QCH; I yed in
(3) to forma nelted solution at 66 [err] (150 [err] ]5. LAi g is

provided to forma honogenous m xture of DHTDVAMS in | (3);
honogenous m xture of (5) is cooled down to a solid f

t enper at ure. The chem cal softener conposition of (6) can be

pre-m xed (steps 1-6 above) at the chem cal supplier (e.g. Sherox conpany
of Dublin, Chio) and then econonicall¥2shipped to the ultimte users of

t he chem cal softening conposition where it can then be diluted to the
desi red concentWgtis@wmore useful means for expressing polymer moleculaEwéiRts thad M,

The purpose OF Jleh @NdiPBrd dochiiud) bt dribotied alfthdiPHlsetiing indathahiBaoUon
drying and |ayere aper e |2% t.eglgnl ques I? marke%‘ﬁo . absorbent and |int
resi stance t oi {REPPEHRST PPRDErsANd s thefRloriisadinthe prasent inVePlion, . heni cal
softener conposition conprising D (Hydrogenated)Tall ow D Met hyl Amoni um

Met hyl  Sul fate (DHTDVAMVS) andAralyiidayandg TestingdPreceédures! 400 ( PEG 400) and a
tenporary wet strength resin.

6. The

Analysis of the amount of treatment chemicals used herein or retained on
multi-layered tissue paper webs can be performed by any method accepted in the
applicable art.

A. Quantitative analysls for quaternary ammonium and polyhydroxy
compounds '

For example, the level of the quaternary ammonium compound, such as
Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl Suffate (DHTDMAMS)
retained by the mutti-layered tissue paper can be determined by solvent extraction
of the DHTDMAMS by an organic solvent followed by an anionic/cationic titration
using Dimidium Bromide as indicator; the level of the polyhydroxy compound, such
as PEG-400, can be detormined by exiraction in an aqueous solvent such as
water followed by gas chromatography or.colorimetry techniques to determing the
level of PEG-400 in the extract. These methods are exemplary, and are not meant
1o exclude other methods which may be useful for determining levels of particular
components retained by the mutti-layered tissue paper.

B. Hydrophilicity (absorbency)

Hydrophilicity of multi-layered tissue paper refers, in general, 1o the
propensity of the mutti-layered fissue paper 1o be wetted with water. Hydrophilicity
of multi-layered tissue paper may be somewhat quantified by determining the
period of time required for dry mutlti-layered fissue paper to become completely
wetted with water. This pariod of time Is referred to as “wetting time®. In order to
provide a consistent and repeatable test for wetting time, the following procedure
may be used for wetting time determinations: first, a conditioned sample unit sheet
(the environmental conditions for testing of paper samplies are 23+1°C and 50+2%
R.H. as specified in TAPP! Method T 402), approximately 4-3/8 inch x 4-3/4 inch
(about 11.1 em x 12 cm) of multi-layered tissue paper structure is provided;
second, the sheet is folded into four (4) juxtaposed quarters, and then crumpled
into a ball approximately 0.75 inches (about 1.8 cm) to about 1 inch (about 2.5 cm)
in diameter; third, the balled sheet is placed on the surface of a body of distilled
water at 23 £ 1°C and a timer is simultaneously started; fourth, the timer is
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stopped and read when wetting of the balled sheet is completed. Complete wetting

is observed visually.

Hydrophilicity characters ot mutti-layered tissue paper embodiments of the
“present invention may, of-course, be determined immediately atter manufacture.
However, substantial increases in hydrophobicity may occur during the first two
weeks after the multi-layered tissue paper is made: i.e., after the paper has aged
two (2) weeks following its manufacture. Thus, the 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

10 as “two week wetting times.®
C. Density

The density of multi-layered 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 incorporaled therein. Caliper of the multi-
layered tissue paper, as used herein, is the thickness of the paper when subjected

to a compressive load of 85 g/in2 (15.5 glcm?2).
D. Lint
Dry lint

Dry lint can be measured using a Sutherland Rub Tester, a piece of black
folt, a four pound weight and a Hunter Color meter. The Sutheriand tester is a
motor-driven instrument which can stroke-a weighted sample back and forth
across a stationary sample. The piece of black felt is attached to the four pound
weight. The tester then rubs or moves the weighted felt over a stationary issue
sample for five strokes. The Hunter Color L value of the black felt is determined
before and after rubbing. The difference in the two Hunter Color readings
constitutes a measureament of dry finting. Other methods known in the pliOf arts

for measuring dry fint also can be used.
Wet lint

A suitable proceduro for measuring the wet linting property of tissue

. samples Is described In U.S. Patent No. 4,850,645; issued to Walter et al., on
August 21, 1990, and incorporated herein by reference. The procedure essentially
involves passing a tissue sample through two steel rolls, one of which is partially
submerged in a water bath. Lint from the tissue sample is transferred to the steel
roll which is moistened by the water bath. The continued rotation of the steet rofl
deposits the lint into the water bath. The fint is recovered and then counted. See
col. 5, fine 45 - col. 6, line 27 of the Walter et al. patent. Other methods known in

the prior art for measuring wet lint also can be used.
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particle size range is fromabout 0.1 to 1.0 m cron. Second, a 3% by
<, wei ght aqueous slurry of NSK is nmade up in a conventional re-pul per. The
NSK slurry is refined gently and a 2% sol uti on of the,

. 0 Yol
strength resin (i.e. National starch 78-0080 narketed REPEIXC%Mig

and Chem cal corporation of New York, NY) is added to it NSK st ock pi
a rate of 0.75% by weight of the dry fibers. The adsorpt}l o ﬂf)c-]-k‘ng
tenporary wet strength resin onto NSK fibers is enhancld b? an i n-One
m xer. The NSK slurry is diluted to about 0.2% consi stpney—at—the=fan pynp.
Third, a 3% by wei ght aqueous slurry of Eucal yptus fibkrs is nade u
conventlonal re-pul per. A 2% solution of the tenporary T strength resin
i.e. National starch 78-0080 marketed by National Starch and Chemi cal
corporation of New York, NY) is added %8 the Eucal yptus stock pipe before
the stock punp at a rate of 0.1% by weight of the dry fibers; and a 1%
solution of the chem cal softener mxture is added to the Eucal yptus stock

pi pe before the in-line mxer at a oOptienafingfeditiitdy wei ght of the dry
fibers. The Eucal yptus slurry Is diluted to about 0 2% consistency at the

fan punp. The d furni sh m xtur 30% of .NSK / of

Eucal yptus) is bl endé%{‘?'rf: Psh%“ﬁﬁmx "’efﬁﬂ "(‘Jé BYi ‘I‘%‘ﬁ"‘bﬁ?‘b bé ?—‘iﬂfpd? B er
wire to form an eramigal spteniagocompogiling GPW@GQBQGM of tortha papen@making humishi er
wire and i s assi g eglay theydeinbesigrificantiriand adversetytatiseithe Stitenir, abgortiney Wi r e

Is of a 5-shed, A rwm\gemmnsv P bhRanciflp WefishsSdt L Rhoficdl rs%ﬁ%}ﬁd‘ and
76 cross-mnmachi ne-di rec‘Pl on nonofi | aments per inch, respectlve y

~enmbryoni ¢ wet we PP st erred fromthe ghoto r¥ wire, at a fiber
consi stency of about FRERxamplensurfactafts smay; be, %tﬁe SM-Ryered tissue
paper webs of the present invention. The level of sudadant. lf used, is preferably

from about 0.01% to about 2.0% by weight, based on the dry fiber weight of the
multi-layered tissue paper. The surfactants preferably have alkyl chains with eight
or more carbon atoms. Exemplary anionic surlactants are linear alkyl sulfonates,
and alkylbenzene sulfonates. Exemplary nonionic surfactants are alkylglycosides
including alkylgtycoside esters such as Crodesta SL-40 which is available from
Croda, Inc. (New York, NY); alkylglycoside ethers as described in U.S. Patent
4.011,389, issued to W. K. Langdon, et al. on March 8, 1977; and
alkylpolyethoxylated esters such as Pegosperse 200 ML available from Glyco
Chemicals, inc. (Greenwich, CT) and IGEPAL RC-520 avallable from Rhone
Poulenc Corporation {Cranbury, N.J.).

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

The following examples itlustrate the practice of the present invention but
are not intended fo be limiting thereot.

at

EXAMPLE 1

The purpose of this example Is 6 lustrate & method that can be used 1o
make-up a chemical softener composition comprising a mixture of
Di(Hydrogenated)Tallow DiMeathyl Ammonium Methyl Sulfate (DHTDMAMS) and
Polyoxyethylene Glycol 400 (PEG-400). o

A chemical softener composition is prepared according to the following
procedure : 1. An equivalent weight of DHTDMAMS and PEG-400 is weighed
separately; 2. PEG is heated up to about 66 °C (150 °F); 3. DHTDMAMS s
dissolved in the PEG to form a metted solution at 66 °C (150 °F); 4. Adequate
mixing is provided to form a homogenous mixture of DHTDMAMS in PEG; 5.
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pol ynmer fabric having 562 Linear |daho cells per square |nch 40_perent
“knuckle area and 9 nills of photo-polyner depth. Fuiihef S 4JF
acconpl i shed by vacuum assisted drai nage until th T iglal
consi stency of about 28% The patterned web is pri ried by air

bl ow-t hrough to a fiber consistency of about 65% byjwel §CT %98 web}is
then adhered to the surface of a Yankee dryer withjaj.sprayed crepin

(

adhesi ve conprising 0.25% aqueous sol ution of Pol vinyl Al cohol™ . The
fiber consistency is Increased to an estimted 96% epi ng
the web with a doctor blade. The doctor blade has a bevel

angl e of about
25 degrees and |Is positioned with respect to the Yankee dryer to provi de an

i npact angl e of about 81 degrees; the afnkee dryer is operated at about 800
[err]

~ The homogenous mixture of (4) is cooled down 1o a solid form at room
temperature.
The chemical softener composition of (5) can be pre-mixed (steps 1-5
, above) at the chemical supplier (e.g. Sherex company of Dublin, Ohio) and then
economically shipped to the ultimate users of the chemica! softening composition
where it can then be diluted to the desired concentration.

EXAMPLE 2

The purpose of this example is to lllustrate @ method that can be used to
make-up a chemical softener composition which comprises a mixture of
'Di(Hydrogenated)Tallow DiMethyl Ammonium Methy! Sulfate (DHTDMAMS) and a
mixture of Glycerol and PEG-400.

A chemical softener composition Is prepared according to the following
procedure : 1. A mixture of Glycerol and PEG-400 is blended at 75 : 25 by weight
ratio; 2. Equivalent weights of DHTOMAMS and the mixture of (1) are weighted
soparately; 3. The mixture of (1) is heated up to about 66 °C (150 °F); 4.
-DHTDMAMS is dissolved in (3) to form a melted solution at 66 °C (150 °F); &
Adequate mixing is provided to form a homogenous mixture of DHTDMAMS in
(3); 6. The homogenous mixture of (5) is cooled down to a solid form at room
temperature.

The chemical softener composition of (6) can be pre-mixed (steps 1-6
above) at the cliemical supplier (e.g. Sherex company of Dublin, Ohio) and then
economically shipped to the ultimate users df the chemical softening composition
where it can then be diluted to the desired concentration.

'EXAMPLE 3

The purpose of this example is to lllustrate a method using blow through
drying and layered paper making techniques o make soft, absorbent and fint
resistance toilet multi-layered tissue paper treated with a chemical softener
composition comprising Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl
Sulfate (DHTDMAMS) and a Polyoxyethylene Glycol 400 (PEG-400) and a
temporary wet strangth resin.

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
to the procedure in Example 1 wherein the homogenous premix of DHTDMAMS
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particle size range is from about 0.1 to 1.0 micron. _

Second, & 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the
temporary wet strength resin (i.e. National starch 78-0080 marketed by Nationa!
Starch and Chemical corporation of New-York, NY) is added to the NSK stock pipe
at a rate of 0.75% by weight of the dry fibers. The adsorption of the temporary wet
strangth resin onto NSK fibers is enhanced by an in-line mixer. The NSK slurry is
diluted to about 0.2% consistency at the fan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made upin a
conventional re-pulper. A 2% solution of the temporary wet strength resin (i.e.

National starch 78-0080 marketed by National Starch and Chemical corporation of

New-York, NY) is added 1o the Eucalyptus stock pipe before the stock pump at a
rate of 0.1% by weight of the dry fibers; and a 1% solution of the chemical softener
mixture is added to the Eucalyptus stock pipe before the in-line mixer at a rate of

-0.2% by weight of the dry fibers. The Eucalyptus slurty is diluted to about 0.2% |

consistency at the fan pump.

The treated fumish mixture (30% of NSK 7 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire 1o form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-dicrection and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
polymer fabric having 562 Linear idaho celis per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth.  Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The pattemed web is pre-driad by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased 1o en estimated 86% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and Is positioned with respect to the Yankee dryer 10 provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
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solution of the dry strength resin (Le. [err] 514. [.efrMt-—rmtket.ed by

American Cyanam d conpany of Fairfield, OH) is added §o the NSK stock Ptpe
at a rate of 0.2%by weight of the dry fibers. The adsOrprTOm-oftix
strength resin onto NSK fibers is enhanced by an In-line mxer. The NSK
slurry is diluted to about 02% consi ency at the fan punp. Third,
a 3% by wei ght aqueous slurry of Euca yptus fi bers |s made up in a

conventi onal 0% I S .
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0.2% of the chemical softener mixture and about 0.3% of the temporary wet

strength resin. Importantly, the resulting multi-layered tissue paper is soft,

absorbent, has good kint resistance and is suitable for use as facual andlor toilet
tissues.

EXAMPLE 4

The purpose of this example is to illustrate a method using a blow through
drying paper making technique to make soft, absorbent and lint resistance toilet
mutlti-layered tissue paper treated with a chemical softener composition comprising
Di(Hydrogenated)Tallow DiMethyl Ammonium Chloride (DHTDMAC) and a mixture
of polyhydroxy compound (Glycerol / PEG-400) and a dry strength additive resin.

A pilot scale Fourdrinier paper making machine is used in the practice of
the -present invention. First, the chemical softener composition is prepared
according to the procedure in Example 2 wherein the homogenous premix of
DHTDMAC and polyhydroxy compounds In solid state is re-melted at a
temperature of about 66 °C (150 °F). The melted mixture is then dispersed in &
conditioned water tank (Temperature ~ 66 *C) to form a sub-micron vesicle
dispersion. The particle size of the vesicle dispersion is determined using an
optical microscopic technique. The particle size range is from about 0.1 10 1.0
micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-puiper. The NSK slunry is refined gently and a 2% solution of the
dry strength resin (i.e. Acco ® 514, Acco ® 711 marketed by American Cyanamid
company of Fairfield, OH) is added to the NSK stock pipe at a rate of 0.2% by
weight of the dry fibers. The adsorption of the dry strength resin onto NSK fibers is
enhanced by an in-line mixer. The NSK slurry is diluted to about 0.2% consistency
at the fan pump.

Third, a 3% by weight aqueous s|uny of Eucalyptus fibers is made upina .
conventional re-pulper. A 2% solution of the dry strength resin (i.e. Acco ®514,
Acco @ 711 marketed by American Cyanamid company of Fairfield, OH) Is added
to the Eucalyptus stock pipe before the stock pump at a rate of 0.1% by weight of
the dry fibers; and a 1% solution of the chemical softener mixture is added to the
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.wej ght of the dry fibers. The Eucal yptus slurry is d 2%
consi stency at the fan punp. The treated furni sh ibb? é&g% of NSK
|/ 70% of Eucal yptus) is blended in the head box and - :ieoos o
Fourdrinier wire to forman enbryonic web. Dewaterinf tthe

Fourdrinier wire and is assisted by a deflector and yacuum boxes. The
Fourdrinier wire is of a 5-shed, satin weave configu
machi ne-direction and 76 cross-machi ne-direction monofil aments per i nch,
respectively. The enbryonic wet web |Is transferred fromthe photo-pol yner
wre, at a fiber consistency of about 15% at the point of transfer, to a
phot o- pol yner fabric having 562 Unear ggaho cells per square Inch, 40
percent knuckle area and 9 nmils of phot pol ymer depth. Further de-watering

I s acconpl i shed vacuum ss | St oL r}age until the web has a fiber
consi st ency of l(yplgg(ﬁo pipe beore the in mixer at a rate of 0.2% by weight of the

- dry fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan
pump.

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.,
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web Is transierred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
polymer fabric having 562 Linear idaho cells per square inch, 40 percent knuckle
area and 8 mils of photo-polymer depth.  Further de-watering Is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about

- 25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minuto) (about 244 metsrs per minute). The dry web ls formed into roll at
a speed of 700 fpm ( 214 meters per minutes).

Two plies of the web are formed into multi-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
tissue paper has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
chemical softener mixture and about 0.2% of the dry strength resin. Importantly,
the resulting mutii-tayered tissue paper is soft, absorbent, has good Ent resistance
and is suitable for use as facial and/or tollet tissues.

EXAMPLE S

The purpose of this example is to lllustrate a method using a conventional
drying paper making technique to make soft, absorbent and &nt resistance tollet
multi-layered tissue paper treated with a chemical softener composition comprising
Di{Hydrogenated)Tallow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS) and a
Polyoxyethylene Glycol 400 (PEG-400), a dry strength additive and a cationic
polyacrylamide additive resin (Percol ® 175) as retention aid.
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Second, a 3% by waeight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurmry is refined gently and a 2% solution of the
dry strength resin (i.e. Acco 514, Acco 711 marketed by American Cyanamid
company of Wayne, New Jersey) is added to the NSK stock pipe at a rate of 0.2%
by weight of the dry fibers. The adsorption of the dry strength resin onto NSK
fibers is enhanced by an in-fine mixer. The NSK slurry is diluted to about 0.2%
consistency at the fan pump.

~ Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up in a
conventional re-pulper. A 1% solution of the chemical softener mixture is added to
the Eucalyptus stock pipe before the stock pump at a rate of 0.2% by weight of the
dry fibars; and a 0.05% solution of Percol ® 175 is added to the Eucalyptus layers
before the -fan pump at a rate of 0.05% by weight of the dry fibers. The adsorption
of the chemical softener mixture to Eucalyptus fibers can be enhanced by an in-
line mixer. The Eucalyptus slurty is diiuted to about 0.2% consistency at the fan
pump. '

“The treated fumish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.
Dewatering occurs through the Fourdrinier wire and Is assisted by a deflector and
vacuum boxes. The Fourdrinier wire Is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per

. inch, respectively. The embryonic wet web Is transferred from the Fourdrinier
wira, at a fiber consistency of about 15% at the point of transfer, 10 a conventional
felt. Further de-watering is accomplished by vacuum assisted drainage until the

. web has a fiber consistency of about 35%. The web is then adhered to the
surface of a Yankee dryer. The fiber consistency Is increased to an estimated
86% before the dry creping the web with a doctor blade. The doclor blade has a
bevel angle of about 25 degrees and Is positioned with respect to the Yankee
dryer t0 provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (feet per minute) (about 244 meters per minute). The
dry web is formed into roll at a speed of 700 fpm (214 meters per minutes). |
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is prepared according to the procedure in Exanple 1 wherein the honpbgenous
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Two plies of the web are formed into multi-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
tissue paper has about 23 #/3M Sq. Ft. basis weight, contains about 0.1% of the
chemical softener mixture, about 0.1% of the dry strength resin and about 0.05%
of the retention aid resin. importantly, the resutting multi-layered tissue paper is

soft, absorbent, has good lint resistance and is suitable for use as a facial and/or
toilet tissues.

EXAMPLE 6

The purpose of this example is 1o lllustrate & method using a blow through
drying and layered paper making techniques to make soft, absorbent and lint
rasistance facial multi-layered tissue paper treated with a chemical softener
composition comprising Di(Hydrogenated)Tallow DiMethyl Ammonium Methy!
Suliate (DHTDMAMS) and a Polyoxyethylene Glycol 400 (PEG-400), a permanent
wet strength resin and a retention aid (Percol ® 175 ),

A pilot scale Fourdrinier paper making machine Is used in the practice of the
present invention. First, the chemical softener composition is prepared according
1o the procedure in Example 1 wherein the homogenous premix of DHTDMAMS
and polyhydroxy compounds in solid state is re-metted at a temperature of about
66 °C (150°F). The metted mixture is then dispersed in a conditioned water tank
(Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The particle size of
the vesicle disparsion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.

Second, a 3% by weight aqueous siurry of NSK is made up in a
conventional re-puiper. The NSK slurry is refined gently and a 2% solution of the
permanent wet strength resin (l.e. Kymone® 557H markoted by Herculas
Incorporated of Wilmington, DE) is added to the NSK stock pipe at a rate of %% by
weight of the dry fibers. The adsorption of the temporary wet strength resin’dnto
NSK fibers is enhanced by an In-line mixer. The NSK slurry is diluted to about
0.2% consistency at the fan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made upin a
conventional re-pulper. . A 1% solution of the chemical softener mixture is added
10 the Eucalyptus stock pipe before the in-line mixer at a rate of 0.2% by weight of
the dry fibers; and a 0.5% solution of Percol ® 175 is added to the Eucalyptus
layers before the fan pump at a rate of 0.05% by weight of the dry fibers. The
Eucalyptus slumry Is diluted to about 0.2% consistency at the fan pump.
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vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patierned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web Is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).
The web is converted into a two ply multi-layered facial tissue paper. The
mulli-layered tissue paper has about 21 #/3M Sq Ft basis weight, contains about
1% of the permanent wet strength resin, about 0.2% of the chemical softener
- mixture and about 0.05% of the retention aid resin. Importantly, the resulting

multi-layere_d tissue paper is soft, absorbent, has good fint resistance and is
suitable for use as facial tissues. '




felt. Further de-watering is acconplished by vacuum assisted drai nage
until the web has a fiber consistency of about 35% The web is then

adhered to the suwmr. The fi bel TRHNSH ey ~
i ncreased to an estmt ed 96% before-the dry crepi Eﬁ?'#i{*@mgﬁﬁlq

doct or

bl ade. The doct or Hﬂﬂﬂm angl e of about |2% degrees and |s|
positioned with res 13” m dryer to provide pngom®es ahgl e of
about 81 degrees; the Ycanl%ee"dryer* operated at about 800 fpm (fpef per
m nute) (about 244 nmeters per mnute). The dry webi}l T’TYE'd"T‘TTt""""o | at
a speed of 700 fpm (214 rreters per m nutes).
30
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What is Claimed is:
1.

A muilti-layered tissue paper web characterized in that it comprises at
least two superposed layers, a first layer and at least one second
layer contiguous said first layer, said multi-layered web comprising:

a) paper making fibers;

b} from 0.01% to 3.0% of a quaternary ammonium compound
having the formula

\/
/\

wherein each R2 substituent is 8 C1 - C6 alkyl or hydroxyalkyl!
group, or mixture thereof, preferably C1 - C3 alkyl, most
preferably methyl; each R4 substituent is a C14 - C22
hydrocarbyl group, or mixture thereof, preferably C16 - C18

alkyl; and X is a suitable anion, preferably .chioride or methyl
sulfate; :

x.

c) from 0.1% to 3.0% of a water soluble polyhydroxy compound;
wherein said polyhydroxy compound-is preferably selected fro
giycerol, sorbitols, polyglycerols having a weight average
molecular weight of from 150 to 800, polyoxyethylene- glycols
and polyoxypropyiene glycols having 8- weight average
molecutar weight from 200 to 4000, preferably from 200 to

1000, most preferably from 200 to 600, and mixtures thereof;
and :

. This Sheet Has Been R
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_Two plies of the web are formed into multi-layered tissue paper products

and | am nating themtogether using ply bonded technique. The multi-I|ayered

ti ssue paper
t he chemi cal

sof t ener, g xt ure,
about 0.05% of the r ”"'memmm; | nportant !y, |t
mutti-layered tissue ¥ sor-bent, has g¢o

s suitable.for use as a faciall ahd/or toilet tissued

EXAMPLE 6

using a blow through drying and | ayered paper meking |t echni ques to nak
soft, absorbent and lint resistance facial multi-Ilay

treated with a chem cal softener conposition conprising
D (Hydr ogenat ed) Tal | ow Di Met hyl Anmoni um M38hyl Sul fate ( DHTDVAMS)

has abetut—23-#/3M Sq. Ft. basis wei ght, &ceats

At-a-Ars—at oL % of
about 0.1% of the dry RE?M@EMES@EMEL 0P

resulting

The purpose of this exanple is to ifl |

| Qlocewiost 2

10

o TTsSSue paper

and a

Pol yoxyet hyl ene G ygpl 40 6f% 193.0%0P8 birkier Marehdl wHefi Qb difigd," and a

retention aid [err] 175

o | ot, scal g Fourdrini er paper ki ng
machine Is used in the #ﬁ%’fq‘ ct p&é{&ﬁb sf)!F‘é?g_n‘t%Teréﬁ‘P?ﬂH.w PFE’F?Q‘FEe
chemi cal softener conpodesinsePreferaplycprlyamidaepishiarafydrin.gor paivanrgamider e in
Exanpl e 1 wherein the hgemrgswous weterstrength DidSiob/AMahd andxtpadsy hyhdreok y

conpounds in solid statQengorafy Wbt StreAbth® rbARRC pAltaBIYOTa aBRLA-baGR [erT] .

(Tenperature

(Tenper ature - 66 Lerr] EAPPRR: et Sisich fodd Y SBhEA JARE refehli i,

particle size of

2.

resins and mixtures thereof.

The multi-layered tissue paper web of Claim 1 wherein said multi-
layered web comprises three superposed layers, an inner layer and
two outer layers, said inner layer being located between two said
outer layers, said multi-layered web preferably comprising a single
ply, wherein said quaternary ammonium compound, said water
soluble polyhdroxy compound, and said binder material are each
contained in one or more of said layers of said multi-layered web.

The mutti-layered tissue paper web of Claim 2 wherein the majority of
the quaternary ammonium compound and the polyhydroxy compound

is contained in at least one of said outer layers, preferably in both of
said outer layers.

The multi-layered tissue paper web of Claim 2 or 3 wherein the
majority of the binder is contained in said inner layer.

The multi-layered tissue paper web of any or Claims 2 - 4 wherein
said inner layer comprises relatively long paper making fibers,
preferably softwood fibers, most preferably northern softwood fibers,
said long paper making fibers having an average length of at teast 2.0
mm and wherein each of two said outer layers comprises relatively
short paper making fibers, preferably hardwood fibers, most
preferably eucalyptus fibers, said short paper niaking fibers having an
average length between 0.2 and 1.5 mm. .

The multi-layered tissue paper web of Claim & wherein said inner
layer comprises mixtures of softwood fibers and low cost fibers, and
at least one of said outer layers comprises fow cost fibers or mixtures
of hardwood fibers and low cost fibers, wherein said low cost fibers
are selected from sulfite fibers, thermomechanical pulp fibers, chemi-
thermomechanical pulp fibers, recycled fibers, and mixtures thereof.

‘This Sheet Has Been Reriaced .
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the vesicle dispersion is determned using an optical microscopic
. technique. The particle size range is fromabout 0.1 to 1.0 m cron

Sécond, a 3% by wei aqueous slurry of NSK Is nade up In a conventional
re-pul per. The NSK amwr\yiwgeg,ently and a 2% sol ution of the

per mmnent wet streng 557H mar ket ed by Hercul es

I ncorporated of WI mlll ”lgded to the NSK stock pipe at a rate of
1%y weight of the dryc¢fi dsorption of the tenporary wet
strength resin onto NSK fibers s s+&@hanced by an in-line m xer. The NSK
slurry is diluted to about 0.2%consistency at the fan punp.

Third, a 3% by wei ght aqueous slurry of Eucal yptus fibers is nmade up in a
conventional re-pulper. . A 1% solution of_the chem cal softener m xture is

added to the Eucal yptus stock pipe bef or¥ the in-line mxer at a rate of
0.2% by wei ght of,. tihe muly-idveledrtissuepape veetbéh &yl aftClaimsof - Bavievéin[ths r] 175

|'s added to the Eucalgygtedtary dnﬂu&fa&nt&wo%na he dﬁ(ﬂ?draﬂéﬁhéal aﬂowa&ﬁ\emyuo 05%
8?12\5}?;%2; ZI 6;2;\ g,[y i:gﬁ&«{mm Il‘ngrlde PCOaJMQJO%‘EnaSt H!rtgl%w dlmetL feq bout

ammon um
methyl sulfate

8. The multi-layered tissué paper web of any of Ciaims 1 - 7 wherein the
weight ratio of the quaternary ammonium to the polyhydroxy

compound ranges from 1.0 : 0.3 to 0.3 : 1.0, preferably from 1.0 :
0.7 10 0.7 : 1.0.

9. A multi-ply tissue paper product comprising at least two juxtaposed
multi-layered tissue paper webs of Claim 1, wherein said multi-ply
- tissue paper product preferably comprises two plies, wherein each of
two said plies preferably comprises two superposed layers, and
wherein said quaternary ammonium compound is
di(hydrogenateditallow dimethyl chloride or methylsulfate, said
polyhydroxy compound is polyoxyethylene glycol having a weight
average molecular weight of from 200 to €00, and said binder
materials are permanent wet strength resins and temporary wet
resins, wherein the majority of said quaternary ammonium compound
and said polyhdroxy compound are contained in at least one of said
outer layers and wherein the majority of said binder material is
contained in said inner layer.

10. The multi-layered tissue paper web of any of Claims 1 - 9 wherein
said tissue paper web is a to_ilet tissue or a facial tissue.

—_—
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31 The treated furnish mxture (50% of NSK 150% of Eucal yptus) is
bl ended in the head box and deposited onto a Fourdri nier x?re to.forman
Wi

enbryoni ¢ web. Dewatering occurs through the Fourdrinier Egggﬁﬁ@p‘sﬁ ET

assisted by a deflector and vacuum boxes. The Fourdrinier
5-shed, satin weave configuration having 84 machi ne-directjidn and 76
cross-machi ne-direction nmonofilanments per inch. respectivgly. THOCH%oni ¢
wet web is transferred fromthe photo-polyner wire, at a fli Qer_consi stenc
of about ‘15% at the point of transfer, B a photo- polynend fabric having
711 Unear ldaho cells per square Inch, 40 percent knuckl e larea—ahd.-Q-m.l.s
of phot o-pol yner depth. Further. de-watering is acconplished by vacuum
assi sted drainage until the web has &bgthractconsi stency of about 28% The
patterned web is pre-dried by air blowthrough to a fiber consistency of.
about 65% b meroht The meb | s then adhered to the surface of a Yankee
dryer withZEw R : 5- » SRLS HENECAL . _
Pol yvi nyl A S AL P $ DD, PROCESS, FOR MAKI Enat ed
96% bef ore t he dry creprng t he meb mntﬁﬁgmhoctor bIade The doct or bIade
has a bevel angle of about

Multi-layered tissue paper webs comprising chemical softener
compositions and binder materials are disclosed. The multi-
layered tissue webs are useful in the manufacture of soft,
absorbent paper products such as facial tissues and/or toilet
tissues. The multi-layered tissue paper products contain a
chemical softening composition comprising a mixture of a
quaternary ammonium compound and a polyhydroxy compound. The
multi-layered tissue paper webs also contain an effective amount
of binder materials to control linting and/or to offset the loss
in tensile strength, if any, resulting from the use of the
chemical softening compositions. '

Preferably, the majority of the chemical softening
compositions will be disposed on the outer layers of the multi-
layered tissue paper products where they are most effective. The
binder materials are typically dispersed throughout the multi-
layered product to control linting.

Figure 1
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725 degrees and is positiohed W th respect to the Yankee dryer to provide an
‘t mpact angl e of about 81 degrees; the Yankee dryer is gper 800

fpm (feet per minute) (about-244 meters per mnute). T
Into roll at a speed of 700<fpm (214 neters per minute
converted into a two ply nulti-layered facial tissue p
mul ti-layered tissue paper has about 21 #/3M Sq Ft basi
about 1% of the pernmanent wet strength resin, about O.
softener m xture and about 0.05% of the retention aid

the resulting multi-layered ti ssue paper is soft, abso
resistance and is suitable for use as facial tissues.
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What is clainmed is: 1. Anmulti-layered tissue paper web conprising at

| east -t wp SU@,@@Q@&% SRS, a f9a st | ayer and at | east one second Iayer
contiguo I SrolBYEN ¢ gnul i -l ayered e ate)y bﬁgs

paper na °F S’Ir_)? %t:fup)” Oﬁ@gle@o;ﬂ .01% to abgu §: A@?';iqqfu"alE er nary”
anmoni unj B ving thg) df .......... aq [e rs; wHer & ch “ﬁ] -
substi t u a§’“}i"°():1 “:?1:5 8 d.royyal kyl grobips or ™ ni xture’t ere‘of";‘
each [er @‘% @ ¢ uelfeS] <™ a v hy racarbyl ¢rigup,” ‘of-m xture there’@F" """

and X i s|{BATEi PEORECEH Ton« r-\r-"f'rnm 0.1%1fo0 abf)ut'-'-'??, 0% °6f -+ awatigged .=
sol ubl e pol yhydroxy conpound; and d) from abouf 0.01%to about 3.0%of a

bi nder material; wherein said nulti-layered web | DATE OF RECEPT..BIH%.......

What is claimed is:
1. A multi-layered tissue paper web comprising at least two superposed layers, a first
layer and at least one second layer contiguous said first layer, said multi-layered web
comprising:

a) paper making fibers;

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

formula

wherein each Rg substituent is a C1-Cé alkyl or hydroxyalkyl group, or
mixture thereof, each R, substituent is a C14-C22 hydrocarbyl group, or mixture @hereof;
and X is a suitable anion;

¢) from about 0.1% to about 3.0% of a water soluble polyhydroxy compound; and

d) from about 0.01% to about 3.0% of a binder material; wherein said multi-layered web
comprises three superposed layers, an inner layer and two outer layers, said inner layer
being located between two said outer layers, and wherein the majority of the quaternary

ammonium compound and the polyhydroxy compound is contained in at least one of said

outer layers.

2. The multi-layered tissue paper web of claim 1 wherein the majority of the binder is

contained in said inner layer.

3. The multi-layered tissue paper web of claim 4 wherein the majority of the binder is

contained in at least one of said outer layers.

RO O



conpri ses three superposed layers, an inner |ayer and two outer |ayers,
sai d i nmer | ayer bei ng | ocated between two sai d wherein

d_out er | ayers—af
the majority of the quaternary anmoni um conpour LNE[\HOSHEHB oxy
conmpound i s comummm st one of said cREgpApayw P P. The
mul ti-layered mu: , ﬂnof claim1 wherein 1‘ i he
bi nder is conf'ai hedt i ' sal d+*I nner | ayer. 3. 1@&‘ §9§ye edl tissue

paper web of claim4 wherein the majority of the |bi ndpr is ailned in
at | east one of said outer |ayers. 33

_If—"

4. The multi-layered tissue paper web of claim 1 wherein the majority of the quaternary
ammonium compound and the polyhydroxy compound is contained in the two said outer

layers.

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

havmg an average length between about 0.2 and about 1.5 mm. -

6. The multi-layered tissue paper web of claim 5 wherein said inner layer comprises

softwood fibers and each of two said outer layers comprises hardwood fibers.

7. The multi-layered tissue paper web of claim 6 wherein said softwood fibers are
northern softwood Kraft fibers and wherein said hardwood fibers are eucalyptus fibers.

8. The multi-layered tissue paper web of claim 5 wherein said inner layer comprises
softwood fibers or mixtures of softwood fibers and low cost fibers, and at least one of

said outer layers comprises low cost fibers or mixtures of hardwood fibers and low cost
fibers. |

9. The multi-layered tissue paper web of claim 8 wherein said low cost fibers are selected
from the group consisting of sulfite fibers, thermomechanical pulp fibers, chemi-

thermomechanical pulp fibers, recycled fibers, and mixtures thereof.

10. The multi-layered tissue paper web of claim 1 wherein said binder material is selected
from the group consisting of permanent wet strength resins, temporary wet strength

resins, dry strength resins, retention aid resins and mixtures thereof.



é3 4. The nulti-layered tissue paper web of claim1l V\/nereln the majority

of -the quaternmummmeund and the pol yhy . a¥all |
contained in t | ayers. 5. The ; RAMIe HE ¢ paper
web of claim nmm,ﬁmg‘ gj’ﬂter | ayer conprises rfelfatrvery—tomg—aper
meking fibers havicngtansav length of at |east jafjou , erein

each of two said outer |ayers conprises relatively |sH

The nulti-layered tissue paper web of c3®imb5 wherdin said inner |ayer
conpri ses softwood fibers and each of two said outer  Irayers-ctonprises
har dwood fi bers. 7. The nulti-layered tissue paper web of claim®6 wherein

oo 0 oo YPE e 05 gyt ehag g BRSRAE ier  621

web of cl apemnanertewet rstmmtti resinerseleetgdr fromnphe sgreup consisting of polyamide-

epichlorohydrin resins, polyacrylamide resins, and mixtures thereof.

12. The multi-layered tissue paper web of claim 10 wherein said binder material is a

starch-based temporary wet strength resin.

13. The multi-layered tissue paper web of claim 1 wherein each Ry is selected from C1-
C3 alkyl and each R, is selected from C16-C18 alkyl. |

14. The multi-layered tissue paper web of claim 13 wherein each R is methyl and X" is

chloride or methyl sulfate.

15. The multi-layered tissue paper web of claim 14 wherein the quaternary ammonium

compound is dithydrogenated)tallow dimethyl ammonium chloride.

16. The multi-layered tissue paper web of claim 14 wherein the quaternary ammonium

compound is di(hydrogenated)tallow dimethyl ammonium methy! sulfate.

17. The multi-layered tissue paper web of claim 1 wherein said polyhydroxy compound is
selected from the group consisting of glycerol, sorbitols, polyglycerols having a weight
average molecular weight of from about 150 to about 800, polyoxyethylene glycols and
polyoxypropylene glycols having a weight average molecular weight from about 200 to
4000, and mixtures thereof.

18. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is selected from the group consisting of polyoxyethylene glycols and polyoxypropylene
glycols having a weight average molecular weight from about 200 to about 1000.



sof t wood fiberszod fibers and
| east one of sai rises | ow cost fy
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har dwood fi bers an ﬁ!/\% 9. The nul ti
web of claim8 wh oost fibers are sel

consi sting of sulfl e 0f| bers t her ronechani cal pul g

t hermonmechani cal pulp fibers, recycled fibers, and

The nmulti-layered tissue paper web of claim1 whergin

is selected fromthe group consisting of4pernmanent
tenporary wet strength resins, dry strength resins,
and m xtures thereof.

| ow cost fibers, and at

Hyer-S—or—fi-xt-tr-es- of
RER) ACESTHNS SHEpaper

ectgd'rromth_e :
COPAVE BT of |

10
eri al
wet strength resifs,
retentton aid resins

—h

m |x

19. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound

is glycerol.

20. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is polyglycerols having a weight average molecular weight of from about 150 to about
800.

21. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is a mixture of glycerol and polyoxyethylene glycols having a weight average molecular
weight from about 200 to about 1000.

22. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is a mixture of glycerol and polyglycerols having a weight average molecular weight
from about 150 to about 800.

23. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is a mixture of polyglycerols having a weight average molecular weight from about 150
to about 800 and polyoxyethylene glycols having a weight average molecular weight
from about 200 to about 1000.

24, The multi-layered tissue paper web of claim 1 wherein the weight ratio of the

quaternary ammonium to the polyhydroxy compound ranges from about 1.0:0.3 to about
0.3:1.0.

25. The multi-layered tissue paper web of claim 24 wherein the weight ratio of the
quaternary ammonium to the polyhydroxy compound ranges from about 1.0:0.7 to about
0.7:1.0.



11. The multi-layered tissue paper web of claim 10 wherein said binder

material is amwer-st—r-eﬁgth resin sel ected fromthe group
consi sting of pﬂ' ) rohydrin resins, polygg St
m xtures thereo mmrmﬂﬂ !ﬂl -l ayered tissue paper

wherei n said binller¢ mat{em a a starch-based tenporg

resin.

13. The multi-| ayered ti ssue paper web of clai

[err] is selected fromd - C3 alkyl and each [err] is]sglected

al kyl .

[err] is nethyl and [err] is chloride or nmethyl sulfale _
multi-layered tissue paper web of claim 14 wherein the quaternary amnmori

14. The multi-layered tissue paper web of clp

conmpound i s di (hydrogenated)tall ow dimethyl anmoni um chl ori de.

26. The multi-layered tissue paper web of claim 18 wherein the polyhydroxy compound
is polyoxyethylene glycols having a weight average molecular weight of from about 200
to about 600. |

27. The multi-layered tissue paper web of claim 12 wherein said quaternary ammonium
compound is di(hydrogenated)tallow dimethyl chloride or methylsulfate, said
polyhydroxy compound is polyoxyethylene glycol having a weight average molecular
weight of from about 200 to about 600, and said binder material is a starch-based
temporary wet strength resin, wherein the majority of said quaternary ammonium
compound and said polyhdroxy compound are contained in at least one of said outer

layers and wherein the majority of said binder material is contained in said inner layer.

28. A multi-ply tissue paper product comprising two juxtaposed multi-layered tissue
paper webs wherein each of said multi-layered tissue paper webs comprises two plies,
wherein each of two said plies comprises two superposed layers, an inner layer and an
outer layer contiguous with said inner la};er, and wherein the majority of said quaternary
ammonium compound and said polyhydroxy compound are contained in at least one of

said outer layers and wherein the majority of said binder material is contained in at least

one of said inner layers.

29. The multi-ply tissue paper product of claim 28 wherein said quaternary ammonium

compound is di(hydrogenated)tallow dimethyl chloride or methylsulfate, said
polyhydroxy compound is polyoxyethylene glycol having a weight average molecular
weight of from about 200 to about 600, and said binder materials are permanent wet

strength resins and temporary wet resins.

30. The multi-layered tissue paper web of claim 27 wherein said tissue paper web is a

toilet tissue.




16 The nmulti-layered tissue paper web of claim_14 wherein the quat ernary

anfroni um conpound-is di (hydraogenated)tal | ow di m um: mz:t hyl
sulfate. = 17. The nulti -| aHered ti ssue paper ﬁmA@M E\ 1 \AhEI’BI n said

pol yhydr oxy corrpole rom the group|cpnsisting of glycerol,
sorbitols, polydl wei ght aver age [rol B8 AU&r1Sivei ght™ of from
about 150 to about 800, polyoxyethylene gl ycol sy apd_pol yoxypr opyl:ene

gl ycol s having a wei ght average nol ecul ar wei gh rom about 200 t{o 4000,
and m xtures thereof. 18. The multi-|l3gered t| b..af: claim 17
wherein said pol yhydroxy conpound is selected fromthe group consisting of
pol yoxyet hyl ene gl ycols and pol yoxypropyl ene gl ycols having a wei ght

average no 5?.%e%ul\ﬁ§lia%}£d {igsgg]pg}?eq \Feb ot U8 288Mreid 30 tissue paper web is a

facial tissue.
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35I " 19. The pulti-layered tissue paper web of claim17 wherein said
pol'yhydr oxy conpound is glycerol. 20! The nu paper web
of_cla|n117 wherein said polyhydroxy conmpound |§EBL§CENE§5;$3EF¢ ving a
wei ght average nol ecul ar wei ght of from about to about 800 21. The

mul ti-layered tissue paper web of claim 17 whe e| n $giAUGPIPhydr oxy
compound is a mxture of glycerol and pol yoxyetihyl ene gl ycol s avlng a

wei ght average nol ecul ar wei ght from about 200 {t c—apout _ I000. 2. The
mul ti-layered tissue paper web of claim 17 wherlein said _pol yhydroxy
conpound is a mxture of glycerol and ygl ycerol s having a wei ght average
nol ecul ar wei ght from about 150 to about 800.

Abstract

MULTI-LAYERED TISSUE PAPER WEB COMPRISING CHEMICAL SOFTENING
COMPOSITIONS AND BINDER MATERIALS AND PROCESS FOR MAKING THE
SAME

Multi-layered tissue paper webs comprising chemical softener
compositions and binder materials are disclosed. The multi-
layered tissue webs are useful in the manufacture of soft,
absorbent paper products such as facial tissues and/or toilet
tissues. The multi-layered tissue paper products contain a
chemical softening composition comprising a mixture of a
quaternary ammonium compound and a polyhydroxy compound. The
multi-layered tissue paper webs also contain an effective amount
of binder materials to control linting and/or to offset the loss -
in tensile strength, if any, resulting from the use of the
chemical softening compositions.

Preferably, the majority of the chemical softening
compositions will be disposed on the outer layers of the multi-
layered tissue paper products where they are most effective. The
binder materials are typically dispersed throughoﬁt the multi-
layered product to control linting.

Figure 1
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23. The milti-layered tissue paper web of* cl ai
conpound is a mxture of polyglycerols Ravi ng
wei ght fromabout—156—to—=about 800 and pol yoxy!
wei ght aver ht from about 200
mul ti-| ayerm@mqmgﬂ b of claim1l wherei
quaternary a e pol yhydr oxy 3onpound
to about 0.3:1.0. 25. The multi-layered tissy

le paper web of cla
wherein the weight ratio of the quaternary anmynDARE ©F REGHPYRY
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conpound ranges from about 1.0:0.7 to about O.

- 1.0.

11. The multi-layered tissue paper web of claim 10 wherein said binder material is a

permanent wet strength resin selected from the group consisting of polyamide-

epichlorohydrin resins, polyacrylamide resins, and mixtures thereof.

12. The multi-layered tissue paper web of claim 10 wherein said binder material is a

starch-based temporary wet strength resin.

13. The multi-layered tissue paper web of claim 1 wherein each R is selected from C1-

C3 alkyl and each R; is selected from C16-C18 alkyl.

14. The multi-layered tissue paper web of claim 13 wherein each Ry is methyl and X" is

chloride or methyl sulfate.

15. The multi-layered tissue paper web of claim 14 wherein the quaternary ammonium

compound is di(hydrogenated)tallow dimethyl ammonium chloride.

- 16. The multi-layered tissue paper web of claim 14 wherein the quaternary ammonium

compound is di(hydrogenated)tallow dimethyl ammonium methy! sulfate.

17. The multi-layered tissue paper web of claim 1 wherein said polyhydroxy compound is

selected from the group consisting of glycerol, sorbitols, polyglycerols having a weight

average molecular weight of from about 150 to about 800, polyoxyethylene glycols and

polyoxypropylene glycols having a weight average molecular weight from about 200 to

4000, and mixtures thereof.

18. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound

is selected from the group consisting of polyoxyethylene glycols and polyoxypropylene

glycols having a weight average molecular weight from about 200 to about 1000.




36 26. The multi-layered tissue paper web of

pol yhydr oxy conmpound—+s—pol-yoxyet hyl ene gl ycol

nol ecul ar wei ght bout 200 to about 60
ti ssue paper vveb " ein said quat
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20. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is polyglycerols having a weight average molecular weight of from about 150 to about
800.

21. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is a mixture of glycerol and polyoxyethylene glycols having a weight average molecular

weight from about 200 to about 1000.

22. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is a mixture of glycerol and polyglycerols having a weight average molecular weight
from about 150 to about 800.

23. The multi-layered tissue paper web of claim 17 wherein said polyhydroxy compound
is a mixture of polyglycerols having a weight average molecular weight from about 150
to about 800 and pol);oxyethylene glycols having a weight average molecular weight
from about 200 to about 1000.

24. The multi-layered tissue paper web of claim 1 wherein the weight ratio of the

quaternary ammonium to the polyhydroxy compound ranges from about 1.0:0.3 to about
0.3:1.0.

25. The multi-layered tissue paper web of claim 24 wherein the weight ratio of the

quaternary ammonium to the polyhydroxy compound ranges from about 1.0:0.7 to about

- 0.7:1.0.



wherein.each of -two said plies conprises tmo super posed Iayers an inner
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29. The multi-ply tissue paper producty,of claim q aternary
anmoni um conpound i s di (hydrogenated)tall ow di mg

met hyl sul fate, said pol yhydroxy conpound is pol havi ng a
wei-ght average nol ecul ar wei ght of from about 208 800, "and sai d

bi nder materials are permanent wet strength resins and tenporary wet

resins. 30. The nulti-layered tissue paper web of claim 27 wherein said

ti ssue pa@ér Thelmils-layeral tissue papearueed of claim 18 wherein the polyhydroxy compound
is polyoxyethylene glycols havmg a weight average molecular weight of from about 200
to about 600.

27. The multi;layered tissue paper web of claim 12 wherein said quaternary ammonium
compound is di(hydrogenated)tallow dimethyl chloride or methylsulfate, said
polyhydroxy compound is polyoxyethylene glycol having a weight average molecular
weight of from about 200 to about 600, and said binder material is a starch-based
temporary wet strength resin, wherein the majority of said quaternary ammonium
compound and said polyhdroxy compound are contained in at least one of said outer

layers and wherein the majority of said binder material is contained in said inner layer.

28. A multi-ply tissue paper product comprising two juxtaposed multi-layered tissue
paper webs wherein each of said multi-layered tissue paper webs comprises two plies,
wherein each of two said plies comprises two superposed layers, an inner layer and an
outer layer contiguous with said inner layer, and wherein the majority of said quaternary
ammonium compound and said polyhydroxy compound are contained in at least one of
said outer layers and wherein the majority of said binder material is contained in at least

one of said inner layers.

29. The multi-ply tissue paper product of claim 28 wherein said quaternary ammonium

compound is dithydrogenated)tallow dimethyl chloride or methylsulfate, said
polyhydroxy compound is polyoxyethylene glycol baving a weight average molecular
weight of from about 200 to about 600, and said binder materials are permanent wet

strength resins and temporary wet resins.

30. The multi-layered tissue paper web of claim 27 wherein said tissue paper web is a

toilet tissue.



37. 31. The multi- Iayered ti ssue paper web of claim?29 wherein said tissue
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31. The multi-layered tissue paper web of claim 29 wherein said tissue paper web is a

facial tissue.
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Abstract

MUOLTI-LAYERED TISSUE PAPER WEB COMPRISING CHEMICAL SOFTENING
COMPOSTITIONS AND BINDER MATERIALS AND PROCESS FOR MAKING THE
SAME

Multi—layered tissue paper webs comprising chemical softener
compositions and binder materials are disclosed. The multi-
layered tissue webs are useful in the manufacture of soft,
absorbent paper products such as facial tissues and/or toilet
tissues. The multi-layered tissue paper products contain a
chemical softening composition comprising a mixture of a
quatefnary ammonium compound and a polyhydroxy compound. The
multi-layered tissue paper webs also contain an effective amount
of binder materials to control linting and/or to offset the loss -
in tensile strengtih, if any, resulting from the use of the
chemical softening compositions.

Preferably, the majority of the chemical softening
compositions will be disposed on the outer layexrs of the multi-
layered tissue paper products where they are most effective. The
binder materials are typically dispersed throughout the multi-
layered product to control linting.

Figure 1



