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1N TI SSUE PAPER TREATED W TH NONI ONI C

SOFTENERS THAT ARE Bl ODEGRADABLE

TECHNI CAL FI ELD This application relates to tissue
papers, in particular pattern densified tissue papers, having
an enhanced t 1J.e . sense of softness. Thi ' I on
particularﬁ@”@g%g%es to 5 ti ssue papers treé?gﬁﬂﬁ%?ﬁﬁﬁertain
noni oni ¢ softeners that are bi odegr adabl e.

BACKGROUND OF THE | NVENTI ON Paper webs or sheets,
sonetines called tissue or paper ti ssue webs or sheets, find
extensive use in nodern society. _ -10 These include such staple
Itens as paper towels, facial ti ssues and sanitary (or

toilet) tissues. These paperTISSUE PAPER TREATEDOWIFHMGNIONKan have vari ous
desirabl e properties, includi NCSOREENERS THAT ARE BIODEGRADABLE

>

JECHNICAL FIELD

This application relates to tissue papers, in particular
pattern densified tissue papers, having an enhanced tactile '
sense of softness. This application particularly relates.to
tissue papers treated with certain nonionic softeners: that are
biodegradable.

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper
tissue webs or sheets, find extensive use in modern society.
These include such staple items as paper towels, facial
tissues and sanitary (or toilet) tissues. These paper
products can have various desirable properties, including wet
and dry tensile strength, absorbency for aqueous fluids (e.g.,
wettability), low 1lint properties, desirable bulk, and
softness. The particular challenge in papermaking has been to
appropriately balance these various properties to provide
superior tissue paper.

Although somewhat desirable for towel products, softness
is a particularly important property for facial.and toilet
20 tissues. Softness is the tactile sensation perceived by the
- -consumer who holds a particular paper product, rubs it across

the skin, and crumples it within the hand. Such tactile
perceivable softness can be characterized by, but is not
limited to, friction, flexibility, and smoothness, as well as
subjective descriptors, such as a feeling like velvet, silk or
. _ flannel. This tactile sensation is a combination of several
' physical properties, including the flexibility or stiffness of

10
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and dry tensile strength, absorbency for aqueous fluids (e.qg.,
wettability), lowlint properties, desirable bulk, and 15
softness. . The particul ar chall enge in papernmaki ng has been to
appropriately bal ance these various properties to provide

superior tissue paper. Al t hough isorrrzwhat desirable for
towel products, softness Is a particularly inmportant property
for facl?i al an¥Ot94{05856 20 tissues. Softness is m"-fsa%’f’ﬁg‘é :
sensation perceived by the : consuner who holds a particular
paper product, rubs it across _pthe skin, and crunples it within
the hand. Such tactile perceivabl e softness can be
characterized by, but is not limted to, friction,
flexibility, and snoot hHiEstheeh of \papar, s well ds the Amxturg gf;thetsupkace of
descriptors, such as a theebdrey |i ke vel vet, silk or | fl annel . .

This tactile sensation i s atemmbisnet bahar Ofs _a?v&nﬂ) affected by effortsPySi cal
|

properties, includingt I bi Lt r stiffness of
M mosa V2- 05- 00 1Q: 56: zgm%rgsgxﬂhg éry dndPdr Wt téniyTe sgrength of the web.

Stiffness of paper’ is tyiSTears yny depeide syreagthoransbe gchimvadeeidben by dry

and/ or mechanical processes to insure adequate formation of hydrogen

bonding between the hydroxyl groups of adjacent papermaking
fibers, or by the inclusion of certain dry strength additives.
Wet strength is typically enhanced by the inclusion of certain

10 wet strength resins, that, being typically cationic, are
easily deposited on and retained by the anionic carboxyl
groups of the papermaking fibers. However, the use of both
mechanical and chemical means to improve dry and wet tensile
strength can also result in stiffer, harsher feeling, less .

15 soft tissue papers.

Certain chemical additives, commonly referred to as
debonding agents, can be added to papermaking fibers to
interfere with the natural fiber-to-fiber bonding that occurs
during sheet formation and drying, and thus lead to softer

20 papers. These debonding agents are typically cationic¢ ‘and
have certain disadvantages associated with their use in
softening tissue papers. Some Jow molecular weight cationic
debonding agents can cause excessive irritation upon’ contact
with human skin. Higher molecular weight cationic debonding

25 agents can be more difficult to apply at low levels to tissue
paper, and also tend to have undesirable hydrophobic effects
on the tissue paper, e.g., result in decreased absorbency and
particularly wettability. Since these cationic debonding
agents operate by disrupting interfiber bonding, they can alse

30 decrease tensile strength to such an extent that resins,
Tatex, or other dry strength additives can be required to
provide acceptable levels of tensile strength. These dry
strength additives not only increase the cost of the tissue

" paper but can also have other, deleterious effects on tissue
H 35 softness. In addition, many cationic debonding agents are not

<2
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wet ‘ténsile strength of the web. Increases in dry tensile strength can be

achi eved ei ther by nmechani cal processes to insure adequate fornmation
of hydrogen bondi ng bet ween 't he hydroxyl groups of adjacent
papermaking fibers, or by the 5 inclusion of certain dry strength
additives. Wet strength is typically enhanced by t he inclusion of

certain wet strength resins, that, being typically cati

easily depoé‘qu'é@ and retained by t he ani onic car boxy%?%sl?%}s‘ﬁ%?

paper maki ng fi bers. However, the use of both nechanical and chem cal_ rreans
to inprove dry and wet t'ensile strength_.gan also result in stiffer, harsher
feeling, 10 less soft tissue papers. Certain chem cal additives, _
commonly referred to as debondi ng agents, can be added to papernaklng
fibers to interfere \iipdporadabigat andaithenefare_ con f3dyerselorimpasy o0 ¢ hat
occurs, during sheet fepriratneotalaqualidlyyi ng, and thus | ead to softer papers.
15 These debondi ng agenM&hameat yriss gl dpefRRtidrnanire BTkalay Gppd fdd 8 N

di sadvant ages AEAR! fo) bt Mol Bhter UBan! Shord¥ LRI HheipuC papers

Sonme |ow nol ecu ar WEIE gents can, cause

excessive irri tat| on % %’h cs&ﬁ'f"&&’t V\*el‘:ﬁa"‘caq preﬁﬁﬁ&ﬁagk‘?cﬁ“” BYYhéke mol ecul ar
wei ght cationic ‘deboresting ansanef therpaper Wefhesuch as idi e gadet of o apply at

| ow | evel s to tissue qeamationéindelatmossied pdpdro - INenecprefiarably; adelvsterihg
hydrophobi c effects of Eﬂ%éd' 3l §n RABE T w?y Yhat ﬁ:ﬁ‘es'dk&er' % Q%Eﬁﬁsed

bsorb d
absor bency an cp?rlf Sul aJaLi}’er,‘é‘eJepﬂgi gypeﬁt achetr)‘Eam gengfafhez? they can

debondi ng agents operate %
al so decrease tthsi| &réls ghgelrtivelxshigh He" ensitys sl ! 12 el ?téﬁ?]bis | at ex,

or other dry strengt htoadtiben dosityarhipe botkgereaed $Sushprigivibdbk pattern accept abI e
| evel s of tensile strngified gapeseartl Yyp$tdi BN Fbimeddddn b \paStiaNY &by 25
i ncrease the cost of JES" })'thst“& mgf%ren%y;edcmaglﬁ r@é'adv%o o;thg cf del et eri ous

ef fects on tis bondi ng

S nfeg tion Sﬂ catlo

agents are not Ghpicchavipg P pRrEprapd displapsmeny r'@@?@ef‘rrpact on
envi ronmental qifal i tySee, for‘ example, U.Re@htent GaB0lptdés ESanfprépetr ald.ons are
typically applied to isseaildan@apesl, I8ers \B6. Patenticyess 71 t(Redameel/ady, | ncrease

their tensile strengtnsuéuéﬁobamepgh @mss‘hm €3fhtent 4, szspﬁé‘dlhﬁblrﬁﬁ)the entire
area of the paper web ie case of conventi onal

c

felt-pressed paper. s?%e% “é%’élﬁagf’ dewatering is carried out in such a
way t hat "~ the paper BF%‘dﬁﬁatt?'t?f‘ slaArgth | ad bupgt pnotherdedvantpgeeaf paper has
certain densifi&d such grattesnal§ denslifitabied \privegiesf i hahatdonsmental as wel | as

relatively low fiber ghetdhs )(:an fb'egmp?ﬁted Bikke 21888 pape¥Chnbueddt, bid k pattern
densified papers are ﬁmgrleﬁgl %‘I Orﬁgtte;n%md%%ﬂﬁcapoR}rruegusylsdli:l!la%d paper

web that has densifie

havi ng a patterned. di'¥ Iféeéﬁeﬁf’e Kid tRﬁl}éW%§apeSeé e He '&Ré’nﬁ'l"é“%"s

contact with the foraminous fabric during papermaking, is
25 sensed as rougher than the side not in contact with the
fabric. This is due to the high bulk fields that form, in
essence, protrusions outward from the surface of the paper.
It is these protrusions that can impart a tactile sensation of
roughness. S
30 The softness of these compressed, and particularly
patterned densified tissue papers, can be improved by
treatment with various agents such as vegetable, animal or
synthetic hydrocarbon oils, and especially polysiloxane
" materials typically referred to as silicone oils. See
: 35 Column 1, lines 30-45 of U.S. Patent 4,959,125 (Spendel),
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3 ' Patent 3.301, 746 (Sanford et al), issued January 31. 1967: U.S.

Pat ent 3,994.771 (Morgan et al), issued Novenber 30, 1976; and U S.
patent 4.529. 480 (Trokhan), issued July 16.1985. 5 Besi des
tensile strength and bul k, anot her advantage of such patterned :
densification processes is that ornanental patterns can be inprinted on the
tissue paper.wggmgéﬁg, an i nherent problem of patterned dﬁ@ﬁﬁ&&ﬁ@%ipn
processes IS at the fabric side of the tissue paper. i.e. the paper
surface in contact wth the foram nous fabric during papermaking is
sensed as rougher than the side not in 10-4- contact with the fabric. This
I's due to the high bulk fields that formin essence - protrusions

outward fromthe surf ac f. th a . is,these protrysions that can
inpart a tactile sensatﬁ?)%do#epfﬂ'gﬂﬁﬁé’sé.géo‘ “These SF“E""GTW SsHPiiteds of these
conpressed, and parti culid ysqfht feelimedtoddhesitfissuel paper.t Howenerpasome s, can be
i nproved by treatnment veilicomanilsusreayifdpholidCindacan adversele@ffeabltge ani nal

bt LAy retorreq to oorfics et BBA 1BPRPCUR Lrfalld MSLIORBRE 1.0, g™ €/ 82
Pat ent 4. 959, 125 SpenZ%F ﬁ,ed ity 8a'§§p°-[agr§r‘3‘éﬁ;’o%‘.‘s Y89 "l'liﬁ%"ié?ﬂ?'ﬁ ¥ne oil s

i mpart a silky, soft fédl }eﬂﬂ‘ fxstemgenhen Siyshedy o Jadeed Hsome\ i icoas seftenddi cone
oils are 20 hydr opholraperarmdn oaquise teeadneny with ether tshifastantsate ofifset abi [ ity

of the treated tissue this requapieh,ini wet€abilit§ dau&dt B thd SHULoMRAPREe CAN
float, thus causing di §09s3hteRf GbRTT,! mpu'lskiuie??‘\ﬁr 'i?s\@cﬁ ?ggotb%% , flushea.

| ndeed, sone siligpne é ened papers can req wth
ot her surfactants to of t this reduction in wettability caused by
the silicone. See U.S. Pat 8erid® oBIcope, tisspalpsier s beed , trestedadtiOct ober:

22, 25 1991. cationic, as well as noncationic, surfactants to enhance
softness. See, for example, U.S. Patent 4,959,125 (Spendel),
_ issued September 25, 1990; and U.S. patent 4,940,513
15 (Spendel), issued July 10, 1990, that disclose prdcesses for
enhancing the softness of tissue paper by treating it with
noncationic, preferably nonionic, surfactants. However, the
‘125 patent teaches that greater softness benefits are
obtainable by the addition of the noncationic surfactants to
20 the wet paper web; the ‘513 patent only discloses the addition
of noncationic surfactants to a wet web. In such "wet web"
methods of addition, the noncationic surfactant can
potentially migrate to the interior of the paper web and
completely coat the fibers. This can cause a variety of
25 problems, including fiber debonding that leads to a reduction
in tensile strength of the paper, as well as adverse affects
on paper wettability if the noncationic surfactant is
hydrophobic or not very hydrophitic.
Tissue paper has also been treated with softeners by "dry
30 web" addition methods. One such method involves moving the
dry paper across one face of a shaped block of wax-like
softener that is then deposited on the paper surface by a
rubbing action. See U.S. Patent 3,305,392 (Britt), issued
o February 21, 1967 (softeners include stearate soaps such as
35 zinc stearate, stearic acid esters, stearyl alcohol,
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Besi‘des silicones, tissue paper has been treated with cationic, as well as
noncati onic, surfactants to enhance softness. See, for exanple, U S. Patent
4,959, 125(Spendel ), |ssued Septenber 25, 1990: and U. S. Patent 4,940,513 30
(Spendel ), Issued July 10, 1990 that disclose processes for enhancing the
softness of tissue paper by treating it with noncationic, preferably

noni oni c, surfactants. However, the 125 patent te greater
soft ness bePr4{0S8%, o obt ai nabl e by the addition }ﬁﬁs&&@?ﬁgat i oni c

surfactants to the wet paper web; the '513 patent only discloses the
addi tion of noncationic surfactants to agwet 35 web. In such "wet web"
nmet hods of addition, the noncationic surfactant can potentially
mgrate to the interior of the paper web and conpletely coat the fibers.
This can cause a var iRkelyetbyleps ghicelsssuch rag| Garfhomay,f indenolyidtdenl atycohat | eads
to a . esters of stearic and lauric acids). Anotherd such methe@duction in

tensile strength of tHg.ReP&ipping el dry FRpdINRTSSoRR{RCES RthsRGPET
wettability if the nopgat.i oni SUQBJ act ant S Egdroghgbl C %rﬁd%\% very

hydr ophi | i c. s Sl ® TAPEPY BRI 98° Hetn FTPPRLCeB0%®h sof teners
by "dry web" additi on{0'Brien gbiaidddssieshdanpach 3ndPéorliiphadiovestenpwfng the dry
paper across one faceceptaia aliphatstiapredrdmabick caboxydic lackds asf tiener that is
then deposited on thesgpgdathg S4Ent ACEA P¥tential FrobleRlfNehedctdridr e U. S.

Pat ent 3, 305, 392 (Br1 i) - ads AP SR iGEY U2 s tne Pdkning ageh? kRS S | nl ude
stearate soaps such as f,l Bc stearate, Stearic aci d et &% stearyl

al cohol , pol yet hyl ene®P§lif8olesss aElcHEe s ol 2 Bien gt ¥ dne gl ycol 10
esters of stearil® andpotentialdy azfifect) thenrrdsdrbency ueth thettietkei pusryves di pping
the dry paper i nindecol thbi’age Pitefitdashe3nasCOustiAblE fighiFftatwafvieni ng
agent. See U.S. PateNdertain cadicnil Mbearifis B | HBidSthe?ledndeh§S Yedpdanuary 3,

L0 (AL pnat c et er et ' st ppiigetlon oF soharird By itng a0 1€

rubbing action or by dipping the paper would also be difficult

15 to adapt to commercial papermaking'sjstems that run at high
speeds. Furthermore, some of the softeners (e.g., the
pyromellitate esters of the ‘065 patent), as well as some of
the co-additives (e.g., dimethyl distearyl ammonium chloride
of the ‘532 patent), taught to be useful in these prior "dry

20 web" methods are not biodegradable.

Accordingly, it would be desirable to be able to soften
tissue paper, in particular high bulk, pattern densified
tissue papers, by a process that: (1) uses a “dry web" method
for adding the softening agent; (2) can be carried out in a

25 commercial papermaking system without significantly impacting
on machine operability; (3) uses softeners that are nontoxic
and biodegradable; and (4) can be carried out in a manner so
as to maintain desirable tensile strength, absorbency and low

- Tint properties of the tissue paper.

30
) DISCLOSURE OF THE INVENTION
The present invention relates to softened tissue paper
’ having a nonionic softener on at least one surface thereof.
s Suitable nonionic softeners comprise a nonionic surfactant
; 35 selected from sorbitan esters, ethoxylated sorbitan esters,
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'bro‘blﬂ'em of these prior "dry web" addition nethods is that the softening
agent can 15 be applied less effectively, or in a manner that could

potentially affect the absorbency of the tissue paper. Indeed, the
392 patent teaches as desirable nodi fication with certain cationic
materials to avoid the tendency of the softener to mgrate.

Appl i cation gﬁgg}agé‘e,ngrs. by either a rubbing action or F?)LE B4/05% s he
in

paper woul d difficult to adapt to comercial pap g systems

t hat 20 run at high speeds. Furthernore, sone of the softeners (e.g., the
pyronellitate esters of the '065 pagent), as well as sone of the
co-additives (e.g., dinethyl di stearyl ammoni um chl oride of the 532
“patent), taught to be ods are not
bi odegradabl e. = 25 oA A'éec‘:’ ?ﬁpﬁaf \PStyTE wﬁtﬁdde%‘g"y&é"f\'ﬁm"gﬁﬁg the able to
soften tissue paper,. iSproitan estprsy |3641I"H?‘t“ﬁ?sgﬁh‘ffﬂ1’ﬁ< Pat seftenetiehsi fied -
ti ssue papers, by a proeess it luatamofnt)ofufres ahout 0.1 to' dboyut I®IBy weagktod f or

addi ng the softeni ng ageams dr(e%)t:%?d”é me,car ried out in a COoMmer Ci aI
paper maki ng system wi t hou ni f on_nmachi ne

operability; (3)§uses sof {rhen A "[VE'bPae/ ﬁ%?ﬁfxrggﬁﬁdt%r‘oﬂéﬁ?éd%l e; and
(4) can 30 be carri &K ’"&ﬁhe%sooftmﬁrféfsuwawﬂ o Thigi aroess wapnisesl e
tensile strength, the absporbHaneatimnat Nemst |onatsupfacpef ta dsiedftitdue ti ssue

paper . paper web with the sGRIMANRY 1RFotHdrEwdrBY/EME! fices3 Sof

Th t t | “ -
component  sof  ongy °”§§§s’?‘%£§‘ eREoh BACE by RS R BARED, Bk i o

?cteé%éf §af,"gﬁ’€f"i'ts (Magnex, syehh Hhati from abqut fol t9r ef er abl y

tri- conponent
selected from about 3% of the softener by we1ght of the dry tissue paper web t he
group consisting of sdshiphEied torthe suthace theréof. €St ers and mi xtures thereof;
(i) a Tissue paper softened according to the present invention
has a soft and velvet-like feel. It is especially useful in
15 softening high bulk, pattern densified tissue papers,

including tissue papers having patterned designs.
Surprisingly, even when the softener is applied only to the
smoother (i.e. wire) side of such pattern densified papers,
the treated paper is still perceived as soft.

20 The present invention can be carried out in a commercial
papermaking system without significantly impacting on machine
operability, including speed. The softeners used in the
present invention also have environmental safety (i.e. are
nontoxic and biodegradable) and cost advantages, especially

25 compared to prior softening agents used to treat tissue paper.

The ‘improved softness benefits of the present invention can
also be achieved while maintaining the desirable tensile
strength, absorbency (e.g., wettability), and low lint

. - properties of the paper.

30

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a DSC thermogram of a preferred softener.
system useful in the present invention. ’
.
‘ 35
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honi 6ni ¢ surfactant conpatibilizer preferably selected fromthe group

consi sting of ethoxyl ated sorbitan esters, propoxylated sorbitan
esters, al kyl pol ygl ycosi des and m xtures thereof, and; (iii) a

pol yhydr oxy conpound preferably selected from5 the group consisting of

gl ycerol, polyethylene gl ycol, pol ypropyl ene glycol and m Xt ures

t her eof . ratio of the nonionic softener to th Sﬂ%g' 1

sur f act ant ggﬁggﬁg%lllzer ranges from about 10: 1 to 1: § ; a%g&¥ﬁ£ wei ght
ratio of the nonionic softener to the pol yhydroxy conmpound ranges from
about 10: 1 to 1: 10 in the tri-conmppnent softener m xtures. The
softener is present in an 10 anDunt of fromabout 0.1 to about 3% by

wei ght of the dried tissu . The prese i nvention further
relates to a process for ﬁaﬁr }5h@stchematic §8?"P§EHE§ Y §E{Yétrﬁéﬂér§ Thi s

process conprises the PERfepredrempadimant 1§ the qracess fgneofteningstissugceebsf a dri ed
ti ssue paper web vmthatmdmf@eMrpresantohmuomrds the process 15 of the
present invention is a "dry web" addition nethod. This process is carried
out in"a manner such that fromg ﬁvnb,pe sof t ener by
“wei ght ot the dry tissu l e surface thereof.
Ti ssue paper softened acc r di Hesuedaper pr esent |nvent|on has a soft and 20-
velvet-like feel. It is eER?eGT%P'ItyTUse‘ﬂm iisnusefiflt withntjisbuegpafenl i, pattern
densi fi ed t i SSugemaplr Sincliudingudutonotti 3 fnli€edd e lconvemibirdlpat t er ned
designs. Sur prl si ngly.feit- presséﬂvﬁ@sd@hﬂﬂert h%gﬁ%ﬁl@'ﬂﬁtehﬁd&?ﬁxh?%&%y to the

smoot her (i . Wg €) %'a $ %ndS.H@h bulk, :,fnfzp%%tgﬁ %%%QSp'ape,rhe @aptg e t he

treated paper i s still i nvention
can be carried out inP4 eti'o‘iﬁ‘hs'i"‘ci"f;\la Mﬂ%ﬂﬂﬁk%g‘“m Tayersd opsiryGtiomout
significantly inpactirmgdotissnechipee mpductdinaié ythetefodnldamdespted. The

softenors used in the spigsany dm\ﬁ@nﬁl‘gy @Jnggum% emyd PIENSRky saf ety

|1
Corpared to o pr ??"gfe?f’m‘g) UL VNG B Gbe a0 0 9F 3g 2P0 21 Y
i mproved sof t nes® ben@i’?“[ 535/'“ c?l" tdﬁ%sib‘f ége‘i‘?i’"tl PubedfcF AT leah- al'¥8 be

achi eved whi |l e naint amn?fﬁgabﬂhet@ebasriaueieht will be gheut 140 gfn¥ engdess, andbsor bency
(e.g., wettability), ahedemsity Wil b 66t Dixg/@f o TRs. Most feRSEbly, 35
BRI EF DESCRI PTI ON OF Rk defAYY A1 be between about 0.04 g/cc and about 0.2
: g/cc. See Coltumn 13, lines 61-67, of U.S. Patent 5,059,282
i 20 (Ampulski et al), issued October 22, 1991, which describes how
the density of tissue paper is measured. ({(Unless otherwise
specified, all amounts and weights relative to the paper are
an a dry basis.)
Conventionally pressed tissue paper and methods for
25 making such paper are well known in the art. Such paper is
typically made by depositing a papermaking furnish on a
foraminous forming wire, often referred to in the art as a
Fourdrinier wire. Once the furnish is deposited on the
forming wire, it is referred to as a web. The web is
30 dgwatered by pressing the web and drying at elevated
temperature. The particular techniques and typical equipment
. for making webs according to the process just described are
well known to those skilled in the art. In a typical process,
. a low consistency pulp furnish is provided from a pressurized
35 _headbox. The headbox has an opening for delivering a thin
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"Figute 1 is a schematic representation illustrating a preferred enbodi ment

6 of the process for softening tissue webs according to the present
i nvention. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

A Ti ssue Papers The present invention is useful with:
ti ssue paper in general, including but 10 not limted to conventionally

felt-pressed tissue paper, high bulk pattern densified paper;
and hi gh bul MO WB8¥pact ed ti ssue paper. The tissue paper cgél?]@gﬁ%%o
honbgeneous or mnulti-layered construction; and tissue paper products nade
therefromcan be of a single-ply or rrulti-s-pl y construction. The tissue
paper preferably has a basi s wei ght of between about 10 g/nferr] and

about. 65 g/ njerr] of about. ess. Mre .
preferably, the basrsdd\/\éé1?1t vﬁ"l‘f Bgish anto H'Q' p""%"ﬂe "Ie? er""'l &ss and the

density will be about "8t ?eblcﬂ"el’"?l] ‘brthF'éstgP‘cwgtde"‘“e"edplt%faerfétlﬁry, t he
density will be betweennsibtanty @f Gbktwpes ndbeutr % cand abowtu 25%0.(Rotgl oweberr] .

See Columm 13, lines Ghidht, ba@,ﬁs)Ubﬁ vabaine fdwaterdRO amB Fukther Wk fddi et al ),
I ssued Cct og)er Z%rf%%?%b%em ﬁns vql?ei'girn 9'%3 EP W E&g‘fﬁquﬁgﬁf—&f‘"‘é | ssue

paper i s neasured. 20 speci and wei ghts

relative to the paper %¥gopad by oppogingrmechagical Te"' ers, for example,

Conventional ly pr essed:yﬂlrdsue’l pelier &mddmteheﬂsebf by themkfunthes uassedper

are well known in the agtdridduey aPsyesrn dirdn bppRFas lknowibdhe tiy afeposd ting a
Yankee dryer. Pressure can be developed at the Yankee dryer

10 by mechanical means such as an opposing cylindrical drum
pressing against the web. Muitiple Yankee dryer drums can be
employed, whereby additional pressing is optionally incurred
between the drums. The tissue paper structures which are

i formed are referred to hereafter as conventional, pressed,

15 tissue paper structures. Such sheets are considered to be
compacted since the entire web is subjected to substantial
mechanical compressional forces while the fibers are moist and
are then dried while in a compressed state.

Pattern densified tissue paper is characterized by having
20 a relatively high bulk field of relatively low fiber density
and an array of densified zones of relatively high fiber
density. The high bulk fiéld is alternatively characterized
as a field of pillow regions. The densified zones are
alternatively referred to as knuckle regions. The densified

25 zones can be discretely spaced within the high bulk field or
can be interconnected, either fully or partially, within the
high bulk field. The patterns can be formed in a
nonornamental configuvration or can be formed so as to provide
an.ornamental. design(s) in the tissue paper.” Preferred

30 processes for making pattern densified tissue webs are
disclosed in U.S. Patent No. 3,301,746 (Sanford et al), issued
January 31, 1967; U.S. Patent No. 3,974,025 (Ayers), issued
August 10, 1976; and U.S. Patent No. 4,191,609 (Trokhan)

- issued March 4, 1980; and VU.S. Patent 4,637,859 (7Trokhan)
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25 'ﬁapernaki ng furnish on a foramnous formng wire, often referred to in

the art as | a Fourdrnier wire. Once the furnish is deposited on the
formng wire, it is referred to as a web. After transfering to a
felt, the web is dewatered by pressing the web and drying at el evated
tenperature. The particul ar techni ques and typical equi pnent for

maki ng webs &&Jsg_ﬁn-g to the process just described are p@iiisidRredpnown to
those skilled inthe art. In a typical process, a | ow consistency pulp
furnish is provided froma pressurized headbox. The headbox has an opening
for delivering a thin deposit of patp furnish onto the Fourdrinier
wre to forma wet web. The web is then typically dewatered to a

fiber consistency of, . sgaé/gesg‘g%rgo?%r 1981 ‘},5{)%’)‘:3?' qg@baggtiﬂgg_géﬁ(%gé g?lseweb wei ght

basis) by vacuum dewateri n%d rations
wherein the web is sufffB®Pe’ to pressure devel oped by opposing
mechani cal nenbers, for dnraagneesl, cpititerr idenslified| bebs Tiee preferablyiewat er ed web

ist hgn further presspdparad byirdepskibingaa pipRamekHgUfiraishadnak UWSraninous :
7 known in Bhe ar forfifhg XA REACaLl WBlrar 165 RikeCto® AinliP weloNal gRed At the
Yankee dryer by nﬁ%ha.m caal .rreq&é suchiast[ an o‘pﬁeos ngﬂgc'y m&gl cal drum
pressi ng agai nst 116 WEBPOSIAL He wehaga itk AHARTY &Rt VB cum during
t he Yankee oper at ¥88nis Metsed| wainshthe arspyr ofdrsyprerisan tharebihpl oyed,

wher eby additional 5 reseBdsg rig dessidped aomab | thecwelr atl thet Vueetiotdre druns.
The ti SSUS_ papfr str Ué‘éogfaﬁﬁi_ca'lly corbUispéhd figetof Q{e”ﬁq?ﬁrﬂ‘ E@fft@ét{}ggwﬁéht hereafter
as conventional 5, pres er. ructures. Suc ets are
considered to béo conpg"gtgas)ls?ﬁ%gp%%ﬁtgs _é"r?t ?h(eewe\?vevbegi slllhe remaf@sge@?@a to
substantial mechani ca¥ePctioBRIEs 35 Auring thas orgatian perefarped ko a5 dhe noi st
and are then dried whhigk buikafiebdpr Besecliigsttafile. fidd can bePdittteemn densifi ed

ti ssue paper is charagddedsizrd tyyagpPicatidn ff Aufd paeRboreNisith RYlktn 2 fiel d
?fel ;?! Ste: vely | ow f_' bﬂcuﬂ?%ht&év?cg%ra? b?orw[f’Wou% dgg?em?'ot'lb%dme%gﬁ??ﬂ?; .
y 15 - pressing-the web against the array of supports. The web is
dewatered, and optionally predried, in such a manner so as to
substantially avoid compression of the high bulk field. This
is preferably accomplished by fluid pressure, such as with a
vacuum type device or blow-through dryer, or alternately by
.20 mechanically pressing the web against an array of supports
wherein the high bulk field is not compressed. The operations
of dewatering, optional predrying and formation of the
densified zones can be integrated or partially integrated to
reduce the total number of processing stepé performed.

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

30 least 125% of the density of the high bulk field.

The array of supports is preferably an imprinting carrier
fabric having a pat{:erned displacement of knuckles which
operate as the array of supports which facilitate the

W formation of the densified zones upon application of pressure.
g 35 The pattern of knuckles constitutes the array of supports
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"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 15 regions. The densified zones can be discretely
spaced within the high bulk field or can be interconnected, either
fully or partially, within the high bulk field. The patterns can be
formed in a nono ntal configuration or can be forned 7076501 O
provi de an orﬁﬁﬁgﬁ design(s) in the tissue paper. Pre?QTa§g38;Bcesses
for maki ng pattern densified tissue webs are disclosed in U S. Patent
No. 3,301,746 20 (Sanford et al), issuedidanuary 31, 1967; U. S. Patent No.
3,974,025 (Ayers), | ssued August 10, 1976; U.S. Patent No. 4, 191, 609

(Trokhan) issued March nd L P 637, 85 Trokhan)
i ssued January 20, 198‘}‘”%“‘1"["]3’ fe]fg\%ﬁr%g su't ]e %,h?ﬂ{m catr"&r fqb‘(‘ ference.

25 - I'n general, pafe &isalagehdnfy-Sd Pakent Nar & {We"ﬂgr(ém ford)ebpd ?aed by
depositing a papenmﬁd danpubwyr Bil,S186dN Uas.f Batenti Nou3, 820068 {fplwiacé such as

a Fourdrinier wire to et anfqrsmea Wt zwel@mncu sh%tén&uxmpgsgmg:zshe web
agai nst an array g of su?t 5. 155%%‘ Aug]ust 1§7§ W§s$§&n??ﬁ' nSSE 3 array of
M) a

supports, thereby Tresu t he

| ocati ons geogr aphi cal K& f'-"r'geST:)(}llnd’l'nb‘st"tSi t‘ﬂ'&" P8 HPEo¥- ccfrﬁt%fﬁt N30 pet ween
the array of supports ard3i5A@ (Weneusiebissikdlctebeni2dddps%fU.ShePatenb Neot '
conpressed during thi s4mae,roa5|(mkm)re§saéd Oétehlier a5, 11880; hinglu.BulPkteht el d.

This high bul k fN@'Qs‘é@Qa?QﬁM}n ;s 1RGSR 5' 9ggd)y ﬁpmf' fsﬁEﬁO” of

fluid pressure,; a cuum type devicé or W-t hr ough
dryer. The web i devvaf"éervg'lf"m&ﬁﬁted by ve Ypl%onal |y predri ed, |n such a
manner so as to substanti a’fﬂeﬁerahﬂdb dhe Gupishs &5 Hirsbiforysd intpea wepMwetbar k fi el d.
This is preferably accanforimhed foymihg datiey, cuehae a Busdridier wire. et h a

vacuum type device or RUpY lispbiall ol XBinstebFes?ld 81 WAl rabFRE AR cal | y

P;eﬁgt ng the web agai nﬂlrn?‘ﬂt 9arnr mernate%uggq ts'tameJegéthed tg\ hlfgram?r%lug field

15 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%. Dewatefing is preferably
performed with suction boxes or other vacuum devices or with

20...  blow-through dryers. The knuckle imprint of the imprinting

: fabric is impressed in the web as discussed above, prior to
drying the web to completion. One method for accomplishing
this is through application of mechanical pressure. This can-
be done, for example, by pressing a nip roll which supports

25 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 tmprinting fabric prior to complietion of drying by

. - application of fluid pressure with a vacuum device such as a
30 -~ suction box, or with a blow-through dryer. Fluid pressure can
be applied to induce impression of densified zones during
initial dewatering, in a separate, subsequent process stage,
or a combination thereof. _
. Uncompacted, nonpattern-densified tissue paper structures
- 38 are described in U.S. Patent No. 3,812,000 (Sa]vucci et al},
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“conpt essed. The operations of dewatering, optional predrying and formation

of the densified zones can be integrated or partially integrated to
reduce the total nunber of processing steps perforned. Subsequent to
formati on of the densified zones, dewatering, and optional predrying,
the web is dried to conpletion, 5 preferably still avoiding nmechanical
pressing. Prefe bI y, from about 8% to about . 55% 0 e paper
surface congpl%&g ensi fi ed knuckl es havi ng a relative ek hgaféhﬁ??ly of at

| east 125% of the density of the high bulk field. The array of

supports is preferably an inprinting caryjer fabric having a 10 patterned
di spl acenent of knuckl es which operate as the array of supports which
facilitate the formation of the densified zones upon application of
pressure. The pdftued r?‘abfi‘-‘lkriﬁUkF'@sUéorPﬁ?“f‘LMes“ ?We“%r tBegkesfetlsupport s
previously referred tad), issued Junet HHl 1980,mpetihndfi wigiclc are iiecorparbtadcly ar e
disclosed in U S Patgfdredde. 3n3gehevAd uncompatted)fmonghtedrnadehsifigsued January

31, 1967, US. Patent i apgzlst?g&uxe§aweu§wa,a¢;d Jbg aflolppihgoped Wy 2L

1974; U. S. Patent No. 1976; U..S.
Patent No. 3. 533. 164 PErSTPRSHRE Frnish o 2 forﬁf&igﬂgd WBRIIWiE, S RS s,

Pat ent No. 3, 473, 576 Fowmdninder) witestadfdrnOat aleweb? 1dratrdag the ebapdent No.
4.239, 065 (Trokhan), refdviydadderiond) ewatdrowi thet Onechdndcdl. Gmpridasion tuntNg.

4,528,239 (Tr okhanks h'a§sau?'ﬁ:eljlébb/si?tenéyggiaataielasto‘(ahd«@'éiﬂ ahg

mcorporated by referen urnlsh is first
formed into a wet welf ?ﬂa"%t]g%rwﬁ?n nier is re'"“igg €ﬁ°’h§h%é"|;$ i VWi as-a
Fourdrini er wiri8. Thaewtering apdherasldridpgs t Tharreswitinggstructure t’é &an
inprinting fabric. Theftf bot sieaicahighl bk nsheetl wf beelativélyalncympdetedsi t ed on a
foram nous supporti ng‘iSﬁE“ @Jnamalnﬁbeﬁkﬁ@s PELAILEP 2 i@Ntd PRMidsigrg fabric.
Once 25 forned, the b 1S, cwa.tered and, preferably. thermally
prodded to a = cfea 1f°| ber*CONsi stency of between about 40% and
about 80% Dewat er i ng i sCompacted WéTPéFt&bW‘Qe'ﬁégiFérﬁéﬂ‘emﬂWC‘é{ﬁ&%|°('5P| boxes or
ot her vacuum dedsi ces commoniy knowh dn-the art ast tunvengivndt péssge sThetémsckl e
inmprint of the inpringi a&e#abrwpa&ed Wﬁéneﬁzﬁ'ﬁ&nl-d&nhh%d tissue WRBerds di scussed

above, prl or to dryi @Qr-&:@@re&%@e ngﬁpé’e&épg{“hg]ﬁ %ﬁf Alrn2P on

acconplishing this Is rou Ftl iﬁﬁ ressur This can
be done, for exa Ia@"‘ WHife¥S 3 Fayrg ”t"b?rl v ¥TopIEEs the
imprinting fabric web, dgmmstthew@bfva eremvies additispalgwaker V‘ch:ﬁh‘as a
Yankee dryer, vdoerei raitthd aveiifiodm mechanice tpmacHobdpresseing) hetili therol | and
drying drum Al so, prghef.ah] xonsm%neyebf 28-s0%, tranSRIrFRg h9a4eBSto Lhe

inprinting fabric prlt%r LD JGR0P U%i'] gn a"'s‘f, ndngregyn)gaﬁglv%gtl ﬁ‘ﬂ"’éﬁl’ of fluid

pressure with a vacuum devic or Wt
t hr ough dryer. water is removed from the web by vacuum, mechanical pressing
~ and thermal means. The resulting structure is strong and
25 generally of singular density, but very low in bulk,

absorbéncy and softness.
The papermaking fibers utilized for the present invention
will normally include fibers derived from wood pulp. Other
. ¢ellulosic” fibrous pulp fibers, such as cotton Tinters,

30  bagasse, etc., can be utilized and are intended to be within
the scope of this invention. Synthetic fibers, such as rayon,
polyethylene and polypropylene fibers, can alsa be utilized in
combination with natural cellulosic fibers. One exemplary

» polyethylene fiber which can be utilized is PulpexTM,
' 15 available from Hercules, Inc. (Wilmington, Delaware).
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9 Unconpact ed, nonpattern-densified tissue paper structures are
descri bed in U S Patent No. 3.812.000 (Salvucci et al). issued My
21. 1974 and U. S. Pat ent No. 4.208.459 (Becker et al). issued June 17.
1980. both of which are. . incorporated by reference. In general.
unconpacted. nonpattern-densified tissue 5 paper structures are prepared

by depositi NQ FoPRBS" maki ng furnish on a f or am nous My@g&, pre such
as a Fourdrinier wre to forma wet web, draining t he web and renovi ng

addi ti onal water wi thout nechanical conpression until the web has a

fi ber consistency of at |east about 80% .gnd creping the web. Water is
renoved fromthe web by vacuum dewatering and thermal drying. The
resulting 10 structure ié 83 E]t but V\‘eak__h{' h bul k sheet of relatively
unconpacted fi bers. BRIAFFPAe HBRde pYIas ing "8? SPRHSH) PUBSpISUE 350 porti ons
of the web prior to cridftagsulfite, and sulfateTmdpsagsevethids mechanbeat spulnsi | i zed -
for the present inventingluding,| foncaxamlé.y groundwodd) Clhutiendchiraes pleipiangd from

wood pul p. Cther cell U&r@ﬁicﬁngi aPHiSd &Hén&oﬁégﬁ’a‘f‘ﬁéﬂ_ﬁﬁﬁ-h g@mg%?bﬁeiﬁ ¢,on

linters, bagasseg etc._howg\%p Ca ug_lfl | zgd .and_are, i ntend N'thin the'
scope of -this inventiof Synthef T FeEReEce RLIMBYT, & FURPridoFiRs Wyl ene and
pol ypropyl ene fiber catt"sh $6 19Etngss Itp Adgsuenshestrbmadat therefem-h Pdewr al
cellulosic fi ber sder(yed fesne hathadeyiduaisybredsy (eneafter)cal sovrefehradate be
utilized is Pul pexTM as."haréécd") adall @ohfrertubieréed| @ereaftes; QY¥d Pireptean.

Del awar e) . Applicabl e ypopd "R‘I’Lvﬂﬁd"gocaniﬂ%t?ﬂ@e%ﬁ%ﬁﬂef ub)r&%heg%?e%@trtas Kraft,

sulfite, and sulfate pulps. as Il as I ca S"1ncludi ng,
for exanple, gr o&ﬂdmoﬁ',vg"?l’@r ﬁ#@ﬁ%ﬁnf‘%’dl’edpm% recycled papere H‘g?ﬁhc‘éﬁnl y

nmodi fi ed t her monechani €@ataipung orGidnifcthe phovgpsatebanies/@s wellr @s other
preferred since they impafibroas HOREA10r sutGhi #i81e7ETMRE adhesS@st 1RFStot O ti SSue

sheet s made t hergkiQeite ARk R5idGL bot h deci duous trees
(hereafter, also 25"-"referre§ tQ alsﬂiayﬁg\rxa&%ﬁ " and cgni ferous trees

(hereafter. also referred IPOadgétwn to papermaking fibers, the p_apermakmg
15 furnish used to make tissue paper structures can have other

components or materials added thereto as can be or later
become known in the art. The types of additives desirable
will be dependent upon the particular end use of the tissue
sheet contemplated. For example, in products such as toilet
20 . paper,-‘paper towels, facial tissues and other similar
products, high wet strength is a desirable attribute. Thus,
it is often desirable to add to the papermaking furnish
chemical substances known in the art as "wet strength" resins.
A general dissertation on the types of wet strength
- 25 resins utilized in the paper art can be found in TAPPI
monograph series No. 29, Wet Strength in Paper an& Paperboard,
Technical Association of the Pulp and Paper Industry (New
York, 1965). The most useful wet strength resins have
generally been cationic in character. Polyamide- '
30 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
(Keim), issued October 24, 1972, and U.S. Patent No. 3,772,076
B (Keim), issued November 13, 1973, both of which are
’ 35 incorporated by reference. One commercial source of a useful
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" sof t"wood") can be utilized. Also useful in the present Invention are

fibers derived fromrecycl ed paper, which can contain any or all of
t he above categories as well as other non-fibrous materials such as
fillers and adhesives used to facilitate the - original papernmaking. 30

In addition to papermaking fibers, the papermaking furnish used to nake

ti ssue paper ures can have ot her conponents or nateri ed
WO bk, FER s

thereto be or later becone known in the art ypes of
additives desirable w | be dependent upon the particular end use of
the tissue sheet contenplated. For 35 _jgxanple, in products such as
‘toilet paper, paper towels, facial tissues and ot her simlar
products, high wet strength is a desirable attribute. Thus. it is often
desirable to add to tFf’gy%'é?féFWﬁm%ﬂ‘yf’Uf‘nir%ﬂ"%hb?ﬁ*@5?“15%bslt"aﬂc@'s known in
t he . Wilmington, Delaware, which markets such regi®s under thetmaals " wet
strength” resins. - Kymeme® 557HA general dissertation on the types of wet

strength resins utilized € e ; u in_TAPPI
nmonogr dph seri es No. 2t9 .P\b\li}tat:g&?mige trﬁ‘pﬁ'g ,'E[:ava jség:d%erpﬁgi&@agéejrbﬁo%fr d,

Techni cal Assocrati on"df ¥ I‘&'&\q PEYRY | ﬂﬂ%sﬁsy"s are desfpifipdydn k. 1965) .
The nost useful wet sY+Sef3tentrNes; 3s55R832 (Gessés 4t 1ay) bissned Januanyald.onic in

character. Pol yam de IlchbdBH5§963 (W11@time 2t P, ¢dubdDiruaryels, sigrengt h
reS|hns whi ch have be—.elihtflod:t_ndm’(cﬁ_Q%Uﬂfcc%Fétb&thlePNJgn%éﬂ %%%}‘%meg.u' E@J"ﬂ)e types gf
'~ suc resins are e . Pa No. 3. ein), issue
Qct ober 24, 10 1972&@%&*% g‘."l‘”g%t %fﬁt"ﬂég'e’g?"‘ﬁez."d?}%“( k%i‘?ﬂe.” f%sued
Novenmber 13, 197%, bopRnyd Co. of §hanfard, (onsectisibophick drapkpts epesetice. One

comrer ci al source of eesirs@ider the markpPdrgzfédieNtepi chl orohydrin resins is
Hercules, Inc. of WIm ngton, othe G¥@RFRoluble catdbhii€ TebBEKRhFing e iEFSI NS
under the mark Ky”e”e{n%r_t_rhls SRéddtion are urea formaldehyde and melamine
fbi'ma'ldehyde resins. The more common functional groups of
15 these po]yfunction'aT resins are nitrogen contéining groups
- such as amino groups and methylol groups attached to nitrogen.
Polyethylenimine type resins can also find utility in the
present invention. In addition, temporary wet strength resins
such as Caldas 10 (manufactured by Japan Carlit) and CoBond
20 1000 (manufactured by National Starch and Chemical Company)
can be used in the present invention. It is to be understood
that the addition of chemical compounds such as the wet
strength and temporary wet strength resins discussed above to
the pulp furnish is optional and is not necessary for the
25 practice of the present invention.
In addition to wet strength additives, it can also be
desirable to include in the papermaking fibers certain dry
-~ strength and 1int control additives known in the art. In this
_ regard, “starch binders have been -found to be particularly
" 30 suitable. In addition to reducing linting of the finished
. tissue paper product, low levels of starch binders alse impart
a modest improvement in the dry tensile strength without
imparting stiffness that could result from the addition of
o3 high levels of starch. Typically the starch binder is
' 35 included in an amount such that it is retained at a level of
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15 "7 Pol yacryl am de resins have al so been found to be of utility as wet
strength resins. These resins are described in U S. Patent Nos.
3,556,932 (Coscia et al), i ssued January 19. 1971, and 3.556, 933
(WIlliambet al), issued January 19, 1971. both of which are

i ncorporated herein by reference. One commerci al sour ce of

pol yacryl am resi I's American Cyanam d Co. of Stanfor

Connecti cut, q&ﬂ?’?’ﬁhﬁér kets one such resin under the mark g%rrlégﬁmggslo NC.
Still other water-soluble cationic resins finding utility in this.invention
are - urea formal dehyde and nel am ne f orgal dehyde resins. The nore

conmon functional groups of these pol yfunctional resins are nitrogen
contai ning groups 25 . such as anino groups and nethyl ol groups attached to
nitrogen. - Polyeth Ir%iamuﬁeoﬂ/&@’%@%fi /& L5 Fremhadayt i9-1t8? in t he
present invention. |n 3bout Hodhy yedsht efethgotiasye RA@ET-strength resins such as
Cal das 10 (manufactured byln generghpsunitablei sharendi@eBorfar t0O0presmnuf act ur ed
by National Starch and i@veticmalare chardCoerpzedy by castebesalsigidityn i present
i nvent i gn. | t hi S thbe hy&vdeH i § ey, t RRhodgheit36s noﬁdﬁieh&éant@flixﬁilief.ﬂetcﬁ' _
conmpounds such as e stke - LALy .S resins
di scussed above to thevgg{’ﬂe rbf uﬁ}%ﬁ}??@a%ﬁﬁﬁﬁ%{s,a)r‘]\%&ssentﬁg}ve Ell:a‘?'a‘gnecessary

R [ .
for the practice of thé"gb’r’é%]énf“ci]‘ﬁ‘@e?ﬂ'!‘ gtarch and potato starghy wighiiwaxbn to wet
strength additives, it coem skhwd keownletidustioladly asi awilocadestanth3being he

paper maki ng fibers certpamcailramsgmmw. afhflodal StarE0AGfraks FAGH Lommes Kknown in
th? art. In this jFgar .%r ts?{r i gn&e{tsi{]gﬁltﬁrggeaﬂﬂoﬁﬁcqgrﬁtslnepea'sﬁ:%r tu'nCUl arly
sui t abl e. In addition to re uglng lrntijng o e Tinrshe I'ssue
paper product, |ow | evePE" gFarch contains both amylapgchin and)iamyjeses afa#Pusnpart a
nodest inprovenment in t4nidaugdraparastesisticssof antpeh starch apg tfither desgribed ng
stiffness that coul d resutAmidcaomThdsStardsliFrond R9f Cdrh'GhH] @Y ESchopRiéyer,
Food  Industries, December 1945, pp. 106-108 (Vol. pp.
15 1476-1478).
The starch binder can be in granular or dispersed form,
the granular form being especially preferred. The starch
binder is preferably sufficiently cooked to induce Swe‘Hing of
the granules. More preferably, the starch granules are
T 20 swollen, as by.cooking, to a point just prior to dispersion of
the starch granule. Such highly swollen starch granules shall
be referred to as being "fully cooked." The cenditions for
dispersion in general can vary depending upon the size of the
starch granules, the degree of crystallinity of the granules,
25 and the amount of amylose present. Fully cooked amioca
starch, for example, can be prepared by heating an aqueous
slurry of about 4% consistency of starch granules at about
190°F. (about 88°C) for -between about 30 and about 40 minutes.
o ‘Other exemplary starch binders which can be used include
30 modified cationic starches such as those modified to have
nitrogen containing groups, including amino groups and
'meth_ﬂo'l groups attached to nitrogen, available from National
Starch and Chemical Company, (Bridgewater, New Jersey), that
have heretofore been used as pulp furnish -additives to
35 increase wet and/or dry strength.

i3
%

Mimosa V2-05-00 10:56:28



‘st ar ¢h. Typically the starch binder is included in an anmobunt such that it
I's retained at a level of fromabout 0.01 to about 2% preferably from
about 0.1 to about 1% 5 by weight of the tissue paper. In
general, suitable starch binders for the present invention are
characterized by water solubility and hydrophilicity. A though it is not

I ntended to Imt the scope of suitable starch bind entative
starch mat er‘fvglggm%gﬁf:l ud Eﬁ,ﬁm\/s\nsfﬁkgﬂs

e 10 corn starch and potato star Wwaxy corn
starch known industrially as am oca starch being particularly
preferred. Am oca starch differs from conypen corn starch in that it
Is entirely anyl opectin, whereas common corn starch contai ns both

anyl opectin and anyl oge. Yarious unjque characteristics of am oca
starch are further de crigéle%iéﬁ@é%'—‘—ﬁﬁéﬂ%é‘ eqradab] i arch From Waxy Corn, 15 H.
H. Schopneyer, Food | ndusititi¥de maiwsibeoftesers, fyp use 08- 1@S pteent . pp. '
1476-1478). invefbien sérar biodBiragkdle.caRs haed reggianuihar tem di sper sed

form },he glranulLHa][_ er"moldegradalgfk—’ii@ t.s’-&ﬂ?&'it%! h?jé EBﬁﬁ&relrFéiakdI o?LQrCh bi lnder
is preferably suyffici _ 0 . i nduce swelling o e _granul es.
More preferably,” the gp%r%'ﬁg%?a"ﬁﬁw@ggaﬁ}sgs 38 fa?f%lqs'@ﬁ,"e’aggﬁ? BBRIMg, to a
point just prior to dif8parYsdYic gptaridsst Ahechiogeasadation potentialsgembei ghly

- swol | en starch granul estighfed|bybeeaswing cartiont dicatdebeiohgidrf aid yissolvkéd.

The conditions for di-apgnsd edrbbri) r@RPAT fom GaRedd @ YordSMEAL] b0 sublOAct he si ze
of the starch grb@-mdlfeftedt ﬂethqeﬂﬁfgalﬁt:? %c}liﬁe%) 'amrEé/ ] atr{? ye3r anul es,

. Full'y cookKed am oca S

and the anpunt qf a ose esent .. rch, for
exanpl e, can beolﬂreparbé“cfef) 25"°°ﬁé‘8t Phgingd afﬁéb&ﬂ% sYrgrabandt ofbout 4%
consi stency of st arch hgmogenipeds aghivatied sludge. Sed d@FsopaliEskin@3@) dfor bet ween
about 30 and about 40 Briddagwa@stiofOPbtntial of XenoBTHREEYgant @rchénibiigger s which

can be used | ncl ude maghki@Gnd i Hhirkns! WEhHIalony, voruHEgagishiiose modi T ed
’ dps and

to have nitrogen.contalni 0o..05,0ups, . I NCI ng_am n i

met hyl ol groups attachédf t é&%r'{_‘rog'é‘ﬁ'} %\V&'TL#S%?% ‘Ir"qtdﬁ{el\lé{‘ﬂ"ﬁﬁa?”St arch 30
and Cheni cal Corfany, efHmrdne hindesradatdlitycbsing this mthod; aa sulistange dsor e been
used as pulp furnish adili té besretdily Desdegragabletifantdhar gebatersthar makh.

B. Tn-conponent Bi odegaadaldigxael {veNRAonrCRRP YrbdteP NPan 988 dissolved

B1 odegr adabl e Nonl oni Gragld E0SLS renovs] witnin 28 pays ot eGP S0St

bi odegr adabl e softener 0S|
' the present invention meet such biodegradability criteria.
20 Another ‘important aspect of the softeners used in the

present invention is their melting properties. It is believed
that the bperative mechanism by which softeners used in the
present invention work is as a result of surface lubrication
of the tissue paper. Such surface lubrication is believed to
25 require the softener active to begin melting at or below about
body iemperature, j.e. at about 37°C. Accordingly, suitable
softeners for use in the present invention typically have, as
measured by Differential Scanning Calorimetry (DSC), an onset
of melting at. or -below about 37°C.” Preferably, these
.30 softeners have an onset of melting at or below about 35°C.
As used herein, the term "onset of melting” refers to the
point at which the softener begins to change from a solid to a
1iquid state. As measured by DSC, onset of melting occurs at
3 the point of intersection of: (a) the tangent drawn at the
’ 35 point of greatest slope on the leading edge of the peak; and
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120 ¢ the tissue paper of the present invention conprise a mxture of a

bi odegr adabl e noni oni ¢ softener, a nonionic surfactant conpatibilizer.
and a pol yhydroxy conpound. 5 ' Sui t abl e noni oni ¢ softeners
for use in the present invention are bi odegr adabl e. As used herein,

t he tern1b|odegradablllty refers to the conplete br eakdown of a

subst ance S% rgani sms to carbon dioxide, water, By S BSS 707650 and
i norgani c ?@%gg The bi odegradati on potential can be estinmated by
measuring carbon di oxi de evol ution and di ssol ved organi c carbon renoval
from10 - a medium containing the substaece being tested as the sole carbon

and energy - source and a dilute bacterial inoculumobtained fromthe
super nat ant of eni.zed i vat See Larson,_ Estinmation of
Bi odegr adat i on &gt 'ﬁt F’s}rapa?ﬁ%ir‘?abﬁ gﬁe %g%aﬂ%c %ﬂ%"rﬁri”hl s Annljed and
Envi r onment al . MEroIPbBRR) pf Wendlandve Thermah dudlysisyaljed edi®an,61, whi ch

describes a sui tabl eld8B), whixhhoefidesr tieist porat i ofg iitieedegomadabithé ty. Usi ng
this method, a substehgmp bﬁt&cﬁbﬂieiO vhat conb@stnﬁacunlaasésu pigeadabb e if iy

has greater than 70%car ox d Y n reealer than 90%
di ssol ved organi c ca Yot ré"rer'f)v ﬁdgéstg" relfﬁrence o F?% fténers used

in the present invenfidyff ﬁé‘ét’"’é%h %P%H@F%?G&’d‘l of, 8 preferyed; softeneng
Noni oni ¢ soft eners sesystemkempfiingumixed rsorlidanpsteseate estarentGL @MWespri se t he

sorbitan esters, pretgraf i efiRxpatddl H1aphaesd eTcshaf mEbnaL'CZaec 5fy Gherr] fatty

?Cf[ ?5 rmzt Pr ef ?{aaﬁhyl ‘»Qﬁh?%g'ot a'ﬂeﬁaﬁv\ﬁ OIfl geeir {:[Dgér] | fat urated
a aci ds. ause. 0 are [ ca
manu%lact ur ed, tlﬁese EW"{%‘%‘?PUF%TB&HFI ter &H% ﬁ‘lx'ﬁ ur_esyof

mono-, di-, tri-, etgeakedrbrnnd PFaephaés@nteamtv@eeaeéWpu &f 'r@m dzsfererstui t abl e
sorbitan esters incl pittRed bBE thosbAiteren dystenat B feak gelt FTMN(2R), thor bt an

gypgi\lstat es, sorbitanypakdt §AhEsn ¢Re Peak) SPANGAR) (PHI91R4 43 V46 eAM-2f €S (e. 9.
for P-1 and P-2, respectively. The onset of meliting for each
15 of these peaks is -1.94°*C (OM-1) and 32.36°C (OM-2),
respectively. The onset of melting represented by OM-2 is the
most important since P-2 represents the largest, predominant
melting phase of the softener system. Indeed, for the
purposes of the present invention, the onset of melting
20 ~ usually refers to that of the predominant melting phase, i.e..
that phase having the largest peak area.
The onset of me'lting.of softener systems used in the
present invention can be determined by DSC as follows: A TA
zinstruments DSC, Model 2910 (Controller 2000 with TA Operating
25 System Software 8.5C) made by TA Instruments, Newcastle, DE is
used. The softener sample is placed in an open aluminum pan
with an inverted 1id and the weight recorded. The softener
sample .pan and a reference pan are then placed in the DSC
- .cell.  The cell containing the softener sample is cooled to
30 .. -50°C, allowed to equilibrate, an_d then scanned from -50°C to
225°C at a rate of 20°C per minute. A nitrogen purge flow of
0.0037 1./min is applied to the cell. The resulting DSC
thermogram records the onset of melting point, the peak melt
. point, and heat of fusion for each of the endothermic peaks,
a 35 as is shown in Figure 1.
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“60),* and sorbitan behenates, that conprise one or nore of the nmono-, di-

and tri- ester versions of these sorbitan esters, e.g., sorbitan
nono-, di- and tfi-laurate, sorbitan nmono-, di- and tri-nyristate,
sorbi-tan nmono-, di- and tri-palmtate, 30 sorbitan nono-, di- and
tri-stearate, sorbitan nono-, di and tri-behenate, as well as m xed
coconut fatty acid sorbitan nono-, di- and tri-esters, amﬂ%é?h?doal | ow
fatty acid /8% nono -, di- and tri-esters. Mxtures © I'tferent
sorbitan esters can al so be used, such as sorbitan palmtates with
sorbitan stearates. Particularly preferred sorbitan esters are the
sorbitan stearates, typically as a 35 'mxture of nono-, di- and
tri-esters (plus sone tetraester) such as SPAN 60 sold by 1Cl America
or GLYCOMUL-S sol d by Lorf@ajonpqqcspfteners suitible for use in the present

13 invention coliprik®ndeetaoir hianddrant suctavpatts bi |Theser

The tri-conponent sof h&RHic CRARRREINt GRc1GHN LR B&b?ﬁn%t&%?%‘r&#e&kbl?
conponent a nonioni c gur fs%‘& ANt SR t}hl |!tzlz_rc2 TFLQ lpoar‘l_kcpsm?I urfact ant
conpattbilizer aids in the dispersion and s bIFiza%IOI’I Of {he sof t ener
particles in 5 an BRRI®GRY ARRiisarbipanepstestof Clerfaz n3tiated fadht ener is
m xed with the noni onagids. Becgusef aft tthenmamenpiat Wich ither avg tgpiceliper at ure of
at | east about 48 [ er njnurde€irRd £ thedk NDrbitan esteredsusl tyhcdmpei spadiytuyey oxy

compound. The M Xt U € ,Plhoddd 6. | BALEGLENbStebS HgfRsehPat % 3kiBldsYofll SPET SEd

I n an aqueous nedia W th_gdequate m xin o fgrma . di_spersion of the
noni oni ¢ soft ener par f?ié?ég.s%éa'h%ﬁgﬁbg"cbaﬁ ﬂ}fl %"rgVZfé 18?ra§%elie.g.. noni oni ¢ -
softener is prefl8rabl yPAN 9 spehitanimyrigateso saxbdtasneplmitates (er&hHetPAN| y
fromabout 30 to 100 mo)Gr eovditanr efearsthi y(e.d.he SPANUGOYS anmb iodbiitsn al SO heat ed

Up  to a temperat yagnabs AndtCahrRBUHE oFOudr€drl theDRRY,Cahelng M xed

with the nonionic 15 _softener, . .noni c surfactant conpat.ibi]j.zer, and
pol yhydr oxy conpound. tri-estér velsions oprulese sor ﬂan es%ers, e.g., soanan

mono-, di- and tri-laurate, sorbitan mono-, di- and
15 tri-myristate, sorbitan mono-, di- and tri-palmitate, sorbitan
mono-, di- and tri-stearate, sorbitan mono-, di and
tri-behenate, as well as mixed coconut fatty acid sorbitan
mono-, di- and tri-esters, and mixed tallow fatty acid
sorbitan mono-, di- and tri-esters. Mixtures of different
20 sorbitan esters can also be used, such as sorbitan palmitates
with sorbitan stearates. Particularly preferred sorbitan
esters are the sorbitan stearates, typically as a mixture of
mono-, di- and tri-esters (plus some tetraester) such as
~ SPAN 60, and sorbitan stearates sold under the trade name
25 GLYCOMUL-S by Lonza, Inc.

Nonionic surfactants suitable in the softener systems of
the present invention can also include ethoxylated,
propoxylated, and mixed ethoxylated/propoxylated versions of

~ these sorbitan esters. -The ethoxylated/propexylated versions
30 of these sorbitan esters have 1 to 3 oxyethylene/oxypropylene
moieties and typically an average degree of ethoxylation/
propoxylation of from 1 to about 20. Representative examples
of suitable ethoxylated/propoxylated sorbitan esters include
» ethoxylated/propoxylated sorbitan laurates, ethaxylated/-
‘ 35 propoxylated sorbitan myristates, ethoxylated/propoxylated

Mimosa V2-05-00 10:56:28



‘Noni oni ¢ surfactant conpatibilizers suitable in the tri-conponent softener
conpositions of the present invention include ethoxylated, propoxylated,

and m xed et hoxylated | propoxyl ated versions of these sorbitan
‘esters. The 20 et hoxyl at ed/ propoxyl ated versions of these sorbitan esters
have 1 to 3 oxyet hyl enel oxypropyl ene noieties and typically an

aver age degree of et hoxyl ati on/ propoxylation of from 1l to about 20.
Repr esent at iWR2¥%EPh| es of sui tabl e et hoxyl at ed/ pr BpYTAEY sorbitan
esters include ethoxylated / propoxyl at ed sorbitan | aurates,

et hoxyl at ed/ propoxyl ated sorbitan nyristages, 25 et hoxyl at ed/ pr opoxyl at ed
sorbitan pal mtates, ethoxyl ated/propoxylated sorbitan stearates, and
et hoxyl ated / propoxyl a},ffd sorbitan behenates. where the - aver age
degree of et hoxyl ati of?PPoakmitales onetherylatsdinronanyiateder sqrhitan ef er abl y

from about 2 to about stedrates.sang reshexyabed/prfopoxyl etled Loriii téno belinoattes 5.
Et hoxyl at ed ver shepasthef aviePeyt edegfdebbt @BhoRFlaeich/prbfbxFRRERAI Béd Y
preferred and are CoMugheiaddster’ds oPYRHLP ot WGE 2 fIF abdu3 %0, IE TVEEN A
particularly preferred ver or"_l of these orbitan esters 1s
et hoxyl at ed sor i t an B‘feéﬁrragbe FPJ'th??ﬂt'atznt%t\l‘B?"&giu'dB‘b‘Fe’é'efﬁ“b” from

et hoxyl ation per sor bRRo#E Z§¢ aboudf 6.abihexylated yersians TF\Ekdde6@risidhn by | Cl

America or GLYCOSPERSEsterd dréiyspecially, priefidrred andAbreydopddry i J4C i tidse Can

Commat ol 1 ver . T S06F e MM et LM AL e

(I:?Fglr) ?] 0 (Cerr] H err] ?)2 g{er fgﬂ(baﬁgc%ssty%) gser %xyﬁ%ed so%i an- stearate

14 wher ei n 12 j sh¥¥dhear @uerpas Aearpre o rHRY 1ab98 ipeY ispcpitan estrwy pf

al kyl phenyl . hydr abophldkydold luydér dhy drrdde| mane YEEN 6adnd mi xt ures thereof in

}A:hi ch Lhetallléylt grBUps Bes£de®! thk Mohforte 3Fedtad §d?t§l@%uhse1i8%n-ﬁﬁﬁrergbl%’ _

rom abou o abou [ . ar refer ; IS -

fromo0 to about 10, pkéigr}to ) § coihg?]n (fé(ﬁf?"??{) rtrz]ﬁmpgw& c':t%Er ?nmponen‘?s. y

ponents typically aid in dispersing (or

15 dissolving) the surfactant in water, modify the melting
properties of the surfactant, or both. In particular,
unethoxy]ated/unpropoxy'lated sorbitan esters_, such as the
sorbitan stearates, are not very hydrophilic, and can have
melt point properties such that the onset of melting is above

20 about 37°C. In the case -of such less hydrophilic, higher
melting surfactants, it is usually desirable that the softener
comprise one or more components that aid in dispersing the
surfactant in water, as well as lower the melting point of the
surfactant. .

25 In the case of sorbitan ester surfactants, suitable
dispe‘rS‘iun and melt point additives include condensation
products of aliphatic alcchols with from about 1 to about 25
moles of ethylene oxide. The alkyl chain of the a'liphatic
-alcohol . is typically in a straight chain (linear)

30 configuration and contains from about 8 to about 22 carbon
atoms. Particularly preferred are the condensation products
of alcohols having an alkyl group containing from about 11 to
about 15 carbon atoms with from about 3 to about 15 meles,
preferably from about 3 to about 8 moles, of ethylene oxide

13
‘ 35 per mole of alcohol. Examples of such ethoxylated alcohols
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‘abouf 1-1/2 to about 10, preferably from about 1-1/2 to about 3, nost

preferably fromabout 1.6 to about 2.7. The glycosyl is preferably
derived from glucose. To prepare these conpounds, the al cohol or
al kyl pol yet hoxy al cohol is formed first and then reacted with glucose,

or a source of glucose, to formthe glucoside 10 (attachnment at the

1l-position). The additional glycosyl units can then be a E.g,%
bet ween t-hei‘Yoi‘!’ﬂ??g‘?tion and the preceding gl ycosyl uni tg -?53297,650 - and/ or

6- position, preferably predom nately the 2-position. Conmercially
avai l abl e al kyl gl ycosi des include aljgl gl ycosi de pol yesters such as
Crodestalerr] SL-40 which is available from Croda, Inc.. (New York, NY)

and al kyl gl ycosi de polyethers 1 5 as described in U S Patent 4.011, 389,
i ssued to W K. Langddfctude the condensatign rrpducts of gyristyizaleabqdywighylcosi des
are additionally di sclmotasdofi pthiyldbe oRidecyer )68, B6dho1, the cindemsativaued

éugust %9;%2 LZJ.GS. Eat Rrbdudts’ 3¢, dshut Raeaw; Ofa hﬁau@dowaraetl}si&wdls o U S
atent 3, , , Lew, 3 t )
Mansfiel d et al, is‘sue"(f'%ggaﬁg’g?i'y‘? S?r’*. ¥ F‘%@r‘nﬁgf gggt"si‘g&b%?sfiem,
i ssued 20 Octobet 197AtOMhHigh Jbous b digjes,of sihyjens oxldey, Aqnumlier of 5504 i n
Sept enber 1980. safitably ethpxylabed, @lgohelsnere gpwercigbypayadiabdener ei n by
r ef er ence. including TERGITOL 15-S-9 (theRmnyednyaliax yrodadtperl 0 -Ci35

Commoent B pe i oAty s g tasebiin v,
ung ul in thg p%legent ﬁ%‘eg%},gg‘{%d‘f°ﬁ%ﬂrgt§§“3gﬁ‘{,@e@§| !%a%a“gé?/“yg'f‘% gﬁg gl ycol s
and pol ypr ¥yl erfd3 iy ddpearnplgoheds a1tlei%gRelenalr 8Ew19m8| @dltlar wei ght of
from about . 200 ntaokedixb by he ORrocter ef Eamtie \Cof y i cspactiald®Otheo about
. ﬁOOQ, nost p_rel;] terabl Yy n@2booLftrane aéaetgu.rﬂa@&ntpmaﬁt@t& @?QwelPQgéﬁﬂéhgtcﬁDte gl %colts
500 are especial |y pr afopraiputarReoBiL o812 "idghealon fr8dIcE 3 EyaZoid, (20
pol yhydr oxy conpound iS%§#5 3ot afith JRyraips of ethylenggridedn NEBPnt aver age
mol ecul ar wei ght150f alR3uf. 5N doonddrsationpreductilof iC32-8F3 1inear ladtvhelscwithercial | y
fromthe Union Carbi des.Easpesnyr Qthyieboxide that has Helm @@ttt (topyday the
tradename "PEG 400". 44 pemove certain impurities), and NEODOL 23-3 (condensation
product of C32-C33 linear alcohols with 3 moles of ethylene
oxide). '
20 A particularly preferred softener system for use in the
present invention comprises a mixture of sorbitan stearate
esters, such as GLYCOMUL-S, and an ethoxylated Cj1-Cis linear
alcohal surfactant, such as NEODOL 25-12, and preferably
NEODOL 23-6.5T. These preferred softeners comprise a weight
25 ratio of sorbitan stearate esters to ethoxylated alcohol
surfactant in the range of from about 1:1 to about 10:1.
Preferably, these softeners comprise a weight ratio of
sorbitan stearate esters to ethoxylated alcohol surfactant in
~the range of from about 3:1 to about 6:1. Besides dispersing -
30 the sorbitan stearate esters in water, the ethoxy'la"ted alcohol
surfactant is also believed to lower the onset of melting of
the sorbitan stearate esters: to well below body temperature,
e.g., the onset of melting is about 32°C or less. (In the
0 absence of the Neodol surfactant, sorbitan stearate esters
. 35 typically have an onset of melting of about 37° - 39°C.)
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%

"15- The above |ist of chemi cal softeners is intended to be nerely
exenplary in nature, and is not neant to limt the scope of the

. nvention. 5 Mol ecul ar wei ght aver ages

If we consider a sinple nolecular weight distribution which represents the
wei ght fraction (werr]) of nolecules having rel ative nol ecul ar mass

(Merr]), it is possi ble to define several useful ues.

Aver agi ng cHPAMI58ut on the 10 basi's of the nunmber of ﬂéf;@gﬁpégd(werr])
of a particular size (Merr]) gives the Nunber Aver age Mol ecul ar

Wi ght Mh =[ epq.] [err] 15 An

| nportant consequence of this definiti onﬁl s that the Nunber Average
Mol ecul ar Weight in grams contains Avogadro's Number of nol ecul es.
This definition of.nol ecdhdihe gasqgRf the eghaxkiaseddproraytated wansients abnodi sperse
nmol ecul ar speci es. i.%e pwbitenl egetsay theg nphionicy surfactiaeic idoas nedi ght. OF rore
20 significance is ttyeidadhogegutreonn tabiditidnhl tdisperningard.of Aol ebel es in a
?LvenMnass] of o a ﬁﬂ&%@it%%r(ﬁﬁxﬁﬂe&!m%?si@ﬁﬁ_lqﬁﬁthﬁl_%%ﬂﬁﬂianQe}'ﬁ as?me way

en Merr]. cap be I | is i i s.0
colligative progerty "%Qggﬂgwﬁ?%‘?ﬂ ]a?'q‘?{t){"g’ A éfaséwéngﬁ%'ﬁ%?hé'ebasi s of the
wei ght fractions (W eMEEN 6Qprerparddalledigid at Jiogr temperatungg 20° (2% @rr]) | eads
to the definition of AsowhiglAveslagy pdhtcgidsaare \hdt glgisally required for
[err] such surfactants: .

10 C. JTreating Tissue Paper With Softener System
’ In the process according to the present invention, at
least one surface of the dried tissue paper web is treated
with the softener. .. Any method suitable for applying additives
to the surfaces of paper webs can be used. Suitable methods
15 include spraying, printing (e.g.,' flexographic printing},
coating (e.g., gravure coating), or combinations of appli-
cation techniques, e.g. spraying the softener on a rotating
surface, such as a calender roll, that then transfers the
softener to the surface of the paper web. The softener can be
20 applied either to one surface of the dried tissue paper web,
or both surfaces. For example, in the case of pattern
densified tissue papers, the softener can be applied to the
rougher, fabric side, the smoother, wire side, or both sides.
of the tissue paper web. Surprisingly, even when the softener
25 is applied only to the smoother, wire side of the tissue paper
web, the treated paper is still perceived as soft.
In the process of the present invention, the softener is
typically applied from an aqueous dispersion or solution.
_ . These aqueous systems- typically comprise just water and the
30 - . softener, but can include other optional components. As
previously noted, certain softener surfactants can be
dispersed or dissolved in water- without dispersing aids.
However, in the case of other surfactants, such as the
sorbitan stearates, the softener usually comprises a
35 dispersing aid, as previously described. The aqueous system
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‘[err} is a nore useful neans for expressing polymer nol ecul ar wei ghts 30
than [err] since it reflects nore accurately such properties as nelt

vi scosity and mechani cal properties of polyners and is therefor used
in the present invention. C. Treated Tissue Paper Wth Aqueous
Syst em of Softener In the process according to the present
invention, | 52 % one surface of 35 the dried tissue Ranao: Wlke! S
treated w twot”ﬁé”tfs i -conponent softener conpositi ons ny nmet hod
suitable for applying additives to the surfaces of paper webs can be
used. - Sui tabl e met hods include spraying.-2printing (e.g.

16 fl exographic printing), coating (e.g.. gravure coating), or

conbi nati ons of ~applicati techni ques. e.g. spraying,the softener on
a rotating surface, s‘lﬁgh‘d‘é ‘%{‘a?{} c°“¥9'é‘ls§(r]Pd f""Foaf"?““ttﬁa “t YeiO ‘g%{ﬁsfers t he
softener to the surfdc8 87 vweiabthaer syldh.suqhas sodium syl fagmetto daverbe appl i ed
either to one surfacehefvitdeeityraofcthe basus papsy atvbigheocodentrbbibhs sur f aces.
For exanple, in the Coasef%eeatésséaaﬁs%biel éﬂtiih URrPARe sBearitls.

sof tener can be appl i ed Ty ft°{ﬁ“£‘8”§%£" agﬁg wé% ’tﬂehgoﬁ: her wre

si de, or both si des even when
the softener is ddb'ﬁl"f"éd“’oﬂ!‘fﬂ"& til‘iet"§n‘ﬁ6f'hé'|‘ a“vﬁ f%‘té‘fed °('5F ‘the tissué
paper web, the treat dfhahapnstitutes “inseffeqtiive p@ﬂltfélt!fethea@fsmt dnlihe

I.n the process of theqgpécasapiten epEntis Qpbn § REmber of FaCEORY)CTNc1 RiGhd ENeer

corposi Lion i typl oalyhy APBleh e Gl b SORHEANS e%e%e@rdagﬁedorhéo' ution. As

previously note ratio a t he nonionic
sur f act ant conpg(h bi IWaE'eefs°EeﬁquéaV&?|a€€|n€‘§f)|€aéﬁr ‘WrFi‘aY» fo 1 :10;
preferably 15 from 5oftenen pees 1: benpresendr bt anoam éuiffmmﬁz to Pro‘ddq 2: to
aid the dispersion ofeffét®ive softenifwithout Svérsenycaffecting) tiuEoity teedi a. The

use of nonionic Surf%tﬂmhe sqftenepc}'W{:rLbidué&?rﬁsfeﬁ%cﬁ@ fi&iePaperage

particle size, the paf . L'o%' esaéa%p e, re ative"’y h’lgr‘l concentrations of softener

15 can make the dispersion/so'luh_on s0 viscous as to be
- difficult, or impossible, to apply the softener to the tissue
paper web by conventional spray, printing or coating

equipment.
In the case of sorbitan esters, such as sorbitan
20 stearate, that require dispersing aids, the softener usually

comprises from about 9 to about 30% by weight of the aqueous
. system. Preferably, sorbitan ester-containing softeners
comprise from about 12 to about 20%, most preferably from
about 12 to about 16%, by weight of the aqueous system. Where
25 spray applications are contemplated, the aqueous system of
- sarbitan ester-containing softener should be formulated to
have a viscosity of about 700 centipoise or less, and
typically within the range of from about 200 to about 700
centipoise, when measured at the temperature of application,
30 e.g., preferably from about 50° to about 81°F (from about 10°
to about 27°C). Preferred aqueous systems of sorbitan ester
softeners according to the present invention have viscosities
in the range of from about 300 to about 500 centipoise, when
measured at a temperature of from about 50° to about 81°F
35 (from about 10° to about 27°C).

g
e
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‘and the apparent solution viscosity of the aqueous dispersion. In addition,

t he rati o between the nonionic softeners and the pol yhydroxy
conmpounds can be 20 varied typically from10 :1 to 1: 10; preferably from
5: 1to 1:5;, nore preferably from2 : 1 to 1: 2; to enhance the

fi ber absorbency and flexibility. In formul ati ng such aqueous

systems, the softener is dispersed in the water [ f tive
amount . WhaVoo#i88t utes "an effective anount” of the sgﬁ:ﬁg’ﬁ%’&?ﬁ) 25 the

‘agueous system depends upon a nunber of factors, including the type of
softener used, the softening effects desiaed, the manner of application and
i ke factors. Basically, the softener needs to be present in anount
-sufficient to provide fecftive softening . wthout adversely affecting
the ability to apply the‘néeofeﬁjéﬁtef’Ib s°9"“"’"f ?°Sﬁ‘?"f%é’°é‘qﬁgoif§'p?§§'{'§n9"to t he

ti ssue paper web. Forthexdgprsaty | aqueaus| dispeyriogp of serbitant eterons of :
softener can nake t heosliaspiaygSsafbénmend Ulsi partSauivigCcoUasratddo bpea

difficult, or |MPOSSigitfrrddOscHaby shditn 3G e frasdnbQnddnBRHE ApRer web by

conventional spray, pripting Qf coatlng equlpnent. n

process of the reserﬂre{]eﬁ ni‘ﬁgtﬁ'ffr t‘ﬂ@"%&fgekgr"ﬁ‘%htaﬂq A3 Gf'goﬂjréétissue 35

paper web after it hd§ fResixedrjogkitan stearatpcesiey| to 4EA00 2376.8bf(ener is a

"dry web" addidthoglated €oztC13Marad al @lol )t h&idcosityamepaperentssual | y has

a noi sture content oftat 24°c) withQebyidd Wneéntkf3ons &F Gfier ably about 6% or '
1 _

| ess, most preferably r@g%letdpéoﬁe(?\gr sysr\;.am Saryesftgrwr% intTable 1 below:

17 l ess. In_co rcial “paper nak reatment Wi th the softener
usual l'y occths after the tissue paperiaprbl has been dried by, and then
creped from a Yankee dryer. As previously noted, if added to a wet
paper web, nonionic R;fg'ﬁ %%'gﬂgé&g such as the sor bi‘éﬂ%@“ét’sar ates. have a
greater potential to 1 the interior of fand conpl etely
coat the fibers. This can gause increased 190 . :

: 8 190
15 11 320

14 890

17 2080

20 3390

As can be seen in Table 1 above, the viscosity of aqueous
dispersions of this preferred softener system rise
dramatically at concentrations above about 11% GLYCOMUL-S CG.
The optimum concentration of GLYCOMUL-S CG in such aqueous
dispersions 1is typically about 12% at 24°C.  This
concentration is considered "optimum"™ in that: (a) the
concentration of softener active is as high as practical to
minimize the amount of water added {o the tissue paper web
durihg treatment with the softener; (b) yet is not so high so
as to make the aqueous dispersion too viscous to be suitable
for spray applications. " If higher concentrations of
GLYCOMUL-S CG éré‘dgﬁiféd, a minor amount (e.g., about 0.3% by
weight) of a salt, such as sodium sulfate, is preferably
included in the aqueous dispersion to keep it at or below a
viscosity of about 700 centipoise when measured within the
previously indicated temperature range.

20

25

30

[
I

35
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“fibet debonding that could lead to a further reduction in tensile strength

of the paper, as well as affect paper wettability if the softener is a
| ess hydrophilic one, as are sorbitan stearates. 10 Addi ti on of
such nonionic softeners to wet webs is particularly not desirable in

commer ci al papermaki ng systens. Such addition can interfere with the glue
coating on a Yankee dryer, and can al so cause skip cre ' i n sheet
control . A¥e8#&%®ly, treatnent of the tissue paper V\BE&M,%E%/{)-}I’%?SO]C t ener

after it has been dried, as in the present invention, avoids these
potential problens of 15 wet web additjson, particularly in conmerci al
paper maki ng systens. : I.n the process of the present invention,

the tri-conponent softener conposition is applied in an anount of from
about 0.1 to about 3% bheneffget obfvarying temperatyres eo Phepriscosdby ofr ef er abl y,
the softener is applagedus dispersimnoueft tbfs farefarddd saftendr Qysxeho about 0.8%
by wei ght of the tiSEUCONRPELLG \eBMentPhiibn o8 aBEUtVERY ar®Whown in TatA¥El S Of

- softener are adequate,hg.inmpart enhanced softness to the tissue paper,

yet do not coat the surface of the tissue paper web to such an extent that
strength, abso? bency, and particularly wettability, are substantially
affected. The softener is also tydibkel2y applied to the surface of
the tissue paper web in a 25 nonuniform manner. By "nonuniform is neant

that the anount, patffleat@fe (,¢y di stribution, 9;-5-%?3]-% (kR ixeid)ener can '
vary over the surface o € paper . For exanpl e, sone portions of the
surface of the tissue papger web can have greater 660 | esser anounts of
softener, inclifding portf%ns of the surface that do not 4fve “any
softener on it. 30 22 Thi s typical nonuniform’t)§8 f the softener on
the tissue paper web is 37 believed to be due, in |apge part, to the
manner in which the softgner is applied to .. the swskace thereof. For
exanpl e, in preferred tr3atnent nethods where aqueous 2830 di spersions or
solutions of the softenefd are sprayed, the softener is‘? lied as a 35
regular, or tylically irggegular, pattern of seftener drdgjets on the
surface of the ti ssue paper web. This nonuniform application of
softener is al so believas cam be seen imVatild 2 ativsé,andryirg thévemgaratirtect s on t he

strength and absor bejfCtheOfqubdi@ dilsfe¥sidn of this preferred softener system
can also have a significant effect on its viscosity. The
20 viscosity is fairly constant at temperatures of from about 10°
to about 27°C, then rises dramatically at a temperature of
about 33°C, and then falls equally dramatically at a
temperature of about 49°C due to phase separation of the
GLYCOMUL-S CG and water... Accordingly, for spray applications,
25 the temperature of the équeous dispersion of this preferred
softener system, at its optimum softener active concentration,
is preferably between about 10°C and about 27°C.
In the case of ethoxy'l'ai:ed/propg_xy'lated sorbitan esters,
such as TMEEN 61, that can be dispersed or dissolved in water

'30 without other aids, the softener usually comprises from about

10 to about 50% by weight of the aqueous system. The

preferred ethoxylated sorbitan ester-containing -softeners

(e.g. TWEEN 61) preferably comprise from about 20 to about 40%

by weight, most preferably from about 25 to about 35% by
KX 35 weight, of the aqueous system, typically as an aqueous
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18 * paper and in particular its wettability as well as reducing the
| evel of softener required to provide effective softening of the

ti ssue paper. The benefits of nonuni f orm application are believed to
be especially inportant when the softener conprises |ess hydrophilic
noni oni ¢ softeners in particular sorbitan esters such 5 as the sorbitan
st ear at es. The softener can be appfled to | paper
web at any p&%%‘m%ﬂ#er it has been dried. For exarrplpgilﬁﬁ%/%zééﬁtener
can be applied to the tissue paper 10 web after it has been creped froma
Yankee dryer and sinuttaneous with or pri.gf. to cal endering. The
softener can al so be applied to the paper web after it has passed

t hrough such cal ender rgl l.s anﬁLe?ri or to@ﬁgj ngﬁwound up on a parent roll.
Al though not usual |y piabdPPed nersSPLYT pRAIT2LEOLS PSP HRIPLASRA.| &BE t 0 the

ti ssue paper as iqugails hayshemsy erarheing r thesen prafesrad redhoxylametl prior to
bei ng wound up on a 15sorsitas |eater Softbmhedshpalgete Fomdluted rw@l have a

Figure 1 illustrates ayiaeqhey beAbsRt MAkenfipaiin! or 1iks!t RRy AGIROHS fif Spersions

. 3 .
or solutions of softengr to th ry tis aper . Referring to Figure®
1, wet . t] sgue web  1"1"g® c‘_’zr ?’f"édabtgﬁtsitéﬁp& ﬁFﬂ"ﬁ\SﬁBaﬁiﬂ -’tp°1§‘r"pgsst- t urni ng
roll 2 and then 20 t r%a3syred réthe Gempevatyreef appldeation, rogat ipreferably he
direction indicated byframrabeutSRp* to aboutb)s0tm éfram abaub 58f4°ptecstwut @560l | 3
whlb le i rrrd)L inti ng fabri m)é‘kuéﬁ 8/ ¢h ShPAsde dFUTWRENIEL WRich me1ts andlﬁssSo-Eg@s paper
web is adhesively secuye e cyl. ce er y an
adhesi ve suppli eg f rom{nsgarttgg %gﬁgl %:ﬂz;% gér%éfg%gll}%\%gl S Pg‘{)feg'{’eétaélaeqﬁ'f/ st eam
heating dryer 5 ahd by ¥i5msap s& cyetentrd;ietionylatedy serbi ARG RS Ay ng hood 6
by 25 neans not showpftepaes have yiscastities dnytherrapeedof foom sboytr205teby doct or

bl ade 7 af ter whatolt 500 betopdase,ddheh GiauPdl RS a hehR¥atukEREJFrpRper sheet
15. 1q aPCibgd S8t doale IsRAYHAR BEIELE- 3o RBl: @le4 ender
rolls 10 and 11. An eous S sol ution of Softenher is

N .a I Peti‘SI on or ] 3
sprayed onto upper cal _end.ép §|Arocess of the present invention, the softener is
15 applied to the tissue paper web after it has been.dried, i.e.

- the appligation of softener is a “"dry web" addition method.

When dried, the tissue paper usually has a moisture content of
about 10% or less, preferably about 6% or less, most
preferably about 3% or less. In commercial papermaking

20 systems, treatment with the softener usually occurs after the
tissue paper web has been dried by, and then creped from, a
Yankee dryer.. As previously noted, if added to a wet paper
web, nonionic surfactants, such as the sorbitan stearates,
have a greater potential to migrate to the interior of the web

25 and completely coat the fibers. This can cause increased
fiber debonding that could lead to a further reduction in
tensile strength of the paper, as well as affect paper
wettability if the surfactant is a less hydrophilic one, as
are sorbitan stearates.. . ST

30 Addition of such nonionic surfactants to wet webs is
particularly not desirable in commercial papermaking systems.
Such addition can interfere with the glue coating on a Yankee
dryer, and can also cause skip crepe and loss in sheet
control. Accordingly, treatment of the tissue paper web with

i5 the softener after it has been dried, as in the present
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"30 10 and/or lower calender roll 11 by spray applicators 8 and 9,
respectively dependi ng on whet her one or both sides of paper sheet is
to be treated with - softener. The aqueous di spersion or solution of
softener is applied by sprayers 8 and 9 to the surface of upper
calender roll 10 and/or |ower calender roll 11 as a pattern of

droplets. These droplets containing the softener are th red by 35
upper cal end¥?%¥®$% 10 and/ or | ower cal ender roll 11, (%&é?@%é’gﬁ t he

di rection i ndicated by arrows 10a and 11 a) to the upper and/or |ower
surface of paper sheet 15. In the c¢agse of pattern-densified papers

t he upper surface of paper '

19 sheet 15 usually corresponds to the rougher, fabric side of the
paper, while the inpREton s VP Edse thase r eadpials PrePlefie ofnwest vk, wire side
of the paper. The uppesdition, pasiievidely irotdmdr@iznphpemakiogesysteat.ender rol |l 11
applies this pattern of sof tRNgFocess of eHeOpHe®dng inOedthdd, URP YorerREr OWVer
surface of . paper Sh.eetap;;ﬁet{ Wfak%ﬁ%itc{feﬂ%ﬁdabé: o.Ra@eﬁboﬁb%%tbyléeime“ passes
over a cwcurrferentlalofpt%r ion of reel 12, and 1s then wou up onto

parent roll 13. e tiggye PIBGT: ¥ebu| Breferphline thesobtenehds ARBUEY nent
shown in Figure 1 is tihean amountaéfi Frromyaboud h@ato ahspt 0. abewelght pHithe 10 and/ or
| ower cal ender roll 1kisddy paget wabg $Gth reGatiedigiciow NeldisS oFOsoFbeheprard 1, sone

of the water in the aqu%:ﬁh'& £ SRAFS eMAan@E softnessS B Whd efksad psRbl gRer 1S

concentrated amunte 4P TRePRb e AU acerel IOF IEHE PR IGh PRI BY o f ect i ve
anount of the soft enerextedt o ipati ettrength:heabserbencye( 3y obarti¥lanl¥sue paper,
but tends not t o wetigbdtity,t aret ubstiamtiellycaffaxfted. ndhpapienavcbs bbssause of
the reduced amount of t}picyBlyepplied to the Rurfa@®bf ARER1kus peserRaBeln a
. -nonuniform manner. By “nonuniform" is meant that the amount,
pattern of distribution, etc. of the softener can vary over
15 the surface of the paper. For example, some portions of the
‘surface of the tissue paper web can have greater or lesser
amounts of softener, including portions of the surface that do
not have any softener on it.
This typical nonuniformity of the softener on the tissue
20 paper web is believed to be due, in large"part, to. the manner
' in which the softener is applied to the surface thereof. For
example, in preferred treatment methods where aqueous
dispersions' or solutions of the softener are sprayed, the
softener is applied as a regular, or typically irregular,
25 pattern of softener draplets on the surface of the tissue
paper web. This nonuniform application of softener is also
believed to avoid substantial adverse effects on the strength
and absorbency of the tissue paper, and ‘in-particular its
wettability, as well as reducing the level of softener
30 required to provide effective ‘softening of the tissue paper.
The benefits of nonuniform application are believed to be
especially important when the softener comprises 1less
hydrophilic nonionic surfactants, in particular sorbitan
. esters such as the sorbitan stearates.
: 35
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"Ti ssue paper softened according to the present invention, especially facial
20 and toilet tissue, has a soft and velvet-like feel due to the softener
applied to one or both surfaces of the paper. This softness can be

eval uat ed by subjective testing that obtains what are referred to as
Panel Score Units (PSU) where a nunber of expert softness judges are

asked to rate the relative softness of a pluralit f '
sanpl es. TheY®P%¥e anal yzed, by a statistical method ﬁ’r?%(/\llf?%?g;&gas a

pai red conparison analysis. In this nethod, pairs of sanples are first
i dentified as such. Then, the pairs of saepl es are judged one pair at a
time by each judge: one sanple of each pair being designated X and

the other Y. Briefly, = neSjfflnel SATR GoehPeddtAURA QR Bafer] Jo faalred Y
d - IS given'l :

foll X a.gra of - zer o and Y are
fﬁgglag ?3 bg eg\tﬁl I yBSth.““t after 19 has %e?. defedy 8 TRmRIRuLhe Sftenergi ven i f
X is judged to maybe %@ ke perli¢d tedhe dissupansper web after it Was herd a grade to
mnus one is given if &fepedl Fronlgedarkee @ryepe bt paidri td taenddiiml i.e., )
than X, 35 ¢ beforePdlhddessed thloigh Effender [AINCN ThY sdfsbir) dglaed tO
surely be a little soft]%r lied to th tQaeQ wYéb and ‘g, qr ade 05 trm nuhstwo S
given if Y is judged t¥°8FPctPP © the pap ST 1L has passed throug
20 be a |ifuch calgpaercrolifaad Rrior to being wound up om agparent of pl us
three is given to X ifrdll. i 8lthaghedt tusuddty ardfetredofthecsofitbrmn cdn also
and a grade of mnus thr gR1icd & YRNtiskueYpdper jaddgert b@ndenibubdronof ter than
X, 5 and E@St ! yparent roll and prior to being wound up on a smaller, finished
paper product roll.
Figure 2 illustrates a preferred method of applying the
aqueous dispersions or solutions of softener to: the dry tissue
paper web. Referring to Figure 2, wet tissue web 1 is carried
15 on imprinting fabric 14 past turning roll 2 and then
transferred to a Yankee dryer 5 (rotating in the direction
indicated by arrow 5a) by the action of pressure roll 3 while
imprinting fabric 14 travels past turning roll 16. The paper
web is adhesively secured to the cylindrical surface of dryer
20 5 by an adhesive supplied from spréy applicator 4. ODrying is
completed by steam heating dryer S5 and by hot air heated and
circulated through drying hood 6 by means not shown. The web
is then dry creped from dryer 5 by doctor blade 7, after which
it becomes designated as dried creped paper sheet 15.
25 Paper sheet 15 then passes between a pair of calender
rolls 10 and 1l1. An aqueous dispersion or solution of
softener is sprayed onto upper calender roll 10 and/or lower
calender roll 11 by spray applicators 8 and 9, respectively,
_ depending on whether one or both sides. of paper sheet 15 is to
30 be treated with softener. The aqueous dispersion or solution
' of softener is applied by sprayers 8 and 9 to the surface of
upper calender roll 10 and/or lower calender roll 1l as a
pattern of droplets. These droplets containing the softener
are then transferred by upper calender roll 10 and/or lower
. 35 calender roll 11, (rotating in the direction indicated by
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‘5. a'grade of plus four is givento Xif it is judged to be a whole |ot

softer than Y. and a grade of mnus 4 is given if Y is judged
to be a whole lot - softer than X. 10 - The resulting
data fromall judges and all sanple pairs are then pair- averaged and.
rank ordered according to their grades. Then, the rank is shifted up
or down in value as required to give a zero PSU val ue t i %97 r sanpl e
is chd¥@84P¥56e t he zero-base standard. The ot her &‘:\fgg%%s gﬁ’en have
plus or 15 m nus val ues as determned by their-relative grades with
respect to the zero base st andar d.27A di fference of about 0.2 PSU
usual ly represents a significance’ difference in subjectively

per cei ved softness. Rel ati ge to_the unsoftened ti‘ssue ai)er, ti ssue
1 ap

paper sof tened accor dTTRYs 1182 A 1Y 0etle YR Yn'aw pi‘%’é’?'fey"’log P#hout
0.5 PSU or greater imshegdfiSneds thp@ase of pattern-denpifisdipapecsantheauppenct of the
present invention is stifate bhipspesadhtetetisusually corndsasnde rtenthe cmnghee, achi eved
whi Ihe ot Ber desi redt _F?Elﬁﬁé‘rsfiér!]eeﬁf 'tﬁbl bitRr! WSidkehdABRN surface RFRspERlt ?! ned, \
such as by conpensating,nechani cal. processi g. v..P refining
and/ or the usgpsgf ché?ng%'gl'smgﬁﬁfrt’i'\'/‘ég s;%. gf,‘p“g?éf’?éh B}engf’gg?'é)c.ﬂe&eg such 25
property is the total™obr {0 edfer \ewesicalangimradd Kpaprites dhis patserm ofas used
herein, "total sottesér] droplatertgtihe uppdreand/arolawhe sufaceopf tphpermachi ne and
cross-machi ne breaki Rgeet 15. Seitefitgtraste hagrasieePes théiChaseds bvie sanpl e

wi dth. Tissue papers Rihfp&Hia1 portiod FFOFd ri?, G GO G lup JRYSENTT ON

typically have ‘toot al dr te&sale strengt hs of at east about 360

g/in., with typical r"&ﬁ%é§° 'rom about 360 to about 450 g/in. for 30
single-ply facial/toil et0One gantdeplar advantageaf At epkpdimsatitshe®o iy/in. for
two-ply faci al /rigurk e 14 kkes w31 tyatvdhdat apperbeAIénd2OGON It T8 AMJOr g/ i n. for

towel products. Jower caledddPUPAr 1107 QfYCHeaYink Rl endsr IO/ drOr Lissue

paper softened accorg:lngto \;he ter gpesent |n.ver}_tloon rI.S.lI%‘.S %Esorbency
or wettability, as reft S8l B YH&" ADAPHARICPYSHSPErsTon or SQWHOR i i city  of
ti.ssue paper refers, seftegemads #varoraded.heThis gernsstheypagternref dropistse 35  paper
to.be wetted w th watcentaitymre ghacentratey avourtts ssfughqaplenaran Aseaquantifi ed
‘somewhat by determ nivgsuitha pati¥ardy drfd¥®iveCsiidintesk g softendr $sUE paper to
{Dﬁgoms conpl etely V\etagﬁlqex\”tl& h%&?fate(!?'o? ﬂgrfiQQecgapérj, rﬁlt't%n&sefx(ﬁ”ed to as .
: to migrate to the interior of the paper web because of the
20 reduced amount of water.

D. Softened ]issgé Paper’
Tissue paper softened according to the present invention,
especially facial and toilet tissue, has a soft and
25 velvet-like feel due to the softener applied to one or both
surfaces of the paper. This softness can be evaluated by
subjective testing that obtains what are referred to as Panel
Score Units (PSU) where a number of practiced softness judges
- are asked to rate the relative softness of a plurality of
30 paired samples. The data are analyzed by a statistical method
known as a paired comparison analysis. In this method, pairs
of samples are first identified as such. Then, the pairs of
samples are judged one pair at a time by each judge: one
sample of each pair being designated X and the other Y.

"
e

35
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21 "wetting" (or "sinking") time. In order to provide a consistent and
repeat abl e test for wetting tine, the foll owi ng procedure can be used
for wetting tine determ nations: first, a paper sanple (the
environmental conditions for testing of - paper samples are 23 [err] 1
[err]C and 50 2% RH. as specified in TAPPI Method T 5 402) ,
approximately 2.5 inch x 3.0 inches (about 6.4 cmx 7.6 ¢ is cut froman
'8 sheet YRPM8P ack of conditioned paper sheets; secBREUSPH6st 8
sheet thick paper sanple is placed on the surface of 2500 m, of
distilled water at, 23 + 1l[err]C and a -28tinmer is sinultaneously started
as the bottom sheet of the sanple touches the water; third, the tinmer
" is stopped and read wheg..ywattin f the paper sanple js 10 conpleted, i.e.
when the top sheet of t%e'x\ﬁéhﬁf‘g’ 8e55Wﬁ§s£c§ﬁB?defggFVtV\H‘Ptpéafed Y sampdgnpl ete -
wetting is observed vistfafgijows: The preferred hydrophilicity of .
ti ssue paper depends upon ilts bmratedefdzernds given USE.and Y drs flegddrabbe for
ti ssue paper used in a varietyegh1gPuetcations, e.g., toilet 15 paper, to
conpletely wet inga rel ati\égly S i i I revent cloggi ng

h d aqf . .
once the toilet i2 flushed? Pr gfgééjc{g})‘ffs',?‘r"%&f'f ﬁﬁ@g’lﬁr’]'en’é‘tfégzj“?ﬁ_eﬂm"é@y

| ess.
More . preferably, wetting P§ AdiFdesnftascthaniy. and [acarade NHIinysr efeer abl v,
wetting time is 10 - secondss @fveh d$sy is JOdged to maybEhie Wydtwiphdoffteri ty of
ti ssue paper can, of course, behadet;er m ned i mredi ately after

occur duri mg the Lirst two weekarat & FRET 3: MACRERONE Wdges 10, "L
t he paper habs aged two (23re€¥eh$<5a iﬁlt]"oﬁﬁ’fﬁgf itgaé‘ ¥radtd aceER 9 Thus, the
above stated wetting tinmes aR@upred dscdiven nedsim detiged to haredgdbeoh such two
week period. 25 Accordingly, watld sgftéd bRs yyeasured at the end of a two

week aging period at 4L OOMGH MR pldIRrdll & ERER'EE 304 01 98 jubylg veek.

wetting times." : T&os geaﬁ gré S Ltepe ccordi ng t; _

- present invention_should also st 5T3 Have PePa892021%Y TEY 1 i nt
properties. As us&¥ herein, "IFHWee ig\aivenlify jcedoed 30 beoa Jattsofieke paper
particles that are either unadthendd,andrlabtigsel y adhered, to the

5. agrade of plus four is given to X if it is Jjudged

to be a whole lot softer than Y, and a grade of
minus 4 is given if Y is judged to be a whole lot
20 softer than X.
The resulting data from all judges and all sampie pairs are
then pair-averaged and rank ordered according to their grades.
Then, the rank is shifted up or down in value as required to
give a zero PSU value to whichever sample is chosen to be the
25 zero-base standard. The other samples then have plus or minus
values as determined by their relative grades with respect to
the zero base standard. A difference of about 0.2 PSU usually
represents a significance difference in subjectively perceived
softness. Relative to the unsoftened tissue paper, tissue
30 paper softened according to the present invention typically is
about 0.5 PSU or greater in softness.

An important aspect of the present invention is that this
softness enhancement can be achieved while other desired
properties in the tissue paper are maintained, such as by

35 compensating mechanical processing (e.g. pulp refining) and/or

¥
e

Mimosa V2-05-00 10:56:28



'surface of the paper. The generation of lint is usual ly an indication of a

certain, anount of debonding of the paper fibers, as well as other
factors such as fiber . length, headbox | ayering, etc. in order -to
reduce lint formation, tissue paper softened. according to the

present invention typically requires the addition of 35 starch binders to

the papermaking fibers, as previously described in part A of th
appl i cat i onWO 94/05856 pcr/us93/o72§o

As previously noted, the present invention is particularly useful in
enhanci ng the softness of pattern densifigd tissue papers, in particular

t hose havi ng pattern designs. These pattern densified papers are
typically characterized by a relatively |ow density (grams/cnferr])
and a relatively | owtgadise ofschepigaladditdyednfees ] jtarembinsers)dedse fi ed tissue
papers accordi ng to tsueh prapseptis the totalvanyt tensileyqrrengtd ¥f Ry @iskuglensity of
about 0.60 g/cnferr] paperl €28 us@ferdimasbfal BhENE strengtBlepBRNRQRUL 10

/ d about 6 t d f1ed
papers have a dgnsi (y 01" syt AR S Frsdfiny gigon, 2y

bet ween about - 0.95%sgPe ninep rqf Hﬁd“&bﬁu!‘ dgh.> Hseue WF]'S) sofipreda

basi s- wei ght of aboutacagdijgnioetie presedtewentith tBdeal@plhamen tdtl driynes 61- 67,
of U S. Patent 5.059 ﬂ&Zl(Aﬁﬂdbﬁiklofeit adast abSRUSED g/m , PthobRica?2, 1991
whi ch describes how thg, eged?s¥rto¥ u'lpgﬂlerto aﬁouqel?S% éﬁ for sin

particle size of the_fng_)‘r;l' !nce X tener 1S, ITES stg) go gsl @ @nv@n)flonal
optical nicroscopy VRS Bt £ToR ‘sb"% n Pes/dn., for
distribution ar¥ 15 tﬂ%l‘l"&hl%‘f‘é?:}’tﬂslleﬁg“ﬁ?ﬁ@e a%éf%‘s?@“t é@Pﬁhltqul@OO The
viscosity of the aquadirs for toweli péectsion i s nmeasured using a disk

rheoret er . Thivthé bropkity ﬁ?ﬁ@”i%' %@akéahvsﬁowé@s&ehsgp%aﬂ ice of
the present inventi Orlopﬂhed accordang tl?%e presen nvent%n is 1|tsma sor entqt]ere()]c

or wettability, as reflected by its hydrophilicity.

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

20 is referred to as the "wetting" (or "sinking") time. In order
to provide a consistent and repeatable test for wetting time,
the following procedure can be ‘used for wetting time
determinations: first, a paper sample (the environmental
conditions for testing of paper samples are 23 + 1°C and 50 +

25 2% RH. as specified in TAPPI Method T 402), approximately 2.5
inches x 3.0 inches (about 6.4 cm x 7.6 cm) is cut from an 8
sheet thick stack of conditioned paper sheets; second, the cut

' 8 sheet thick paper sample is placed on the surface of 2500

ml. of ‘distilled water “at 23 + 1°C and a timer is

30 simultaneously started as the bottom sheet of the sample
touches the water; third, the timer is stopped and read when
wetting of the paper sample is completed, i.e. when the top
sheet of the sample becomes completely wetted. Complete

. wetting is observed visually.
35
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20 Exanmple 1 The purpose
of this exanple is to illustrate a nethod that can be used to make- up
a mxture of a tri-conponent biodegradabl e softener conposition 25
conprising: (i) a nonionic softener (sold under the trade -nane GLYCOMIL- S
CG by Lonza, Inc.) (ii) a nonionic surfactant conpatibilizer (sold under
the trade name TWEEN 60 by I Cl Anericas, Inc.); andé@n%

pol yet hyl ene YQe¥P®¥00 (sol d under the trade name /B¢%Uni on
Car bi be, Inc.), wherein the weight ratio of GLYCOMUL-S CG to TWEEN 60
is 4:1. 30 A 10% sol ution of thg.bi odegradabl e chem cal

softener m xture is prepared accordi ng to the fol |l ow ng procedure 1.
Wei gh GLYCOMUL-S CG and TVE Eh ratio of 4 :1; 2.
Heat-up (1) to a tenperatur eo?"egﬁﬁﬁﬂ h@&@“ﬂe‘ﬂ‘]’@f(%s"e paper dgpends pgpaquat e
mxing is provided to fditiiatended éndrvseni Xt s ades rabMefayht iREE- pa’bﬁr W@ In a.

'}[I\BI ght [atlo ?f %Ztcizgaiedvj]r;et&gmt&@ﬁ@ 57‘%9 tHegdi1dtP pager, t & @ ded
crper At of about ASohHIAF kBl Sl o i b 1 i o1
ooy o i 1 iy o

to form an m]mxture fh an €
wei ght ratio of wa er t §'999ing once the let ushed. Preferably, wettmg time

23 m xture of (6); 8.2 minutegy pr (18ys.t dloge prsfpeabii,uvettiviy timeuts 3010 [err]F
(60[err]C): 9. Add the secondstoxtlasse ®bst( feferabidyaletding Aihed}s WhideCongglequat e
m xing s provided usi ngraetd.TRA ~ TURRAX hi gh speed m xer made by

Tekmar Conpany to form a fing | onﬁwﬁﬁﬁﬁity of Q{& rp§pe9nca§f ‘%62‘? 10 Dilute

(9) to a desired cgncentyr rticle PsiYe aa‘heous
di spersion is detern ned® %é'\'"r? d oimg I‘it@é(l ?ﬁt%"r oB¥YfAckuReec h WU The
particle size ranges fréHﬁ%Mﬂ SlIIreacseSLO(D hyiropiohicity 2an Bhaurvdusomsthiey of t he
aqueous di spersion neasiffied ti Rk atbed khé REVIBIRAPer NG6R: T oM gyt 150 to
' the paper has aged two (2) weeks following its mipufacture.
Thus, the above stated wetting times are preferably measﬂred
15 at the end of such two week period. Accordingly, wetting
times measured at the end of a two week aging period at room
temperature are referred to as "two week wetting times.”
Tissue papers softened according to the present invention
should also desirably have relatively low lint properties. As
20 used herein, "lint" typically refers to dust-like paper
particles that are either unadhered, or loosely adhered, to
the surface of the paper. The generation of lint is usually
an indication of a certain amount of debonding of the paper
fibers, as well as other factors such as fiber length, headbox
25 layering, etc. In order to reduce lint formation, tissue
paper softened according to the present invention typically
requires the addition of starch binders to the paperﬁaking
fibers, as previously described in part A of this application.
As previously noted, the presént' invention is
30 particularly useful in enhancing the softness of pattern
densified tissue papers, in particular those having pattern
designs. These pattern densified papers are typically
characterized by a re]ativeiy low density (grams/cc) and a
" relatively low basis weight (g/cm2). Pattern densified tissue
- 35 papers according to the present invention typically have a

Mimosa V2-05-00 10:56:28



250 6entipoises at roomtenperature. 10

Exanple 2 The purpose of this exanple is to illustrate a nethod
that can be used to make-up a m xture of a tri-conponent biodegradabl e
sof t ener conposition conprising: (i) a nonionic softener (sold under
the trade name GLYCOMJL-S 15 CG by Lonza, Inc.); (ii) a nonionic
surfactant co at|b|I|zer (sold under the trade by 1C
Aneri cas, n§ S83%d (i) a polyethylene glycol 400 (sgﬁa%mEEM7 der the
trade nane PEG 400 by Union Carbibe, Inc,); wherein the weight ratio

of GLYCOMUL-S CGto TWEEN 60 is 1 :1. 2Q,. A 10% sol ution of the

bi odegr adabl e chem cal softener m xture is prepared according to the
foll owing procedure: 1. Wigh GLYCOMJL-S CG and TWEEN 60 in a weight

ratio of 1: 1; 2. Heaflenshty(af) ahoyt 4.80c9serontless adorbasigWefobt roptwee60 C)
3. Adequate m xi ng i sapub\iiode/a? tand fabsut Gﬁ‘lgﬂﬁLfo‘ﬁbfﬁbXﬁ,UﬂQse 4attéen gh PEG 400

in a wei ght rat dénsofied ‘paders HERE € denks Rty GE-fYQSMtJLU §/ o 1dat-up (4)
to a 25 tenperature %@Ptpr%?ab[l%rbgfgr( QQOULeOr %)cg a(ng abovf}qb'%é?/ r’r} XI ng s

provided to form an

equival ent wei gt rat P beaﬁﬁt‘éerig'tto“ft H@"t 9 9/ °!Zt‘t§F% ofee (Ggjumn @: Heat up
(7) to a tenperature king& 614679 of dr.F] Pate80€)059. 282 Adpuiske et al), issued ure of
(6) gradually to (8)  Ottiober ZEJeIP9R} Rhith HestFibes How i Aok iths 0N GagerUlsTRA
TURRAX hi gh speed m xgdasiyade by Tekmar Conpany to forma fine aqueous 30

di spersion of (6); 10. Dilute (9) to a desired concentration; 11. The
particle size of the agueous dlsperS|on i's determned using an

opti cal nlcroscéﬁlc t?ux,tt Jlustat(mstaft:‘ pnaratdon pf Softamgdckistuenm about 30
to 60 microns; 12. The ' . =Ohefre

v v eous di spersion neasured
usi ng a disk rheoneter ranges frontabout 100 to 200 centi poi ses at
roomtenperature. 35 The following are specific illustrations of the softening

of tissue paper in accordance with the present invention:

15
Example ]

A. Preparation of Aqueous Dispersion of Softener

An aqueous dispersion of softener is prepared from

GLYCOMUL-S CG (a mixed sorbitan stearate ester surfactant made
20 by Lonza, Inc.), NEODOL 23-6.5T (a 20% solution of an
ethoxylated C12-C13 linear alcohol dispersing surfactant and
wetting agent made by Shell Chemical Company), DOW 65 Additive
(a silicone polymer foam suppressant made by Dow Corning
Corparation), and distilled water. The composition of o
GLYCOMUL-S CG is shown in Table 3 below:

25
Table 3
Composition Sl | Wei %
30 " Monoester 22.6
Diester 39.3
Triester 22.9
Tetraester 7.1
Fatty Acid. (total) 3.1
Polyol 4.3
v Other 0.5
‘ 35
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24 - Exampl e 3 The pur pose
of this exanple is to illustrate a nethod using a bl ow through drying
paper maki ng techni que to nake a soft and absorbent tissue paper sheet 5
that is treated with a bi odegradabl e chem cal softener m xture prepared
according to Exanple 1 using a spraying technique and a tenporary wet
strength resin. A pilot scal e Fourdrinier papernmaki hg nmachine
is used. The WRE&HP#E6 has 10 a | ayered headbox with a topPEHHﬁ?}é'?’FSOa cent er
chanber, and a bottom chanber. A first fibrous slurry conprised
primarily of short papermaking fibers -32(Eucal yptus Hardwood Kraft) is
punped t hrough the top and bott om headbox chanbers. Sinultaneously, a
second fibrous slurry conpg{{]sed 'gri_- rily of 'an% , paper maki ng fibers
(Northern Softwood Kraft) Hhl R385 e Adiepys ofi seefaionsof seitseararipevet
strength resin (i.e. N&ewporeats Sreaadded 78 90B0iIntegsk eteell regctbiatequippid

St a[ch ﬁnddgjhem' (r:]alnbcommr'eénbﬂtwé cbiptroed heathho arﬂrﬁcmﬂmdsttihﬁﬁglgh :Ehet .
center headbox chanber : [ e > nship onto the
Fourdrinier wire to fortﬁndﬂlgﬂgﬂlg%géﬁgtmg%g?ﬁ%g&v\gﬁw?ﬁeﬂ“ﬁ%ra4tsFagv'urry has a ~
fiber consi sstency of about 0.11% whi [Ieblel¥e second slurry has a fiber
consi stency of 20 about OC 15% The enbryonic web is_ dewatered through the
Fourdrinier wire (5- Bt satin weave confi gu#%lﬂf‘—b# havi ng 87 _
‘machi ne-direction and 76 ngopoL £.0688fechi ne-direction grenofil anents, per

inch, respectively), the deYeaMet-Snas bei ng assi sted by deflector and
vacuum boxes. 25 TOO¥ 8fchddétive yonic web is tramsBerred fromthe
Fourdrinier wire Yo a carr¥apr fabric simlar to8that shown in Figure

10 of U. S. Patent 4,637, B%rﬂﬂianWaEﬁv@gnly aest hetical l'y pl easing
macropattern of rose petals superinposed on the regul ar m cr opat em of

the carrier fabric. At theThsotontents of rtherstaztort aret heat@iata @5°Cf wlth isdow t he
web has gofi ]EJeL CONsi sise®ihgOhndabirudt a'l?&%_d FJ"%O&’?BTI:O et iop HEPNEGi Y thﬁ
carrier abric pas . u A r
predryers, and tHénp tc?ﬁmur%gﬁs#@d%r%\g% sgil'ltr%gé 33‘??@&%@‘?‘ g?g‘%}%gyﬁas a
fiber consistency of a¥bllt %ol the sticgipg, is stopred whilm e Hisrersiog Hox, and
about 65% after the pr@Bef®’ Cand The idscaspty of thet resudtiog. aqueeust he Yankee
dr)/er. dispersion of softener, when measured at 24°C after vigorous

stirring, should be between 200 and 700 centipoise. If the

20 viscosity of the dispersion is higher, distilled water can be
added in small increments until the viscosity is within the
appropriate range.

B. JIreating Tissue Paper with Agueous Disgersioﬁ of Softener

25 A pilot scale Fourdrinier papermaking machine is used.
The machine has a layered headbox with a top chamber, a center
chamber, and a bottom chamber. A first fibrous slurry
comprised primarily of short papermaking fibers (Eucalyptus
Hardwood Kraft) is pumped -through the top and bottom headbox

30 chambers. Simultaneously, a second fibro_us slurry comprised
primarily of long papermaking fibers (Northern Softwood Kraft)
is pumped through the center headbox chamber and delivered in
a superposed relationship onto the Fourdrinier wire to form a
3-layer embryonic web. The first slurry has a fiber

i consistency of about 0.11%, while the second slurry has a

35
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35 " The web is adhered to the surface of the Yankee dryér by a creping
adhesi ve conprising a 0.25% aqueous sol ution of polyvinyl alcohol that is
applied to the surface of the dryer. The Yankee dryer is operated at a

25 tenperature of about 177[err]C and a surface speed of about 244
neters per m nute. The dried web is then creped fromthe Yankee dryer
with a doctor bl ade havi ng a bevel angle of about 24[err] .and

posi ti oned WQ958%pect to the dryer to provi de an iffFAEs*3 4 ¢0 of
about 83. Prior to creping, the fiber consistency of 5 the dried web is

I ncreased to an estimted 99% -33The dried, creped web (noisture
content of 1 % is then passed between a pair of cal ender rolls biased

together at roll wei 9*%9%@“%.19{3%%&}9& Fhoy u6 The e S?Od@(édle ;201 meters

per mnute. The |owe I“ender 0¥ with the
previously prepared adﬁ'@g‘ﬂ?daﬁ 5yah g fopdrinden éh"ér §heF0LﬁatU’ Faavem
di aneter spray nozzl e§°'ﬁ|‘$‘{g‘h@d"|hﬂmgl Bhemachimgslireshioni afd Z6spasing of about
10 cm bet ween nomadhese-diHeet ivo ImoiBE Vainght £ |pei incH, Erdibedtil AUERUS

di spersi on of saft enerdewaterm§ GEﬂHQ@sﬁ@&h f'@@ﬁé&oﬂ' %n@p&%m Qoxaf, I 1ters per

m nute per cross-directi ersion of softener

is sprayed onto this |owe c"aﬁ eeﬂ’agf’"il’:o'fe; ‘ést"g s? rre % Hie Burdiisisret s t hat
are then transferred Wore bed sapdendtbriqisimdlan thothst SchPl‘E' in Figuge ledf creped
web by direct pressurd.%.rBatehterd,63T(B59) dutntitionnr aisthedfcal e psaakimgner on

tgee?“ ed Wﬁgsl S, b:'igl SdME At ern FFOMEe B0 s Ihﬁri’nﬁ&éﬁtdnnﬂ\esﬁgﬁépgﬁgﬁ' zfsu:bout
8 EO grans/ cnB, % g eg@t"gﬁﬁ é‘ﬁ%gg'g‘g%ruggbﬁ '_gi%ad(;{s 'Ie %‘"Pe 5’? Bt st rengt h
and about 0. 6% of the*t§ FarraRy WS}FpOH\SrﬂEbs'BF tdefitber ponsie egﬁx opfabedte dry
paper . 22%. The wet web is moved by the carcieplfeabrdc past a vacuum  The
purpose of this exanplewatériad bok) Uskdugh &16u-BrbbMd preaiyds @ ARk Oeh N ough

transferred onto a Yankee dryer. The web has a fiber
15 ' consistency of about 27% after the vacuum dewatering box, and

about 65% after the predryers and prior to transfer onto the

Yankee dryer.

The web is adhered to the surface of the Yankee dryer by

a creping adhesive comprising a 0.25% aqueous solution of
20 polyvinyl alcohol that is applied to the surface of the dryer.

The Yankee dryer is operated at a temperature of about 177°C

and a surface speed of about 244 meters per minute. The dried

web is then creped from the Yankee dryer with a doctor blade

having a bevel angle of about 24* and positioned with respect
25 to the dryer to'provide an impact angle of about 83*. Prior

to creping, the fiber consistency of the dried web is

increased to an estimated 99%.

The dried, creped web (moisture content of 1%) is then

_ passed between a pair of calender rolls biased together at
30 - - roll weight and operated at surface speeds of 201 meters per

minute. The lower, hard rubber calender roll is sprayed with

the previously prepared aqueous dispersion of softener by four

0.71 mm diameter spray nozzles aligned in a linear fashion

with a spacing of about 10 cm between nozzles. The volumetric
35 flow rate of the aqueous dispersion of softener through each
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‘25 drying papermaking technique to nake a soft and absorbent tissue paper

sheet that is treated wth a biodegradabl e chem cal softener m xture
pr epar ed according to Exanple 2 using a spraying technique and a
tenporary wet strength resin. 30 A pilot scale Fourdrinier
paper maki ng machi ne is used. The machi ne has a |l ayered headbox with a
top chanber, a center chanber, and a bottom chamber , A Ed-hgfsol 1 DT Ous
slurry conpri¥@8/pPBf%arily of short papernaking fibers (L& y pt us

Har dwood Kraft) is punped through the top and bottom headbox -
chanbers. Sinmultaneously, a second fibrousésiurry conprised primarily of
|l ong 35 papernmaking fibers (Northern Softwood Kraft) and a 2% sol uti on of

t he tenporary Wehoz$id §9%Ubbut’ 637M ikbrsCperNRinkNBor SFA3S iretBida080
mar ket ed by Nati onal eter Srmalr.ch andd,Chem %aLf CORROr agsl on. ofd Netv‘\,/- Yor k, NY)
ar e pUITpEd t hr ough them . e aqueous aispersio S0 ner sSprayed on 26.

center headbox chanber thidlower icotepdar rol @ssypabtsos el drenlats 6hEh#® onto the
Fourdrinier wire to fothenatrdndfapred tbirey swoothenplwireTlhidef off dhe sriedsy has a

fiber —~ consistencycfbefNediby Qirkdfprebbiirk rififers ARt Fetehtiioh rabisr a fi bel
consi stency of abgtt‘Jet { éLnSGS_%O T‘Rle S r&/egnljsc iWelzgE |rsﬂdg¥]va‘\%edg§d %hhr ough the
Fourdrinier wire (5--5 ShE SheE Al e Fié‘u?ﬁ?ioh AVing s _

machi ne-di rection and Peulting spftgaadntissiieRapey pasct DAt s Meiabti afadhawt 30 per

inch, respectively), toengdéRataedensity of abdubi g0 @swisiice chnbyabdetf De@ or and
vacuum boxes. softenER&(80% GLYTONUL YO 08 )ChywedightS of tNBFyepdpeel from t he _
Fouidrinier wire 40 a carrier 10 fabric simlar to that shown in Figure 10
of U S. Patent 4.637,859, but with an ; aeit Qeti cally pleasing
macropattern of rose petals superinposed *r egul ar m cropattern

of the carrier fabric. At tissuep@aners ofers riapaipd withy vaneng alevelsr of abric, the
web has a fiber consi stefteyerolsiapttié prackduréhdesvwibed\dh Exsmpi®vied Thg t he

carrier properties of these softened papers are shown in Table §
15 below:
Table §
Softener* Softness Total Sink
Level(Wt.%) (PSU) Jensile(g/in.) Time(Sec)
20 . 0 0 402 0.8
0.46 1.1 408 1.7
0.53 1.3 395 3.3
0.7% 1.2 428 2.4 -

*80% GLYCOMUL-S CG

Example 3

Preparation of Aqueous Solution of Softener
"An aqueous solution of softener is prepared from TWEEN 61

{a mixed sorbitan stearate ester having an average degree of
ethoxylation of 4 made by 1Cl1 Americas, Inc.), DOW 65
Additive, and distilled water. In preparing the aqueous

25 A.

30

solution of softener, the components are added to a stainless
steel reactor equipped with temperature controlled heating and
mechanical stirring in the following weight percentages shown
in Table 6 below:

K 35
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‘fabric past a vacuum dewat ering box, through bl owthrough predryers, and
then 15 transferred onto a Yankee dryer. The web has a fiber consistency
of about 27% after the vacuum dewat eri ng box, and about 65% after the
predryers and prior to transfer onto the Yankee dryer. The
web is adhered to the surface of the Yankee dryer by a creping 20 adhesive
conprising a 0.25% aqueaus sol ution of polyvinyl alcohol_tbhat i

appl i ed to R4 ce of the dryer. The Yankee dryer iquz‘éé%ﬁoégﬁoat a
tenperature of about 177[err]C and a surface speed of about 244 neters per
m nute. The dried web is then creped fromgs-he Yankee dryer with a doctor

bl ade havi ng a bevel angle of about 24 and positioned with respect to
the dryer to 25 provide an inpact angle o1t bout 83[err]. Prior to
creping, the fiber consistency of th d web is increased to an
estimated 99% _ Componedthe dried, creped web (noisgdjgm gontent of 1%
is then passed between a pair of calender rolls biased together at
rol | weight and operat B8EN6l surface 30 speeds of 201 né@e}s per ninute.
The | omer, hard gubberp; l?iﬂdéﬂ:i oll is sprayed vvisgr‘éthe previously
prepared aqueous di spersion of softener by four 0.71 mm™" di anet er
spray nozzles aligned in a linear fashion with a spacing of about 10 cm
bet ween nozzl es. The vol urfbe cprgeitisoaf thet epactfortare hasted das?50¢ wpthr sloen of

sof t ener t hr oughstemeihg RATZ Zhed 4190wRBQGtco01 3 6ord €rS3C Weth RMbdavite per

cross-di recti on et er . sci g Nenaceqitfy o BRI Fsartiff afRlsChAl R o0 ayed

onto this | ower | endar., roll as a .Jpattern o o ts that are then
transferred to t 6: smoBt HEEr \Wﬂséregiﬁesgfc?t?‘\‘éﬂd be beWF'g(}S, ¥ web by
direct pressure transfeptiprise. r df cthei viscosatie obf theheolutipa cisehigher,

27 on the dried web i sdistil1gknetenlcan lgosdded 440 smdte inceenehts 08t i$ofheened

ti ssue paper has a basiiscl§hohd withiRRRHLppAbrdta Mgl er 1. a density of
about 0.10 grams/cnferr], _

15 B. Ireating Tissue Paper with Aqueotis Solution of Softener
A dried, creped paper web is prepared similar to Example

1. As this dried, creped web passes between the pair of
calender rolls, the lower, hard rubber calender roll is
sprayed with the aqueous solution of softener at a flow rate

20 adjusted to provide a pattern of TWEEN 61 softener droplets
that are then transferred to the smoother, wire side of the
dried creped web. About 0.5% TWEEN 61 by weight of the dry
paper is retained. The resulting softened tissue paper has a
velvety, flannel-like feel with enhanced tactile softness.

25 ' '

30

35
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and contains about 0.1% of the tenporary wet strength and about 0.7% of the
tri- conmponent softener by weight of the dry paper. :

28 What is clainmed is: 1. A softened tissue paper
having on at | east one surface thereof a tri-conponent. bi odegradabl e

sof tener conposition m xture conpri si ng: (a) a nonionic
softener selected fromthe group consisting of

sorbitan mondYO94P3856 ¢ ri - esters and m xtures thereof; PCT/US93/07650 ()  a

noni oni ¢ surfactant conpatibilizer selected fromt he—g%eup\
consi sting of ethoxylated sorbitan est ersé- propoxyl ated .

G iy et YePect s Pt s ouo (NP

of glycerol, polyethylene gly p pr l,vco
m Xt ur es thereof V\/nerelnln tﬁe%\/)\%esshtq-"’y fﬁpé‘"? gﬁ%sg'mgiﬁ’" "s'ed’ftener to the

noni oni ¢ surfactant EBRFAETIBE iipdhat éﬁg"@ﬁl’”ﬂfﬁrﬁ%éﬁf@ ofptneatg1atio and
wherein the wei ght rbdasbood strfecenohiaairy ¢t iswb tpapsr webo préfergbd) \Wayidgoxy
corrpoutnd ranges frotrrsaubmbreé&ntleﬁtoofl/lothoor jdis, hau—&%mmﬂéx §¢ﬁ%§neg bei ng’
present in an anqun om abou 0t0 a Q e dry
tissue paper. s Mté pnomaﬂf s?tjtgsﬁfé %ﬁﬁeéPblgf ?'avl¥'é?i th g’fdﬁ‘/m&?“él n said
softener is applied PIAI; 'Théfer’d‘?”t‘b‘%af‘#ta‘tf mediidg S S erflgee ®fstsai d

ti ssue paper. preferably 35°C or less, comprising a nonionic surfactant

selected from the group consisting of sorbitan esters,
ethoxylated sorbitan esters, propoxylated sorbitan esters,

10 mixed ethoxylated/propoxylated sorbitan esters, and mixtures
thereof, in a manner such that the softener is applied to said
at least one surface in an amount of from 0.1 to 3%,
preferably from 0.2 to 8%, by weight of the dry tissue paper
web.

15

2. The process of Claim 1 characterized in that the
softener is applied nonuniformly to said at least one surface,
preferably from an aqueous syﬁtem as a pattern of softener
~droplets, more preferably after creping and prior to

20 calendering of the dry tissue paper web, most preferably by
spraying the aqueous system as a pattern of softener droplets
with the surface of a rotating calender roll that then
transfers the softener droplets to said at least one surface.

25 3.. The process of any of Claims 1 to 2 characterized in
that the dry tissue paper web is a pattern densified tissue
paper having: (1) a moisture content of 6% or less,
preferably 3% or less; (2) a basis weight between 10 g/m2 and

65 g/m2, preferably 40 g/m2 or less; (3) a density of 0.6 g/cc

30 or less, preferably 0.3 g/cc or less; (4) preferably from 0.01

"to 2% starch binder by weight of the paper web; and further
preferably characterized in that said at least one surface is
the smoother side of the pattern densified tissue paper.
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3. * The tissue paper of claim2 wherein said soften 1S appl ied to said
at | east one surface of said tissue paper as a patterw

droplets. ~ 4. . The tissue paper of clai m 2 ﬂ mm’ I”Iener
is applied to said at |east one surface of said tissue paper by psin
5. The tissue paper of claim2 wherein said softener is in an anount

fromabout 0.2 to about 0.8% by weight of the dry tissue 6.
The tissudVPeHBSbf claim 2 which is a pattern dens,f,%@"ﬁ?@?‘{]@“

paper having a basis weight between ab¥at 10 g/nferr] and about 65 g/nferr]
and a density of about 0.6 g/cnferr] or I|ess. 7. The tissue

&agﬂ] qu g'r ?i mf ét Wﬂer@' n The i ptodaedioP g omflrimaqr td S chasQtdvitaanirester of a
aher el n sai o' sor b eCvyents sty 18 SN NERTEPH 0 ;E! i
sorbitan |aurates, agdr?ﬁi?’aﬂ"rfﬁﬁb&_éﬂé&t,e s I"Blé’ ﬁ‘f"f%ﬁ orbitan
st ear at es, sor bi t aprbitdne haurates arsdrivitan nyrdstateser .ta" Pﬂﬂ“tates:
5 sorbitan stearates, sorbitan behenates and mixtures thereof,
and preferably further characterized in that the agueous
system comprises from 9 to 30% by weight softener and has a
viscosity of from 200 to 700 centipoise at a temperature of
from 10 to 27°C.

10

5. The process of Claim 4 characterized in that the
softener further comprises an ethoxylated alcohol having a
straight alkyl chain of from 8 to 22 carbon atoms and from 1
to 25 moles of ethylene oxide, preferably an ethoxylated
15 alcohol having a straight alkyl chain of from 11 to 15 carbon
atoms and from 3 to 15, most preferably from 3 to 8, moles of
ethylene oxide, and further preferably characterized in that
the weight ratio of sorbitan ester to ethoxylated alcohol is
from 1:1 to 10:1, most preferably from 3:1 to 6:1.
20
6. The process of any of Claims 1 to 3 characterized in
that the nonionic surfactant is an ethoxylated sorbitan ester
of a C12-Coz fatty acid having an average degree of
ethoxylation of from 1 to 20, preferably selected from the
25 group consisting of ethoxylated sorbitan laurates, ethoxylated
sorbitan myristates, ethoxylated sorbitan palmitates,
ethoxylated sorbitan stearates, ethoxylated sorbitan behenates
and mixtures thereof, the ethoky1ated sorbitan ester having an
average degree of ethoxylation of from about 2 to 10, most
" 30 preferably selected from the group consisting of ethoxylated
- sorbitan stearates having an average degree of ethoxylation of
from about 2 to about 6, and further preferably characterized
in that the aqueous system comprises from 10 to 50% by weight
softener and has a viscosity of from 20 to 700 centipoise at a
" 35 temperature of from 54.4 to 65.6°C.
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9. " The tissue paper of claimb5 wherein said noni onie—surfacrant .
conpatibilizer is an ethoxylated sorbitan ester of a (Jerr]-Cer
acid having an average degree of ethoxylation of from, Ci‘u“M‘ 0.
10. The tissue paper of claim9 wherein sai.d ethoxyla g sEseer’
is selected fromthe group consisting of ethoxylated sorbitan |aurates,
et hoxyl ated sorbitan nyristates, ethoxylated sorbitan pal mtates,
et hoxyl at ed Yb¥4583¥6n st earates, ethoxyl ated sorbitan bePETHS23/0658 i xt ur es
t hereof, the ethoxyl ated sorbitan ester-zpaving an average degree of
et hoxyl ation of from about 2 to about 10.- 11. The tissue paper
of claim 10 wherein said ethoxylated sorbitan ester is selected fromthe
group consisting of et ioxyhkadoetensdt ¥siepapet enirat RpidedVinnghatit neer age degree
of ethoxylation of §romp Vot LsQri3BPYheRof a nopionic ]%ftener]:he tissue paper
of claim1l wherein t earld {;% roxy c n?ound &S gr cerol. 13. The
ti ssue paper of cl af"H A el PH’ée‘ﬁB IR, B 1588 E'é‘rbc?ﬁﬂ&giaé' Wspbl yet hyl ene
gl ycol having a wei ¢fhmeliies afS7hbloeclessr mowdi pptefemablygd$’'§ ér dessabout 200 to
about 4000. 5 comprising a nonionic surfactant selected from thdOgroup 14. ~
The tissue paper of @kl Mgl ofGFALEL BARrHOLMBYALLAY scBIRR WitersS
' propoxylated sorbitan esters, mixed ethoxylated/propoxylated
sorbitan esters, and mixtures thereof, said softener being in
an amount of from 0.1 to 3%, preferably from 0.2 to 8%, by

10  weight of the dry tissue paper.

.. 8. The paper of Claim 7 characterized in that said
softener is applied nonuniformly to said at least one surface,
: prefgrab1y as a pattern of softener draplets.
15
9. The paper of any of Claims 7 to 8 characterized in
that it is a pattern densified tissue paper having: (1) a
basis weight between 10 g/m2 and 65 g/m2, preferably 40 g/m2
or less; (2) a density of 0.6 g/cc or less, preferably 0.3
20 g/cc or less; (3) preferably a total dry tensile strength of
at least 360 g/in; and further preferably characterized in
that said at least one surface is the smoother side of the
pattern densified tissue paper.

25 10. The paper of any of Claims 7 to 9 characterized in
that said nonionic surfactant is a sorbitan ester of a C12-Cz2
fatty acid, preferably selected from the group consisting of
sorbitan laurates, sorbitan myfistates, sorbitan palmitates,

~ sorbitan stearates, sorbitan behenates and mixtures thereof.
30
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bo‘l_ yp;ropyl ene glycol having a wei ght average nol ecul ar wei ght ranging from

about 200 to about 4000. 15. The tissue paper 13 wherein
the pol yhydroxy conpound is polyethyl ene glycol having "Hi ,ﬁ"jﬂ]ﬁ" #ﬂll
nol ecul ar wei ght ranging from about 200 to about 600.

ti ssue paper of claim 14 wherein the pol yhydroxy corrpound |s poI ypropyl ene
gl ycol having a wei ght average nol ecul ar wei ght rangi ng fromabout 200 to
about 600. WO94/05856 “17  The'tjssue paper of claim8 &P noni oni ¢
surfactant conpatibilizer is an ethoxyF3¥ed sorbitan ester of a
Cerr]-Cerr] fatty acid having an average degree of ethoxylation of from
about 1 to about 20. 18. The tissue paper of claim17 wherein

sai d noni oni c surfact apt Cﬂ.gp Pé'bol,lag{m ?]09 cﬁ‘ﬂ ?gep%gl ﬁﬂ ¢S rg)l tan ester

selected fromthe gro cQnsi's an_laurates,
et hoxyl at ed sorbit &R ‘ﬁg"r §‘E"é{“’é's°°"gf'rf5§<ﬁ'af"§8"y§6treﬂl % é‘i‘f“’ba‘l%'l%f es,

et hoxyl at ed sor bi t abradgitasidybshaigtdfofmpht del 28 caplion satomse bin fitomsl and i xt ures
t hereof, the ethoxybaiscaoreer bf Teﬂﬂ)ﬂ&&t eitdh,a\bi'ﬂ@rﬁm;' aveengry1dagr ee of

AT i 13 LARAEN LB i e ot gl o I0SaHREECS, e o
a wei ght average ndl %"551 rr%%l ﬁ’?lf 'E‘P? Effef%ﬂ?' fg ¥ O% 'f"’ge?ig’ ﬁt 600. °
: ethylene oxide, and further preferably characterized in that
the weight ratio of sorbitan ester to ethoxylated alcohol is
from 1:1 to 10:1, most preferably from 3:1 to 6:1.
10 _
12. The paper of any of Claims 7 to 9 characterized in
that said nonionic surfactant is an ethoxylated sorbitan ester
of a C]2-Czz fatty acid having an average degree of
. ethoxylation of from 1 to 20,'preferab1y selected from the
15 group consisting of ethoxylated sorbitan laurates, ethoxylated
sorbitan myristates, ethoxylated sorbitan palmitates,
ethoxylated sorbitan stearates, ethoxylated sorbitan behenates
and mixtures thereof, the ethoxylated sorbitan ester having an
average degree of ethoxylation of from about 2 to 10, most
20 preferably selected from the group consisting of ethoxylated
sorbitan stearates having an average degree of ethoxylation of
from about 2 to about 6.
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