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1 Chem cal ly Softened Ti ssue Paper Products Containing a
Pot.ysi l-oxane and an Ester- Functi-onal Arrm)nl um Conpound -5 - .10 .
FIELD OF THE INVENTION . 15 This'invention relates to tissue,.
paper product swm.,&art icularly, it - .relates to ti ssmummssss
product.s conprising a twe-conmponent chem cal ' sof t ener conposition;
an ester-fuctienal ammoni um conpound and & pol ysi | oxane conpound.. Bi nder
materials, ejither permanent or tenporary wet. strength binders, and/-or-dry,
strength b| nder-s can.al so ‘be used. The treat ed 20 tissue paper can be

used to. neke soft, Ghemically Softeried TissuaPaperRraducts Containinguat s such
as faci.al. tissue mmﬁﬁ
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ti ssuesor paper.ti.ssue .webs or , sheets, find extensivé use in nodern
soci éty. .Sych items as facial and toil'et ... . tissues are staple-itens
of commerce.- It has. | ong heen recogni zed t hat . f our. i mpor't ant. physi cal-
attribttes . .of these products ar€ their.strength; their . .- softness
their absorbency, i ncl udi ng t heir "absor bency- for aguéous systens; 30 and
their tint.resistance, |ncIud|ng their lint resistance when. wet. Research
and devel oprment efforts have been dirtected to the i mproverrent of each of
these attributes without seriosly affectrng the others . as-wel|’ as.to t he -
|nprovenenu)ot two or three attributes similtaneously. o e
Strength I-S the ablllty of the product and. its constituent- mebs to

FIELD OF THE _tN\iENTroN

15 " This rnventron relates to tissue paper products More partrcularly, it
._ '-relates to tissue paper products comprrsing a two-component chemrcal"
. softener .cornposrtron, an -ester-fuctional ammonium compound “and a -
' polysilo:éane compound. Binder materials, either permanent or temporary wet -
) strength binders, andlor dry ‘strength binders can also be used. The treated
20 . tissue paper: can be used to make soft, absorbent and lint resistant paper .
L products such as facral trssue paper products or tonlet tlssue paper. products

| eAcxenouno OF TH_E INVENTION -

25 . Paper webs or sheets, sometimes called tissue or paper tissue webs or =
sheets, frnd extensrve use in modern society. Such items as facial and toilet’
'-tlssues are staple |tems of commerce. it has long been recogn:zed that four _
_ important physical attrrbutes of these products are their strength therr -
. ' 'softness, their absorbency, including their absorbency for aqueous systems; =
i 30 and their lint res:stance, including their lint resistance when wet.. Research
. and development efforts have been directed to the improvement of each of -
: these attributes without seriously affecting the others as “well as to the” = °
o |mprovement of two or three attributes srmultaneousty Lo
Strength is the ability ‘of the product, and its constrtuent webs, to‘ '
. 35 . maintain physical integrity and to résist tearing, burstmg, and shreddmg
' .. under use conditions, partrcularly when wet.”. : co



35 ndintain physical integrity and to resist tearing, bursting, and
shreddi ng under use conditions partlcularly when wet .
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Sof t ness -i*s the tactl l e sensatlon percel ved by the consurrer as -he/ she holds .
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hi s/ her " hand. Is tactile sensation is provi ded by a  conbi nati on of ’
several; - .*. physital propertjiés.. |nportar2 physical properties related to
softness are 5 generally considered by those skilled in the art- to he
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reduction in. bon ar.sh

eductLon 11 PRAHsr S bing tggets? tindeh use"Sbhdiliong ekl 45 ’EP’Y“BhS‘P Pther
resi ns ‘I n conj woeds,tivenhighet e usereﬁstdeoe)mmhg lower the mgeemﬁtvt of dﬂe wel
t he unde5| rablﬁ,mf,tfﬁmgeof t he. debondi ng agents These - _ .
2 The use of wet strength resins 10 enhance the strength of a paper web
o ss wndely known For example, 'Westfelt described a number of such materials - -
" _anddiscussed thezr_ chernistry in Celiulose Chemistry and Technology, Volume
. 13, &t pages 813-825.(1979). Freimark st al. in. U.S. Pat. No. 3,755,220
. .- issued August 28, 1973 mention that certain chernical addltives known as .
125 " debondmg agents interfere with the natural flber-to-flber bondmg that occurs
) -__"..dunng sheet’ formatuon in paper makmg processes. This reductlon in bondmg
- leads to a softer, or less ‘harsh, sheet of paper. * Freimark et al. go on to teach -
the use of wet strength resins in con;unctnon with the use of debonding
.~ '-agents to offf-set the undesirable effects of the debonding agents.’ These
. 30 debonding agents do reduce both dry tensule strength and wet tenslle_
oL strength ' . . ) . . .
Shaw, in u. s Pat No. 3, 821 068 issued June 28, 1974 also teaches
" that chemlcal debonders can ‘be used 10 reduce the stlffness, and thus
o _ 'enhance the softness, of a tissue paper web.” A : '
.35 . Chemical debondmg agents have been dlsclosed m vanous references 2
" such as U.S. Pat. No. 3,554,862, issued 10 Hervey ‘et al. on’ January 12,
' _"'.197_1 These matenals mclude ester-functnonal quaternary emmomum- :
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_debondi ng agents do reduce both dry tensile strength and wet tensile

strength sh -
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descri.bed
product s f:;g go?y@ﬁ#?ﬁésaﬁ\%g% otgsédeep apemwesbs.al ‘success of - 20 -
i nproved products hQne @AM dresu arCPes%faI&{ tefirebtéE CoRhrd oirhprosied gpaper

in US. Pat. Nayedls iffesitihed boUdh BatalNa.,3,301. 746 lssS56 B! SuntbitF bfd Stsod - -
-~ on January 31, 1967 Desprte the high quality of - paper webs made by the
Lot process descrrbed in this patent, and despite the. commerclal success of
.20 : products formed from these webs, research efforts directed to finding " L
‘ .' '|mproved products have continued. -
_. For example, Becker et al. in U.S. Pat. No. 4,158, 594 rssued January .
19, 1979, describe a method they contend will form a strong, soft f'brous '
sheet. More specrfrcally, they teach that the strength of a tissue paper web -
25 '.(whlch may have ‘been softened by the addition of chemical debonding - i
agents) can be enhanced by adhering, during processing,- one“surface of the

" .web to a .creping surface in a fine pattemed arrangement by a bondrng RS

- material (such as an acryllc latex rubber emulsion, a water soluble resm, or

_ . - an elastomeric ‘bonding material} which has been adhered to one’ surface of
- 30 the web and to the creprng surface in the fine patterned arrangement, and
H creplng the web from the creping surface to form a sheet material. '

“The two component chemical softemng ‘compositions of the present-

invention comprise an ester-functional quaternarv ammonium compound and .

o a polysiloxane compound Unexpectedly, it has been found that the "two s

,-'35' - component chemical ‘softening composition rmproves the softness of the

o treated tissue paper compared to the softness benefits obtamed from the use L :



19, 1979, describe a nmethod they contend will forma strong, soft, fibrous
sheet. More specifically, they teach that the strength of a tissue paper
web ..+ 25 (which may have -been softened by the additi on of. chenical’
debonding -. - agents) can be enhanced by adherlng during-processing,”
one sutface ofxwoWesssres - web to a creping surface in a fi per/pasenesssed
arrangement by a bonding - . mat-erial (such as an acrylic latex. -
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the toss 20. - resistant tlssue paper products.

. _ It is also a further object of this mvent:on to provrde a process for
' makmg soft absorbent, lint resistant “tissue paper products '

o - These and other objects are obtained using the present mventron, as _
-wrll become readlly apparent from a readmg of the followmg drsclosure '

3 SUMMARY oF me IN\_IENTION- B

. The present mventnon provrdes soft absorbent. fint reslstant tissue
_ -paper products compnsrng ' ' -

“ca) -pap.er m‘aking ﬁb_ers: .
S b) from about O 01% .to about 3. 0% of an ester-functronal
T quaternary U ammomum compound :

) frorn about__.o._of,%_to about 3.(_)% of a'polfsi)oxane co_r'n_pou'n'd'ﬁ



intensile strength, if any, resulting, fromthe use of the two conponent
cheni cal softening conpositions. It is an object of. this
i.nvention to .provide soft,. absorbent and lint - 20 .. resi stant trssue paper
products . " It.i's also a further object of-fhis inventj

provi de -a process. f.or maki ng soft, absorbent, lint resistant PEYL ﬁ’@% per
products.: WO 96/36768 - Those and ot her obj e§ts are obtained using the

pr esent |nvent| on, as- - - Wwll becone rea |Iy apparent froma reading of -
the follow ng d| scI osure. .25 : SUMMARY OF THE -
| NVENTI ON- o ; The present i nvent i-on pr ovi des soft, absorbent;

lint. resistant tJ S ‘“ grom aboafaa%.l%rﬁp t& 3@99@{@1@; matezels. either wet
ber

a) paper maki ng f 0.01%to about
3.0% -of an ester-funct .s@mgth binders aﬂﬁéﬂ’ fﬁl{??@h 3%5'3 . ammoni um

corrpound . .35 . .. .cy fromabout 0.01%tg about 3. 0% of a -
pol ysi | oxane corrpound er-functional - quaternary - - ammonium
8'8'?68‘” Uidterred est
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present i nventl on-i ncI ude. corrpounds . _hag ng the fornulas:
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ernary ammonium conpounds Suitable for usé€ in the L



O[err'*]- 10 (CH err])[err]- N[err] - ((CHerr])[err]- O-C

Rierr])[err] and O err] 15 _

(CH[err])[errl N[err] (CHerr])lerr].-- O.- " C - Rlerr] | . Rierr] :
and 20 QOferr]” (CH[err]) (HO(GH[err])[err]) Nerr]- (¢(CHerr])[err] =0
- C-~ R{e”])[%mﬁdﬁerr]SCIerr] 25 and- O[err] _PCT/US9GI06985
Rlerr] = G. O-CHerr] 30. - a ' _ [err] -

CH - CHEerr] - N[err] (R[err])[err] .C[erg] "’ . o [err] "

Rlerr] ~-C- Q . [err] .0 35 :
. - wherein each Rq substituent is a C12 - 022 hydrocarbyl group, or substltuted '

: hydrocarbyl group or’ mrxtures thereof each Rz substrtuent i$aCl.-Cs alkyl
of hydroxyalkyl group, benzyl group or mixtures thereof each R3 substltuent
N  is:a C - Cz1 h_ydrooarb_yl group, or substrtuted hydrocarbyl or mixtures
- 5 thereof - - : C i :
- These compounds can be consrdered to be mono or di-ester vanatrons
'_ of the well-known dralkyldrmethylammomum salts such as-di-ester di(tallow)
dlmethyl ammomum chioride, di-ester dl(stearyl) dtmethyl ammonium chiloride,
' .mono,-ester . dl(tallow) diméthyl =~ - ammonium ,ch.londe, .- di-ester
.10 difhydrogenated)tatiow dimethyl_' " ammonium |~ methylsulfate, '-. di-ester
R dl(hydrogenated)tallow dimethy! ammonrum ' chloride, - mono-ester
... dilhydrogenated)taliow dlmethyl ammomum chlonde, and mlxtures thereof,
-with  the di-ester _variations . of da(non hydrogenated)tallow drmethyl -
.+ . ammonium chlonde, DilTouch Hydrogenated)Tallow DiMethyl Ammonlum'
.- 13 " Chioride (DEDTHTDMAC) and Dr(Hydrogenateleallow DiMethyl Ammonium
. Chlonde (DEDHTDMAC}, ‘and mixtures thereof being preferred. Dependmg
. upon the ‘product characteristic requrrements, the saturation level of the _
.. ditallow can be tailored from non hydrogenated {soft) to touch partlally or o
o completely hydrogenated (hard).. .
20 Wrthout bemg bound by theory, It is beheved that the ester morety(resl
' . lends blodegradabulrty 10 these compounds. lmportantly, the ester—functronal .
quaternary ammonium compounds used ‘herein brodegrade more raprdly thln
. do conventional dlalkyl dlmethyl ammomum chemzcal softeners. :
L Examples -of - polyslloxane materlals for use in” the present mventlon
- 25 -include an amlno-functional polydrmethylpolysrloxane whereln less than about '
'_: ' 10 mole- percent of the :side chams on the polymer . contann an_amino-
B functlonal group Because molecular welghts of polysiloxanes can be- dlfflcult_
to ascertam, the viscosrty of a polysrloxane is used herein as an ob;ectwely
) . ._’ascertamable indicia of molecular weight, Accordmgly, for example, about 2
.- 30 . mole percent substitution has been found to: be very effective for.
' polyslloxanes havnng a vrscosrty of about one-hundred—twenty—flve (1 25)
.- centistokes; and vrscosatles of about flve-mrlhon {5, OO0,000l centlstokes or- .
, 'more aré effective wnth or. wrthout _substitution. In addition- to such
o ~subst|tut|on wlth amnno-functlonal groups, effective substitution may be
35 made ‘with carboxyl hydroxyl ether. polyether, aldehyde, - ketorie, amide,
L _ester, and throl groups Of these effectlve substltuent groups. the famlly of . '
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6 wherein each Rierr] substituent is a Cl2 - C22 hydrocarbyl group,
of. substituted: . - .hydrocarbyl group or mixtures.thereof; each_.Rlerr]

substituent is:a Ct - CG al kyl or- hydr oxyal kyI group, benzyl group o
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herein as an ot”aélﬂ'\a!/ farch and HQM&PHH}SPED'? nﬁ%ﬂaewrw@%ﬁm ar’ wei ght .
Accordi ngly, for .ex3ImpltissuehsagerbréQuctsndfetheqiressrit mwvbation lpteiefablha:srrhmse

found. to be veorif ik 01 o, suout 3.0R°bY Hildl BT R émrdav,ys(:os' b%rof' L

about - one- %ndre -twent: | es
of about fi ﬁPWP@fV(‘BebBUeOQ@b bipgats. Anglrsfrem aboutOGW{aotcea ?'ét £
effective vmtha)drw\sﬂ'éngthmubert.ltutlon “In addltlon to such -

substitution with ag, c t
i e (i
ani de, % a g oftenere utese; a
groups, the-fandebpnding agents that act to debond the fiber-to-fiber hydrogen bonds in the'-

25 tissue sheet The combrnatron ‘of debonding hydrogen bonds with . the{ :
. polyslloxane softener, along with the introduction of chemrcal bonds with the
~ wet and dry strength binders decreases the overall bond densrty of the trssue _- _
h sheet without’ compromrsmg strength and lint resistance. A reduced bond. -

o 'densrty wrll create a more flexible sheet overall ~with rmproved surface

30 'softness lmportant measures of these physical property changes are. the FFE-
: Index (Carstens) and the bulk flexrblhty, slip-and-stick coeff‘crent of frrctlon,

o " and physrologacal surface smoothness as described .in Ampulskr at al., 19911 - _
o _lnternatronal Paper Physrcs Conference Proceedm's, book 1, page 19 30 :
T ',mcorporated hereln by reference.. . : S L
C. 35 _' . Bnefiy. the’ process for makmg the tissue paper. products of the present -

s invention comprises the steps of formation of a smgle—lavered or multi- layered -
'paper makrng furmsh from the aforementloned components except for the T '
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7 F groups conprising am no, carboxyl, and hydroxyl groups are nore
preferred . than the others; and am no-functional groups are nost
preferred.” - - - - ..Exenplary comrercially avai | abl e pal ysi | o
i ncl ude DGN8075 and . DOW.200 whi ch are avar ‘| abl e. frdy Wgﬁ@gﬁr ng;
and - Si 1-wet. 72@vmmB6’U3arS| | 5" 'EPS whi ¢ch are avaiiahl e from Uni on
Car bi de. ' Thetermblnder 'gers to the various: wet and dry
strength addi tives, - ©7 - and retention aids ‘known |nth

yfiisn SRR .
mat eri'at s pr.oduce, t he' f | osition it rtlmglaﬂefeﬁ\ﬂ Kinsy HT?'he ro uct ;-
|rrprove t he: 1 PO QlySHQXANS gﬁﬁ%‘oﬂﬁa,[ h%ep[ S3 W?rre %ggreﬂfovahef m@g@;er from
i nvention -as mhimmx&:ﬁu’fﬂc@r aF é(ljk(il‘?:rease in d %Breﬁ% Iaqd%t-jrﬂﬁgth
caused- by cheﬁ}ecah af]{é@mrhi}th’ﬂmBOWanem 5 Suil ﬁ% £
bi nder .mat eri R p‘ﬁiﬁﬁemd ‘figéuébbpelgwebbr'ﬁﬁﬁeF%SLm'"% single;
Kymene [ er ] #&s8H %r%ﬁf}a@ rcul es: In With@ne/\bt mmgtmefDEer
t enporary get ostmtettiga'VGfeésﬂsﬁﬁe webs Gﬁpcbd 'Ir'@%ﬁde starch-based resin (such
as Cal das pr 0%@" DlordP@ autEaply dssee. Cobond’ 1000 pr-oduced: by Natrow&

ry &R&t ed

15 St arch) a stren [ gdd ;om-tnbnxmmyaf‘t S| weaht
by .-+ Her cul &l PRI t)%rgfg &b "W | %ngton DE, and Redl bond 5320

mar ket ed by Najtherveise Specifirdand - Chem cal--corporation of Bridgewater, NJ):
The ti.ssué paper products-of the present invention preferably comprise
from about 0.01% t o about 3. 0% of b| nder materials, €ithef .permanent or -.
20 tenporldr y-wet  strength bi-nders, “.and/ or: from about 0.01%.t-0 about 3.0%

- of - coa dry strength bi nder. - . S Wthout kei ng bound by .
theory,. it i's beli eved that the ester: funct i-onal . guaternary - -
anmoni um- corrpound sof t ener. corrpounds are-- effective . :7 debondi ng.
agents ‘that. act ‘'t o .debond the fi ber- toﬁ@&r"ﬁy&gﬂ E wWiNgls inthe | 25
ti ssue sheet. The “conbi nati oBRIEF RESGRIFT h9 en bonds with the. .

pol ysi | oxane sof t ener, .al ong with _t-he introduction-of -chen cal "bonds with .

the wet ~andddry strength bi nder, decr [aihk gesticuladwsnaigting oute .
ti ssue © ... 'she¥Whilg. th?oﬁ?e‘i'g §ﬁ% é??gwteﬁ gqgi:ﬁ: 8l SinSFeﬂtioa isA ..

reduced bond depgi Gistinkt: am‘lma‘igathe rmpeeﬁtl E‘XPBT' toves aI
i nproved” Surfa?@a diée ‘ﬁgﬁé L RER the TeRGWitY dmmpestatkﬁntwege"‘ Hﬁg it
pr oper t y -chang e URqRIS ndex (Carstens) and t-he. bul k
flexibility, slthp-assdc@ted:ﬂ’%BQ’Ffl ipwhiehgt 1 r| ct | gpgf ryty\ﬁbfmp,gtwal-layer
-surface sn%thness qqg@k@scrr;g)gdschempgqgs- 'f .

trssue paper in accordance with the present '“"e"t'm

F|gure 2isa schem atic cross-sectlonal vrew of a three-

. tassue paper in accordance wnth the present mventron ) 'e-pw
Flgure 3isaa schemattc cross-secttonal vnew of a sing .

tissue paper in accordance with the present inverntion. .

kmg machme
representation of a paperma
Flgure 4 :s a schematnc p dance w‘th 9. presem

ply, srngte-layer

| 25 .-.Iayer

| : . useful for producmg a soft tlssue paper in accor

" invention. - < -

| o . ore detall below:’

. The present mventron is descnbed II"I my “
DETAILED DESCRIPTION OF THE INVENTION

g ' ly po:nting out
REE I | des thh clalms partlcular

RER - Whtle thls spectflcatlon conc u gardEd o) - R i

and dlstmctly clatmmg the sub;ect matter re

three- -



I ntermati onal Paper Physics Conference Proceedi ngs, book 1, page 19 - 30,

I ncorporated herein by reference. 35 Briefly, the process for
maki ng the:-tissue paper products of the present invention

conpri ses t'he-: steps of formation of a single-layered or .mlti-layered |
paper maki ng furvw,gé)“t, gom the af orenenti oned conponents except immsdmssss
PCT/ US96/ 06985+ ~ WD 96/ 36768

8 . pol ysi | oxane conpound, depositiog of the paper naklng furnlsh
onto a foramnous surface such as a Fourdrinier wire, and renoval of the -
water fromt he “beljeaidt thatfthenrrwlentiﬂ'rhe:apobqshdtteramwewmoduﬂdm 8 rpadfng alf| the

added to at  ° g owinp‘t%%nw&es%rfpfzﬁﬁear@fof{rﬁ Sopdibedl oRfpigaper web /. The

| t I b
W h oneor. hors of hBe etshefai, the termoi (RSB o o PO Of (BB, bious

Al'l percent agespromrortpsandrrds pnormrmernnwebe,r @0 rbind ctagetiveri ghderunse ssonditions, N

otherw se spgci {Hﬁm ]191 t. in other words, the hi vg]he[r the lint_r t?ﬁce is, the

DESCRI PTI ON OF t he SpeC| atiron .
concl udes with M'@W@PEE‘F‘&PW"Q webrto it wilk be. - and distinctly -
claimng the presentAsrwseir herein, thé sertrel"binded” refers itovehet varicus svet and dry

i s bt S 8RY o B ARG 1836 oBbE okl
-~ As used herern. the term "water soluble” re%ers to materrals that are
" 10 soluble in water to at least 3% at 25 °C. o
e ' As used herern. the terms *tissue paper web, paper web web, paper '
' -sheet and paper product® all refer to sheets of paper made by a process
..comprrsrng the steps of forming an aqueous paper making furnish, depos:tmg'
:thrs furnish on a forammous surface, such as a Fourdrinier’ wrre, and
15 removing the water from the furnish  as by gravity or vacuum-assrsted'
dramage, wrth or without pressmg, and by evaporation. . .
As used herein, an “aqueous paper makrng furnish™ is an ‘aqueous
.slurry of paper. makmg fibers and the chemrcals described herernafter. C i
As used herein, the term multr—layered tissue paper web multi- layered )
200 paper web multl-layered web, multr-layered paper sheet and multr-layered
| 'paper product all refer to sheets of paper prepared from two or more layers
.of agueous paper making furnrsh which are preferably compnsed of different

COnj unct I on WI t

' “fiber types, the fibers typrcally berng relatrvely long softwood and relatlvety -

_ _-short hardwood fibers as used in tissue paper makrng The layers are
.25 preferably formed from the deposrtron of separate streams - of dilute : fiber .

' 'slurrres. upon one or more endless foraminous screens. lf the individual

-_Iayers are initially formed on separate wires, the layers are subsequently
.combrned {(while wet) to form a layered composite web g _
] As used herein ‘the term. "multi~ply tissue paper product refers to a '..
.30 tissue paper consisting of at least two plres. Each rndrvrdual ply in turn can"-,
consist of singie- -layered or muiti-layered. tissue paper webs The' multr-p!y
* structures are formed by bonding together two or more tissue webs such as'_j
: ,by gluemg or embossrng. ' ' ’

L3S -the paper ‘making fibers used in this invention. However, other cellulose__ .
?frbrous pulps, such ‘as cotton liners, bagasse, rayon, etc., can be used- and )
. none are drsclarmed Wood pulps useful herern rnclude chemical pulps such_ _

Itis antrcrpated that wood pulp in all its vanetres wrll normally compnse 7



20 v Figure 1 is a schematic cross-sectional view of a two-ply,

two- | ayer ti ssue paper in accordance with the present invention.
Figure 2 is a schematic ‘cross-sectional .view of a three-ply, si ngl e-1 ayéer. -
tissue paper in accordance wi th'the pfesent i.nvention. ,
Figure 31is a awggg,%m cross. sectional vieew- of a singl e- plyc'rmsmoess

25 | ayer ‘tissue paper in .accordance Wi th the present.invention.

Figure 4 is a schematig representation of qopapermakl ng  machi ne .

useful for produC| ng a soft tissue- paper in accordarice with the present

i nvent i-on.: as IGraft, sulfite and sulfate pulps scaelitas menhanial ipmipde nchidiegl fon -

FDN{/EG?&” bebi?é“nptgs ‘ground vlvood thermo ecF?EI {2ht-ED; QﬁéCR' &d NcHs THE

dp |cat|onc udesﬁlglthc
particufarly pdhatmepeghanical P ulp ‘CTMPdn %tq‘ﬂlﬁ’teﬂyf'@"éu BRthg depigueys
mat t er - regar dedoniferobs tieesadn beiused. - _ - - . WD 96/-36768 - -

PCT/ US96/ 06985 ' ed.
that the. i n%en ti on SYnthetic fi frbers s suc de %yon p]plyethylene and pt%gprotply!en'%eﬂsbéﬂﬁ

f ol | owi hg “det ama¥alae Her thaeédnaﬁmn@ﬂa?ﬂe %Hbéﬁ‘@léemé%ﬁﬁﬂf&@d natural celluose’ As
used herein, -tFfbeiser Onel exémpasy polyethylene fiee whichi ingyobe tutitizéd by Buipex®,

pr oduct , and :Nh%'&%i?&bwﬁgh‘ﬁ@é)qnc @Nﬁﬁﬂ‘&t{ﬁgﬁ&lh)er undei. use condi.ti ons,

5 |nclud| ng - er'"the.lint resistance is, -
t he | ovner the Empkardwqp%pulpﬁ@nﬁerpft\uoo pulng as wall as blends of the tap .

used here' 0 tF‘hayt 8enempioy@dl " TR aéfms Chérbﬂrobarbﬁlp% #8tusead hefein refers to

strength resin s ar

As used: herei n§b€tﬂ% tpé'f"ﬁ] &\ﬁgpgﬁ g{ﬂrﬁb:tgé b&%g&s {r‘.{psﬂ%}c% %Irs&%%'f&gr ettre%

sol ubl e | n.wat (;angrqcpgrms};agmem saftwgod cpulps are fibrous puips derived from the - .
woody substance of comferous trees {gymnosperms). Hardwood pulps such

. .as eucalyptus are partrculanly surtable for the outer !avers of the multl-layered
15. tissue webs descnbed heremafter, whereas northern softwood Kraft pulps
are preferrred for. the inner layer(s} or ply(sl ‘Also apphcab!e to the presant
: Inventlon are low cost fibers derived from recycled paper, which may contain -
' any or all of the above categories as well as other non-ﬂbrous matenals such
- -as f'llers and adheslves used to facrhtate the orrgrnal paper makmg

: ‘l'wo Component Chemrcal SOftener Composmons :
‘The present mventlon contains as an essential component a chermcal o
) softemng ‘composition comprlsmg an ester-functronal quaternary ammonium
S compound .and a polysiloxane compound The ratio of the ester-functional
25 quaternary ammomum compound to the polyslloxane compound ranges’ from
o about 3.0: 0. 01 to 0.01 : 3.0; - preferably, the weight ratio of the ester-
functlonal quaternary ammomum compound to the polysiloxane ‘compound is
"-about 1.0 : 0.3 t0 0.3 : 1 O more preferably, the weight ratio of the ester-
N . functional quaternary ammomum compound to the polysrloxane compound is
" 30 about 1.0:0. 7 t0 0. 7 -1.0 . Each of these types of compounds wnll be
e descrlbed in detail be|ow R : : '

.A Ester-functronal Quaternary Ammonlum Compound _
_ The ester-functional chemrcal softenrng composmon contains as an
.35 '-essentral component from- ‘about '0.01% to -about 3.00%- by -weight, . : -
- preferably from about 001% to about 100% by we:ght of an ester—



As useéd herein, the terns "tissue paper web, paper web, web, paper
sheet and paper product” all refer to sheets of paper nmade by a process

cdmpri Sing the steps of forming an aqueous paper meki.ng furnish, depositing. - -

this -furni'sh on a foraninous surface, such as a Fourdrinier wire, and- 15 .
renmovi ng t he Wely@osfskAg the furnish as by gravity or vacuum asgcaiusdenesss

dr ai nage, V\Ath or W thout pressing, and by eleporati on. As -used
herein, an "aqueous _paper. making furnish" an aqueous . Slurry of
paper rrakl ng -fi bers and:.t he chem cal s described hereinafter. . As
used herein, tHenctional" quaternar&yarmnomm ueompund,naivefenablyi - Iesye:r-ﬂmmnal
paper web, mul-tgyakéit@ mitiShiu-¢drhpbads REVIAGRAG feiiga: and nul Li- | avered
paper product”. all. refer to sheets of paper préepared fromtwo or nore . . °.
| ayer's : of agueous paper maki ng furni'sh which are preferably .comprised:
of different . -fiber tymRs, . the fi ber{CHaYp+ Ml< Rabei ng rel ativel y: | ong
sof twood ang rel atlvely " -sh har d d fibers as -used in tissue paper ‘-

maki ng. - The Iayers are - 25 prefe %P_L formed fromthe deposition of
separate streans of dilute fiber: slurries;, upon one.or - nmoPE “end| ess

f or arii nous- screens. .If the 1ndi dual\t Iayers are |n|t|aInyorrred on -
separate wires, the Iayers 3ﬁf subseq en &%2, %gbl ned (while wet) to - .-
forma Iayered corrp05|te web. ﬂsed herfein the term: _

"nul ti.-ply tissue paper - product refers toa 30 tissue papér consisting . .
of at ‘| easttot wo -pl i esor Each individual ply in turn can "~ consi st -of :

Si ngI g-1ayered or nulti-|ayered-tissue paper webs. The nulti-ply

structures. are formed’ by bondi ng together twa or mor e - ti ssue -webs ‘such as

by gl ueing or enbossing.- R2 1t i 5%1 & pfl®d that ‘wood pul p in
all its varieties wtl nornallﬁ\qpnpri the paper meking.fibers used -
in this invention. However, other ulose - --.fibrous pul ps,such as
cotton I't ners, bagasse, rayon, etc. an be used and - " none @re

: dlsclalnedISVbod pul ps- useful Qg(eln [ Iude -chem cal pul ps such = -
WO 96/36768 Ry " PCT/ US96/ 06985 ..
10 -~ - -as Kraft sulflte and sul fate pulps as weil "as nechanlcal pulps,
|nclud|ng for . exanple ground wood, thernonechanical pul:ps -and '
Chem - - Ther moMechani cal Pulp (CTMP). Pul ps derived from both _
deci duous and - g coniferous trees can be used. 5 . . Synthetlc

fibers sucaoas rayon polyethylene and polypropylene flbers

. 0

|\}
R3-C-0-CH2
25 - - . .+  CH-CH2-N*-{Ral3 X=
-C-0
o
o

30 - : - -
o wherem each Ry substituent isa C12 sz hydrocarbyl group, or substltuted"_ - '

: hydrocarby! group or mixtures thereof; each Ra substltuent is'a C1 - Cs alky )
or hydroxyalkyl group, benzyl group or mixtures thereof each R3 substituent
is'a Ci1 - C21 hydrocarbyl group, or substltuted hydrocarbyl or mlxtures

_ mixtures thereof; n is 1 to 4 and X" is a suitable anion, for example, chlonde,
: 'bromlde, methylsulfate, ethyl sulfate, nitrate and the like. S

: .. 35 thereof Yis -0-ClO) - or - C(O) - ‘0-o0r ~-NH-C(O) or.- C(O) - NH - Lor T



may al so be utilized in conbination with the above-identified natural

cel l uose fibers. One exenplary polyethylene fiber which may be
Utilized'is Pulpex[err] ,_ avail abl'e from Hercules,” Inc. :
(WImngton, Del.).. - . Both ‘hardweod pul ps and softwood pul ps as
wel | as bl enewogg,;g-,gga two 10 ~may be enpl oyed.- The terns har!tmmbspsdsps as.
used herein refers ta’ - _fibrous pul p derived fromthe woody

subst ance :of. deci dudus trees .- 7 (angi osperns): wherein softwood pul ps
are fibrous pul ps derived -fromthe : * woody substance -of coniferous

t.rees; (gymasper n&s’ disdarssed dnl Smuerps Edud Bailey's Industsiab Oiladnh Fas Paveucts,

particul ari iy, .?&“édzt?&d-? SéHn. tﬁ@?g%a mﬁ&ﬁye(ﬁeﬁf@{ﬁﬁéﬁﬂ) 'talio@\\/‘?i%d ?turaﬂ\g

tlssue mebs desc ‘her el ereas nort ftwood
are preferr r@EF‘FBF‘Qt’Hthfﬁhé\a"!‘Eyér‘(%'}ab@ comRasjtiony Taple @i Scignthe taé’oﬁ’ﬁe
present - .. identifiedhveferénse adited by SWein frdicates dnat wba‘lllyom%eeyoh@u@ aﬁper

whi ch mayg Oigshata{?ty a(flds of tal?dw cﬁhta% l1626¢ t!B aﬁi?&{ %t&rﬂs }é%@s%ly\gt hé'S.

ot her . non-fl I ous i'ves used to
facilitate: tﬁaﬁtvOPFlgiSnanesgeﬁoé‘r tﬂm e unsattz@ted P"ma"lVT'ﬂoﬂ@oﬁ%hlet oleic
Chenmi-cal SOfﬁtﬂd.erstm@mSIdsl well as natural ~*tallow$hefallr @ahi th8VEEE peIdFC e ai nNs

20 an. esent ko TIBRYN. £ ETHAR. known thorBEASIRAY GEIF OBl \Mauct -

corrprl sing. ester | onal quatern _
pol ysi | oxanechasagtsiistic rewdrements, te sar@retsqrb!evebﬁf:the(ﬁmllow canthe twilgred nary

gnggm ;Jmo(:)orrpomdoﬁ myulr@gawtdeI(idmattﬁt&s&mwfiauﬁafgetaﬂfmamty hydrogepatéd 3: 0:.
(6] ratl.o o e e

Purioti onal dhard: &l 6F BhRveBeshrinediavls P sdriiador ack Fanibiel. mnmps sae

about . 1.0 : iocluded \@ltblﬂ thescope of- the girésertiipyentian.wei ght . rati o of the .

ester- " . . bR 'Ue"l%deisl%bertﬂﬁf ¥u8§ﬁt%ht§TRF,Oﬁ?9H8q‘i3t ﬁa&*@pﬁ&iaﬂ%‘ﬁé’xa”e |
conpound i's th types of

conpounds’ 'V\ﬁq%syg“t&gs cYY'F'P)eHa'FQPsd&’%Ws b%‘f(g‘/v as. a(fkoxyﬁ hydr @%‘t‘ero"f FRY i Rfhal
Quat er nalsy mranohedn Botrsacin chaterials are notiprefesten hénsirc tRrefestiblyh @each R, is

softenlng C S n

about- 0. 01 O?*’P C1b Ay T SroaiRen most ﬁ?fgriéi%?“ﬁtm%%“’@ﬁ b

about . 1. 00%"™ lﬂ\ﬂﬁﬁ\@iﬂ”%f Oéﬁ“@f/brf "Efefab'\" each R2 's Y @rspydrgxyethyl.
PCT/ US96/ 06 Feferably R3 is C1BuGe? amwendUaérealhenw, musomreferabiwﬂgasrsira:ght

preferably &?Jiﬁrmfém&%%ﬁ\h and / or alkenyl, and X" is chloride or methyl sulfate.
20 Furthermore the ester-functlonal ‘quaternary ' ammonium compounds can
' optlonallv contam up to about 10% of the monof{iong cham alkyl) denvatrves,
"-e.g., (R2)2. - Nt - ((CH2)20H) ((CH2)20C(0)R3) X-.as minor ingredients.
_Thesé minor. :ngredlents can act as emulsnfuers and are useful in the present. -
L ~ -invention. T ' o _
25 Spemflc examples of ester—functlonal quaternary ammonium’
s compounds having "the structurés named above and suitable for use in the. '
' :-._present mventlon include - ‘the’ well known di-ester d:(alkyl) dimethy!-
-ammonlum ‘salts - such -as- dt-ester d:tallow dlmethyl ammonium chlorlde,' _ E
o -mono-ester dltallow dlmethyl ammomum chlorlde, di-ester ‘ditallow dlmethyl
30 ammonium methyl ) ulfate, di-ester dr(hydrogenated)tallow dimethyl
o 'Eamrnonium " methyl - sulfate, dl-ester_. dr(hydr_ogenated)tallow dlmethy!_
- ammonium “chioride, and ‘mixtures thereof. Di-ester ditallow dimethyl
~ ammonium. chioride and’ di-ester dl(hydrogenated)tallow dlmethyl arnmomum L
: ',chlonde are :particularly’ preferred These particular :materials - are .available
.. - 35 commercrally ‘from Witco Chemlcal Company Inc. of Dublm, .Ohio under the
o tradename "ADOGEN DDMC Ow - : '



quaternary anmoni um corrpounds' having the fornmula: [err] a 10

15 : 20
25 - 30 - wherein each Rlerr] substituent is a Cl2 - €2 .. :.- "
hydr ocar byl group; or substituted” - . hydr ocar byl group-or nixtures

t hereof; each - agubstituent Is a C1 - C6 al kyl - QFCT/US9G/06985
hydr oxyal kyl~ group, Z)enzyl group or m xture 3t hereof; each Rlerr] '

substituent s a €Cl1-- C21 hydrocarbyl group, or substrtut ed hydrocarbyl .
or m xtures 35 _thereof; Yis - C(O C(O O:-or - NH- C(O: .
or. : QO -NH -.. &i-quat variatigng of cshe hestastfunational] qunternan apupepiUy” 5
sui tabl e ani orborﬁmummlaﬂsoaie asédjeand are meantbtwrelnwnmttheIseobeaoethe '

ethyl sulfate prabéﬁﬁhseﬁﬁﬁn I ffede &ﬁ'npounds have the formula:

_ Ra C O- (Cl'lz)z N"’ (CHz)n- N"‘ - (CHz)z O- C R3 X- o 2

' In the. structure named above each Rz isa C1 -Cs alkyl or hydroxyalkyl"
“group, R3 is C11-C21 hydrocarbyl -group, n is 2to4and X is a suitable
~ . anion, such as an halide f{e.g., chloride or bromide) or rnethyl sulfate
. . Preferably, each Rs is C13-C17 alkyl and / or alkenyl, most preferably each R;; a
15 s strarght—cham C15- 17 alkyl and I or alkenyl and Rz isa methyl '

B., Po_l_ysiloxane .Compound

: o in general surtable polysiloxane materials for use in the present S
.-20 . invention ‘include those having monomenc siloxane umts of the fo!lowrng
i " structure: . : C '

. [-'Si.-'- 0 ] .

s g o

o .'wherem, ‘Rt and R2, for each mdependent siloxane monomeric unit can each'
. ,-:.rndependently be hydrogen or- any alkyl aryl, alkenvl alkaryl arakyl
I : cycloalkyl halogenated hydrocarbon, or other radrcal. Any of such radicals o
+ <30 can be substituted or unsubstituted. R1 and Rz radicals of any partrcular
- monomeric unit may drffer from the correspondmg functionalmes of the next’
N ad]ormng monomeric unit. .- Additionally, the polysrloxane can be erther a
' strarght chain, a branched chain or have a cyclic structure The radrcals R1~'- :



WD 96/ 36768 PCT/ US96/ 06985
12 As di scussed i n_Swern, in Bailey's Industrial OI
and Fat Products,--” Third Edition, T]rﬂQrBHgEh' S’:lﬁg ppns (New York 1964),
tallowis a.naturally '-Ocu”'ﬁgpﬁﬁ % iawngavarlable
conposi-ti‘on. '5955@;,665313 in the ab idemtified ' redTausosomss’ .
edi ted by Swern |-ndicates that typically 78% or nore of ' 5. the fatty. -
acids of- tallow contain .16 or 18 carbon’ aty@s. Typi cally, half of-.the '
fatty ‘aci ds present . in tallow are unsaturated, primrily in the form of:
oleic - straight d;haiﬁyrat beanchedschaih lordswaveas wyalic 'staictanes 'ThHeatddicals R1n
the scope of LHE R can |t|o9faﬁ§‘?ﬁdepé?1\6%ml{(% other 'sﬁa@eo‘iﬁ m%nbl’ﬂ?éshsuch |

dependi-ng upon tQ R erIStIf qgui re
saturation | e8% by ey, HF?&PI %lpxengs. b%o Y%{quGF‘E%I' si anes,lgndf Yﬁ'f%‘ﬁs
hydrogenat ed tadi¢aly R anduB, maxreordtbiny any afoanMaciety pfkm@ang:efmtcﬂrdmahtzes

(har dy. Al§ ofn Wﬁhﬁﬂﬁalﬁbﬁoﬁ c%Fbo?&LHra%Fd Uidetdfde, %%ﬁéﬁhd AR 1o

- . In¢lu e scope o e present 1 nventlon
It wi I'l. be un@@y a¥teSybst.i t uent s Rrerr], Rerr] and Rerr] may -
optionally be .© " substituted with various groups such as alkoxyl,

oYt 2?¥'ed'h2¥ef’ﬁ” Gimplery s @ 307 ”*’"F“"'V'suﬁ“&”@‘ﬁ”&léﬁmétﬂ%dht"v'
al kenyl", ‘rost OB ?%J Pc YR] %'?‘f ¢ Jikey  Exgmplary Alkenyl gradicals are Vln\ﬁ}18
al kyl. and/ or alhheaud! théliké eE:eérhmareacw rBdicals aretphenylrdiphieriyix naphtlyl, and -

Pt or et 2D Yo Y B fd. Eiboide) iRl dlBbhs ar'ioft SO strfVifert o4l BRE Yice
X err].is chl Exeraeia@r afekvlyrarélealﬁaete benzvizoalpharphﬁevlem\é. theéa-phenvlethvl
est er-f unct i ogmpha Ibudyly andnepei like Eﬁéﬂﬁ@lﬁﬂﬂﬁ aaalkyl radicais ar@eweaawl,y

t t i f.h t.
c7s " T BB b B R oAb bl Kdoepoon
X{err] as ni ntadi¢aig aeeichloremethyl, bromastbyb tetratworetrgrleﬂuembylc:tnﬂum'etrm,
enulsi fi efs aﬂﬁltﬁfr&tdﬁ%éﬂaﬂh‘&rc%ﬂﬂyl?"aﬁaetﬁb like .. Invention. 25

Speci fi¢c exanples ester-functional - quaterhary -ammoni um o :
conpourids havi ng the structures naned above -and suitable for "use in the
present i nventi onVlscositmbeE ndtﬁsllomhes kisefuh mayi varyt &y wiki€lw lasythe viscusityyof

ammoni urn sal by tglyrs,m,@_s, .FII arvéiiyt §b|lﬁﬁgﬁsgﬁk%lyﬁm%3@ﬂﬁﬁﬂé éﬁieo n

nono-est er di ow di net

30 armoni um RetRPHe tQ be abla,fogsqpétllcatdgr{ H?@Sg@%leeﬂﬁ?%ﬁ'l erayynmehw
ammoni um rret pglvsdmta‘rrethas adnmmster vidcgsiyydrangingafrod) 8bdutoWOO do rabiouy 1000 -

anmoni um Eélf‘p ﬁ@féféﬂc%g ?E@lg R% E?[a‘%sc% L‘-:OW ﬁfi ﬁﬁfe‘?ﬁ('No '
ammrn l:Jm J’2 ,gg1 issu(t?z%t l(\allrarch1 3 nt,a S. atent 0. é(%n
o : assued June 22, 1976 to Drakoff US -Patent No.- 4364 837, issued
December 21 1982 Pader, U.S. Patent No. 5. 059 282, issued October 22,
- 71981 to Ampulksn et al.; and Bﬂtlsh Patent No. 849, 433 published

- 28 September 28, 1960 to Woolston “All of these patents are incorporated -
~herein by reference. - Also, mcorporated herein by reference is Silicon -
Qo_mp_oum_s pp 181-217, dlstrlbuted by Petrarch Systems, Inc., 1984, whlch

. contarns an extensive llstmg and descnptton of polys:loxanes |n genera! .

The polysnloxane can be apphed to the tlssue paper bv wet web
' 30 appllcatlon or’ by dry web a'ppllcatton At least one surface of the web'
i "'should be contacted wnth the polys:loxane The polysuoxane :s preferably
= applied to a dry web in an aqueous solution either in neat form or emulsrf:ed- _
' : E with a suntable surfactant emulsrf‘ er Emulssfled s|I|cone |s most preferable'
L for ease of apphcatlon smce a neat smcone aqueous solutlon will tend to -
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chloride are particularly preferred. These particular materials are

avai l abl e 35 comercially fromWtco Chem cal Conpany Inc. of Dublin,
Chi 0o under the. _ , tradenama’ "ADOGEN DDMC [err]™. - WO
96/ 36768 - s ~ PCT/ US96/ 06985 .

13 B w@baﬂﬁ&t vari at.i ons of the ester-functional quai;@rmmmgss
anmoni um .~ conpound can al so be used, and are neant to fall wthiin the
scope of the ~ present ‘i nventi on. Thes;e-, conmpounds have the fornul a:

5 [err] 10 - - In the structure nanmed above each R2 is a Cl

- C6 alkyl or fqpiﬂlvxgeparate into wagenand Bllieond phases.l tﬁﬁ&blvydnpwnhyeven
group.. n s 2 itk of 8id diikond ohtih 30ib6, The polysABkaTe S e%l@%pﬁﬁed de.”

(e.g., chlori de r fom Preferably, -eac
Rlerr] is-Ci3- @l egr%‘ rige V&%éﬁt?l"’,peﬁpst preferably each Rlerr].. 15 .
i s straight- chai'n. C15 - .Cl7 alkyl and / or alkenyl, and Rlerr]-is-a methyl..

ysil j
D oo Ll oxane COPRAYREY methods of LApHPRG, ntlo"%”%"?r’gf 2’% b A 2 dry
MONOMET i ¢ :'é I ONigsHe Wbt §reo¢39l°ﬁ'9°¢dl‘l‘6«§l rigptent Nos. &,248.536cissued ip| AmPU'Skl

on Septemmber 21, 1993, and 5,215,626 issued to Ampulksi et al, on June 1,
1993, both of which are incorporated herein by reference. In the preferred"f v
"process described in the '546 patent, the polysnloxane compound )

) preferably sprayed onto the calendar rolls :

?10 o Itis also contemplated to apply the polysrloxane to paper webs before '-
the paper webs are dried and/or creped, though in most cases the dned web -

.'wlll have been creped prior to polysiloxane treatment as_part of the =

- papermaking’ process. It is preferred- to apply the polysiloxane to dry- webs
" using as little water as possible, since aqueous wetting of the dry sheet is
15" believed to reduce sheet strength which can only be partlally recovered upon
o " drying. Application of polysiloxane in a solutlon containing a suitable
. solvent, such as hexane, in which the polvsrloxane drssolves or is mrscrble in
- s thus contemplated ' '

. _ Preferably, a sufficient amount of polysnloxane to rmpart a tactrle sense
20 of softness Is applied to both. surfaces of the tissue paper. When ' o
) ':polyslloxane is applied to one surface of the tissue paper, some of it will at
. - least partlallv penetrate to the tlssue paper interior. “This is especrally true
when the polysrloxane ls apphed in solution. One method found to be useful )
for facilitating polysaloxane penetratron to the opposmg surface when the : - _
25 ) _polyssloxane is applied to a wet tissue paper web is to-vacuum dewater the
.. .tissue paper subsequent to appllcatlon A preferred method of applyung the
_ "--polysrloxane cornpound to a wet tissue web |s descnbed in U S. Patent No. -
.. B, 164, 046 issued to Ampulskl et al. on November 17, 1992 lncorporated
' hereln by reference. S _

30 _.'Wet Strength Bmder Materrals S :

~ - "7 . The present invention contains ‘as an essentral component from about _
"001% to about 3.0%, preferably from about 0.01%. to about 1.0% by’
. weight of. wet strength, either permanent or ternporary, ‘binder matenals ’



25 3 wherein, Rerr] and Rerr], for each independent sil oxane
nmononeric unit can each independently be hydrogen or any al kyl, aryl,

akt kenyl, al karyl ;. arakyl’,. -G;?Le-l-oapl-k*,_,ha.L_.n.anat ed hydrocarbon, or
ot her radical . Any of such radi cal THIS SHEERHASSBEENDS i t ut ed . o

unsubstit ut-ed. egdnd R err] di al sREJﬁ’LAi)EY) ‘parttcul ar- ycrmsgsmsgss '
nononeric.unit - mac | fer fromthe corresponding—funrttional ities of the

next ... . ° adj.oining mononeric unit. Addi yigonal Iy, the potysil oxane can be’
either a stra19ht chai'n, "a branched chain of have a cycllc

structure. TheAt #drmahentvet strength binder materials

14 - and R d I " e N
functi bnala.{]tles gﬁﬁ’ne HE%Mt Weltrgfé)ﬁ}ﬁep;dg%{o Sﬁrﬁg nazés &] Hil Oon;(aFlheeS

sil anes, "and. p®! ?ﬂ‘ﬂﬁn@@“ﬁﬁé Ch“—‘m‘cﬁ'&dlﬂ,%{?'%‘“'qQ[@'F R[‘er lygcrylampidesi n
any of a.vari estyraie-bomﬂene fatencdst dysoliubilizzel pblyvinyt Ialmbmg uri-:»axfoanameh?de,

al cohol ;. am

functi onal ﬁ éé’lkrbﬁnﬂé‘néimrr?é C%E%@ST E{J% %rﬂPﬁsy?ng{ﬁ&}:g% g tgrereeof Fq?feramy the
propyl ;" butyl , PFERARANT Mty strength tveggn matesigls aset sefeetpd, enrn the 9rqw> :
Exelrrpl sa(r]I y a{ kegbnsisty ast Bolyahide-Bpichlorohydrin |r§kinsﬁ%h¥d¢€ylbiﬂi’de reswRp &/ -
ar radi cal s e e i ke

al iar yl- radi Caﬁ%ﬁ:&gp& ﬂt@reotd ﬁ'P" rpé’rjma[ng F%e%ﬂeﬁggﬁ %er 'ﬁgﬁgﬂalg amEﬁExgghﬁPar y o
ar akyl.- r adi cal linting-and gjs@ to efprtaths ergnnetwrle syrengtipHEAYY.ctesyliting f from the o
al pha- phenm buéhémroanﬂoftbﬁ’erl ¢drfipoditié®| ary cycl oal kyl radicals are: :

ﬁéfLSSﬂLty‘ed pyr ocbPHERTEE ShicriaEnIa foand Bt %%ﬁ%**h et §5Hith a'fréfns which
t et raf |-uor et hyhave beer Jound tathe of partisular ytility. Surtabe types of such resins are
.-described in U.S. Patent No. 3, 700 623, rssued on -October 24, 1972, and
. 3,772, 076, issued on November 13, 1973, both issued to Keim and both
15 being hereby mcorporated by reference One commércial source of a useful
.-polyamrde-eprchiorohydnn resins -is Hercules, 'Inc. of ermlngton, Delaware,
. -- which markets such resin under the trade-mark Kymeme Os57H.
L Polyacrylamlde resms have also been found 'to be of utility as wet
o - strength resins.: These resms ‘are described in U.S. Patent No. 3,556, 932,
©. 20 - issued on January 19, 1971, to Coscia, et al.’ and 3,558, 933, issued on
' .Januarv 19, 1971, to erlrams et al., both patents berng mcorporated hefein
N by reference One commercial source of polyacrylamrde resins is American -
Cyanamid Co. of Stanford, Connectrcut, whrch markets one such resrn under
_ - the trade-mark Parez o 631 NC. ' ' - _
- - I Strll other water—soluble catromc resins frndrng utrlrty m thrs invention
- are urea formaldehyde and melamrne formaldehyde resins. The ' more common
functronal groups of these polyfunctronal resins .are ‘nitrogen - contarmng
. groups .such as amino groups and methylol groups attached to nrtrogen
N .Polyethylemmme type resins may also find utmty in the present mventron
30 . 'B Temporary wet strength binder meterials cel e T
_ - The above—mentroned wet strength addrtlves typrcally result in. paper
' products wrth permanent wet strength i.e., paper which when placed in an_'
- aqueous medium retains a substantral portron of |ts rnrtral wet strength over
.. time. However, permanent wet strength in some types of paper products can
35 ‘be an unnecessary and undesrrable property. Paper .products such as toriet R
_-tissues, .etc., are generally drsposed of. after brref perrods .of use into septrc _
systems’ and the Irke Cloggmg of these systems ‘can result rf the paper
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15 tyifluorotoyl, hexafluoroxylyl, and the |ike. V'scosity of
pol ysi | oxanes useful may vary as mrdely as the viscosity of oL
ponS|onanes i.n géeneral vary, so long as the polysiloxane i.s fl owabl e or :

can . ' -be nade to be fl owable for appllcatlon to the tissue. paper. L
Pref erabl y: the os3696d YSi |l oxane has an intrinsic viscosity. rargrmmmm P
about 100 to. about 1000 20 centipoises. References disclosing -
pol ysi l.oxanes include U S. Patent. No. 172, 826, 551, issued l\/larch 11

1958 to Geen; ‘U S. Patent No: -3, 964 500, . i ssued June 22, 1976 to °

Drakof f; .U, S. Peadsiot pepmanesty.re@ins its fwdblysis-resistastissrenath proptienaMore

U'S. Patent. Norec'éngib rﬂ§ﬁufa’c§.§'§?§i HaveOB88ed 2emporaryl Wet sfe ldeitivels 36
and Briti sh-Pat ent

bl shed h -
ool ot bn. AL BRPRTRIGHURE T Wit Wels SERGfL 5, SroTeht or 3Py, ineRied deenbut -
Al so, incor porwhiah ithesi detgys afponcsoeking i [waten. DecayCmfpthmdaet sprength

181-217; digtr éanftsﬁsbffoﬁqsfrﬁbcd‘apsmsa@mhm h 65 sydtbRi. - . contains

e i CHhoh e Sy, b Ty it
appl i cat i on .oi staychirtempoisaryp pvétcstrength Agemtsassuchnes shafiona Bfarcinc78v0080, S
shoul'd be cont ﬁ%ﬁ&g&”tﬁ‘tﬁ@ﬂa%h#&&f&ﬁ%d Eﬁﬁnﬁéﬁlyéorbﬂﬁlb% lﬁe@rﬁrﬁr Ndw -

appl i ed toa drg ueous solution et
enul si f-i ed-.  YoUfh hTHiSs LﬁVPSb’l%f et oSirenathe Agest 1 €ap - tEmJ'l"?F’F i é'ﬂ' Jepctigge -
i s most prig erdluhethoxyethl/DN-mﬂo/l@lc&pad:etaoﬁdeanmatrncmtibmeaktachl pohgners. -

g‘é‘#ag 6782‘5%'5%&“4& stafdH téporary wet strength agehfd 2% 84 %%scnll%d in U.S. Pat.

rapi diy separ ale- 645 394 e Solasek.spt ﬁlonési}w&’séy"et%r d987: rgnd . r'mlmjp@'lﬂéﬁd

di stribution ohedelre byl lefemeomréfeereuebemiherpcws strenghe resin®rindiade thise O

?’EE:‘ Ie(ra(rjed met hgﬁ%&&ehappﬁ{# &?h@f :)o o%n Oﬁf)(ﬁ{)%zﬁgslfeg garalﬁ;y 1 1§91 .

ti ssue -weblar caRk innorperated he "Nb-s 5, 246, 546 i ssued to- Anpul ski
on September 2I.. 19@th réspbct, fbﬁh@%l’adsé&éiﬂ §56cii® Wxiamiples O@-lbotﬁnpe}msht

1993, both of yhy HmBbrary Vet BRERLH i hidted abovh Tt dHetna ve ditferBlolhat
: the resins listed are exemplary in nature and are not meant to llmlt the scope
" of thrs mventlon . : o
.20 . ... Mixtures of compatlble wet strength resins can .also be used in the '
- - practice of this invention.
. Dry strength bmder rnatenals .
CL 'l'he present invention contains as an optronal component from about
' '_ ‘0. 01% to -about 3.0%, preferably from about 0.01% to ebout 1.0% by .
- 25 weight of a-dry strength binder material chosen from the following group.of
-materials: "polyacrylamide {such as combinations ‘of Cypro 514 and _
Accostrength 711 produced by American Cyanamld ‘of Wavne, ‘N.J.); starch' o -
‘{(such as’ Redlbond 5320 and - 2005) avallable from Natronal ‘Starch and :
"Chemlcal Company, Bridgewater, New Jersey; polyvinyl alcohol lsuch as
- .30 .-_Au'vol 540 produced by Air Products Inc of Allentown, PA); guar or locust
.bean gums; and/or carboxymethyi cellulose lsuch as CMC from Hercules. Inc.”
' _ of Wilmington, DE). Preferably, the dry strength binder materials are selected
- -from the group consisting of carboxymethyl cellulose resins,- and unmodrfled. :
- ' starch based resins ‘and mtxtures thereof. The dry strength binder materiais - -
. 35 _act to control Imtlng and also to offset the loss |n tensrle strength if any, .
S -resultlng from the chemlcal softener composmons S



‘process described in the '546 patent, the polysiloxane conpound is
preferably sprayed onto the cal endar rolls. 10 It is also

contenpl ated to apply the polysiloxane to paper vvebs before e t he
paper webs -are dried and/ or .creped, though: in npst cases the dr|

wi | i~ have "been creged prior to polysiloxane treatnent as parFCE?’gwﬁEQ
papernaklng pOSE .S preferred to. apply t he’ poneroxane to dry. mebs
using as |i'ttle water as possi-bl e, since’ ggueous-wetti.ng of the dry sheet
is . .-15 -believed to reduce sheet strengt h which- can

| .
recovered upon - I'b generélr yéuigble Aetplohafmoh’&?ﬂ%‘@l E?I 8935%8?699’ ghggﬁ is?/on_"
abl’e

CO AL 10 SAL N Bed b, ool iRl e achogmiy. (ot [

s ms

at,
Preferably, an-mérlalsrleclud&mufhts@fchpﬁl‘?/éfqtﬁg? ﬁareh abégﬁf @Q{é{tqﬁﬂérﬁtﬁd o

20" of  softne ' nd wa \Zcédrhv\ﬂ
%qml ithe §c@pbobh seitablacstoraly rmaferaﬁsé YA

pol ysi'l exane I'red to on igeh $tareH |ss§mcptqnlqr preffeﬂlf%d-of‘\m'?c% I I
at | east pilrtﬂaﬂtllﬁ H&Yéf‘r‘%‘? flﬁﬁ*’ﬁ a{'ﬁssue ralpter i ,
especi-al 'y tT ggarch dlffers froine rEQrEOPOFYH) FERL FBRan, ’sﬂa@ iElis Oéol“"m am"%pecm

|ln SO@ %m%se
met hod. :f ouind- &aﬁq} Edmion com - staich ¢artainst &ptmgalelO?§Ff Bxaf
penetration t &°op oSr n

ur sta?éh -grel ﬁmtlhe]‘xdﬂeclll%ed in"
applied to a- \W'@Sé‘ﬂ@”ﬁagg 'a\ﬁ£ S tgf‘\/%r?%ga F‘ﬁ by ood lnddsltﬁewe
paper subseque-rptm*beaapﬂle Starclmrirom"ﬂﬁé‘l&‘l‘@d' E%g@\é‘?&g) g%t aé‘nPe
ol ysi | ox t $08- (M. pp. r
g 1%4 046 W §Q4§ % 10@

ul sk al ef nedco'f ssareh ls'
herein by ref egrenular of d'sp%’(? "'Staﬁﬁnt'\?ﬁ | ndf&ﬁw rs’LQﬁ o ranﬁes More
The present Il‘bﬁ-@férha @Qfﬁdlently amakredeseelﬁ‘tdllﬁl’ Y ﬂe t r?r Abou '

0.01 %o about rdruies aaolaw@wm%st by 0King, W@ B?'“"' just
wei ght ‘of -wet %’le?%rﬁéyh ?erman nt_or b i starsie rarlulas
16 _ A Per prioretat dmerssqr‘refryﬂ?\sfﬂfﬁ eq’a%'Fe [IEﬁh‘i’dhl y sWders 9

wet str engigf bém\ege rfaid?fedatcﬁaﬁfbblngfdﬁﬂw ¢oaked”; Abe Condltfqﬂﬁ B‘f}n dis B o ou of

chemi ¢al's: “pol yam I chl Pthesizy [ thd essarch granules. the degree

styrene- but adi ggraerpgpggé@fy %ﬁgg'lé@bpqupzed{ 0 l vinyl . al o resent. Fully
a lr?’ L Bunt! dtollyiose p

urea- for mal dehuﬂe;rystallimty of the granules; an

cooked -amioca starch, for example, can be prepared by heatmgoan aI)quio;;
.. " slurry of about 4X consistency of starch granules at about 190 F‘ la oz:arch
20 ©°C) for between about 30 and about 40 minutes. Other exemp ary sh "
- -materials - which may be -used include . modlﬂed ‘cationic- starches ‘suc >
- those modifi ed to have mtrogen containing groups such as ammo group: :nd
. methylol groups attached to’ nitrogen, - _avaitable from Natronal fSt:rc v
: "-Chemlcal .Company,’ (Bndgewater, New Jersey) Such modified s o
25 -' matenals are used pnmanly as a pulp furnish addltrve to increase wet an el
| dry strength Consrdermg that such modlﬁed starch matenals arefe::ed
expensrve than unmodlfred starches, the latter have generally been ptr,ed w,th
Methods of- applucatlon lnclude, the same prev:ously describe "
reference to’ apphcatnon of other chemical additives’ preferably by we;c :‘a
- 30 - addition,’ spraylng, and,; less preferably, by prrntr:ttgn:::SItln:i:\ m:::::ato o\:
ue paper web alone, simulta , of .
) :3;22‘:;:::012 ::Zrtro: :f the chemucal softemng composmon At leas‘;vaer: o
- effectlve amount of binder materials, either permanent or tempo:a:: -
strength bmders, and/or’ dry strength binders, preferably a :orant::,a :,engm -
35 permanent wet strength resin dsuch t.-::‘s l:\:‘r::tnemsszol:l :: o oursol nd .
MC is apphe to the . .
-.: L?nr;o::::nta_:tr:ngth mcrease upon drymg relative. to a non-blneer treated



5 pol yet hyl enei m ne; chitosan polyners and m xtures thereof. Preferably

t he per manent wet strength binder materials are sel ected fromthe
group .  consisting of polyam de-epichlorohydrinreésins, polyacryl.am de
resins,  and - .- mxtur es t her eof . The permanent - wet" strength bi nder . '
materials act ﬁ . linting and also to offset the poraIss6En6oss
tensile strengt any resulting fromthe 10 chem cal softener -
conposi‘tiens. - . Pol yam de-‘epi chl orgiydrin resins are cationic wet
strength resins which- have been found to be of particular utility.

Suitable typebuﬂfothen/mseereenﬂcalrsheet Preferably,bbetvieen aioutPoi®1% dad about

3, 700, 623, i 3' S ?B@% 8F bl e‘?brﬁateﬁi%{s ér%r%tarﬂQQ in the @EW%hé%lﬁcﬁrbaﬁqgéﬁ oi'a dry

Novenber - | SSue
i ncor por at ed " Bper aveighh hasisprand, omees Rraferablyr hietweeq ‘!E%Fu@ 1 %’ and “about .-

pol yam de- epi qttbwehmiﬁuér natdriats issetiihedl es, I nc. of. W ni ngt on, belaware,
whi ch markﬁ;cs such reésin under the trade- mark Kymeme [err] 557H. . .- -

Pol yacryl am.de resins have al so been found. to be of Utl|{ty as wet
strength resins. THbeesacosdnstenrin thesprocess afnthis @mvensiopnis the. depesstingatzf

20 issued Ontﬂemﬁgm-la rea9$i‘-,m&lﬁ-l§¢§r%da apér ahaki dfu3nr§ﬁ6u&a§ thesawl/eon .
January 19 1

January 19, - 8&enbey themidlBofindl comBptiligh g falnds riletd)f A SadHEes o0 | ¢

Arer i can ‘adpeaminayisGurfase dteshird teprie se cempvingi afttheawatarsfromethauch
resin undeg furnl§l'hﬂ.set ‘pesied. kﬁéﬁﬁléubﬁ”é&d Gthi’u NGen?ivhlch can Shé! hséd hﬁ'
wat er - sol ubl € catlo ntélesms mdﬁg@utlllt%/ nlb|3| ventlon h _
urea fornal defi§ERM PSR T RIP 8Ps il be Yrtﬁ@aéﬁ?ﬁrﬁﬂ t ose.:
functi.onal gr shﬂedoin t thes gpaper y making oara.l r Beafamedr enuitidayeged tissuei paper

groups such agnifdieRis® 0P xnd" eE@‘rftthv?htr h ﬁatlr%ﬁ’i‘%gohf’ 0204 %)%”about'
Pol yet hyI en| m n&g;t yl%e resi ns S resent -

t ;
i nventi.on. oS Brefe(s t“§? R’ a@r Mé’rv t on a dry fiper
above- nent$ onbdsiseef the ohghiicaldsbftenies dompemmdry andsbintier materials described

products wi thy,pafRRRH rﬁ@&lgﬁ{;rﬁﬁglﬂa bred orP - éy&&f‘ ﬁ!}ﬁg ch?é‘se%a'n tt%“

aqueous” nedi um. retai ne ¥8i°ci &h 6 I ni-tia stren
over -~ = ti nEOmMuined, with ABE P Qe ather E!?#L@n@’tehs |tﬁ fou® WBEB Vo?'*%%?per .
products can 35 b¥herpreserciasention Bnapplivadis tmtikmeopapurhmerliwerinmdmects

such a5 L0 Shut not ihRsH 33 covbtofdif ABLE/aRbA tgkaeq%ﬁgr bigf bk, Bhteé

periods of use-in ese
syst ens c&“ rggnsqﬁepftlss\r@ PRRRS; and high bulk, uncompggted @;sggeg@per The tissue

PCT/ US96/ 06985aper products 'made therefrom may be of a single-layered or multr-layered ‘
: : _'constructron Tissue structures ‘formed from Iayered -paper webs are .
described in U. S. Patent 3,994,771, Morgan, "Jr. et al. issued November 30
... 1976, US. Patent No. 4,300,981, Carstens, issued November 17, 1981, - -
25 U.S. Patent No. 4, 166,001, Dunning et al.,. issued August 28, 1979, and .* -
: European Patent Publication No. -0 613 979 A1, Edwards et al., publrshed
September 7, 1994, all of which are |ncorporated hérein by reference In o
general a wet-laid composrte, soft, bulky and absorbent paper structure is |
_ prepared from two or more layers of furnish whrch are preferably comprised -
30 of drfferent fiber types The layers are preferably formed from the deposition -
. of separate streams of dilute fiber slurrres, the fibers. .typically bemg relatrvely S
-. "long softwood and relatively short hardwood ‘fibers -as used in multl-layered '
“tissue paper making, upon one or more endless foramrnous screens if the..
' '-'.'lndrvrdual layers ‘are initially formed on separate wires, the Iayers are
- 35 subsequently combined (while wet) to form a Iayered composrte web. .. The .
' layered web ‘is subsequently caused to conform to the surface of an opéen . _
'meSh dryrng/‘mprrntmg fabrrc by the appllcatron of a flurd force to the web _



17 : product permanently retains its hydrolysis-resistant strength
properties. Mdire recently, manufacturers have 'added tenporary wet strength
additives to paper products for which wet strength is sufficient for.the’

i nt ended -use, ~but . : whi ch then decays upon soak| ng:i n wat er. Decay -
of the wet strg gk,g‘.,‘g faC| litates flow of .t he paper pr.aduct ptiiospépboss
septlc systems L Exanpl es’ of suitable tenporary wet. strength
resins include m)dlfled I ,starch lepporary wet strength agents, such
as National  Starch 78-0080, ' - marketed by the National Starch and.

Cheni cal Cor pcarﬂttherea(ftﬁmh&rmblly btedned ofoséiyl. fabtic astpare o6 lowt derisitynpager

agent can be C
di met hoxyet hy{lﬁﬁ& rrg)bh e I or e wel Chay dbe stratrﬁed thh h respect tc to fhber tgpe or the
Modi fied star (ﬁ?%é’l‘?ﬂ it '@P?@‘l{ﬁ lavetsemay %ﬁ Gs%qné’@"lﬂégﬁ lsﬁﬁ'@d Thﬁ ‘B“ﬁ"
Pat. - . lﬁeered tl‘s'sﬁeﬁ’l%ber&eterebly teds albasis ineighedof beme’b’rh 10%%12 and

| ncor porat 80 apout 65 AR5 el YedthPRE BBBur B B ERS RFH. ga{feg@;y%sgegt -

resins i .nc

B or Kquii'st , - . EIGHE Yl b below abogt 35 9/m? aplessh @@ RANEWWHkpeiAROHy 0.30 -

reference. = . g/om3 or less.\Wibbt peeferabily,t dendity avillsisee detwders (2041 g/ensk amples
of both per mang sand tenporary-wet strength resins | i sted above,

it shoul d:he ungersfoogl‘frl!l‘ .~ the resins listed are exenplary in
nat ure-and are not. "he%rﬁfef‘bffﬂ Brmbedjmest gk this inventiop; tissug siryetyreyrare

20 ; Ml}ot;ﬂfoﬁnéﬂ fmamiitidayéred stpapegt hrdb@sntarss déxtrided0'ihe WSed Paterithe
rac |ce 0

e or cent | Av3RDRAFT cafstons, spusg NGkt 96,1060 ARF incBBhaid ferein by
0.01 %to abouefesem prAseardingy t1or Garsteasit swctlmaper anasuta 1high, degree of 25

wei ght.-of a. drsbbﬁctrﬁéﬁli Ben*&’eﬂi%‘ble §B#AedA by VIREE b lEél heuhplayemunsaswa of
material s: pol ascnbln

o Pty b 148 Sy HaRB e o RALIG 2¢ sk AR B0pE ey oxgtis sbouf 5% or
(such. as R&di bnore Sﬂzﬂoanuamﬁfc)d abersl, elrl:lvbtg‘ aontiTRt (Humdn Jeanré Response)-

Chemi cal’ Conpqr%o‘grbflgﬁ%qbﬁlrsuwd&? %)f aﬂ&?y‘l’ o4} |éHsC%B| Snb?é“ﬂ?eﬁ?ably

30 Airvol- 540 pr uce %
| ocust :.. aboyt O $s, AN most H%ﬁ@%?h‘}/‘l’t Qéll Pﬁle§§eh?‘§ﬁ%l"i‘ FECffrree
f rom Her cul es: FibercEnd)-lndex of thé toli surfags oh abbl) 60 Rrahereatand, preterablyyabout

strength bi ndey v Al thePhrocass for rﬁgkmﬁ such, pajg"r Me1GdEs ﬂ{eoﬁtg ‘Eﬁriﬁ’eéﬁlgﬂg

- of carbox Jget cel Ul os€ Teslns,
" resins :an %ﬁ%@t interdiber bopds hefween ahe;shod; hardwoeg: fipgrs defining i3 tog . -
to control |isurfageaocprovite suffiofehs dteet drel bostlonsrthbmmﬂtbeeaﬁmngielrequlredny,

resul ting frorngl]ﬁngge(;@ ﬁ?é téﬂfstﬁfa‘% SP'mé’stlsIshgnﬁaper Such bond breaking is
o achieved by dry creplng the tissue paper from a creping sutface to which the
P top surface layer {short frber layer) has been adhesive secured, and the . .
"25 . creping should be affected at.a consrstency ldrvnessl of at least about 80%"
""" " and preferably at least about 95% consnstency Such tissue paper may be
. made through the use of conventlonal felts, or foraminous carrier fabrics.
o " -Such’ -tissue paper may be but is not necessanly of relatlvely hlgh bulk
. .' _-:densn;y _ . e ‘ . . S . .
< 30 .. The md:vrdual plres contamed m the tlssue paper products of the_
S present invention. preferably comprise at -least two superposed layers, an
- inner- layer and an outer. layer -contiguous wrth the mner Iayer The outer
. .layers preferably comprlse a pnmary filamentary constituent of about 60% or
. more by welght of relatwely short paper makmg flbers havmg an average -
35 fiber between about O 2.mm and about 1.5 mm. _These short paper makmg' '
o fibers are typlcally hardwood ﬁbers, ' preferably, " eucalyptus -fibers.
‘_Alternatsvely, . |ow cost sources of short flbers such as sulflte frbers.




PCT/ U896/ 06985 WD 96/ 36768 18 I n general,
suitable starch for practicing the present invention is characterized by
wat er sol ubi l'i'ty, ;and hydrophilicity. Exenplary starch: . materials

i ncl ude cofn starch’ and.potato starch, albeit it is not intended to thereby -

limt the scopeygfs able starch matérials; and waxy corn-st atghussnesgsat
is known-industrially as‘am oca starch is partlcul arly preferred. Am oca
starch differs fromcomon corn starch in that it is entirely arryl opectln
wher eas common’.corn, starch contains both anpl opectin and anyl ose.

Virl ous umT ﬂueﬂ%@ﬁécﬁfarﬁdalcaurﬁ mnewarrﬁrﬁthomaa-daurPhw (@T94P) bedber@

m oca - e al 0 S S
Decenber. '1945, § ? é{b%%\/\?@% 8%{} rEslwgﬁ%fl Bgﬁée/seés‘% ar é.tﬁgcangg fa%r% or
granul ar ‘or di b dnftbenmranrtiever.gf desired: Therinner layes eprefetablyneorgprisesta i s
pre]f erag: y suf bnﬁj[a?vtﬂrl]amsﬁ% @oheutueﬁwge abobt Bo%; o@fmé&eebgwaghesf réiviely o
prerera y sStarc I U [ ol n .-
Pt Tprion So Tarith Baber fabfitg Kol Bpvie,of yelioeclinh Ridth b dsf BB 201,
granul és 15 piral These losigepansat making fﬁlﬁfﬂgfﬂ tmm:q"wsm‘nwod fheass.cme&rabkvns-

for dispersi Onnb&hern softwoo@%%'i‘ﬂhbér%n vary dependi ng upon the size of .the . '
starch granul’es,

the amourt of amyl o@ba;??%ééﬁd e'IEBPPV"e"t of%‘%&%gﬂ%&%gﬁilgégﬁaﬁ nulugfsqﬂp%pq

exanple,. can beprehesiacel firyndd byiplaciag atdeastuswo multn-layeeedjtlsgue)baperonrebﬂx-

‘[Sgpfi Sé; e}[‘g; gg{rs\g@iﬁggﬂé&%hﬁ%nat FOrOekample, [ae"t%ﬁagé‘wttv?@plv tissgd pape

ut .40 .m nu € ar ar c
hat o1 a1 S wihi CRIOGHELBR, bR PRdR YD DE 4 TR BURTaared Gisshe rpaper el 53d 3
t hose nodi f i edsécorhwoslayeredcdissae papenivveb by juxraposed relatioani Inothis exmraplend :

net hyl ol gr Oupaaéﬁ@? ed {@?-Wa\}érﬁgfsnue m&:'fo%@.éuﬁa @We?ﬁgversaﬁ&% @ﬂgf

Cheni cal
material's are !?y@ﬂ pThW?ry‘aé@" epfﬂfﬂféb'hluﬁiqmﬁﬁs%qu sbart; Bardmegach Sibergend |

and/ or . d_rylst rmidher@m' phetérably eomprisestieidngi suttwbed diberit THeatwio plies - e
ore .- ¢ EBiTIbH egfemt BafaHAEPidd %tﬁ‘fg@ ﬁ-gﬁ? h]aHWo{)&‘tffbeers 'the outer . ©
general ly- been pre rcation 1nclu L.
the same previ RAYSrs Qie%?&hl plydfage; utwardly, and ther@r@n’@ueeocamrmeat%dom :

ot her " cheni cal softidod' fibefd ficw Hwardly, Mebtiendwords, thélouterdayeroot each ply -

;- and b -
oo $Gi BO eBRR sl B e e Whsud iR ATt BBl "W“ pach o
subsequent 200 Phardispesad tawand:theniaserior ofdbe fasip BS%&TWGQr tion. At | east:
an . .- . eff ecFigaee aAngs iy s€Rerhatic] efogsrdettibhhisvied bhertvmtmm\tworply't

t enporary V\Bt 8?%” t| sue in ééﬁ}g@c%gﬁﬂ]ﬂnenP?é}Q(’PFI}V@F\%O?%rﬁéﬂhﬁ'ﬂ@&&%ﬁ% 1.

preferably ac nation .
Kymene[ err]  58hey twerlayemd, swoenglyhwebdsi nQucie &9”@99@3#5 of Ve celiaso ndn -
sheet, to pr. OVilﬂﬁaboséd peladior! Exichh ply 15 is comprised of inner layer 19, and outer

- 25 _Iayer ‘18. Outer layers 18 are comprised primarily of short paper makmg -
fibers 16; whereas inner Iayers 13 ‘are eompnsed prrman!y -of iong paper
makmg fibers 17. : T h

" In an -alternate embodrment ‘of the . present rnventlon, trssue paper

. products are formed by placmg three single—layered trssue paper webs in

- 30 . juxtaposed relation. ln this example, each ply is a snngle-layered trssue sheet
' .made of softwood or hardwood fibers. The outer plies preferabiy compnse'
the short hard_wood fibers and ‘the __lrrner. ply - preferably comprises long '
_-softwood fibers. The three plies. are combined in a manner such that the -

“short hardwood flbers face outwardly. Figure 2 is a schematic cross-sectronal'f.; o

"~ 35 view of a smgle-layered three-ply facial tlssue in accordance with the present

_ invention.  Referring to figure 2, the single-layered three-ply web 20, |s.. L

~ .comprised of three plies in juxtaposed relation. Two outer plies 11 are " '



concofmtant strength increase upon drying relative to a non-binder treated
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19. - but otherwi se. i dentical sheet. Preferabl Y. bet ween .‘about. 0.01
% and about " 3:0% of b| nder nateriats.are retained_in the-dried sheet,

cal cul ated on- gn%g,g - fiber wei ght basis; and,. nore prpé'ﬂuséslm”ss .
bet ween-.about /67and about - 1. 0% of b| nder nmaterials is. -

retained. - iy The secondggtep in theé process of this

i nvention is:- the dep03|t|ng of .- . , the single-layered or rrultl-layered"
paper neki-ng - fmmndedupmmgnlyhn‘ sttmt/cpaper makingl &ibensi wdwoaeeascmhesol\t 8i2eis’
conposition-a ,.p%ar & Hbers f9r. arrhngq,% @ {etﬁ;gd
the third ste%ds?‘5 piRe N mﬁl’%éﬁﬁ Q?Tt i HB aﬁ

renovi ter from
deposi ted. To@mbeAimens 5ot shon ﬁ@ch M%%%e‘*e&gantqe Gomprised af BWo
acconpl+ sh thesuperpusedriagerssi ng steps will. be readil y apparent to t hose

ski || ed i mgt he papgs dipkiig Afdrmato” F‘éf@Fréﬁderﬂp@drlné fag B+e°seut RaPhon,

enbodi rrents of.. t he -present |nven coni ai n roma ut

3.0% -fore pr éﬁéﬂﬁtﬂ@qrﬂfﬁﬂﬁ?fétﬂmo OI%GFO ¥ combiningcthges lavgss pf tissue wabs
15 basi's of tino slsiwgleply.dnfthizéxamplemacsingleqiy aisdué)paplerr proaluet iconsprises

described t%reehsgga ‘?isgﬂ‘%ph&s W\édé“%f de?ﬂhﬁ%d aama/&dnsfawaga& f'de?é! e"r‘h@

ti ssue webs.can
mul ti-ply tisfser layers preferably chI‘?E"ﬁ? henghort ardyeadi Gbaerspeng e | "B‘(‘P'--

ti ssue paper Ilayaepl%férlablyi corhprisaxgiong softwool fibenait Theé threedayears are formed -

convent:i onal'| y_f eJngnRé:%an dtri]dtgﬁejghpﬁt%rdm}ooghmfét%Lfa&aout%a}dl Fl& e 3is a

densified ti ssué unco I sSue ﬁ’ e tTSsue
paper- product §0h&mﬂph§m§$riﬁ¢t‘nﬂ§4 vievsf ofy aslsmglevp!Vayl@rueedawr rtodqtu tisgyeriad

construction. aEbS?dh’hc%t Mtﬁtﬂkeﬁresé’ﬁt”fNehhﬁm Ré‘ﬂéﬂ‘ifﬁflt@ fe \@bﬁleaslggle-plg
descri.bed in 94, 771 ssue

S. - Pat :
To76 S, | pathifie-kFer ety 9§1°°@9F'§?%g’3%fe§s@é!ﬁ'ﬁ\ﬁ\/’é‘ﬁbae”r“f reRHep fwd s
U.S. Patedf N@utdr 18are 018 aDamnmgnmd eplnmanlsssofedhdtmg!aﬂerzmakmwmesmdls o

Eur opean- Pat eR{pnérels '|ﬁ|"?’ér' Iﬂmr'\‘f?]:soc&hﬁrigg@p%anﬁddﬁfdﬁ p’atpef"ma Rb”?ibbrs‘qq

Septenber 7, 1994, al are. -l ofated -heré€in el ence. :
general,. a wet-|aidt éBﬁﬁ'@sP?’ebesﬂf?’e‘gg’i taﬁtfbti’(‘!§oﬂ"5‘é‘l'ﬁs'%hﬁ9?t the lﬂfﬁ'ﬁﬁ‘g i's
prepar ed f r ominwention isolimited\tortissub paperi mbdublscd:oraposrpg ethmeabpliescengingteed’
gg ng ¢ f'l)f fer ‘i‘é\}erfdrb:%&o PHPES 1w RykFY), E‘sﬁﬁgté‘r fy Prtﬂi@é RYb, lotd. Ml fidUB {:&?er
P QO : products layered or. homogenous, comprrsmg an ester-functional quaternary o
. ammonium compound a polysiloxane- compound and bmder materials are
- expressly- meant to. be included within the scope of the present lnventlon '
, Preferably. the _majority of the ester-functlonal quaternary ammomum .
e e compound and the polvsrloxane compound is contamed in at-least one-of the
' 25 ..outer layers (or outer plres of a three ply smgle—layer ‘product) of the tissue -
' ' paper product of the present invention. More preferably, ‘the majorrty of the
_',ester-functlonal quaternary ammomum compound and the polyslloxane
-=.compound s contained in both of the outer layers {or outer plaes of a three-
S .: ply smgle-layer product) it has been dlscovered that the chemrcal softemng
S 30 composltlon is most effectwe when added 10 the outer layers or plres of the
' .tlssue paper products There, the .mixture of the quaternary compound and
E potysnloxane compound act 1o ‘enhance the softness of the multr-plv or multi- -
- layered tissue paper products of the present invention. Refernng to figures 1,
_ -2 and 3 the ester-functlonal quaternary ammomum compound is represented
_- 35 ' -by dark cnrcles 14 and ‘the polysrloxane compound 'is represented by "S* filled
© circles 22. It can be -seen m fgures 1 2 and 3 that the majorlty of the ester- :



of separate streans of dilute fiber slurries, the fibers typically being
relatively | ong softwood and rel atively short hardwood fibers as.
used in multi-layered. - . tissue paper naking; .upon one-or- nore o
endl ess for.am nous screens. |f-the . i ndi vi dual |ayers are iﬁ)ﬁ%’é&al |y
formed- on separate.wires, the layers are. 35 subsequen.tl-)?’céré_'l]ﬁ? o
(while wet) tWAW3KTE | ayered conposite web. The" ' | ayered web is.
subsequent I'y .caused to conformto the surbgce of an open =~ .  nesh : '~ .
drying/inprinting fabric by the application of a fluid force to-the web, - -
WO 96/ 36768 fémﬂ:]ional quaternary ammonium compound 14 the poIVs"PW?J%ﬁB%@@% L

20 ' an ereafter thernmlly.n ¢8rhRd cutersstios {hrespectivabsrt .of a. . -
| ow density paféfe contained,in 9 a&ocess., “The ife8dofVithe ~ .
respect. to-fiber: tlylpwe;ver,tiﬁehas-aisg beqn WWSH%RE‘%&{%@%%%%@C iev.gwit&,\[er's,

may be essent| %!&1 LLia8 SR pde piudicts decreases withethednelugiopPiptige BT
preferably hal éYi-s.i_s el ght “of het. ,.&Qd d'bAdrthe olydloxabe congound.”
g/nmerr],. &ndfm&"@i/q!i?te&g%ma'@."éﬁ' qﬁ%e r] or less, Dreferablyoabashe =
wei ght' wi [ benbeitors, dbiader Buatgrialscare] usad: fois nting, CORITes; 300 3 1 e about. -

0.30 g/cnferr] ok | s 4y, civley bintisTanaterials areneonsaingEdR the “inner
0. 04. g/ 'cnf er F}ensalﬁ Oﬁ?é‘lgt_”.b Préverdtiy, 2idey bi

. _cabout 0. 20 o/ i e f th tdrriagers
pr ef err ed- enblavesdat insrer Aly OF; @"5?1?'8%8’ |u§giu€;:stb} LG%S%{:[Q}; o"i‘jgﬁ: p‘:: prBducts - .
formed "from (gubdier!phgsiofc thapeplysinglealayae BES ygthof e N et
4, 300,'981‘;locaip§tﬁ£qs;faje$§ IndltfarRer More peéerabiy, ithe o MY e 8F H& Ring§r .
0 '

ref erence.*¥ -AC 0-Carstens, .such-, 31 i gr 6 @fthree-ply -
subj ectivel y pestedelsagre Gantaingdsin, g rﬁﬁg?&?%j r%r: '-htg{élrﬁig?l ayprs ;re:;ha.g%ng o
a top surface drgyGét) Cormpte tisSde japee grodutioutRefemingntP JlaYfes Ao hgng%gélty%'
or 15 nore of short hardwood £i ' i Apihddr (iaterials asq ary
Response) -.Teﬂ%?@"&f‘ptaﬁ'gWO 'ﬁséjar}? ffcgv#ag%%gf é’bgﬂ%né{ O pitddr € frfatenald ave ©
preferably .  representéhuby Owhitgr Cirgles, -1§nd heo pref e (?b‘IF%, about Q. ;ﬁ Qlres -
| ess; -havi 19" agenehtatidaligTepresented byricbess-fillat) cirelge 2 bof It bg seeq /¢ e -

about 60 or” nore, .and_prefer . i ials ™®mead Zhar cootained o
meki ng-such pa'be? q‘“ﬁ?&@@&%ﬁ?‘%&’e g'#t%er binder métgrieis I .

bonds bet ween infisothhof theniangudayers 18and 'HESFIHMQ%O EeSSEF %%*@t?? :[aclenz gr-;)lr gz‘de
suf fici ent- fTee endrRgiddmbifatice of the chemitalesafterting COFRASEN cpm.:ms:l'n_g éh
chi cved by argtersuneenslo quateRy  BRFGIAPCcomRante 2 T e
. the * 20 . t. compouhidc in |°99,'B’(“°Gi9ﬁ0wﬂt_%fi pundef fe)ﬁ%as'g%een a?ﬁes' Betively
secur ed; “and t"PF‘tfductzﬁaviﬁﬁeﬂ'hWio?hsbﬁuésbeaaq flmt@@s&qnta?mlssr en%%‘ cl V.
(dr yn__es_.s)‘ Of'. a.a'ﬁdi?aags%hear?\% éni%‘%?? the chemical softening composition tp -the outer i_a'_yer_s |
.' 'o}-plie's of the tissue paper, enhances its effectiveness. Typiqglly tl_:\e. ;t'anQer _.
. 'materials are .dispersed throughout the tissue sheet 10: control linting.
25 “However, like the -cherﬁic_a‘l softening cgmpqsition, the .bln_der m_'att_'er_la.l_.s.saf;.
" be ively added where most needed. - - -~ ST
 be se'é(::::e‘:mtionany’ préssé,d' mu_lii-laye;ed tissue paper anc?...meth_ods f:r N
. _making such paper are known in the art..Such_ paper' is txpr;:ally. mfade i_ny
. ._de'positing' paper making furnish on a foraminous fqr:r}mng W|re.7 .Thlls ox:n;‘ | .g :
" 30 wire is often-referred to in the art as a Fourdrinier wire. Once the furn_psb |:
N ' deposited on the forming wire._'it is referred 10. a?_ a web. Thedm;e ; n: _
" :dewatered -'b'y' transfer(in'g' to a dewatgring felt, prgssmg th? ..web .a?n WE'f g .
" at élévatéd '_temperature. The particular tecbnique; .and tvplcgl .eq.l'np_mg:;_ :_;
. . - making webs according to the process just 'descrip:ed a;.re well know: t_o o : g
35 .sk'illed' in the art. In a typical. process, a'low.cqnswtef\cy. .pulp : :rlms - o
s provided in a pre'ssurized headbox. The headbox_ has an opening for delivering

" ‘a thin. deposit of pulp furnish onto the Fourdripier'\_ivire tq form a wgt w.e_b.:"



and preferably at |east about 95% consistency. Such tissue paper may be
made t hrough the use of conventional felts, or foram nous carrier fabrics.
Such tissue paper may be.but .is not ne‘cessarily of. rel'ati vely-"hi gh bul k
densi ty. .30~ . - The 3 ndi vi dual pli‘es contained i.n the tissue paper.. -
products of the- . present i nventj.on preferably conpri ggr’&'g”ﬁ’g%gt t wo
superposed Iay\@’éﬁ"’éﬂ S i nner Iayer and an aouter Iayer 'contrguous
wi th the inner |ayer. The out er i ayers preferably conprr se a

pri rrary £il anent ary constrtuent of about .60% or. . oonore: ght of

relativel y Sh%t ST k%@@cglly%'ﬁatbﬁed figa diben\cmnaisgency OBQEI‘W%P out

bet ween about apRjuuaideveatering and
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Al t ér.nat’i.vel yfurtrl\ér\l\ﬁsﬂateré(btmcmesﬁngs meratrqnﬁewé‘egtl h&s Y'sUl ers,
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wei ght of rel v 997" pape i Heeahd gmﬂra;ean
fiber | engt h ‘wlanl basdevelrnad atthe Vankee' &ese aﬂi@iﬁ

AT et et i e et

fibers.:

facey Myttiplg
facial- ti i e appjed 1@ 6‘3% ‘{"8{’6 ‘;%j EM' hs"’fthé h%a'lﬂ‘ﬂgiéh agey

S are.tormnmed Ci | i
mul ti -1 ayered- Yantleeee dpmp’erdl’uﬂ'ﬁs mavl(pe Ie{nélla{zecgp gge d‘%g ﬁtﬁlai:t)rrohﬂp prress ng rs
a two-| ayered, y ﬂdlﬁﬁ;ﬂe Reien the  drumsr aa\ectmgla atggregaa s;ﬁ ?%’é)ém hg

T e o e ere 'Ssu‘e © ‘to heséinahier taso conyentianah
ti ssue ‘paper - Vmc;tﬁreq“wtgﬁgsé I)‘%%Qﬁ% il feferred "to

I'n .thi .
two- | ayer ti SS#\‘esseu?.emul:telqveraﬂ tigsuPRRRIERIYCIYISS- O
| ayer.~ The, put e thd eG\QiP@fwaﬁis Sbbjestast to frabgtRs! f Meghenisal
Sﬁfé’?&g&r efera

15 the in f spe0@ien’ died swhifedn tavo
plies . are compression mrﬁeﬁaﬁwgﬁrﬂa&%iﬁét hag 'Jnﬁggsazgrt har dwood f.i bers in
t he out.er compréstedrstatel, each ply face outwardly, and. t he_ i nner

cont ai ni ng the lor?gpgﬁﬁrn jonsHE 1A piberr s Enmrectarzadchy havingrElsAIS,

;23 g;f;ﬁr 0:= ag:smmcg hgllsrflelgyé r%qtrv&%ﬁoﬁlb%g?e%ﬁﬁ%@ ﬁgiaf;?g;;gﬁegﬁzxgg |
interior ofzot hetf elativelyi Shigb \fibler - density. The ﬁ ebu el rs | i e
:charactenzed as a field of pillow regions. ‘The densrfled zones are alt_ernatrve;
referred to as- knuckle regions. The densrfred zones may be discretely spacl:e .
- within the high bulk freld or may be mterconnected -either fuIIy or partially, .

: for making pattern ‘densified
L high bulk ﬁeld Preferred processes d
fese the : S.-Patent No. 3, 301 746, ‘issued to Sanford

' 974 025, issued to Peteér
' Janua 31 1967, U S. Patent No '3,
B ¥ nd .U:S. Patent No. 4, 191, ,609, issued to

e Ayers on ‘August 10, 1976, a
" paut D. Trokhan on March 4, 1980, and U.S: Patent No. 4, 637,859; issued

: to Paul D. Trokhan on January 20, 1987, u.s. Patent 4,942,077 rssu7e¢:‘ll ;:
. .'30 - Wendt et al. on July. 17, 1990, European Patent Publlcatlon No. O 61F - -
At Hyland ‘et al.,. -published’ September 28, 1994, European b a :1 |
Publication No. O 616 074 ‘A1, Hermans_ et al., pubhshed Septem er

- hereln by. reference
1994; all of which are mcorporated
| pattern densrfred webs .are- preferably prepared by .
- 35 deposrtrng a’paper- making furnish on a foraminous forming wire such as a. -
B g Fourdnnrer wrre to ‘form a wet web and then’ juxtaposmg the web against an .
. b is pressed agamst the array of supports, thereby .

- 25 _tissue webs are drsclosed in U.

In general

E array of supports The we



Fi gqre 1 is a schematic cross-sectional view of a two-|layered two-ply
faciral tissue in accordance with the present invention. Referring to -figure ..

1, - . the two-;layered, two ply web. 10, " i-s conprised of two plies 15
in - ©jouxt aposed rel ation. Each ply 15 is conprised of i-nnér -l ayer .
19, and euter . 25 layer 18. CQuter layers 18 are corrprrsec?‘ﬂ'r’??’r‘&’?% of
short paper’ VO PAp6768. fibers 16; whereas inner. 'ayers 19- are’
conprised.primarily of 1ong paper "~ . ograking fibers 17.

In an alternate enbodinment of the pr esent I nvention, tissue paper pr odlircts
are .formed- by %It cr ngipt ﬁgﬂébngbﬁeg auekiesl Wwebsae tpep&camns grographigglly
n

j.uxt aposed’ re 'S exa of kayeoad andsmee _ .;' .
sheet ’ coneeeo@ﬁmg 6‘P ttkm&&"ﬁ %aﬁod&g& G%t éee?l sﬁe%rrgwout er, wﬂ':h‘é?atm s
preferabl'y cogpdt %eb. The remairides csfmttetmbrmlo%“ﬂ%’é?@ durigg, YUs opRIe nI

pr ef er abl-y Co%fﬁ&f i Eﬁ ,t,,}? high bRl HeRQAThisbalgh blile “fitideéap! bes %
u

combined in a

S iab MC
out war dl y:-SFi gledensified by fppligation St 8&‘? LS slﬂl?% fm CMO%HC |ae\?véguu ﬁ :Ia::j
si ngl e- 1 ayer e%eg,meeqyrpbybfmﬁomhssinwen nTaecmBBaﬁcé’GWQ ﬁretdne Pegg P
omart son” of - rPHESD; sk b fafinet 48 88 16 subsrmiety “""‘*mm’”?m .
conpri se '
V\DWBGI 36768 -high bulk field. This is aroferably ‘acboriplishdd by’ Hid desstire; ]"‘“aheas- '

PCIT/ US06/" 9@5
22 © GRRRT e\;gogr,hrrwypby delvicshoort biayvethronoll ifYerb&fs 2lBMMeIRY, ¢
nner ply. 42 1% chan icalfy pre%g%o Wep' é}éfﬁ@: £ BRay BHeuppotisbeherein the igh -

vari ati on ¥ tmegha ot shown). each cof er oitidriab
can bé conpri sigslkoifieldwis - not . compgg 03@8 | tgons 'bf dgwgteﬁh'ﬁ o;ﬁf

ot her al.ternat r FHatal the)ﬂerhsiﬁeqbrzeeemmamberil“ieSha"ed or partuaﬁy. -

ti ssue paper p r(e@?ﬂ‘lg %‘?ﬂf? rmegl‘nen p%fo Ml rtBf egmlcagghg gteps gartormeids .

into a singl e-iptegrated ¢ 19 JeEYSH rl?y t§ ngH&pl y t1Ssue paper praﬂ uﬁétlonal A

conpri ses ubse@éﬂ\rtaefdra;atmrt iofsthe  dRasifiedzpDess ‘@5‘%} gﬁo%' L
har dwood f er s %ﬂm g, thie web isHed 16 %bﬁrpseﬁvrefmewblvmﬁmﬁ@"gﬁﬂew‘?'

' er®

har dwood f I nner . daveredissue - .

sof t wood fi ber pressing. tFH’PEQSa‘P My@'r%“ 998"4 gxﬁég%s[,?ga% )beﬁéﬂ?ﬁulﬁ gvnsﬁfggftdqat

the short hard gér fsubface tfdmﬁnsnst densifipd knugiles QaY'ggaa re gﬁg é o

Cross-secti onaﬁ ‘31 ith of th@rrﬁ?h bayefieldoi | et "tissue ih - ’
gsfd resenf‘ nven? 8

accor dance .wi t i on r@rder fabeic having.a -
singl'e-pl'y-  three-| rar\fﬁooﬁéupﬁ’%“ﬁéshﬂﬁ %’l%? i {??mghlagy ] ;ré'y Jd*xgwfsd
rel ati on. }wo pattemed d|splacement of knuckles which operate as't a

which facilitate the formation 'of the densified zones upon application of e

pressure. The pattern of- knuckles constitutes the array of supports previously
'-'teferred to.’ Imprinting carrier fabrics are disclosed - in "U.S. Patent No.-

| 3,301,746, Sanford and Slsson, issued January 31, 1967, U. S. Patent No

: 25 ' '3 821, 068, Salvucci, Jr. et al’ ., issued May 21, 1974 U.S. Patent No
o 3,974,025, Ayers. |ssued August 10, 1976, US Patent No.- 3,573, 16:
Friedberg et al ., issued March 30, 1971, u.s. patent No. - 3,473,57

.~ Amneus, issued October 21, 1969, U.S. Patent No. 4239 065, Trokhan,

" issued December 16, 1980, and U.S. Patent No. 4,528, 239, Trokhan, rssued -

.30 July 9, 1985 all of Whlch are mcorporated herern by reference

Preferably, the furnish is first formed into a wet web on, a forammous L

formmg carrier, such as @ Fourdrinier wire. The web IS dewatered and

transferred 10 an’ lmprintlng fabric. Th |
T deposrted on ‘a foramrnous supportlng carrier whlch also operates as ‘an N
: '3'5' ' rmprmting fabric. Once formed, the wet web is dewatered ‘and, preferably,

thermally predrled t0a selected flber consnstency of between about 40% and

* about 80%. Dewatering can "be performed wnth suctlon boxes or. other

e furnish may alternately be mrtrally_'_-'



15 outer layers 18 are conprised primarily of short paper neking fibers
16; whereas inner layer 19 is conprised prinmarily of |ong paper
maki ng fibers 17. ' . © It should not.be inferred fromthe above
di scussi.on that the present i nvention is Ilntted t.o tiSsue paper products

conpri si-ng thr%E &ﬁﬁe - - smgle- ' Iayer or two pIy - - POPUS98/9698S
single-ply -- thre ayers -etc. All.tissue paper - 20 -products Iayered

or honngenoue conpri si ng..an ester- funct|053l quaternary B amoni um
conpound, -a pol ysi | oxane conpound -and bi-nder mat.efi-al s are -expressiy neant

tP 0 fge T Bfl udfflbauddm Mémfefﬁﬁitﬁfalbbﬁr%mbe ﬁnarylerwenhe Gthuckle imprint of the
refera e e _es na

conpotnd Ztnct tﬁg%??s #’5 aﬁémgb?ﬁgﬁ tH |?t'g§l?ﬁts§&2?a& q‘(lgag?‘%pﬁg%r]y Me
25 - ‘out er Iayt@les WeR - toutcompletian &”ﬂea mrﬁhed |5¢fy aﬁcﬁmpésmlagethlpr isd ubrouglt

the ti'ssue °: applicatioAPef rﬂé&ﬁhrﬁéalofxrdsgﬁrdor?ﬁﬁnbahnbéndbﬁé\ fdrékample,” by
preferably, the or|

|
Dot o SoniRang i i, K e sunnorss R hihHAS 8RS ackitet B¢ Hde otia,
both of -t he oudrying dgumss(wn asa ¥ankee dsvari wherainethe web is dispgsied between

singl e-1ayer phaduptrbil drta aﬁﬁnd)aﬂnndnwv eeiasnbatthé weu:isembned 464 .hemﬁw
30 conp05|t|qn | S J1DS ctive wh

of t ha ! Uherfralfgcfapil s W raigetien o iy ing. by pplicision; SF i husshiE,
conpouhd - and withya Maouwmedemoe)suohl asca_ suotien Hxo eort Withs blavedbroafgh teyer.
mul ti-ply @ Bilid pressure may bd aYSiledtd Irkfide :Hﬁ)‘?éssré)r'i B@'%h&fr@b id?ﬂs%.ﬁﬁf‘q"t .

i nvention. Refe o f he ester-fun
quat o nary aniBiia deet tnﬁ’rdm.%sra?rateerﬂbé&quent Bipcast, Staps, (o7 @ FOMANAIE,
t he pol.ysi-l oxatherenfrrpound s repr esented by "S" filled .. . .- circles- 22.

L&fﬁggg/eogggg in fuﬁﬂr@@%g %p%&é?ﬁtdebgﬁreﬁm hiitiMapdreliNe tRSLET - paper

23 o ftﬁtttfqturﬁﬁ amaﬁ@rmdymawn%ﬂt’atﬁrﬁdﬂeoérﬁﬂZ_QOPh'ésw $9i JoseRhcL~
conpound: 15 ' Salvdécipwe. andtPatee . i Yiaatiberor May 21]51974 andt BIS.pPatmt 0.

Tl ot i k20p45n, tssued BTy & BBRRer] AGBC L MECARG, S [RERAAE
with the i ncl'USshsttefon hdunestet,- 19805 bot!innafr whigh caret incemparatechdargin by
conpound and traferBAbYSilth Ogatﬁapoamm&cted nthQianéPﬁ eaerty.retarmmteveﬁ&cﬁ

are used .for. I inting caon

B of o bl y 1 HBSHe ohe? At e brh DueRERE N, d6Positing 2 papss ARk SR,
ply of--a {2 ec@ Sosarpinotis cloymingd veite such tason Fayfrdtinier ovireto| fgyer 8 wet web,

(or outer pli.afaRfing the web Yarkd nm:ﬁo\hayerada&wﬂrart)va@ér tWRhbIS SHRCAAARE]
product S .compression until the- web has a fiber consistency of at least 80%, and
' crepmg the web. Water is removed from the web by vacuum dewatenng and
s ) _thermal drying. The resultmg structure is a soft but weak htgh bulk sheet of
25 relatlvely uncompacted fibers. Bondmg matenal |s preferably apphed to
. _portions of the web prior'to creping. - ' . . S
- The trssue “paper product of this mventxon can be used in: any'
”applicatron where soft absorbent tlssue paper . produots are requrred
o ' Partlcularly advantageous uses of the tissue paper product of this mventron
- . 30 arein toilet tissue .and facial tissue products SR cL
o The flrst step-in the process of this mventlon is the forming’ of an".'
o aqueous paper: making furnrsh The furmsh compnses paper making fibers:
o (herelnafter sometimes referred to as wood pulp), and a mlxture .of at least
L ': :one ester—functional quaternary ammonium compound ‘and bmder materrals,.
s '.35, either permanent or temporary wet strength binders, andlor optronally dry
B -strength -binders: and a -wetting agent; all. of wh:ch will be heremafter ,
_described -The second step in the process of this rnvennon is spraymg a



10 of the present invention. Mre preferabl yl, the mpjority of . the

bi nder mat er i aI s are contained in the inner layers (or inner ply

of. a three- pIy product) of the tissue paper product.- Referring.to = -
figures .1,72 and 3 the " - . _ permanent and/or tenporary wet strength’

bi nder mat er | alv?o@flﬁ ﬁscher'rat ically represented by whi pErosdenbms

13, the dry streng nder materials are 15 schematically represent ed
by cross-filled. circles 21, It can be seen g figures S 1,.2 and 3

that the naj ority. of the.binder materials 13 and 21 are cont.ai ned
in both .of the sbiution ¢faolysiBxane compeunilandl@ surfaspamtdn.at least ore surface

The conbi nat i Ogﬁfqﬁﬁﬁf‘ﬁg&@ﬁ@d aﬁg‘f 5%?‘@8 conposi tion conprising an .. .

ester-function anmroni U npound and a- polysil exane .
20- conpound in conj unction with bi nder materi-als results in a ti'ssue paper

IO(r]I gducttﬂaw ng supFigure rs]zlftrssese aldhém?ﬁcr&epﬁésantatwmpemsmsmgSebmemsel y- |
a I Ng e aQr (0] o
layers - 30 n*bald"arrts off 1R S8hardiidriL dlScE T Rt thi PrekBnt AveidH for ..
Typi cal I'y the’ ipredugingra ersoft creped dissyerpaper; Thesghpieferred embordimeste@rei o
control .linti nﬂesaﬂbeM@@folrow.Kg didtRsSiBATWhekeinTettBhEd ICHRBE IO fﬂgﬂi’e 4 .he

bi nder materlal s can ' . .be sel ecti vel y added where nost nee .
Convent i onal |y pressed nulti-]| ayered ti ssue paper and net hods for -, -';
meki ng -such paper .&igurkrébis ai side lelevationalsview p&pepreferreqmaoermgkinnd'eaelyne

deposi ting: papgp ifB?'"ri'nﬁﬁu’fdé"ttﬁ‘r‘lﬁd1 pQPeﬁaéﬁr&iﬁb“ﬁUﬁ\é prdEent |Merrﬁ|onThR§femﬁ%1t89

30 wire |$1°oftf,e erre Fourdrlnle W’ é)ﬂe

Purnish i s 10% gure 3, Rapatmekino rathios (89 Rpmerises 2 tay pradheadngx €1 hewinita,
web. The web | Sop chamber 82awaenter cchambera82l,cand ray bottom daetber i88; 4 allice
pressing the. weh,pag ghyi g‘?ourdnnrer wire 85 ﬁrhﬁ:}f?fsqgobém%%eabow&%ast roll

parti cul-ar techm ques an

according to t 186, Sefletor %Yaﬂégﬁﬁuﬁggnzﬂ%‘eﬁé1 mrq"of’?he%%% pluralitgof
skilled-i'n the tavning Irollsasuyplmaipemmesone aabermamnglfstntmys nuuhrpefduthroeghl s

provided iRpga- SoHh ﬁ&d e Qﬂfﬁ T ﬁﬁﬂhﬂr .
deliveri ngIis %ﬁ rh ﬁﬁ 8 ep omj Bg?é} Jrﬁﬁ%}ﬂqoﬂ{ éﬂgt urg('i?r Fﬁ?teerr .
wire to form aom[nbﬁé@zb while a third fmr%;sggogped through bottom. chamber 83
PCT/ US96/ 06985 and thence out of the slice roof 84 in over and under relstion onto Four]lhmerueb

s 2o 5 i i S oo
further dewat c@8® |lagwagerm psﬁers\/vﬂtrpesh thee RE(S"!’%e’sUﬁPegﬁeﬂ“@ dgs
20 '_assxsted by deﬂector 90 and vacuum boxes 91. :.'‘As the Fourdrinier wire -
- makes its return run in the drrectron shown by the arrow, showers 95 clean it
prior to its commencmg another pass over breast roll 86. At web transfer:"
‘zone 93, the embrydnic web 88 is transferred to a forammous carrier fabric -
... 96 by the action of vacuum transfer box 97. -Carrier fabric 96 carries the
"25 .- web from the transfer zone 93 past vacuum dewatering box 98, through'_
- - blow-through predryers 100 and past two turmng rolis 101 after which the .
. web is transferred to a Yankee dryer 108 by the actlon of pressure roil 102. - '
' _ The carrier fabnc 96 is then cleaned and dewatered as |t completes its loop :
: " by passlng over and around additional turning rolls 101, showers 103 and ) '
. . 30 :vacuum dewatering box 105. The predried paper web is adhesively secured'
.. . . to'the cylindrical surface of Yankee dryer 108 aided- by adhesive -applied by : '
":spray appllcator 109.: Drylng is completed on the steam heated Yankee dryer
o 108 and by hot air which is heated and circulated through drymg hood 110
Cr by means not shown. The’ web is then dry creped from the Yankee dryer'-; '
35 108 by doctor biade 111 after whnch it is desngnated paper sheet 70 .
- ,comprrsrng a Yankee-srde tayer 71 a center layer 73 and an off-Yankee-srde o



pressure devel oped by opposing nechanical nenbers, for exanple, 5

cyli‘ndrical rolls. The dewat ered web is then further. pressed:

~during transfer-and is dried . "~ by a Stream . drum- apparatus known in -

the ‘art.as a Yankee-dryer. Pressure .. .can be devel, oped at _the Y nkee.

dryef by mechani ¢al ‘means such as an "’ . - opposing cyli ndPF’E’&’F’ﬂ’F -

pressing,_agai WA 6EEB8 e, Vacuum nay al so-be 10 applied to.the web as it

i s pressed agai.nst the Yankee surface. “Mggd i pl € * Yankee dryer drums may -be

enpl oyed, mhereby addltlonal pressing is: . .opt.ionall t ween

the drunms. "TFhe nu#]% PlsRdet 70Sthenppasses bewemtﬁél@é’%&%qg# 'ﬁ)ir?rgd are

referred to HRYeL; L% 6 as cQ veng R'Wreel 115, andPihenseds wound intgye rely

ti ssue paper’ abpu&(ﬁW‘é-g“eS%Q RRELPE are - cgga dered to - 15 be corrpact ed

since the ent{qeonehcire FlbHisposed o5 shals

forces while the fibers are rml st and are then dried whitein %Ds n the

corrpressed state. - did | peipee phestr n :

characterized by Thei P@V%lqu@f‘ﬁt F9g\p;9uw %e%lpilﬁ& h angr tdr@l Q.og{a,ﬁ.ﬁbahhvel y.

| ow fi ber. dengh Mdﬁﬂéﬂmtaﬂlmm@d ain dm%?-ff"eoa'ko?ﬂi&ou 3" %@ g\v% '

hi gh fi ber™ densr sél\ﬁ & Tpﬁsn:} PHH{,ODI’\G'!Q spray@id: entnt paeefysheet throug
JINE

charact eri-zed®BY hén G@fethés ik polysiloxane is to
al ternati vel yspray applicatorg 8\0‘(#52;%9%]”0@

zones. may be- gés&{ phied! to Bmstﬂes of the \tjssH¢ rYV?etPlré’e"rﬁ“SE%B ti{f:i ﬁg%‘ihﬁﬁg ‘
t nnect I d sprayed an t Ik
i nt er connect e e LhSovldthe ilysibibihe!dampound sp i

field. Prefer ith ertsheetré%ﬁef are
di scl 6sed1pn thépolysilmnﬂ\QOm@"QUé Gf’g"(;)é)%ﬁ tsosuegg?gééanﬁr%@ - ..and Si sson

on January 31th&%g|€ndb+ RlisPERIZ2ahdMN3.3, 974; 025, i-ssued to Pet er. G
Ayers on ‘August 1976, "and U.S. Patent ‘No.-4,191;609, issued to Paul

D. Traokhan on March 4, 1980, -and U.S; Eatgeérr]‘t&slgoq;f rﬁ%@ -<igd |avéis‘mad;f paper
a

to Paul D. Trokhzs‘nIlorefdmmlga’t‘z(yfngUa 4; 3 g* ﬁ‘ekéﬁ‘?}?g"to. '

To4 vendt: et %Rfep%ljfglrf ° fw"'sm pge cipoeh pparrga: 3gire 3;9wher§weﬂe%n B
. er

Patent - ~and w%h f:‘Hf‘ %PWP'BBE@@%Q% % I

4 niberolay e Z23!
Sept enber 1%1 becoulé&layeaSSG(n‘f ennhryRnicayeb 4%0?5‘61;@ gsiseﬂet?'g e by, vadbox
ref erence. . g B {ak,-,@@g tis¢ Hurnishdelivered tlm@b'ﬁ“a‘?‘@'ﬂ éé’étﬂ e

0S|

prepared : foRyer BBcanThe)mgnesjsrgfn
wire such aZ aSFoaﬂGrWWPB %W'FQ%SW?E%E'%H Hh% "o y r g

a wet &3 | Yolivgretine
web agai nst- anie off-Yankee-sideatavef 29ipplPaRer fx\?’é%eaio@r S . fgﬁfsg%‘;i‘%*sat he-

array.of. SUPPORLS hqspea'}émber g2 of headbox 81, and which f“"“s
PCT/ U596/ 06985rough though ‘figure’ 4 Shows -
.-20 .on top of layer 88b of - embryonic web- 8s. A g

o papermachme 80 having headbox 81 adapted to’ make a three-lay: \;\:e:r
| .-'-:-.headbox 871 may alternatlvely be adapted to make unlayered two lay

- other multn—layered webs

- Further, with respect to makmg paper sheet 70 embodymg itheg;:e;ir; :
25 - invention on papermakmg mechine 8% f'|?“"e :s tv'::t:or:;‘:el:lte‘towt:\: average
" be of a fine mesh having relatively small spa h 'so that good
-..Iengths ‘of the fibers . constituting - the short  fiber fursmsh 4o fave a fine
o ation will occur;: and the forammous carrier fabric 96 sho
e “:::h having relatively “small opening spans with respe(:‘. ::: ts::s:::;aa?;
o 30 lengths of - the - fibers constituting the long_fiber” furnis to. the inter— .-
T obviate ‘bulking the fabric side of the embryonic_ web- in o pmcess-
- filamentary spaces of ‘the fabric 96 “Also, with respect tt:’ . referablv
Ny condltlons for maklng exemplafY paper sheet 70 the paper ‘we p |

tial nechanical ‘- conpression . -



WD 96/ 36768 25 resul ting
in densified zones in the web at the | ocations geographically -
corresponding.to the points of contact.between the array of supports and'

the -~ - wet web: The renminder of the web not conpressed duri ng EP;
operation.is. - - -referred to as the high bulk field.. Th|§CF4"§H

field can.be WGr’P’ﬁ%"r“ 5 dedensified by application of fluid- -pressure, .
such as wth a vacuum type - devi ce .o29a bl ovv-through dryer. .The web is. -
dewat ered, and aptionally predried, .In such a manner. s | IIy :
avoi d conpr esgjigd 18f ahd\x 80% ﬂmegrcdmsmemmm and Tapre pe Bﬁa@\éng%g&‘a%"@ :
acconpl i shed ﬁ 1 ui t@éﬁ?ﬁ) .- “Wth a vacuum type device -
or bl ovv-throuB S ernat y by 10 nechanically pressing the

web agai nst. an array of supports wherein the high bulk field is not
conpressed. . The operations of dewat eri ng, optional predrying and formation

of the densified zones may be { S5l Postiiy Pradedures - |nt egrated -
to reduce. the total nunber of Apﬁ%lggégﬁgj ste‘lpi))‘zd per f or med S

Subseguentsto foormati-on of the densified zones, dewateri nghe( a,nd 0{%8?%11??
15 predrying, theA\g\ﬁﬂ,g.sS ST ird afmounesofetreatmeit eherigals, narein re

A el o LSSk ant e Byt redinbo aboepteﬂS%othq ho
nultl-layeredtlﬁpggug per we °5§ ot gmr rrie'd® vatﬁm

naving a rel awppicabiesaty Eor axampltasina JaveloRt “ghdrnehond, Wﬁé’“ﬁtr s
field. monium TR@niddubdspl sauhpast sdl-estpr eﬂdﬂ&ﬁl’?“‘éﬁf-hy AmpeRY™

carrier. fabri oabi W ng d idd kmmhbdsbyhrtkm
oper at e ad0t hehigrids, Sf'e§@bpé?‘?g°‘%&'wtnﬁ \ﬁﬂ’ll' ?gglf@ﬂérg nay tBPhE‘?étid?ﬁl of
the densifi ed tygauespagerrcampe idesermined by 3°|VSPE§§UF’8 '03'%’ %pat%

knuckl es “corist i 4 %&ﬁ%% ﬁ.{&nﬁho‘f,oﬁy ggﬁatbymre\orgambysolvent such as é}lpgl?f?c,
| nprinting card abrics are-disc osec? i S%trg’@&?njs. Difnidiin Bromide’
sanford -and Simethane feliped Hy. My 5%{% v é %b‘ 28 o B2haRe8 -
. Sal vucci, Jr. gisufdhine Blesmduamcﬂaatommﬂd@%# ? ﬁta e o

- lysil eqmpound
2 TLEbcr Y Soner B of Sy Bl 00 ek oot

#&Jn % Y% o@gﬁﬁ
i ssued Oct obercai peldasermived. by-selugpt Rbtraé{r%gg)gﬁgml &m‘ﬂ 3\6“5‘:" level :S
i ssued: Decerrbe% oltént i&ﬁﬂvecnbvl dtbﬁ:c BhsemtioRSPeFSEoR S deiepTing the Jevel of
.30 July 9, 1985, all \ﬁ,? g?‘ﬁ.ab{\corg;ﬁmahp,d tres develbpfrﬂieermitb‘ldmxv
i TSt

Preferabiy t hel fﬁ?mpé’h' S orned into % le t
_forming carri ecompoundaget@inas by itheeFISiie ey b 6 a&"?'“i’%a ¥ sgiven

e Wweb s devvatE]r B‘?EP ases,
transferreggto i\{}abﬁaﬁ | G¥ i) ;foa}hydmox\ﬂ' roorhpEuTIds Wik B éPtvézg?tﬁ % mw%;é .
initially SEST stu)pembvegm enng o
operates as anaddmonaggargf%? q{gdég y -
r

! nt| E’{’éiltg ! hRe WYbiDUHDsBIvENt .
dewat ered and, froreftbeapslyhydroxy spe |es ? éﬂ %Qy predri e %0 a Le?\(\et flicots
fi ber consi stewragfnohew nploysi GY/being solutlora[jeu\so 0 q% g can -
be per f or rred: M efom hohioRlt BaMERaRls AdiRman, G.F. 'Ln__A_n_J.y_s_i:s_Q_f_DJL%!gﬂ‘lﬁ—-:

25 Detergent Products Wlley Interscience,. New York, 1975, p.- 312). .
- polyhydroxy species _could then - be - analyzed by . spectroscoplc or

chromatographrc techmques -
ethylene oxide _units can typxcally be .analyzed’ spectroscoprcally ‘by the_ .
- Ammonrum cobaltoth:ocyanate method (Longman,. _h_e__A_!_‘\gl_y_S_LS__O_
30 - Detergen nd ‘Detergent P Wlley interscience, New York, 1975,

346) " Gas chromatography technlques can- also be used to separate and i

d -poly(2, s-dnphenvi-p-'
. lyhydroxy type comp"”"ds - Graphitize
. . analvze pov Y y columns have been uséd to separate.

lene oxlde) as chromatography
phe"y " f ethylene oxide umts rangmg from 3. -

S "polyethytene glycols with the number o
35 to 9 (Alitech chromatography catalog, number 300, p. 158).

For, example, compounds ‘with at least sux_ _'
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26 vacuum devi ces or with bl owthrough dryers. The knuckl e inprint
of“the ...~ ipprinting fabrlc i's inmpressed in the web as-discussed
above, prlor to dryiing -~ . - the web to conpl etion. One nethod for -
acconpli shi Nng ¥ ss367sst: hrough = - appl i cat.i on of ‘mechani c2CTUSe&06985.
This can be done, for exanple, - by 5 pressi ng a nip roll which supports
the inprinting ‘f-abri c. against the face of go - . . dryi.ng -drum such as a-

Yankee dreyer, wherein tthe web is di sposed between the nip roll- and drying
drym Al so, prefer.dbhe, Ietdleot/\elommronshdadtalga.l sgcht dse ailkvrbrglvcosr@ps.abam cbe

prior- t0. CO”p'GéfePrhrgd dhy! rlEhrBrh f@&abﬁét'%hﬁf Je%l | Brihes F d?'t

ghth
a vacuum devj ce I.on or Wt W T hro der 2 :

Fl uid pressure’ ?"B%"%?pglq'-’é‘ﬁ ‘t*ﬁ"mﬁ'ﬁﬂ%%ph‘ﬁﬁf‘%@%oﬁ‘"‘g‘f I‘@'etn§?&|t éd{%gctm"
du:ﬂljng I ni tial follethmt analygis oh alk\degiwem@es {Bhasg uknt Waldhod sHst ¥iekleor Wa, .
conbi nat i ong ; act NORP: Si o
mul ti -I ayered ?F@ﬁ%%’ vol. %%?urgs g?g) descjril gée(félrﬁnﬁj@% E tent ‘
No. 3,812,000 %rstleetqsl@m‘bs&-?ﬁPlL‘techwuesgﬁttﬂﬁq eggribechin tha apalysisvohatkyd

on May 21, 197glyessides SandPablatéd Npecies -(Lafossé, M3, RbBin, ifss EMakirp dierivprib:

Becker , “Al ber.t afnnMyCo ;Wlﬁrtlerl%, dﬂﬂé%@nﬁrﬂd Journaclcg'f‘térﬁoﬂﬁto]dfﬁﬁhg vof'9§85

bot h of ‘whi‘ch are f ncé .
unconpact ed, :pai‘!te{')%"de‘ﬁg‘?fﬁeé!ﬂ' Lt @mq%estgaactants, sych; s alkyl
Struct ur es1ar esuifaiianés,cediy/bé detsriindtby vikstee extratstion followed by Qitratior? 6f tife

f oram nous f t: S
dr ai ni ng theo\/\ﬁ;&gw\d\é‘?rg?ﬁ?\g/ﬁﬂ '{ig?l%l lf:ﬁ%%tglr W lénrev‘%méfe};f ?%J'%J&% caI"WSQf alkyl
conpr essi on unsylfonate fiam Intssfeaenqeeemat dnesﬂsqeénesv before the:twe pb@we titnation
crepi ng ‘t he Weghaly¥is §fCrbss;" §TOKARNld b bh ttrelrdker,anréw

ermal. "dryi ul ti str wﬁw u ee
Y Y ok 15 TRes ke o 2220, Thas A Cof TAER ) S 2B ptvibieg v

appl i ed t ol amylaspcdrgestm oftltelmamﬂbtqoghmose tﬁollnveed by .colorimetry analysis &he .
tissue paper pdétgﬂﬁl&eoﬁlukgsél VeY.C bt ?l‘ils“s‘t‘étchearla?sf‘s‘?s 'Shckl Vound analyses of the

appl i cati on where s sor ent tissue pap ducts aL qu
Particul.arl y RAPET &'Q&oﬁ%"@ﬂ'&%g othey. ﬁ@’?hsgﬂ-@tpag Furth (19 $¥ "BFt ts possrble
i nvention - - 3fonteibatibns trmade byt interferingnbadlegroahd tspeeies. prihbset methods are

The first st epe,te[gnélaﬁ\f p&rf@ﬁﬁén%nte?h&d B¥& U&é Qllhéﬁm%%&s%ﬂlcﬁ useful

~aqueous paper ur ni s urnls rises pa ers
(her ei naf t#4. smﬂﬂg‘"mﬁ levelsP tEF’H%u'ﬂbGB HBB'}"‘S ’&ﬁ%“ RV)FP%F B? péPeT -east

one ester functlonal quat er nary" ammnl um corrpound and bi ndér raterials,
A Panel Softness : o s

C ldeally, prior to softness testmg, the paper samples to be tested shouid
e 28 be conditioned accordrng to Tappl Method #T4020M-88. Here, samples are -
o precondmoned for 24 hours at a relatrve hurhidity level of 10 to- 35% and "

D '.wrthm a temperature range of 22 to 40 °C. After this precondrtromng step,

, . samples should be_conditioned for '24 hours at a relative humldrty of 48 t0
.. . 62% and wnhm a temperature range ‘of 22 to 24 °C

' ldeallv,' the softness panel testing should take' place w_it'hin the confines
_ ofa constant temperature ‘and- humidity room. If this is not feasible, all
" 'samples, rncludrng the controls, should experrence ldentical envrronmentalj
._ .'.-"exposure condltlons i L S '
K I

Softness testmg is performed as a parred companson in a form slmllar
. to that descrrbed in "Manual on Sensory Testmg Methods ' ASTM Specral



35 either pernmanent or tenporary wet strength binders, and/or optionally
dry~ strength binders and a wetting agent, all of which will be
hereinafter - - descri bed. The second step in the process of this:
T'nvention is spraying a - . WD 96/ 36768

PCT/ US96/-06985 ?CT'US”’“"“

sol uti.on of awmﬁ oxane Corrpound and a surfactant on at |- east one . . .
surface — - of ‘the dry tissue web afger creping.. Figure.- 4 is . a-
schematic representation illustrating preferred

the paper maki .ngcrg.[l@ge§@°|m‘atilohe434ﬁ$uohshed/blsrt then Arpericgsy m&*hgiﬁe?%%l'lg

creped tissue paper r.e Repeif! reference. dSeftnesscds | n
tgglagin%\ﬂ%%ﬁ s &c Frdtete iAr By

the fol | ow ngae? reln reference is u v 4
is aside el egwslustedl byi eanbaﬁctyep,tgstm SN P pﬁgclg l'&el'r’eﬁ %6 ds- a P&

meiuf act ur i Ny gARgehca Teet.dmhe memddeerpplaserastandam el@)"ﬁ" "ﬂéPéF‘P ﬁ*\%} Tﬂte“%' 10

f b « 0 bntedSsudinathiat ghe
t Bgugﬁam}eg agitrsgl‘fi.c lfg? éacrglﬁ Lﬂreggelggé %Hﬂhe(éfﬁlvﬁ samifiesdrd1predbnte 8

om Gh F o
roof 84, and, gubject danmdtesearthe:sIoPies; 8Ad |Eel b \a'/'g&ﬁlaer?ggbagout éb?‘ie St .

roll 86, dRbhes the %sls/arttaeiu&waﬂmsbosrhe resultcszfuﬂw Fesit|is goporter 1 -
pIurallty of Ing ro 9 e on,Weatherespper nolsafthess. . -,
furnish-is puwgfat tshFQfﬁUﬁg to afS#a'l'% éc%rbrr‘f)’ﬂﬁ ve ev.(\:lo rﬁﬁ;egnﬁ&:ig: of .
furnish is purfggqh hooomarmaheesoftness -data ¢ a"gﬂj 198712t .rﬁ o
f ur ni sh ' T‘fﬁp‘iﬁ, %g dé e Cpet medBB In each testrtent ﬂ@%‘&e@mﬁO"BTethe '
sllceroof ORI and unde )

| at gl
formt hereon Judgemareoasked ko, al r rs f ‘%‘?Ql’%ﬂhﬁggﬁgq@g&' $ets °f p4ired saimples.

and 88c. Deviatfiid ag,g)asyampldsmedegerbonemad’raﬁﬁ élm?/\PYeeaﬁg Jugge:; Qne sarﬁé@
assi st ed. by def or 9({{%2’&161 @ﬁgg&&)wgﬁd e obhet e ~Boieflys each X gample is
i

makes its retLR Lagd vv? IE% he arrow, showers .95 clean - '
i t prgrladed(agamt(ﬂ@rﬂﬂf%ﬁ ‘ﬁgfa ® BEFOIRMYE over breast roll 86. At -
web transfer .- zone 93, the-enbryonic. web 88 is transferred to a

Cor 1 or F T 06 118 Brade pf BuInd iFaREhioR 1 ‘“W”a’“ 0y o

web fromth at
vacuum dewat ef i hg' Ithan 98, ancha @igge of minus ong, '3@"( E)ﬁl‘glqéi)ﬂggraﬁgﬁggﬁo%&and

past tWo turning rQ@kleSsoftdr taheX; whi'ch the _web i§ transferred’to a, =

Yankee: dr yer 108 by tahg?aa S'ot prlué)thrlEEWn‘%f 50ls'judgéd to surely be a little .
' 3 softer than Y, and a grade of mrnus two is given if Y is judged to .

20 . surely. be a little softer than X; .
: | 3 a grade of plus three is given to X ifitis 1udge
ey, and a grade of minus three is given i if Y is judge

o : than X; and, lastly: :
25 - 4 a grade of plus four is gnven to X if it is 1udg

d to be a .lot softer
d to be a lot softer

ed'.to be a whole lot "~ .-

softer _ _ ;o -
. than Y, and a grade of mlnus 4is glven if Y is judged to be a whole_ .
ot - :
. : softer than X
® . it of PSU
- The grades are averaged and the resultant value is in- unl S

" The resuiting data are con

It sample parrs ar '

one sample pair is evaluated then'a |

: to their grades ‘by paired statistical analysis. Then, the rank is shlfted up or

. 35 .down in value as required to give a zero PSU value to whrch ever sample is o
I - chosen to be the zero—base standard The other samples then have plus or .

e rank ordered accordmg

sidered the fesults of one panel test. If moré than =~ -



The carrier fabric 96 is then cleaned and dewatered as it conpletes its

| oop by passing over and around additional turning rolls 101,
showers 103, and 30 vacuum dewat.ering-box 105. The predried paper web is
adhesrvely secured - . - to.the cyli ndri cal® surface of Yankee. dryer 108
ai ded. by adhesr‘,‘)ﬁe9 %I ed -by D spray applicator 109. Dipeir/ug96/05985
conpl ét. ed on the.'steam heated Yankee dryer - - . 108 and by hot air -
whi ch i's- heat-ed and circul ated through dryQQg hood 110" . by .means
not shown.: The web is then dry creped from the Yankee : dryer 35 108 by

doct or -bl'ade 1ghimaf lrélﬁeslflascdeteimiln&d teps tiggintetativea grides hath ré@pect to the zero

compri $1.19 2 YB°Granlufu. 6! ndchode 69 YaRE LS herrdRBd B AllrarBRkESsRRIS

WO 96/ 36768 -

28 L Ldhet aboupdher P&\ crepreserte a p sigoificaptt distarench dRdsubjestively112
and 113, B paaewbdagdﬁﬁeesrm erential portion of reel 115, and thence |s
wound intoa roll - 116 on a..core 117 di sposed on shaft 118. -~ - -
The ponS|onane conpound i's .applied to-paper sheet -70. In the .

enbodi ment il ust raﬁ-eﬂvq"nphﬂlgﬁvéabﬁo"bﬁ“%ﬂueous m xt ur e "‘contai ni ng an

enul si fi'ed’ pol ysi | qxw\e WTdtissues paparcfefent dn gutieral, Ybcte Peorsetrrsrtvgdsf

o appi - od fi‘%%frslsgr%ﬁ{ver o, YRt ”r?rer’%rll’“?{r?%rml‘%rf%tﬁa ﬁ%peongfw
fi gure- 4- showsbe isomsyviyati qmﬁ@dcbwpmﬁan@m peried efhtimeareguieed fan

10 the pogy S'tr%“ﬁarfé?%%%n@é’%b tely W%n%ddﬁﬁhtvOat‘élyTﬁi%p@éncﬁheﬂtln?é)rs .
after the Caleeg‘i{ﬁ s, 11 Still referrln ure

the genesis of" ?Fd@'q%g orln B%érto provrdesanré%nsr F?“Prl&gl’%?ﬂl%
punped .t:hr ougrtelst)tfoomemmlme.moeofollnmm@xocaetlure mmbevmedhfdrmttm tige

appl i e 01 T et dotorfiraBnE US| 1 ESnaisfec SIS SRE it ne DGRAFEHmArRET
omer Sheot Jesanditions Tor, 1eFURg B Haper SATPIES, U 22 Ko Ao CH 48 RcBABORH.
81, and.whisch dstpeoifled dm r‘l'h\FlmWetlﬂﬂbTO@OZlolappfoﬂrmmy &838/8 iAok XhB8M inchf -

the of f-Yankeaaphde 1924 Sm & Z<51gfcrﬂf"%rtrs.@;t}geﬁzpﬁtrﬁc{ﬁ@ A

t hrough top . ch
20 on. top of. ‘shegd is fQUdeﬁtOefﬁnyldM%x‘ﬂBB quarte(s; ﬁadgfhemrgum'eﬂ Swdwnd

. {either covered with clean ‘plastic gloves or copiously washed with 'a grease
- _removrng detergent such as Dawnl mto a ball approximately O. 75 inches
~: 20 (about 1.9 cm) to about 1 mch (about 2.5 cm) in diameter; third, the balled
S sheet is placed on the surface of a body of 3 liters of distilled water-at 22 to
L. 24 °C contalned in a 3 liter pyrex glass beaker ‘it should also ‘be noted all
i -'-_testmg of the paper through this ‘technique should take’ place within the
' _ ‘confines of the controlled temperature and humrdrty room at 22 to 24 °C and
25 48 to 52% relative humidity. The sample ball is then carefully placed on the
. .surface of the water from a distance no.greater than 1 cm above the water
surface. At the exact moment the ball touches the water surface, a timer is .
- slmultaneously started; fourth, the second ball is placed in the water after the
R ' flrst ball ls completely wetted out. Thrs is easrly noted by the paper color
. .30'. transltronrng from its -dry white color to a darker grayish coloration upon -
~ complete wettrng The timer is stopped and the time recorded after the fifth -
ball ‘has completely ‘wet out. Tl -
- At least 5 sets of b balls lfor a total of 25 ballsl should be run for
. _each sample. The final reported result should be the calculated average ‘and
35 _.'-standard devratron taken for -the 5 sets of data - The ' ‘units of the
o measurement are seconds The water must be changed after the 5 sets of 5



paper pachi ne 80 havi ng headbox 81 adapted to make a three-|ayer web,
headbox 81 may alternatively be adapted to make unlayered, two |ayer or
other nulti-layered webs. - - . . Further, wth respect -to’ making paper
sheet” 70 enbodyi.ng.the  present 25 invention on papermaki ng machi.ne:80,
figure 4, the R rygfskﬂker W re 85 nust - be of a fine rreyh-rmsysmgss
rel atlvely smal I Spans with respect-to the average - lengt.hs of the.
fibers constituting the short fiber furni shggso that good for_msttlon
wi Il occur;-and the-foram nous carrier fabric 96 should have a f.ine :
rreslh haVIh ng ][el balisv@btal S2E28 balis)tave lsgeantested.lcopisye cleatingtdtetravbeaige may
30 lengths of t |

substantially - Q&&;EQ&@B |§9?‘§ht§;&ﬁ&§|ﬂge r%%o*é’cggn thQ‘?r'i ﬁé‘?Jyu;dg {e‘%b?eagr?fc Vteb
into the'inter- . © filanmentary spacés of the fabrlc 96. Also with .

respect to the"proceasother technique tsl ridasnre ting wanhs mapmtaewsphmrgrsbaet

IZ'(C):T/ tuggG}oggS%S‘A@Rk meg&?rfeﬁ{e%%y After conditioning thms%%?’%@? of mteregt anéi Fll'

about 80% f i bercengels Soemcininiammn @124 peurerti2 ta d4ate andogGito 52% relagve

consi stency priimidityC !'Eﬁbpignethod #T4020M-88), a stack of 5 to 20°3AkEty ofltisend -
Testing Procedu

chem cal s hereléuae‘feé't & ?ig& tgndimes"ssff’é"s Sga# %SI ?]hg'e'ﬁgo"f‘m&ﬁﬁeéa y‘%%%n&%e B
met hod -accept edthrauginghe usea;fpdve;abnmgaﬂtessr!ora@par«rpnttonatl IREPEE CUIRTesf Of firser

glszg:‘ef :J)rlgflrglaéumtet:names Mangalf%%if&%f%tﬁﬁgs’f}iﬁe)?w refgilttlég dife Eb;oﬁ'ilfl Ghe -
ammoni ﬁm chl orl%‘@ '9‘!—)‘9‘3%"”96 1By '1‘?%@'"9 o i tﬁaé‘éﬁg Sn&p 8 FP°5§ '[n:i rmy’??ét?r.

by sol vent ext resntamination.he ester ‘functi-onal - quat er nary. anmofi um.
conmpound by- an organic sol vent such as dichloro . rrethane foi I owed by
an ani oni c/ cationi-e t|trat|on usi' ng Di mi di um Bromi de

Bl ue i xed i-ndi cat orAT8F s daper iQ‘I‘B!? stagk bas beep sutdtis é’raﬂef‘-‘"‘/ qlgced °" §
Schl ési ngeri§ n.chwdrier mesh0§arﬁpte #ofderce ThiYfurition ef ethisohofer Jisi too)pmsition “the

corrpound ‘'sample on the surface of the water with minimal disruption. This holder is
' circular .in shape and has’ a -diameter of approximately 4.2". ‘It has' five )
'stralght and evenly spaced metal wires runnrng parallet to' one another and
- @cross to spot welded points on. the wire’s crrcumference The spacmg -
. 20 - betweern the wires' is approximately 0.7". This wire ‘mesh screen should be

clean ‘and dry priof to placing the paper on its surface. A 3 liter beaker is .-

filled with about 3 liters of distilled water stabilized at a termnperature of 22 to
- 24 °C. Afteri rnsunng oneself that the water surface is free of any waves or '
B surface motron, the screen contalnrng the paper is carefully placed. on top of -
25 the water surface. The screen sample hoider ‘is allowed to contmue o
: . downward after the sample floats on the surface so the sample holder screen-_
- handie catches on the side of the beaker. In this way. the screen does not

mterfere with the water- absorptton of the paper- sample. At the exact' T

moment the paper sample touches the surface of the water, a timer is .
30 started. The timer is stopped after the paper stack is completely wetted out.
- This'is easily visually observed by noting a transition in the paper color from. _
- its dry whrte color to a darker grayish ccloratlon upon complete wettmg At
the" mstant of complete wettmg, the timer is stopped and the total time’
L recorded Thls total time is the time requrred for the paper pad to comptetely_ :
E 3 -wet out. -



can be determ ned by solvent extraction of the oil conpound with an organic
sol vent foll owed by atom c absorption spectroscopy to determne the |level

of. - '0i |* conmpound “in the extract. -Simlarily; the I'evel of the-

pol yhydr oxy . . conpound ‘ref ai ned- by the ti ssue paper can be deternined
by solvent : Zg,oggég,rs@ctlon of ‘the pol yhydroxy conmpound With acHO6REIsS I n.
sone cases, addi tional procedures may' be necessary t-0.renmove
interfering conmpounds - . fromthe pglq,yhydroxy speci es of interest.

For |nstance the Wl bul | sol vent . extracti on nmethod enpl oys a |

brine sol utioen to This| procegareyist fepested for \atdeast 2 additiondl rtissue qapenipads. -

surfactants ( y f T
Det er gent - Product %’P"% E’I n?d}rggﬁgﬁér ﬁ(ﬂe& b&wc@? Mgm ogie water
pol yhydr oxy sﬁé‘él Egs'fcdilﬁf““g hend peetiling y‘ifeéheb393§’p%'ct"r"ﬁgc5’ﬁ§ Yyater .at a
chromat.ogr aphtanpaahrreqmresz toFR4 .anpise, ifcregwoart iniguehsarhpleciasto be run,

hyl d
e 5ot f‘%ﬁﬁﬁ‘é‘i"y%&fvﬁ Yo Ehafged W@ SP’gg'f’r R Stk Bl i
Det er gent Pr otﬂm timec yaluat for & BMeRSaMplY, sheuld argerage ‘and’ Sta"dSEF!S)

Gas chromat ogdevilitions sy fheq®es: Sostacks heasardds etrhemrmepwfrmeenemrement are

anal yze . poI yhégé t ype conpounds. Graphltlzed pol y(2, 6-di phenyl - p--
phenyl ené. oxi &Sés chr onmat egraphy. col ums. have been used to Separate .

pol yethyl ene: gl ycol s with the nunmber ‘of -ethyl ene: oxi de units rangi ng from 3

35 to 9 f@Nltech n{admmimyamhﬁrmeﬁétm ‘ofutibQue %erpenﬁﬁﬂ)ments of the
WO 96/ 36768

20 °8 _presenty, invention sPaynPhnRuss, ; Be Aatermingd, TTGEEN Caker
gl ycosi des,. cmanlu&cture Howeyer.esubstemlaiymmaaestmghapmnborbwmmyegccur _

sB(r: ;? f’ei ?ggr égdgg'?? (t)l'l'& ﬁPsﬁ‘Wé W@Q%}dg'tgﬂ "thQ@ rp@ﬁBF %@aagg i QEW thé tﬂ%pbi’ ght
Vel dhot |+ has #apd v (25wedks i, R et Thietie Wetingitimes
Supercri 1 iial afé prefe@hly)memlremray thSFdi)d oeshchgtveo meelabenod.eéccotmﬂglvn
the anal’ y5| SEﬂetﬁhékﬁmes %asureg | Yo% $h8 Aﬁf% t\ﬁbam@bagﬁﬁgeﬁerwfa&%ﬁm

Rol | i n;
M, Jour naI otereperghieoare pprredoto aso!#wqgwk wetting ) timese | Al qmm"a'
ani oni ¢’ sur f aagingtcanditions 05 the papeér sdrpibs may b8 requiréd e tmsand aimis both

det er mned. by gl Greitblaid baluligtd BB Bskible BVeP8 BhobR AR hG A

~surfactant _in
~ sul f ortat e2¢ r oRXPORUseS Of etrheeeamwrséumceé wﬁﬁﬁsbef‘fﬂfe'“ﬁmcﬁv\ﬁxﬂﬂﬁé’é of
titration “paper ‘sample of interest to temperatures in the range of 49 to 82 °C for 1

" hour to 1 year can mimic some of potentlally severe exposures condmons a’
'.paper sample may expenence in the trade. - Also, autoclavmg of the paper .
L samples can mimic severe aging condmons the paper may expenence in the
25 _trade it must be- reiterated ‘that after any severe ‘temperature testmg, ‘the
' samples must be re-condutloned at & temperature of 22 to 24 °C and a
relative hurmdlty of 48 to 52%. All testing should also be done withm the
'-confmes of the controlled temperature and’ humrd;ty room. e

30 L C Densrty . .
L The densuty of trssue paper, as that term is used herem, |s the average .

"densrty calculated as the basns welght of that paper divided by the cahper._.

with the appropriate unit conversnons incorporated therein to convert to- -g/ce.

- "Callper of the trssue paper, as used herem,_ns the thickness of the paper.
'35 - when subjected to0 a compressive ioad of 95 glm2 (18.5 g!cm2) The cahper'
. is measured with a Thwing-Albert mode\ 89-ll. thrckness tester (Thwmg-AIbert _

'l : Co of Philadelphra, PA) The basrs wenght of the paper is typrcally



analysis (Cross, J., Anionic Surfactants - Chem cal Analysis, Dekker, New
York, 1977, p. 18, p. 222). The level of starch can be determ ned by 15

anyl ase di .gest ion of the starch to glucose fol llowed by colori:netry anal ysi s

to - det érmine glucose level. For.this starch anal ysis, background’

anal yses of t he 0. paper not containing the starch nust peTnsss/68s

subtract .out. poSsi'ble contributions nmade by interfering background
speci es. :These met hods’ are exenpl ary, anggre not neant.to exclude other -
net hods whi ch ‘may. be useful 20 for deternining |evels of particular" : '
conponents ret atetstnined o at 4’964 ppd pehich is 8 plies thick, ThlsApadDQnmleceudmngeé
| deal ly,” prior Lee éﬁiﬁd‘ﬁﬁ?aéﬁ%bt}% d LFOAA S aRPkREn the WeiliEscheadiRelitn

25 be conditioned ac

Met hod : #T402 | oL
precondi t i oned- MBfts 287 1A5AMS 5‘? the ﬁ%‘?%f%mwwﬁ?wﬁi 19"5'5’ tsg sgnrifie S

withimat errper sbnversionsgae chade® to gepdrt [the tasis vieight in hinitspofepourtis pem30Q0

step, . égﬂaleeé §hou| d be conditioned for 24 hours at a relative

hum di ty of 48 52% and within a tenpérature range. of 22 to 24
[err]C. 30 - . ) Ideally, the softness panel -testing should

take place within thp. ctinfl nes . of a coristant tenperature and- ;
hum dity room gg t| ks .S not feasible, all ; . sanpl es, including ‘the -
controls, shoul gxperl ence identical .environment-al = exposure conditi:ons,
35 - - sof Predist cas; be gneasyred rusing @ Sytheriaad, Bub cTesiar. & fieqe, of

formsim | alO black feltt @nédk’albf thélﬂ@b Iamhrd%eﬁlofcabo‘iermdr sl mﬂl adglensity
Met hods"™,- ASTM: §pea%|

PCT/ US96 J. 06985 © oﬁt %gjg;cgm%%ch felt matenal is read:ly available form retall fabric
31 Tec Btorealsushhas dﬁammMEabnqium reqreaomd tvneghtrmdcaanatqre@glor

For Testing andpidiberitad Suthas@nandstet it RGAbRAIdHVRA -herremnbwmeﬁefaerutﬁake a
Softness is’ - evaluated bg 5 éect i v ‘esting usi ng what is ﬂ.red fo_as
lpcQpCk %%p q '

a Pai-red - Weighted sam rl\cﬂ?r PoYretianaty, fapLe- & fiege.
t he test. rratlﬁrl black feit is tattdchedFto tlhacfoUreppmnd:engbt sof Thestissu semple ds

arg pr tesent ed Speh ({kt gﬂece of ca &BHrBQbr&s%@HPt#S%eobfa@néiﬁ%h?%oraﬁb bhe
SHP) ?‘C ! S_ requbr“ec ngtr,c gl T?\e tester ‘then rubs or moves the weighted felt over a -
' : stationary tissue sample for five strokes The load applied to the tissue
. .-during rubbmg is about 33. 1 gm/sq. cm.’ The Hunter Calor L value of the -
20 black felt is determmed before and after rubbrng The difference in the two
' - Hunter Color readmgs constrtutes a measurement of dry lrntmg Other '
_ methods known in the pnor arts for measunng dry lint a!so can be used
- 'Wet lint ' : : o
_ - A surtable procedure for measuring the wet hntmg property of tissue _
- 25 'samples is described in U.S. Patent: No. 4,950,545; lissued to’ Walter et al.; '
on August 21, 1990, and incorporated herein by reference The procedure
_'essentlally involves passing a tissue sample through two steel rolls, one of
whlch is partrallv submerged in a water bath. Lint’ from the tissue sample is
- transferred to the ‘steel roll which is moustened by the water bath The
30 - contmued rotatlon of the steel roll deposlts the lint into the water bath The
- - lint is recovered and then counted. See col: 5, line 45 - col. 6, line 27 of '
" the Walter et al. patent. Other methods known in the pnor art for measunng

wet lint also can be used.

35



them on the basis of tactile softness. The result of the test is reported

I n vvnat is referred to as Panel Score Unit (PSU). Wth respect to
softness : testlng to:obtain the softness.data. reported herein in
PSU, a ‘nunber of - 10 softness panel tests are performed. ‘I n each test
ten pr.acticed %9(’; . judges are asked.'to rate t-he riiIAisos0s98s _
sof t neSs of three sets -of par red sanples. .. : The pairs of sanples are
judged one pair- at a'ti nme by each judge: onggsanpl e - - of each pair
bei ng designated X and tthe other Y. Bri efIy, each X sarrpl eis gr aded .
against ‘its-paired.Y sanple as follows:- . 1. a grade of plus

one is grvener|s1udgedto mayb o than
%pﬁic{#al H?eé‘%&eto may be a

Y, and a grade of: m. nus one is given
littl e.softer than X;. - 2. a- grade of ‘plus two is given'if Xi's j udged

to surely-be-alitt |03ther chemicals comménlit ésed e paderntaking cn st adﬂemtﬁuﬂhe
:ngnl ; gl ve% ' fehtrhigal %%ﬂ%ﬂmé gampgspnqn detanb d”l?er mb eof':1 tb' Qlé epeﬁ% fnpalung_

j udged to.be a fumiskoseclong as they dmanOt sngmﬁcantlv and \ad\aafaelu gffasta e .
mnus three is ﬁftei‘f'hg,fab\éotﬁenmetﬁbﬂbﬁs&nbﬁfnaﬁ ainidegoftness enhancing actlith%n

udg6d b e 5 YnlFE Setpr-tppipar o rhad ohHBaLAY Lofbihinkgeiyafotine °

mnus 4 is gi. veseftening r:gn]pougéslow\eoresemmwnuon o lot -
softer tharmX ..o 30 .- . The grades .are averaged and the

resul tant val ue” i!l ngunr Es of PSU - ... The.resulting- -data are
consi dered -t he . ne panel ‘test. . If nmore than - - ohe
sanple pair is eval Cﬁteepresemmxentlmamdsecmnsaaae apziohabingesdientafroor dbout
to their gr adeso bbs@@'{oe‘ipﬁbﬁtd 6%, Cﬁ’lor@{}?’r‘e?ébﬁ%?ﬂ%ﬁl"abbﬁﬁ S% ) ﬁ%fﬁ]‘i@h

up or . down: I'n -val ue as g zero ue to
ever sanpl e -5 weight, on a dryfibeg a§ ?feaﬂﬂt'ﬂerqgﬂﬁhse standard The ‘ot her -

sanpl es t hgs hMyMMxerompound WO 96/ 36768
PCT/ US%/ 06935 . The chemlcal softemng composmon contains as an optrg?tal component
: from about 0.01% to about 3.00% by weighit, preferably from about 0. 01% _
-to about 1 .00% by welght of a water soluble polyhydroxy compound. '
._ Examples of polyhydroxy compounds useful in the ‘present invention
- 20 'mclude glycerof, polyglycerols having a welght average molecular weight of
S from about 150 to about 800 and Polyethylene Glycols and polyoxypropylene
: glycols having a welght average molecular welght of from about 200 to about
' 4000, preferably from about 200 to about 1000 most preferably from about
. '200 to about 600 Polyethylene Glycols havmg an weight average molecular
" 25 - weight of from about 200 to ‘about 600 are- especlally preferred. " Mixtures of
- the above-descnbed polyhydroxy compounds may &lso be used. - For -
' example, mixtures of glycerol and’ Polyethylene Glycols hav:ng a werght .
' .average molecular welght from about 200 to- 1000, mare preferably from
- -about 200 to 600 are useful in the present invention. -Preferably, the welght _
" 30 "ratlo of glycerol to Polyethylene Glycol ranges from ‘about 10 :'1 to 1: 10.
= A partxcularly preferred polyhydroxy compound is Polyethylene Glycol'.
: : _hawng an we:ght average | molecular _weight of about 400.- This material is
o available commerclally from the Union Carb|de Company of Danbury,
: ' Connecticut under the tradename “PEG 400", ¢ :
'35 Npmomc _Surfactant lAlkoxylated_ _Matenals)



m nus: val ues as determned by their relative grades with respect to the

zero base standard. The nunber of panel tests perfornmed and

averaged i-s such .that about 0.2 PSU represents.a S|gn|f|cant .
di fference in subjectively - perceived .sof t ness. : B.. .
Hydrephilicity ywglghékency). . Hydrophilicity of Pcwsﬁmaqser
refers,.in generaf; to the propensity of the tissue paper to be :
wetted with-water. ‘Hydrophilicity of tissueggaper may be sonmewhat:
quantlfled by determ ni ng the period of time required for dry- - 10

tissue paper to becsirasiednidmit sunattsds thiticamberusethas wetting dgehts irffthe S
referred to.as prﬁg% el'rhﬂﬁ mcll.lﬂe %Hgfer{onl ﬁ o[H'u?:)(s fe 8@@%‘3%\0‘3%& é)r}ally

repeat abl e. t est roc ure nma
wetting time - propvlenmtléenwmfamsalewhqieot fat‘év @@ﬁﬂd fﬂ%é‘@"’@énﬂt‘-‘e uni t

sheet. {the enviTonnRayabf the alk®xyiteli angefisls bEStHebhapficHapaypsaarbesbed ¢

22 24 5 d P, d ‘
302 approd n&%wai?es/%w il e Mg SURBLE oS EdB1ASF oly
of tl;ssue (piperSl&tsr;%lgt;aeﬂgegﬁe?rmws le;ﬁﬁﬁgﬁfzgeﬁ;fﬁﬁa is fol ded o
into four J ux t. (C
h d hed -
(oo g Sesor ouhereln e 38 Bat ol S0 awef FosiABbBsF s SHBOE ol ST
20 (about- 1.9 cor)sistmgabafumrlmamc rsecabdany argl dirpnehedi chain ealkylt inddor taoyl
bal | ed . . gheay drscalme%re@péh rﬁllérfya

distilled t it . |
Gl 255 beaker ] Norleady eareuptyeamtpéﬁ"%m 5630hdary“and ringhed: chain" gk and
t hrough this tealhemylmmshmﬂed phkroljid dydrogarbyh grbeps; said hydooaibyle grofips |

e, contr of | e BAIRGa i FodaREt NI ihiot 0BT Zbol® & fo ok Gt Photerab

48 to 52% r-el at].ve 1en car ef

the - S remcabert 10do,abayt 18 HAFao B0 c oMage g esakly thhwydroesby!
above .the W’ erchain length :fur lnqad cdmpbbiﬁonsaetfrowmnbutt h6 fnlabolioukdiearidre

f
el ] . S o s e AR 0 [ i s
conpl et el y. wet tiBdthegeneral §°T@U'éa§!flt}ﬂerﬂih§a\fb§ef{ ﬁ‘enmmarsusfamnts hergjp, Y is

tr an|S| ': i oni tntg fmma#ys-ol.ry -CtOI®, COCO)N(R}-A. odatckem(mm(l SllildWﬁlibﬁrRtJt Q@AdURpPN
Cco ete we | I r r

f”[Th _ r\&hﬂl ﬁretseﬂ? h% estthgpgﬁtgnﬁ'{ﬁg bRc%n hefeid eg%pee i\?é/%)? R Q%’lsee
of 5 balls %Qorhwrpepal aﬂd 25 ip ot s!?a%hémll} B piaferably at least a!wttm -1
sanpl €. The fi npdricrenendes dnds sudually ) asaisiiitye ofhthes alottenet asbrapssitere wéulease

ﬁiasuféﬁgﬁ?r o o refbr R ¥ glolfs Brg Bl 3 2 o Sthe 5 sets of
The nonionic .surfactants herein are characterized by an -HLB
_ ) (hydrophrhc—l:pophlllc balance) of from about 7 to about 20, preferably from
- 25 ‘about 8° to ‘about 15. 'Of course, by defining R2 and 'the " number of_
' '*ethoxylate groups, ‘the HLB of the’ surfactant ‘is, in general determined. ..

However, it is to be noted that the rionionic ethoxylated surfactants useful'

C%eeén@a,lgodynd)f brarlchb8" Thatn alkenyl ~ -«

herem, for concentrated liquid composmons, contain relatavely long chain Rz. _

o -.groups. and are relatlvely highly ethoxvlated _While shorter alkyl’ chain.
30 surfactants havmg short ethoxylated -groups may possess the reqursrte HLB '
e ' they are not as effective herein. -

' ' Examples of nonionic surfactants follow The nomomc surfactants of'
" this invention ‘are not limited to-these examples. In the examples, the mteger'
S -defmes the number of ethoxyl (EO) groups in the molecule :
'35 -1 Linear Alkoxylated Alcohols
- . Lm ear. Erlmgry Alcghgl Alkg;ylg;es s
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33 balls (total = 25 balls) have been tested, copious cleaning of
t He beaker ray - be necessary if afilmor. residue is noted on the .
i nsi de wall -.of ‘the beaker - . .. Another technique to neasure the-
wat er - absorptl%g k.f‘sl s through pad g 5 . si nk measur ement CTAKIGHE8S
condi ti.oni ng-t he tlssue paper of interest and all controls for a
m ni num of 24 hours ‘at 22 to 24 [efr]C and 388 to 52%relative .. °

hum dlty (Ta pi~ met hod- #T4020M'88),. a stack of 5 to 20 sheets of tlssue _
paper. i.s cut to di fibesdanss, vhdacs: dpdeeao tetragecacudnd r@mmqaamowam of

thr 0U9h_ ‘the’ US?\-RéxadﬂéEaﬁélt tadag n%o‘ﬁéé‘éano@ mmgeahl HDB' wﬁﬁﬁﬁ&hé%ﬁ&é reéited
| aser - --10 uttin tec ues

t f d .-
due o both thderein ste WSpH JERE S6iEg ihe RRRIANEA DS niencafy Bemaian™

t he potential famlnmpdated pnmarv alcobatsaisefuli berein as the vrscosrtyld!measrbmne
paper’ sanpl § S%ﬁidiﬂ&%%f)etﬂa EHmposItrohEr Qﬂzf fled éﬂoﬁ'(ﬂc%oom e1oé5(11/)4 remgash

[e hold t t ]
sampl & on & he' SPAUEEE 0! Lkl OT YRR eaRSIR b P oIy Shin lgoth <
circular in shapegerate leiso asdfalmberein. oSpaprpcoeorampIGSyoﬂsach materialss indlude

strai ght "and ebrévné(qc@mmm yré&ronwr\amneaéréhheonbp- ggnother and.
across .t o spot : Le s _Clrcunterence. e spaci ng
20 between th@ s DNQANG A 2882 This wire - rresh screen shoul d

be -1 10cl ean Jhe det;a-prurm”ecae pbdecang tehedenaaerpem:adeca—,soctweea- faisd.

liter beaker - %opadeca—ettho&glétﬁg ?3" ‘%*heﬂgd’éttanﬁl %%Efd&rargl S&fe éoesgno‘fata% 5. |

stabilized at rrB insuring
onesel f 't hat. t i¢icogapel hayipgaenad HLE r"!%h'afth&n?"\ﬂﬁv@é”@ﬂ herein can B¢ usgdcas -

rzrgt i ?E -t hte scmﬁngoagaﬁtsn mgtﬁdtermmrulnvenﬁmr eExdrhplapy equ\aateﬁosew‘ndary

e water cr e,
downwar:d - after%ﬁ?@%gs f @?I‘%g Sg ‘ﬁ% ﬂaﬁ%g sgé% ﬁéé \pﬁgpgght@?derap%creen
handl e cat dfies CygBHa 1ki A€ 20EQ(NA); RNtk 3rC14EOM.s way, "t he:screen does not

interfere with the water absor Riidup Mﬁylt%rﬁﬁ?ﬁieéﬁmlﬁls At the exact
moment t he paper sa*rgj e.touches .t

started: “The timer insthBese of ¢ BP aj @?ﬁ&xyﬁtﬁ%k{lﬁaesﬁﬁﬁmﬁhé?% %&"PEE‘
out. .. EHnmcvlateswsfrallwlatedlwbénpls) tpasticuwlariy pnorehiydgc aikyiphenals, daving

the paper colognf' Hpg tsvﬁﬁm Whhé € rjyger trec.eadarﬁe%mgrar/é shugedbior @kl Othe -

[
;J Ip(r)Tgrclorsrp S Sp\é'vfg‘%lﬁwwefﬂpa'ﬁt F?g ers ' OF the | 'Qﬁﬁf‘aeggm?ﬂf'smf‘%‘t alnﬁ'h k‘@"?s

the ti. rre requr thrdbuigbr octadepa-pchoapdatesoobomﬂdec\dblyenol r8penvatecyiphenol, and
the like, are useful herein. Exemplary ethoxylated alkylphenols useful as the ‘
_l . wetting agents ‘of- the: mlxtures herem are p-trrdecylphenol EO(11) and p--'
R _pentadecylphenol EO(‘IB) _ oo S . .
25 . . As.used herein and as generailv recogmzed rn the art, a phenylene g ,
- 'group in the . .nonionic formula is " the equrvalent of an alkylene group' '
L contarmng from 2 t0°4 carbon atoms . For present purposes, nonionics '
contammg a. phenylene group are considered to’ contam an equrvalent number .-
- of carbon atoms calculated as the sum of the carbon atoms in the alkvl group
' 30_' ~plus about 3 3 carbon atoms for each phenylene group ’

- : _ Olef‘mc Alkoxylates i < .
The alkeny! alcohols, ‘both prlmary and secondary, and alkenyl phenols
. '_correspondmg 10 - those drsclosed immediately. herem above :can be
' 35 ethoxylated to an HLB wrthm the range recsted herem can ‘be used as wettmg .
‘agents in the  present invention - L S '
' ' R Branched Cham Alkoxylates S
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34 ° This procedure is repeated for at |least 2 additional:
tissue paper.pads. - - No nore-than 5.pads of paper should be run .
Wit hout di. sposing” of the-water .and post cleaning and refillin bf

t he ‘beaker. with-fresh.water at a tenperature of 22 tPGHU C -

Al so, i f new M%ﬁﬁﬁue sanple is to be run, 5 the water should al ways
be changed to-the fresh starti.ng state. Th@gflnal ' feported time .

val ue for a given sanple should be the average and standard deV| atlor]s f.0r

the 3 to 5 stacks efBASH ced_.ha'Fhe,ruﬁartysaﬂﬂ séwmndens aleahle Whishs 8% RySilable
rcht

10 . Hydr ophi char ibaSetRoRWated enﬁcualnnbelmedfast he
present i nventfram tﬁ‘ﬁywe "%WUa'F(éﬁ eF;'J8 seér)%qa'?le% m?rggl ately after *- - :

manuf act ur e. . RQEaNRY 3 embdt thet pedsent Bnentios.  n hydr ophohi.ci occur .
during- the f| rst t.ﬁg oA 5@ &ﬁéﬁ{?laiiﬂaﬁdnw surfaetants pargd@sefp?/@ T}/\Sf Qrgﬁe?the

paper weeks rBAHT Bsdnionic s'llllliactahtfe
wetting tiges comn&‘olﬂﬁﬂ% aﬁﬁ’lﬂ‘ o dp) §° gg& dng}d {ﬂ?]ee end of .such- two week

peri-od. - Accor ripasses mixed wenionig surfaee %&%@Béﬁtsat the end of - & t
week agi ng peﬁulmcﬂﬁﬁoilJ aE;:r N of su rfab@RBCaUsEd; B prefefably dtomoaket Oriyl %é‘k
Al

Th
10122 v o4 e S A 06 e

condi t-i ‘ons- and ffd prefersbhe havecalkyl shains wih gight £*
of the pape pé‘gg?;,‘?ig Qlp r%:‘l:e% Fhictahey afé'9h g@.celkyespﬁenamsofaﬂﬂw@'kv'b%@?
t

sanpl e of Jht eFEETPHES eratures i.n the r 49 Cifichudi
hour 't 0 1 year solfionatesi cExesmplas g pici r@@gag\}ere a‘lﬁ\rlﬁ?vchﬁmek i ifhg

exp OSUI’ it a o
paper sanpl e gy ss@élesterslswn ds Wemﬂ4@mm§hd§u B‘PetﬁQ EB%?& |

sanples. can mm ver\gq? N}[qé(c? g{wgg&etMewaerdesaﬁbedﬁamﬁ:cﬁaﬂemt

25 trade: .l1t Mstl ter an evere t urpgj-pstdnag
the sagpdt$,38%t issued eta ovdi Ko haeede at @'rgg&(‘)?éﬂ

e
[er r] € and 3 " ehdhhdiGe m@tw egferd Such a'SZVegdsners wgﬂprfé sﬂ@dPB'eaﬁrQB' é&y co-
r ggﬁq W LR a t hgc:i}'muc@s. ﬁ;@?rsk? C3nWich,"ET§ Yo" RigrAl ROrB20avaiabiendrdm rRhtiney

The density of -tissue papér,
as that term i Pouterst Corporation tCtheNabe - density cal Cr«:ﬁt eﬂ abs
the basis weight of- H&atabgepqrsﬂggglde(bpbipnhhchemlcqbeaddltwes is intended,

appropriate unit conversions {ncotpor | MehAt G@NNAItt tHeo sgope . of the
Cal i per of the W@éﬁ@’iﬁ&?ﬁ?"’ HE'\?%@% f‘léerelak‘l;"%'rkgt the thi.ckness of t he paper

. 20 mventlon

"The following examples 1llustrate the practlce of the present mventlon

but are not intended to be hmmng thereof

' EXAMPLE 1
. The purpose of thls example is to tllustrate a method uslng conventlonal :'.
: - - drylng and Iayered paper makmg techmques to make soft, absorbent and !mt _
" a0 treated
-30 | resistant multi-ply facial tissue paper |
~ ~"'compositions, a permanent wet stréngth resin and a dry strength resin. One
- chemical softening system (hereafter refered to as’ the first chemlcal soften:r) |
' compnses Dn-ester Di(Touch Hardened)TaIlow DiMethyl Ammonnum Chlorflt e
: -- (DEDTHTDMAC) and a Polyethylene Glycol 400 (PEG—400), ‘the other’ (hereafter
35" refered to as the second chemlcal softener
o functional polydlmethylsﬂoxane and a suntable wettlng ag

. - hydrophobic character of the snloxane

exposur es o

with two chemical - .softener -

) is compnsed of an amnno-:f'
ent to offset thej‘ o



35 when subjected to a conpressive |oad of 95 g/in[err] (15.5 g/cnferr]).

The caliper is nmeasured with a Thwi ng-Al bert nodel 89-11 thickness tester
( Thwi ng- Al bert ) . Co. of Phl | adel phia, PA). The basi s wei ght of the -
paper is typically .~ .7 " \WD 96/ 36768 . .

PCT/ US96/ 06985gq 768 - 35pcr,ﬁ595/05985
det ermi ned on a- 4”5?2 pad Wmch is 8 plles thICk Thls pad is
precondltloned _ accordl ng to Tappi Mg hod #T4020M 88" and then the

wei ght is meastréd in- - - “units of -grams -to-the near est ten-thousant hs.
of a gram- Approprlﬁeplant scale S-werapy ¢win ovise dorningdeanes malpogtmaclmnbasutsed

‘C’Ie'n?ht i uni t?nofheocﬁtﬁélﬁcé)eof %ﬂ@opresenta inVEBNGS® T €The first chemical softtener’

Sut her | and Fub GPBIGRON s, pdhamegenous gremix et OFRr FTBMAR 20 REGr<adin apld
t hi ckness of alstnm Whichis melted ateatemperature of aboua881°CO(19AfHIc TheSmeited

felt miterigl iy Stﬁ‘@qsltﬁer‘?\ﬁ?sp'e e %&dlﬁ&ﬁé& wiaRBH tdnk (Temperattr@o66 %9'to

as Hancock a four

; et e
The Sut her'l.and fo&8t 8 SLR-raic Yeséﬁ'? v@'ﬁpP Hu Hﬁh’ﬁ' Fl E‘é?l of rthe avesncle
wei ght-ed sanpl drswﬁoand detetrhinad rusirsg ansbnncalnaioyostmmi ¢echiiquai The prticle
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tissue sarrpl e psrmansent wet. strength resin onto NSK fibers is enhanced by ‘an in-line mixer.

Al 2% solution of the dry strength resin {i.e. CMC from Hercules' lncorporated
" 20 of Wllmmgton, ‘DE) is added to the NSK’ stock before the fan pump at a rate of
© . 0.083% by welght of the total sheet dry fibers. The NSK slurry is diluted to-
: about 0.2% consnstency at the fan pump. = -
. Thlrd a 3% by welght aqueous slurry of Eucalyptus fibers is made up'
' _m a conventlonal re-pulper A 2%. solution of the fnrst .chemiical softener '_
. 25 mlxture is added to the Eucalyptus stock plpe before the m-lme mixer at a rate
- 'of 0.15% by welght of the total sheet dry flbers The Eucalyptus slurry is
. -'dlluted to about 0.2% consistency ‘at the fan pump :
- ' The individually treated furnish streams (stream 1" = 100% NSK Istream
: E - 2 = 100% Eucalyptus) aré kept separate through the headbox and deposrted
".‘._ 30-' 'onto, a wire to form a two Iayer embryonic web’ contamtng equal portions of - ;
" - _NSK and Eucalyptus Dewatering occurs through the wire. . The forming \n'rire. :

i is a. Lmdsay, Senes 2164 (marketed by Lindsay Wire inc. of Florence, Miss.} S

or similar design. The embryomc wet web is transferred from the wire, ata

. .~ -fiber ‘consistency of about 8% at the point of transfer, to a conventional felt.
S35 Further de-watenng is accomplashed by pressing and vacuum ‘assisted dramage o
'__‘untll the web has a f‘ber consastency of ‘at least :35%. . The web is then
::adhered to the surface of a Yankee dryer wuth the Eucalyptus flber layer.



transferred to the steel roll whi [ [
] _ : ich is noistened by the water
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15 'resm. about O. 083% of the dry strength. resin, about- 0. 15% of the first
o chemlcal softener mixture and about 0.15% of the second chemtcal softener -

" mixture. - importantly, the resulting multi-ply tissue paper is soft, - absorbent..'

has good Tint resistance and is surtable for use as facial tassues
20 .- L EXAMPLEZ

_ “The purpose of th:s example is to |l|ustrate a method using conventtonal
drying and Iayered ‘paper making techniques 10 make ‘soft, absorbent and lint '

- resistant multl-ply facial tissue .paper treated -with two  chemical softener L

25 compositions, a- permanent wet strength resin and a dry strength resin. One
" chemical softenlng system (hereafter’ refered to as the first chemacal softener)

_ .comprises Di-ester Dl(Touch Hardened)Tallow DxMethyI Ammonium Methyl
" . Sulfate lDEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400). the other -
oL (hereafter refered to as the second chemlcal softener) is. compnsed of an
30 - ammo—functlonal polydlmethylsrloxane and a suutable wett,lng agent to offset -

_ the hydrophobic character of the siloxane. DS

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

- the. present invention. - ~ The first chemlcal softener composition is’ ‘a
homogenous premrx of DEDTHTDMAC and PEG-400 in solid state which is

35  melted at a temperature of about 88 °C {190°F}). The meited mrxture is then .~

dlspersed in a condltloned water tank (Temperature 66 °C) 10 form a sub-
' mlcron ves;cle dlsperslon The partxcle slze of the vesxcle dlsperslon |s



25 ‘weight of from about 200 to about 600 are especially preferred.

M xtures of t he above-descri bed pol yhydroxy conmpounds nay al so be -
used.  For .- .. exanple, mxtures of gI ycerol “and.-Pol yet hyl ene d ycol s
havi ng a wei ght ~ average  nof ecul ar .wei ght "from about 200 to. 1000, rmre
preferably from’ .~ " about 200 to 600 are useful 'in the W’é‘g@ﬂ?‘
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solution of CMC at a rate of O. 025% by welght of the total sheet dryE .
‘. 2% solution of the first chemlcal softener mixture is added to the u:::: Z:eet
| stock pipe before the fan pump at. a rate of 0. 15% by weight of the to by the
. e dry flbers, The Eucalyptus slurry ts drluted to about 0.2% conslstency
B 25,' .fan Pu'rl"":e sndwrdually treated furmsh streams (strea = 100% NSK / stre:md ‘.
L2 = 100% Eucalyptus} are kept separate through the headbox and deposi ea' |
| onto a Fourdrinier wire 1o form a two layer embryomc web contalmngdeqnuer .
: portrons of NSK and Eucalyptus Dewatenng OCCUrs through the Four r:e .
| 30 wire and rs assrsted by a deflector and vacuum boxes “The Fourdnmer r\: 107 |
B of a 5-shed, -satin weave conflguratron having 105 machrne—drrr::ron ab o
'cross-machrne-drrectron monofllaments per mch res:tec:\;e;:r coi::e ,::v of
transferred from the Fourdrrmer wire,
.'. :::u:v;:ﬁ I:t the pomt of transfer, toa conventronal felt Furthe; de—:v:t:;:\:
| 35 is accomphshed by pressrng and vacuum assisted drainage until t he w b he of. .
.. fiber consistency of at least 35%. The web is then adhered to the su _

. - a Yankee dryer wrth the Eucaiyptus frber layer contactmg the Yankee dryer



Performance and, usually, stability of the softener conposition decrease
when fewer ethoxylate groups are present. The non| oni c
surfactants herein - are characterized by an' HLB

(hydr oph| I (c 1i pophi.lI'i ¢ bal ance) of fr.om about 7 to about 20 pr ef er abI y

from = %98%1366 o0 about. 15. O course, by defini ng R[ erpdrressdobdss -
nunber . of - oxyI ‘ate groups, the HLB of the surfactant is, in .-

general , determ ned However, it ig§3to be noted that the rionionic - .
et hoxyl at ed. surfactants useful . herern, for concentrated |i-quid
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15 derr]EQ(11); 2-CerrTEQ(11); and 2-Clerr] EQ(14). : _
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o R . ' -EXAMPLE 3 .

- The purpose of this example is to illustrate a method using blow through

' dryrng and (ayered paper makmg techniques to make soft,. absorbent -and lint

o .resistant muiti-ply facial tissue paper treated with. two chemlcal softener

25. composuions, a permanent wet strength resin and a dry strength resln .One
.. .chemical softemng system (hereafter refered to as the first chemncal soﬂener) '

) comprises Di-ester DilTouch Hardened)'!'allow DrMethvl Ammomum Chlonde o

o (DEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400). the other (hereafter -

refered - to as the’ second chemical softener) is’ compnsed of an ammo-. B

30 : functronal polydnmethylsrloxane and a suitable wettmg agent to offset the
R hydrophobnc character of the siloxane. - o : Lo
B : " A pilot scale Fourdrinier paper makmg machine is used in the practrce of -

: the present invention. The first chemical softener composmon is a .. -

o homogenous premix of DTHTDMAC and PEG-400 in a solid" “state” which is
'35 ' melted at a temperature of ‘about 88 °C. (190°F). The melted mrxture is then -
' d:spersed in a conditioned water tank (Temperature ~ 66 °C) to form a. sub-
. m|cron vesrcle dnspersron The part:cle -size of the ' _vesncle_ drspersrqn ,rs .



As in the case of the al cohol al koxylates, the hexa- through octadeca-
et hoxyl ates of al kyl ated phenols, parti cuI arly nonohydric al kyl phenol s,

havi, ng . . an HLB within the, range recited herein are useful as
the’ = =20 vi s¢osi ty/d| spersibility modifiers.-of the instant co Sltl ons.
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alkylbenzene

T :resln (i.e. Kymene‘:l 557H) IS added to- the Eucalyptus stock pipe at afrate;: ..
| 26 0.2% by ‘weight of the total sheet dry fibers, followed. by addition of a "
| solution of CMC at a rate of 0.05% by welght of the total sheet dry ﬂbe|rs g
2% solutlon of the ftrst chemrcal softener mixture ls added to the Eucall ylp]tust‘
"-stock pipe before the fan pump at a rate of 0.2% by we:ght of the tota s'c ::e |
dry fibers. The Eucalyptus slurry is dlluted to about 0. 2% consxstency. a he.
= - pu?:e lndlwdually treated furmsh streams (stream 1 100%_ NSK l-.s.tre-arzl K
2 = 100% Eucalyptus) are kept separate through the headbox and deposite ‘
--'::- onto a Fourdrmler -wire to form a two layer embryomc web containing equa
: e porttons of NSK and Eucalyptus Dewaterlng occurs through the Fourdnmer:.
- 30 fwnre and is asslsted by a deflector and vacuum boxes The Fourdrinier v:rr: 0|; .
© ofa 5-shed satin weave conflguratron havmg 105 machme-dlrectlon an .
:".cross-machme-dlrectlon monofllaments per inch, respectlvely ‘The embryonlt:g ._
| wet web is transferred from the Fourdrinier wire, -at a fiber consistency ‘0 |
. about "15% - at the point ‘of transfer; t0" 3 photo-polymer belt ma:i:alsn |
.35 ] accordance Wlth U.S. Patent No. 4,528,239, Trokhan, ‘issued on'9 July 1985
" Further’ de-watenng is - accomplished * by . vacuum -assisted dramage untrd be'
L web has a ﬁber consrstency of about 28% The patterned yveb'ls pre-orre by

in a conventional re-pulper. A 2% solution of the permanent wet strength L



sul fanates. Exenplary nonionic surfactants are al kyl gl ycosi des includi ng
al kyl gl ycosi de esters such as Crodesta SL-40 which is available from Croda,

I nc. ‘(New York,, 'NY); al kyl glycoside ethers. as described in U'S, -Patent - Na. . .

4.011, 389, issued to W K Langdon, et al. on March 8, 1977; and .- .- 15:

al kyl pol yet hoxy, %Seg&sters such as Pegosperse 200 M. avai l ablmfmsgmn@sgco. |
Chem cal s, Inc. ‘? eenwi ch, CT) and | GEPAL RC-520. avai |l abl e fr.om Rhone |

Poul enc Corporatlon (Granbury, N.J.). 45 The above |istings of
opti onal -.cheni cal additives is intended to be -~ nerely exenplary-in

nature,. and. ar sir MowrBeGugH o la fibér ttresistene offabidie 65% by Qveigity eTheOoneb is

The fol | ow ng. ?{gﬂ?&ﬁeb tb‘{ﬁ& r&%ﬁcﬁ Qﬁﬁwgﬁl#éec&)%g Volos apép%é%li ctdpiiy bbiRBsive

but are not in :
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convent.i onal - - gonsistency i§lingregseith AR etivEtetiDE% Imkor@wrfyecﬁbﬁhgttﬁé Web RiRT

Created w ih ¢ hgoRthr iRl e G607 bRk 1B 4 baB6Y ol arl? 25CodiiBRL an e
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B he(ra gﬁn; t eb E_?_Lﬁl‘s;&ﬁ 89 dgrbée rtlhgsi'%lrﬂtwegmﬁét L§Qﬂ‘pb%t@ﬂ)at about 800 prrP!‘Hébt%ﬁ? o
(DEDTHTONRG) - st 6%%? Riee0 6 MiiebeThE Iy vRe' B passeg trayehc?
"~ 35 refered. tontbber-ne-seebndeownmal A% salutjon of dbeseicond chemical maftaner
functional 19 poearabaet.tml Isws@ae @fifornly Ubh adHee 19ReE, rsseeagmnt ototref fe%iﬁndehe e
hydrophobi ¢ Chars@tgrtne from wh]ichﬁt transmrs to the Eucaiyptus | VP r Qe :
PCT/ U896/ 069858Y » uca yp us ayer 0 W paper web at the
A pl ant scal e &te/rofm 18Mnbyiwaighv ofiitotpl shpet dmplfibey withha mmmmmmmadunt of .
moisture. The dry ‘web is formed |nto roll at a speed of 680 fpm (about 208 _'
_ meters per minute). . o - : : .
15 The web 'is converted mto a two-layer, two-ply facial trssue paper as
_'descrlbed in figure 1. The multt—ply facial tissue paper has about 20 #/3M Sq.
Ft. basis weight contalns about 0.95% of the permanent wet strength resin,
about 0. 125% of the dry strength resin and about 0.25% of the chemical
“softener mixture.” Importantly, the resuiting multl-ply ttssue paper is soft,- . B
, 29 absorbent. has good Imt res:stance and is suitable for use as facsal tnssues

EXAMPLE 4

"The purpose of this example is to illustrate a method using. conventional ~
'25 * ‘drying paper making techniques to' make soft, absorbent and lint resistant -
: . multi-ply facial tlssue paper treated wrth two chemical softener composmons. .
'permanent wet strength resin and a dry strength resin. One chemlcal "
softemng system (hereafter refered to as the first chemtcal softener) comprtses'
R 'Dn-ester Di(Touch Hardened)Tallow DiMethyl . Ammoniurn Methyl Sulfate -
: 30 "(DEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400), the other (hereafter- .
e ~refered to as the " second chemical softener) is compnsed of an amino- -
".functional polydimethylsiloxane and a surtable wettxng agent to offset the
hydrophoblc character of the siloxane. g . S
. _.A pilot scale Fourdrlmer paper makmg machine is used n the practlce of .
35 the present invention. The first chemical softener composmon is a . R
o .homogenous premix of DTHTDMAC and PEG-400 in solid state wh:ch is melted

: at a. temperature of about 88 °C- ( 190°F) The meited mrxture is then dlspersed '



in the practice of the: present invention. The first chem cal softener
conposition is a honmogenous premn x of DEDTHTDVAC and PEG 400 in solid state
which is nelted at a terrperature of ~about 88 [err]C (190[err]F). :The nel'ted
5 mxture-is :then dlspersed in a coni dltloned wat-er tank (Tenperature 66
[err]C)-to fo”ﬁo@aﬂf&' m cron vesicle dispersion. The parti cl @mmst he
vesi cle dispersion’is determned using an optical m-. -croscopi c- t echni que.

The partij-cle: ' .size range is from-abogg O. 1 to 10 m cron, The second
chem'cal softener is prepared by first nixing an aqueous enul si on of :
am no- pof ydi retinye éonditienssl 1oatefitaek (edRBBatune KetGhl. °Qjy taHo8inl Acsutemicrbn -
Vaterford, - NY). yid o' Jf‘e’rgﬁﬂd 'ﬂflﬂ?'&artrcle size B'r@tﬂé" %sid?e ary@rsrbng.sa%agmmed

sh nmb

. e. Acconon mar. ams- :
ki ght Tatt o of UG ANGSRliREl FETasEABIA ARG  He particle iz fanges. A aboyt

3% by wei ght acpﬂotrs 150 umicsonof - THeKseécondadiemical softener is’ prepatnmbermnsbrrakmg '

re- pul per. ;Nf'éc@h&ﬁé %Rhﬁsrbﬁfbf‘ﬁﬂnﬁﬁ'bk fdrm@l{h&l "é}ldxfjoa;‘?sg e markéz‘éd

t he per manent :
Hercules - W&k §8ncaeep of qurfqrgt W) with yvates andlthen bles m'@@dmttms .
pi pe at ‘a rate sgent (i.e. Neodbl 22841 2D ynarkéwlt by Shelh Cheniicdl (sdrerfﬂHdwroh; K} at a

The adsor pt i on &Bmheané)gf E?;hqﬁ swan%té‘é\rnﬁ]/bgnrvgﬁlﬂﬁoﬁeg\t NSK fibers is

enhanced. : by a the dry strength .
resin-£i.e. CMC frofimsbr @i3% byc veight aqpeons skyrrwyafniNgls ols, made jup daged
to the.NSK 1} ocdorhvehtibaalt ieepilper.pUAD1 % selutioheofothe Qeﬂaa%rhywwghtngm rb&ia

total sheet dr Vg, ﬁewn@h@s?ﬁ*ﬁm&éd b'vngrlctrrLetselgcoﬁméﬁtyd of \Aﬁmﬁpt N e

consi st ency at

Slurry ‘of - Eucal et ireduesish siarkplpe at @ rats Ofl%Zﬁ%bMv\eﬁ!thﬁértheéO@hSW e

A Solt . i gtnood ryt fiSerk] A0, 26196 Hohatiors 6 tr@%ary strer?@h rlrébiﬁ s CMCaeRtHERuleRe
o ght ot e dbpBroREaBE; o Py irgudh bEE ik §.efie "Biien Frodk BE16Ahe tan

di | ut ed. t o ¥boupurop 2t & catei ol Grﬁﬁf%abytvheighenf hergotal sheet dry fibers. TFhe furnish
i ndi vi dual.ly trggfgdisf Hﬁ&de&%ﬁﬁgﬁQ %%ﬁcllanﬁsﬁd p?}rﬁcfaﬁha gthQ@%

Eucal ypt us) are t .separate thr
onto a wire:to W'E" I'ﬁyE?P%?ﬁﬁd/GﬁF% us!rm'%r NYiFR) t@qh’cﬂ" Fosinadavsr -
- NSK( ‘and Eucal ymhbe/onmemmrl Dewattring ecotsg thiobghwihie  Folrdrifier nwirg * and eis

I s a-tindsay,: s'iﬁgd %;bﬁa‘ldefﬁdt%?trag\g @bubh{‘géfé‘é/s Whrech%JI"dnn%fr wiré ffﬂ?ﬁ’s-ﬁhed'

Mss.) -or S|m oni ¢ ransterred

:
wire g a2 satn (weRNe CORIIGMFEHNT BAVInG 105 ORSTINGTRROR eBF (10MTess-
to a conventi orrabclﬁrae{dnrectlonSmonsﬂlamemadnerv\mcbr |re§pecir\mmdﬁpe|embwomc wet

pressing and VWH%%&%&&@QﬁcﬂhqhgaﬂﬁrrdHﬁEt \rvutehea‘t“%bfrﬂé‘rs cﬁnélste?ky of a out

consi stency of I"east- her ed g surface o
~ Yankee dryer W,ﬁ@ Fhéhepoint, gt (eansfefer tpaa,é:pnventronal felt Furt er de-watering is

. accomplished by pressmg and vacuum assisted dramage until the web has a

25 _ fiber consistency of at least 35%. . -The. web is then adhered to the surface of
Ca Yankee dryer, ‘and the fiber consrstency is rncreased to an estrmated 96% -

" before dry crepmg the web with a doctor blade. The doctor blade has a beve!

_ angle of about 25 degrees and is- posrtroned with. respect to the Yankee dryer

R ¢ provrde an impact angle of about ‘81 degrees; " the- Yankee dryer is operated

' 30 -at about 800 fpm (feet per mrnutel - about 244 meters per mrnute

Second a 3% by werght aqueous slurry of Eucalyptus is- made up in a'

conventronal re-pulper A 1% solution of the permanent wet strength resin

N (R e. KymeneD 557H marketed by Hercules lncorporated of ermmgton, DE) is

) '-; _ added to the furnrsh stock pipe at ‘a rate of 0.25% by werght of the.total sheet

35 “dry fibers. A 0 25%. solutron of the dry strength resin (i.e. CMC from Hercules

. Incorporated of Wilmington, DE) is added 10 the furmsh stock before the fan

' . :pump ata rate of 0 05% by welght of the tota! sheet dry flbers A 2% solutaon
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t heYankee dryer. The fiber consistency is increased to an estl mat ed 96%
before dry-creping the web with a doctor blade.. The’ dector ° . bl ade has :
a bevel angl-e of .about 16 degrees and i.s poesitioned with respect t 0. '
t he Yankee dryer- to provide an inpact angle of about 85 degre?;‘é'rm?’ﬁ@‘%nkee

5 dryer is opfeQ at_about 1100 npm (neters: per mnute) -- about 3607
feet. . per m hute. The dry web is passgg through a rubber-on-steel

H . 0, .
cal ender nip. An 18/o di spersi on of the second chen cal g;prpﬁ}efow

conposi tion i amfterﬁéﬁ mxmr& iseadiob’-wbto the fpishostoc _.

t he paper we % t H r..

with a mni rrulfum‘rslurdiunnv rsndnbrted etO * B“HI@ZWC&%%&\; %%qersrehgﬁl Ir’r‘f?ll(ﬁ)mr ol e o

at a speed of &p& F ﬁqsm&ﬂéa%ﬁ‘@ dmnperoumngtiggurdnmer wire to f q,vgg\
WO-

converted int er p@ie Bourdrinier vmmand b%d' :
in figure 3. Tayem@mbryqgiig W%‘tn ﬁeﬁassug%céd@%ﬂ)d@h e Pou

Ft basis wei grgssmgmibwmdeﬁtmor apd 2EgHgm ngr ﬂ‘éﬁ w@?hre}alvffég%/'of a 5-sheSQ-

gi 7 cf o
resin, :about 0,.083% o % gx‘rﬁﬂremﬁﬁngreewm&dbmq—dl@eqm ad t h@7¢ %sts :
chem cal sof t ure an

t 0..15 .
m xture. - npormaﬁhﬂf‘?'d'E%"’F‘egl?PP?%én t% #&P nél’hl ssue @%F l&g,f,éy of about '
us

absorbent, = - web isasansfedediframrtbei @Wﬁ&'@'%ﬁﬂ"?s WP

facial tisgues sfer, to a conventional f@(AI‘ﬁanﬂ"eZ 'de-watenng is -
The -pur.po 8%1 a§?‘g'xa orrrt of tran

eist,0|lus wMHWEDMSa
dryi ng and Iayactmrnp AL %é.ﬂ}rﬁo m@é@g?mﬁggggﬁ tg ﬁ& Qﬁrich'd?t L
resi stant rrultﬁbg.laoﬁggﬁeabytdfsmllmsp .t r e avelis ef’vﬁf’ ‘ﬁr g SQ ener

i~ composi ti chanYankde: gpvet, 3ha ¥Rk ﬁﬁéreESﬁilsfen&v nsancreasett yosan esymated IR

cheni cal sof t ebefgre dry crepr?r{gn f\{,ét wﬂg 22@6 atlpr ‘éﬁa#oucﬁ@aaﬁzgwaﬂaabf!}d{: ;V it:?vee: |
g‘ Vet PyLOO%Ea gISOMEE?ﬁbt 25 degreesSah@ds quo(smgnemmhuﬁ 9 dkeggﬁmgg 4 j‘w@g g
' co e )

Chgm cal - softeﬁ%rp}' {ug Mé{bgoangge of abo(rt‘B"led’égrEés, eNa

d '_
pol ydi met hyl si lap aboat 800 fpmuifestper Mﬂvtﬁ 5&8”?% ésrgp?érommute t:l?f t!:z T
hydr ophobi ¢ chgias I;se?agged ﬂﬁoﬁgh @<ml:rber-on-steel calender mpp, 'Ao15%. splutio

Fourdri ni er paper mayc? f?ﬁ'%scdfﬁﬁ%dl@n ﬁé‘%pﬁﬁe’tﬁhhﬁermw on the lowenesteel -

t t SGFP“" c 1 t '
D e ot natentomcyet oo e W, 1 JEHBIRS 1 el paorcywet at ‘%" .
melted at a t er;geé A9 5@{, AP WeigtBof tota) Gheandry dibey wyith ?hB'“WENr@oarﬂPW

(81110 o for e The d webrﬂ%”mrn'leaniﬁib Giisest 4 8pked SE6HOr 0 {300GpEtars

[err]C) . to for cron vesicle. dispersion:-The- partl cle
size of. the veperqinmute)spersr on is
- o " The.webs are converted rnto a three-plv facial tissue paper as desc"‘bed

:'~2'5 . ‘ln figure 2. -The soft Eucalyptus piies are on the outside and the strong NS: :
ply is on the inside. The multl-plv facial tissue paper has about 26 #I3M Sq. Ft

: basrs werght,.

3 about 0. 033% of the dry strength resin,

-softener mixture and about O. 10% of the secon

30 Importantly. ‘the resultrng multr-ply tissue paper is SO
© - lint resrstance and is surtable for use as faclal tissues.

about 0.10% of the frrst chemlcal
d chemrcal softener mixture. -
ft, absorbent, has good L

| EXAMPLE 5 .- ’

example is to mustrate a method using blow through
o make soft, absorbent and lrnt
d. with two chemrcal softener

35 - The purpose of this
drymg and layered paper makmg techniques t
resrstant smgle-ply torlet trssue “paper treate

CrexPEONFEIP. hEmeC ambspébienwet . -

contains about O. 25% of the permanent wet strength resin, "~
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determ ned using an optical m croscopic technl que. The particle size range

s ~ fromabout 0.1 to'1..0 micron.” The -second ‘chemi cal- softener is
prepared by ' x f| rs$t miXing an aqueous; emul sion of &nino-pol ydinet hyl
si | oxane. marketed by GE Silicones of \atpcfrosabosdds)
W th vvater and ?endl ng in a .5 vvettl ng ‘agent .(i-.e.- Neodol 25-12,
mar ket ed by Shell Chem cal €o. of Houston, g8 .- TX) at a weight ratio
of 2 parts’ si1 oxane per 1.part Wetting agent. . - - -Second, a'3% -

by wei ght aquecompdslniorw.ca‘ teBpoiasy veatestogngth mesin aodra/dm streagth eesrul pOne
The NSK's| Urrychén’fr@il'éﬁfbr@r%‘ Wteﬁ'l‘ éeéﬁ/ii‘r& Fédofb 9§ th frrst chemlc%l so enerl

er manent wet. strendth fesin
IO10 I'ncor porat“'@ﬂ"’ﬂgeﬁlﬁ 3| Vt’ Vlspﬁgw\ém Oé&de

rate of . (DEDTE%DMAMlagdta Bélyethylene Glycohde0 (&Eﬁ-«temerrse oftier (hereafter
adsorption_gf ?é‘l‘ér&?rt@rh‘s”ghoso?cﬁnbe'&%?né S§SrERArY NSKEohiphskd bf 5&‘“3@{@’

by an in-|line-mxe tl.on o e dré strength resin o
from Hetcul es IQH&}F dimethy srloxane \Rchign, §uisable ing 29§8%. 1o oftset NBR
stock before thqdfqrhqmmphatacaerrmfttae(sllokane 15 -0. 05% by wei ght-.of .the

total sheet dry fi b ﬁdot@h%lé\'%uﬂfrﬁl‘err?abér grh} g%é&hﬁ&&“ﬁsé& %Wfq%ogr%'ctubg 'H?y'

at the fan pu t - aqueous
Eucal yptus fi ggl’,l% peesept cinygntion. hel Rirst el cieftenee WBEF“"’"A igo@

sol uti on ofi0t hbhopmygenoast preeatix sofr. errgmnMAc and PEGe#00.ir ia eohd<3etetee[velmcb is -

557 dded o -
oS o sy, BUGHRalT BB e o8 (ROHE TR Hbhed i3t chen
sol uti oh of Cvdispersed in @ %?"Qlt'mwefmkﬁﬂjhﬁ&mp?'ﬁeﬂ?ot 46 $Rae farp a sub-
fibers. A- -. micron Afdsiol Udispersivn. t Tise f parsiclec viss of tHef lriiie Nis urs@on Sis

0 .
oot o CHERRHRAUE 00F n RREaP FhAESANE shALSBUATETE) oBridh Sufl, b,
‘Cli'lh I ult ﬁgr t/ :) ;ﬁg?rﬁm? abw&&r];iltgt &t ynieront h¥he secopd chiemicplisqftener rf pr:pared by
2 i 100%. Eucal #Fﬂé?gjaggﬁﬁﬁf ‘é';?ﬁsolg’; §§ﬁ§ hlgd"géﬁgg?{i?ﬂé;%d%?oghfgzss <
onto a Four dri Hf35Kke \ lpﬂp phyvatapier Yot wageh,2 en
portions of NSwedtidgmgeait (e Neods\28-82; marbetedr by Shetbrﬂjlemrd:al (RnumﬂHnnstnn.
30 wre and lT)?%'i'é%@b WaﬁOQﬁfi Sifdxahe P 1V ARHING g "The Fourdr| ni er
wire i's 5-s sat I confi t10 avi .
machi ne-. di cht i on aﬁﬁ g@rs. :%6 gy werg%t aqueo%s surry o nortggm softwood Kraft -
‘ fibers is made up in a conventronal re-puiper. The NSK slurry is refined gently
. -and'a 2% solutlon of the temporary wet strength resin (i.e. Natronal Starch 78-
0080, marketed ' by the National Starch’ and Chemrcal Cerporatron of New
_ York, NY) is added to- the NSK stock prpe at a rate of 0. 4% by werght of the
' 25 ',total sheet dry fibers. The adsorptron of the temporary wet strength resin’ onto
o NSK fibers is enhanced. by an rn-lme mrxer The NSK slurry is drluted to about :
"0, 2% consrstency at the fan pump ' .
_ " Third, a 3% by welght aqueous slurrv of Eucalyptus frbers is made up
..~ -ina conventronal re-pulper, A 2% ‘solution of the first" chemical softener
'_ .3'0 mixture is added to the Eucalyptus stock plpe before the in- -fine mixer at a rate = _
R ] _of 0.3% by werght of the totat sheet: dry fibers, followed by addition ofa. 1% :
. solution of CMC at & rate of 0.25% by weight of the total sheet dry- fibers.
_ - The Eucalyptus slurry is divided rnto two equal streams and dlluted to about
o e =0, 2% consrstency at the fan pump. - : "
K I The mdrvrdually treated furnish’ streams (stream 1 100% NSK / stream-
2. 3 100% Eucalyptus) are kept separate through the headbox ‘and
o deposrted onto a Fourdnnrer wrre to form a- three Iayer embryonrc web



cross=machi ne-direction nonofilanments per inch, respectively. The enbryonic
wet web is transferred fromthe Fourdrinier wire, at a fiber consistency of
about 8% at the p0| nt of-transfer, to a conventional feIt Further

de-wat eri ng 35 i-s acconpli shed by. pressing and vacuum assi sted"

drai nage-until & has a,. : fiber consistency of refubwasess

35% The web is then. adhered to the surface of a- Yankee dryer
with theé Eucal yptus fi ber Iayer contacting yhe Yankee dryer. .

WO 96/ 36768 . PCT/ US96/ 06985 :
43 S Theoritaimrg camﬁrtsse%:wsle Aritt 763 eButalyptuses tTiatvesh 96 %obwbdr @s

dry creping t he%%scnpegéﬂeﬁgme[ 5 R &ﬂot?wteoéu@hg:%s oﬂ]%tfgﬁiﬁde l%h?%eh@él(a?n the |

bevel angl-e -of egr ees ned w
the Yankee dryeinsidg. pPgvvatering occurs throughpttet Fa\a\rﬁr@'erf wigosad &alegteéwv a

t[\)e :(agzie dryedeﬂe%t@rpﬁﬁdiﬂiu%r]n BRES. SEHE Fourdrimierl wire(ibar6-gimd, rraﬁm dbsigri. .
abou m nut e e g| o
rubber - on- steelf%‘glempnrﬁ 5ve-¥ e%S‘é)%?@sggﬁgﬁﬁé%f ﬂ}en ogrdrg“é({ 6"?'% of a fiber .
cheni cal .sof t enconsistepeyi of oaboxt sHB%edtuthe oprint &f transfeiveto st cdHx33| BA .
Iof r'".t'h t hedilgiimdisrintng tﬁghcf F OFQuretherC heivbawrmgsﬁsera‘ccbmm.bﬁe& |\V€Rfuiﬁn -
ayer o e . web..a a :
sheet dry fi beraﬁ'ﬁtﬁd ad)raﬁ'aﬂ?e Hﬁ“h' (ﬁ%ﬁ% %‘b%o%gﬁ%'ﬁg%&e%paw g% The _
formed - nto rol pattemed webdsl me-dned bv air’ ew-thpeugh e @ fllz%cormis;esc\psf about

mnutey.  °10-- 65% by weilM. \whelvsesqa\tﬁéﬁ eahera@t@thmdreuerof 4 WaariKe¥ dryer
facial ti-ssue paper. as desc

. _The, mu y facial ‘ti
paper has about A §mayeJ creplng adhgs'ﬁ%\s?mﬁiﬁ'ﬂt 0. %gﬁ‘t AHeoys golu §°25190f.' :
of the per rranenl’olwehylstkieo@lh(PVA)lS Theefiber, cammsmeneydsﬁmztdasedre:oohry estimated

strength resin, SGQPH%fg?f Jt@ﬁe{@&ngconf\h&ﬁtwrth a doct{)r‘i:ha‘dé C%e%ﬁ&&”ﬁlﬁde has a -.

t d about .
et onl'y °Crbeyelangla Af shavt 25 fgaress aoe T aasrianed.with respees lufhe Yankee

has good |il8 redmyesttamevidal ansimpsct edrigle fofrabost 86 degeees; (thesYarkee dryerdd .
EXAMPLE 3 - oW'Fhed at abblf 800 ?Bngnetfgét et @nﬁ&‘t@ﬂé@odﬁﬂﬁ r‘nla*(dr'é Alrfindite).

nmet hod. usi ng bI é
techni ques to niR@dsbwe E&Qﬁsﬁéﬁf‘r%’ﬂ!‘ a,rmber-on-steel calesdes gl %?9'9“0“

facial tissue pepthe secmicdhainidal softenbe sompbsitiohtisrspayed uniformly on both rolis
conposi ti ons, %Pﬂe”@é\@ﬂ&eé“@{:stﬁh{ Pt Whith' if' 1aRErets 1b%ns Edeaf/piud RitePs oftfie -
g 20 paper web at the rate of 0. 15% by weight of total sheet dry fiber -with a
' ) -mmrmum amount of moisture. The dry web is formed into roll at a speed of . )
" 680 fpm (about 208 meters per minute). - ' oo '
- The web is converted into a three-layer, single-ply torlet ‘tissue paper
_ o The smgie-ply toilet tissue paper has about 18 #/3M Sq 'Ft. basis weight.
© . 25 contains about 0.4% of the temporary wet strength resin, about 0.25% of the’
' dry strength resin, about 0.3% of the first chemical softener mixture and about i

0.15% of the second chemlcal softener mixture. lmportantiy, the resultmg . '

.~s|ngle-ply tisstie paper is soft, absorbent has good lrnt resrstance and rs.' .
: . 'suitable for use as toilet tissue. ' '

35



cheni cal softening system (hereafter refered to as the first chem cal
softener) corrprr ses Di-es ned) Tal | ow Di Met hyl
Anvroni um Chl.ori de, - (DEDTHT l§ S EET:HAB(BSEN hyl ene G ycol 400 oo
(PEG 4Q0) ; ‘the ot her (hereafter refered REPLAGEDhe seuond chem cal softener) .:
i's conpr.ised Ofyod@mzeigenNo- - 30 ‘runctiomatpotydiet hyl si | pErmwsseessa
sui tabl-e wettjng agent to offset the hydr ophobi c character of the
si | oxane. - : A pilot scale. Fourd?q ni &r paper maki ng nachi ne | s
used in the practlce of the present i nvention. The fi I st i WREd: B2 BeSIPE,
conposi.tion |s a homogerious- preni x of DTHTDVAC .and PEG 40 ate
which is 35 nelted at” a tenperature ‘of about 88 [errrmmmgﬂmm )
The nelted m'xture:i.s. “then- . dlspersedrn acondlt

(Terrperature ~-. 66 {err]C). to. forma.: ‘sub- . imcron vesrcle

di sper si.oen. TlWHM'rlS CLAIMERASDf- the: -vesicl e di spersi ofr i's. : - -
WD 96/ 36768 - US96/ 06985 o
44 L ‘det’ e1r mAng?isuues?arP ergﬁo%%?t %réara(r:r']:eélrz (e)%(l:nobl}a(t 'f ‘é%'r?ﬁr %‘é\ Fhe particle
si ze range is . fram abpaper(}nékrhg fibdgs:1i cron: The second, chent cal softener
S prepared by first m xjing an aqueous enul sion of am no-pol ydi net hyI '

si | oxang (i. . C\2DB6 from001rﬂértloe$.9%lngf aﬁEes%ed—fmtleaabauatetrtaryord NY)
Wi th wat er and t'hen bl eggy r.,ﬂg"k,ﬂ cSmno wetting agent (i Neodol 25-12,.
mar kéted by Shel I" Cheni ca ‘ I—%uls'?on S TX) at a vver -ght rati-o of

2 parts siloxane pej 1 fromt 0.0%%it003.0961f.a polysiloxane compdiRfyHhd 2 .3% by
wei ght - aqueous slurry :0f . nort-hern softwood Kraft .fibers is nade up ina:

conventi onal- re-.pulper. frome01031% oL3.086 iof birdermeateégals; keither wad a 2%
sol uti on-of: 't.he.per manegeiith b?ﬁdé‘r'%‘égr&/fneafy‘sﬁén d@?gehgéfgr] bléﬁétl’l

mar ket ed by ‘Her cul es. Incorporat
stock pi.pe at .a rate of "M§t3Hen &W@ﬁ?“ﬂfa 8Weﬂf bé‘mﬂ!t dry fibers, The

adsorption of "the per manent wetf strength, ‘resin onto NSK fibers is enhanced
by an:in- I|ne m xer. A 1%.solution of the dry strength resin (i.e:, €GWC
from - H&: c Thedissue peper prastucy fof Wiaim il qroomprisBig at teastitwo plies; he NSK

stock-bef or & the . whekéin dadh G1uEN %lleﬁcbﬁfpﬁs@é aple%g/t ’Mo‘@p@ﬂioé&b Ibf?&st otal-
sheet dry-fi- bers. The | ut ed

sl u
consi stehcy. at - t heaf‘dﬂ"‘tlﬁﬁtsef and an ‘outer l%yer “ﬁ‘?ﬁ‘f"&s 'tﬁf%a "’W@Téﬂa 'aqueous
slurry of Eucal ypt whereibsaid tneeueadeperpproduct preferahlyacaroprises two pllies in

- re-pul per. - A 2% Sﬁbdtépﬁéd%lattm I%Sfd‘ﬁlf’%’%etﬁﬁrorlﬁﬁfeﬁriﬁtdald "t“§§ué‘s6 Ith§t said
Kynene[ err] 557H) terqayer of eacpreplstormz %tnlesexsptoggd( sBrfgce otf sardr mu?tr-?ayered_
e - tissue and each ‘of said inner layers of said plres are dnsposed toward '
the mterlor of sard tlssue paper web.

3 The. multr-layered tissue paper product of Clarm 2. wherem the majonty
‘ ~of the ester-functnonat quaternary ammonium compound and the
‘ majority of the polysnloxane compound is contamed in-at least one of
sald outer layers, preferably m both of sard outer layers

4, -The multr-layered tissue paper product of Clarm 2 or 3 wherem the
. ..:majority of the binders is contamed in at least one of sald inner layers

‘6. The multi-layered tlssue paper product of any of Clalms 2- 4 wherein
. each. of two said mner layers-comprise relatrvely long paper makmg
T _flbers having an average iength of at least 2.0 mm, and wherern each
- of two said outer layers comprrses relatrvely short paper makmg frbers :
havmg an average length between 0.2 mm and 1.5 mm, wherein said
. _ inner layers preferably compnse softwood frbers, most preferably

* [+ L M H *




20 0. 2% by wei ght of t?h he lan fibers, followed. by addition of a
1 % solution o i ght of the total
gheet dry. fibers. A n oTH'ABeB Mt chenical softener . .. -
mxture i 5 added.to the LACEDock pl pe- before the fan purrp

at a-rate of 8‘?@%’%‘#' ght of the tot al dry f pbeisseiotbes

Eucal ypt us sl y is diluted to about: 0. 2% consi stency at the - 25 fan
punp. - The i ndividually treafkd furnish streams (stream1 =.
100% NSK /° stream .2 = 100% Eucal yptus) are kept separate through

the headbox and. depﬁmﬁe?d softwood Krafofibersy drausaid iobtetrlayers preferbblym a .t wo
| ayer enbryonl cC we g\ﬁ,& nd o
Eucal ypt.us. Devvat ele n@ occurs %(ragﬁd’%rst ﬁneos|r__(% f&?%ht’ 389§Iy8{u '\%I re and i s. :

assi sted by a.deflector and vacuum boxes The Fourdr| niervireis of a
5-shed;, satin.wegveTotissu@paper Prodast olarpof Diaihise- 8i wheisid sai ket 07-

cross- machi ne- di re%td'eg{bft%q‘fqénéggeﬁéﬁngﬁént'\ngpstré!?@p%ﬁ#éfrgléélec-ms enbryonl'c-.:_'

wet Web i's” transferr consi.stency of
about” 15% at t he- pdialyamiderenishiowhydrip rssmsopelvpermmweb'esmsmé ixtures -

ESSSaCCOFdanCG Wi t Rhbkeof, Bfﬁfél'&bly*\balyénﬁ@&eﬁ&ﬁlorﬁh%ﬁtﬁﬂasuﬂ§6ﬂf&nﬁﬁra@yJWétV E
oo ) C vV .
dr ai nage -unti |- the%tkm%th %?nde@é\g%leﬁgsd ﬁ'o?n gg{%“ %?qaﬁg?'géj &%%%%?& %ﬁﬂ s‘The'
patterned -web i s prdialdehyde starch resins and mixtures\tpereef, Jyefyably cationic h
EICT/ Utsg6/ 0628? fdlaldehyde star?h-based ][esms, and \é\{)t/me{)em said dry stﬂéngth‘ timder is
owt hrough to.a fji nsi s of..a we
then adner ed. t o ¢ heebtitpd A EebaRypiatnvEpolucey tesing. SlaPdt patef apfin °
adhesive ™ = - qmtyadrylamjde feshas; palyvinylisicobolresing ard mtgmmmembt;ohol
(PVA). The fi ber preferablg%%{?ﬁ?}:ﬁhﬁmgbﬁllﬁlgﬁé e@ssﬁfl to an estinmated 96%

before dry creping the we oct or ade. The doctor’ bl ad_e
has a bevel angle of about 25 degrees and is . positioned.-with, -
respect to the VanKde ﬂsmpanermrodmheoﬁanv op Stdimsnyt & wherein the esteibout 81

degrees; the Ya”ke‘?uﬂéﬁ&’ial' ﬁig&,ﬁ‘%{he 3 méggmj Rg},ﬁﬁ@?

m nute) . (about 244 rneters | S: passe rou h a
rubber - on- st eel cal ender n| p A 15% sol uti on of t he second chem cal ,
sof t ener .10 corrposltlon i s spayed unlforrﬂy on the lower, steel roll
of the cal ender ' ern from '[:'2) % ers to.the Eucal yptus .
| ayer aof the paper web at oby wei ght of- total -
sheet dry fiber.with-a nini rm?fn amoun{ o noi sture. The dry Web iS.
formed into roll at a speed of agd fpm (abou_t 208 ST X’ A

"Rz .. - . (CH2ln-Y -R3 -

or

R2 . (CH2in- Y -R3

e : L wherem each R2 substituentis a C1 - CG alkyl or hydroxyalkyl group,’
' ' 'benzyl group or mixtures thereof, preferably methyl each R1 '
" "substituent is a C12 - C22 hydrocarbyl group, or subst_ltuted o
hydrocarbyl group or mixtures thereof, preferably C16-C18 alkyl or.-

* c L M S *



meter.s per mnute). Tiia%smetHasBe m@b I's converted into a two-I ayer,
twosply facial tissue pap M iIre 1. The multi-ply

-r-l-be-d--r-n...f..t_g.r.
fdcial .tissue paper. has a - 3HEET HAS BEEN |basi s weight,,
contai ns about 0.95% of t t REPIAGEDh resin, * about -

0. 125% of the‘ﬂ;%{g ength re5| n and aboUr—0—25%of—f he cherpcq-nisgs/osgss _
softener m xture nportant.ly; the resulting multi-ply tissue paper is

soft, " 20. absorbent’, has good l-i nt - re5|st5§nce and is suitable for .use .
as faC| al tissues. - - - EXAMPLE 4
The pur pose-.of thi sameavpleachsaj eubétitusmrnete ca11mtdmd m@rmrmrgrenm onal

25 drying paper {
Fosistant r el THibGR F FQ 457 B TRREE thoroBEARERERDY TS | 7 oty
sof t ener. conposi ti.0REA k&"V . per maf® npp(ﬂgt s0F en§t Pk -Ri-notng Nkt 9/Gy
strength resin. Oneophe:m oac (0) NH - aroﬁﬁaaurésgﬂeyedfeméhwf 0 Cr e oA

(2,38, che 111t cherealy SGLUERG ) G 5 e siple SR bIsRBIRATH o

a Pol yet hyl ene-d ycehl 011199 ({TF"EG*W@@)'*fat’Fhe other (hereafter .- refered -

to as. ‘the second-chemical- seftener) i's. conprised.of an anino-

s oine! & RoLY 8L PRR a8l BARAP ARl of thy Y ol 5 -1 fFGh b ghfde=t 1"
Four dr i.ni er .paper niunctignahauatesnary amysanium pn@ppuadthaaethefformula35 the
present.-invention. °~ The-first chemical softener conposition is'a o
hom)genous prem x of HDN?: :¢‘§ PEG 400 in solid state which-is nelted .
at a tehperature of ab [ C(190[err]F) The rrelted mxture is then -

di spersed - L . - WD. 96/ 36768\

PCT/ US96/ 06985 ) cooin ac].pn@ Qmeel K (Terrperat ure
66 [err]C) to forma sub- mcron : vesuﬁe dISp\gI’R?I on. a&he particle
size of the vesicle dispersion.s detérm néed - - using. an optlcal .
m croscopic t échni que: - The' paRgi €l ¥ sj ze range i-s f r.am about - .0 0.1

to 1.0-mcron. The second. .chenical.:5oftener is prepared by fi rst m xi ng
5 an aqueous enul sion of ami no- pol-ydi met hyl si-l oxane (i.e. CM2266 .marketed.
by GE-Si-licones of Waterford, -NY): with-water and'then blénding i'n-a wetting

agent - (i.'€. Neodol .*hetdin mhmiwalm Sceldlk@mmmbx@kylcdmbpt&rem TX) - at
a LT el i ght rautdu?: Yr rhixbives Theiebf GHefarBbly &eﬂ%}l eéﬂé?athérkgai‘?ﬁ“ T21
SRR o hydrocarbyl or substltuted hydrocarby! group or. mixtures thereof
preferably C15 c17 alkyl or alkenyl Yis -0-C(0)- or -C(0) - .
0- or - ‘NH-C (O) or -C (0) NH'- or mixtures thereof, preferably -
. ..0- C(O)- or . -C (0)- O -, and X- is'a suitable anion, preferably -
: ehl_onde or methyl sulfate. ' . -'

. 8. The trssue paper product of any of Claims 1 - 8 wherern said
o polyslloxane rs polydrmethylsiloxane having a hydrogen bondmg
functional group selected from ammo, carboxyt, hydroxyl, ether,
_polvether, aldehyde. ketone. amlde, ester, and thiol groups, preferably..
an ammo-functlonal group, said hydrogen bondmg functronal group
’ bemg present in a molar percentage of substltutron of 20% or Iess,
o preferably 10% or fess, most preferably from 1.0% to 5%, said
o polysrloxane havmg a vrscosaty ‘of from 25 centlstokes to about .
: 20 000,000 centsstokes or more. ' SR '

) )



Firsty a .3% by weight aqueous slurry of. NSKis made up in a 10
conwventional re-pulper. A 1@6solut|on of the pernmanent wet strength resin
(~i.e. Kynene[err] S57H-nar ket ed by : “ated of VVIntngton

DE) is. ~ ... -added to the furnlﬁﬂ kE Bﬁ BRENG| rat e of 0. 25% by.

wei ght of ‘the t &a eet dry|fiberREPLACBD25% spl uti on of pégssoglbesss
strength reSIn‘% from Hercul es I'ncorporated of WI'm ngton, " ..
DE) is .added.-to-the furnish stock before t he an 15 punp at a rate of -

- 0. 05% by. wei ght of the total sheet dry fibers. The furnish - slurry i's

dil uted t'o about 0.2%. consistency at t he fan punp. The treated .
furnish-streamis. dep05|ted onto a Fourdrinier wireto forma single Iayer
enbryoni ¢ web. Eematerlng .occurs tHrough the Fourdrinier wire and is
assisted by a de¥Q-edhetissHE naRer produstaf anyaf Glaimel i 1P avheieinesaid esters -
5-shed;, 20" -satin Mmumhuewményoam?wmmﬂ coftfpoumdhis it-edteradiitoaeh and 1%
cross- - - - .mMAC o) V, e -
croryonic ve | ReRRrESERONREAN dmAPRLIE RBnds mebRIMIl By The
fi ber.consistency. opoblﬁd%a"e compoungds ap@mine f%ﬁ'ﬂnﬂhmhfsélﬁy'éﬁ c°'l!"§°ﬁ"d '

conventional felt. Gaidttefipotaryet strefgtisbinder is caticiic etarbh 78sid ny i an) ng"

oot enat 3o TnataBpOfARGHElY bahBbciEyiBRufogs padl: of 0 COTSISLeY -

Yankee -dryer, and the fiber corsjstency i.s increased to an estimted 96% -
before. dry: creping the web with a doctor bl ade. The doctor bladé-has a"
bevel : angl.e of about 25 degrees and is p03|t|oned with respect to
t he Yankee dryer to provide an inpact angle of -about: 81 degrees

t he Yankee dryer is operated 30 at about -800 - fpn}(feet per mi.nute) -

about 244 neters per mnute. ' Second, " a 3% by -wei ght aqueous
slurry of Eucal yptus is made up in'a conventional re-pulper. A-1 @6so|ut|on'-
of the permanent wet strength resin.(i.e.. Kyrnene[err] :557H nat'keted by -
Hercul es I ncorporated of W/ nington, DE) is " added t.o: t he furnish
st ock plpe at a rate of - 0.25%by wei ght of the total .shéet - .35 - dry :
fibers. A 0.25%sol ution of the dry strength resin (i.e. CMC frontkbrcules

| ncorporated.of Wlnington, BE) is added to the furnish-stock before'the

fan - "~ punp 'at a rate of 0.05% by weight of the total’ sheet -dry fibers.. ™
A 2% solution . . . PCT/U896/06985 ' WD 96/36768 - -

47 ~.of the first chentcal sof tener mxture is added to:the furnish
stock_plpe before - o o o Lo

Sheet Has Been Reilaced
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the fan punp at a rate of O. 1596by melght of the total sheet dry fibers.
The+s’ furnish slurry is diluted to about - 0.2% consistency at the fan

putp.- The . treated furnish streamis deposited onto--a Fourdrinier, mnre to . -

form.a . single- 5°. | ayer..enbryoni c web. . Dewat eri'ng occurs through the.
Fourdrinier- Wr&odiletes: . assisted by a deflector and vagRisSiEens-
The Fourdrinier wre I's of .a 5-shed, satin weave configuration
havi ng 105 nachi.ne-direction and 107 cross- machi ne-"di recti on
monof i | anent.s per inch, respectively. The embryonic wet web is
transferred fromthe Fourdrlnler Wre,  at fi ber consistency of about

10 8% at the point of transfer, to a conventional felt. Further -
de-watering s = . ~ acconplished by. pressing and vacuum assi sted
drai nage until the web has a fiber consistency of at |east 35%. The-web is
then adhered to the surface of. a Yankee dryer, and the- fi ber
consi stency-i.s increased to an estinmated 96% bef ore dry creping -
the wep with a doctor bIade The doctor bl ade has a hevel 15. angl e of
about. 25 degree§0 nd i s positioned with resgect g90-the Ygpkee dryer =~

to provide an inpacttNangle of about 81 - degrﬁ-s -he Yank dr?ér S
.qout 244 erg per

operated at about 800 n1(feet per n1nute) : ‘minute.
The dr Yy e YA Teil: '?ﬁerﬁ- vlu; R tu ,,v- .« 7‘; '/ A L
15% sot ut i on bﬁ%’é&%&e‘%@kq R ”C '{!"'» @4@ DR g _&Qed .

uni f or M y.on I ~n~=—‘.;.-__, SO D 1~‘jje @2‘: 907 e RO~ «:3,{1 u 9 e
whi ch it trangfels{¥ *‘.1;‘ -.,,Q_;.":: I 2 SO 7NN -1L4el_j_bwm‘9 R
wei ght of tot : of ' noi sture r

1

The dry veb i E" TR T N LA o QA T
m nute): . ‘:—:;(urz :‘-‘A\'ﬁ“':hi ST rli.’)ugﬁéﬁﬂ'tf"-w i'?/ 3 S)'Aﬁl 19

ti ssue paper. S

F'F S i: i; Jg. S CI‘ W L

are on. the OU B ‘-‘%‘i\@?@ v-v’ }. \’ "‘.qu ‘:1‘1.:! )]"_-‘L@ 8
-facial tissue paper has about 26 #/3Nl*a[
contai ns about 0.25% of the permanent
0.033% of the dry strength resin, about of theq rst chemni cal
sof tener m xture and -about 0.10% of the d chenlcal softener m xture.
30 Inportantly, the resulting, nul ti--ply tlssue paper is soft, absorbent,.
has good = - . lint resistance and is suitable for use, ﬂf f aci al

tissues. .- 20 oo 13" VPL£L.5 35
The purpose of=th[;\EXqﬂple is to |IIustra € a met hod. fisi ng’ bh\ow through

dryi ng and-l ayered paper: maeking techni ques/ to nake f absorPent and llnt
resi st ant single-

- l@%‘};

'about .

—

7@1'W9:WJ»W-W o
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48 -+ conpositions, a tenporary wet strength resin and a dry strength--. -
resin. One : . chem cal softeni-ng system (hereafter refered to as the -
¥irst chenical: softener) . . corrprrses Di-ester Di'( Touch Hardened)TaIIow IR
Di Met hyl. Aimmoni um Chlori de (DEDTHTDMVAC) "and a - Pol yeReR/Pees8py col

400 (PEG 400)WOI9W6676Q her. (hereafter 5 2/2efered-to as the second - -

chent cal softener) is.conprised of an am no- " functional , -

pol ydi met hyl.si | oxane ‘and a.sui-tabl e wetting agent Lo of fset 't he :

hydr ophobi c character-of the silokane. ~ - A pilot scale” |

Fourdri ni er paper .maki ng-nmachine is used imt ,;" 77 §\\- of L ® .1he
present inventian. ;- The first chem cal softs¢ \;\- IS |on_is"a - 10
honogenous prem x of -DTHTDMAC and PEG 400, & \& Zysle which irs - T
melted at a tenperature of about 88 [err]§ ¥, The~wePt ed m'.x.ture..

is tHem - :- - dispersed.in a. condltlane BNk (Terger"at'Ure - 667
[err]C)-to forma sub-- m cran vesicle & ((w e partﬂ-cle size of the -
vesicle drspersron is © . r—getermTed] us: :‘, rgptita Qi croscopi ¢ L

t echniqué. The parti ci si ze fange i-s 1 £ Q2 O &,o-l 0O mcron. The _
second chem cal ‘softenerNs prare 'S mil ng an agueous.
ermul si on of am no- pol ydi mexqyl: VR26B_ - . ‘Mar ket ed by
GE Silicones of Waterford, NY -WN Ph&rdingTrn a
wetti.ng agent-.(i:e. :Neodol. 2b:1% ar ket ed by Shel\l Chawi cal Co." of

Houst on, - U TX)at a we rati o of. 2 si |l oxape pe? 1 wett.i ng agent..
20 - Second, a 3% by we \l| apueous slurry offnorthern softwood Kraft-
fibers is nade. uprnaconven' e K slurry is refined -
gently . and- a 2% sol ut' MRS the terrporary wet strength resin (i.e..
Nat i onal --St ar ch 78-- N\ ted by t & National .Starch and

added to the. NSK stock

Chem cal Corporatl on of New . L.
3 | sheet dry fibers. The .

pi pe at ‘a rate -of O. 4%by wei ght of  t he

adsorption‘of the te rary wei it o K fibers i §" enhahced
by an in-li-ne:mxer. 2 ‘.1 abogt : 0.2% ..
consi stency -at the- fan{punp. S. 3 flir d, ‘a 3% by wei ght aqueous
slurry of Eucal ypt uﬁ ' ade up- T _+ [iCh_a conventl onal .
re-pul per. =~ A 2% sol utilo@ of ke first ~che@ 'E.‘i‘i e 30, 'm xture is.

added to the Eucal ypt ug\St og
of 0. 3% by wei ght " of t A\ oLl
1 % ~ . solution of
sheet dry-- frbers '

| ine nixer at a-rate. . ..
) ksheet dry fibé 'J f.ol | oned by addltlon of a-
at.l a rategf 0. 2 ?”o -wei ght -of. the total

Msi stency at’
reams . (strea@Pl = 100% NSK:/

he fan..punp.
F&}* kept separake through the.

35 .. The'i ndi vi dual I t_reat
stream. . .. 2 &-3 =/100%

/T C
headbox and . dosrt o0 { ni er- wrre to form a three
| ayer -enbryoni ¢ web .. +: o hN By
. . . - . . - . o,
. . . 0
L 8
* - / @ -
8 @ |
> w.. g’

Jry i's dlvrg%ad into two. eqdal
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49 . cont ai ni ng about 30% NSK and 70% Eucal yptus. The web is fornﬂ.d'Hp
as *‘-'._ - .described in ‘Figure 3 with the Eucal yptus on the outside and" theCa
NSK on the- . .inside. Dewat ering occurs:through the Fourdrinier & an 7

is assisted by a defl ector. and.vacuum boxes. The Fourdri ni erlgf
5-shed, 84M desi gn: PGT The e b PSR BT AR TROPR Y PERTH QRGNIAATPN o f r ol

Four dri ni et ViRl Abficymon BAFlSH Rﬁr@&ﬁ&%irm%r%@e :

i S accorrpl K%WW%E& st ed dral(naljyemﬂwll'ublimmhbmas a WQQEISGJKS

consi st efigy 0D2Hbﬂlﬁ8,2ﬂ%ll”m07 17:26, 1%:29, ¢Aded web-is pre-dried:by air : _
bl ow-t hroligh- ¥%5% fiber consi stency of rabOUt(T)m“m"é'gmePﬂfﬁt mfﬂ"ém%%%l@"%)
t hen adhe d to'the surf of . a Yankee dr e wi.th a prayed cr p|n :
adhesi e g’mf 8"“2‘5‘@“‘% fEous & qfwn m GB GB'BI';UBI‘S'
(PVA). tTh (mmmmma&cy IS l6mﬁtjw0 165, LV, MD,
dry crgpimng. the Web with a doctor bl ade he doctUﬁ Wd“ONZ’PLb‘é' RUSD
angl e "8 degrees and.i's positioned \ith ng%w&g& AN
dryer to provi cisma,mo,s actlmsygbssmhsgbout o degrez,syx tent (AT;
operated @t about - 80 fpm (feet per m nut e) (abou%ﬁ%}?ﬁrg&leﬁss ;ga%mctge g&gi
The dry Se &1@!@ radapasl ¢el ¢

sol ution . Flli i?}ﬂ %@ cﬁme conposi tion s’ spayed _

uni form yjon. b@#§%82 U8k | of . the cal ender l,%stem fromwhich it

transfers f Meh b s te of
0.15% by{wel gﬁﬁa mﬁ wﬁ@xﬁ&g W

th aBefvre the %ﬁtmmum 15 amending the
noi st ur'e. | The: pmq @8 OS’GENPOBR,

a speétt ad 1o be republgROiniipevett afybrueceipt of
208 neter$ per )Wﬁﬁ“&"& onvef¥¥#*¥nt o0 a three-|ayer, -
si ngl e-pl ¥ t oi '|Behel, IOESH106 USH PRARSKO, Bart, S 1015

le-ply toilet tissue paper "has . :
about 18.#/ 3M ' S
t enpor ary [ we w&lﬁ" ?‘@Mmgﬂﬁu‘{?‘ﬁﬁ‘%/ﬁsﬂf

ins about 0.4% of the

the - dry- strength resin,
about O. 3‘oof the first chem cal softener. m xture and about. . = 0. 15°/_oof
t he secOntﬂﬂe)rﬁGm!eaBEEQoﬂEwérﬁ mmw
si ngl e-pl | usWW% Aventifyg ot OH

ntly, the resulting
suitable;tor use .as toilet tissue 30

has good lint resistance andis

(54) Title: ‘CHEMICALLY SOFTENED T!SSUE PAPER PRODUCI‘S CONTAINING A POLYS]LOXANE AND AN ESTER-
. FUNCTIONAL AMMONIUM COMPOUND . . ..
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3 (57)'Abstract. |

b

Tissue paper products eompnsmg a two component cliemical sofhenereomposinm and binder materials, either permanent ortemporary
wet strength binders, and/or dry strenpth binders are disclosed. The two component chemical soﬂaemng composition comprises an ester-
“functional ammonium compound and a polysiloxane compound. Preferred ester-functional ammonium compounds inctude diester dialkyl
dimethyl ammoninm salts such as diester di(touch hardened)tallow dimethyl ammonium chloride andVor dithydrogenated)aliow dimethyl
' | ammoniom chloride. Preferred polysiloxanes include amino-functional polydunethyl polysiloxanes wherem less than about 10 mole percent
of the side chams on the polymer conmn _an amino-functional group ) :
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What is clained is: 1. A tissue paper produ :\b \ ggHEET
a) paper making fibers; b) from about 0.01ppofo about 37 0%
of an-ester-functional quatemary ' anmoni um uonipy)g -
having the fornula: [err] ' wherein each R2 su sti‘ltuent
is a derr]-Cerr] al kyl or hydroxy-al kyl group benzyl grolp

or mxtures tdn.ePenﬁana&C\heREﬁ@hbtrﬁbb%rM@Faalss a Cerr]-Cprr] hydrocar byl

group, or stltute hydr ocarb gro m xtyres t ereor
each Rlerr] substr?ue%? "ea{'tC[Ng ¥ ﬁ\rb@{der ;H@nQIrSH %toéreﬁylr

or substi t ut ef@"ﬁymﬂ)c%oblpl OérChﬂmmrsesDohem-epmhl@fchvdﬂn pOlVaCfV@fﬁi@@k

-¢O-0 éi?red@bb@(a@eneofateﬂs@m%hbm&ed polyvinyl aIcoﬁbP‘H%%QﬁoFrthd%ﬂbSe
|slto4and err |saswta|e 01%
to about 3. OOP% vLedreyrgm &HQSEB@@MHH'WeW%'&F%m reof. ~ Preferably the

pol ysi | oxane pesmaoientli metthytrsngth(almedhavmgermmydreogmmmedd|frcgnf et o
group sel ect ebisistifg! 4 B5QURTIEABRIRLAaRR AIRAL: pEREBRIMidd HULRYY and

et her, polyether, al et one er, and 't roups, " sal
hydr ogen bonﬂ%“@ﬁn&?(%‘?faﬁ%’r%ﬁ“%@mg”ﬁ §§'8ﬂ9“\ H'“Seﬁﬂl’%fﬁ"égr%@nt‘hg@nﬁﬂ‘
linting and also to offset the loss in tensile strength, if any, resulting from the

10 chemical softener compositions:

Polyamide-epichlorohydrin resins are cationic wet strength resins which
have been found to be of particular utility. Suitable types of such resins are
described in U.S. Patent No. 3,700,623, issued on October 24, 1972, and
3,772,076, issued on November 13, 1973. both issued to Keim and botb

15 being hereby incorporated by reference. One commercial source of a useful
polyamide-epichierohydrin resins is Hercules, Inc. of Wilmington,. Delaware,
which markets such resin under the trade-mark Kymeme ® 557H.

Po!ya‘é‘fwam“lae‘"resins have also been found to be~of-utility as -wet
strength resins. These resins are described in U.S. Patent No. 3,556,932,

20 issued on January 19, 1971, to Coscia, et al. and 3,556,933, issued on
January 198, 1971, to Williams et al., both patents being incerporated-herein
by reference. One commercial source of polyacrylamide resins is American
Cyanamid Co. of Stanford, Connecticut, which markets one such resin under
the trade-mark Parez ©® 631 NC.

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

30 B. Temporary wet strength binder materials

The above-mentioned wet strength additives typically result in paper
products with permanent wet strength, i.e., paper which when placed in an
aqueous medium retains a substantial portion of its initial wet strength over
time. However, permanent wet strength in some types of paper products can

35 be an unnecessary and undesirable property. Paper products such as toilet
tissues, etc., are generally disposed of after brief periods of use into septic
systems and the like. Clogging of these systems can resuit if the paper



substitution of about 20% or |ess; and . d) frepmabout 0 01%
to about 3.0% of binder materials, either wet ‘strength REPLACE)

bi nders and/or dry st rength bi nders. ' 2. ThertT MENT SHEET
product of claim1 conprising at |east tgg plies, wherein each
of said plies conprises at |east two superposed |layers, an |n er17§y¥r193$|d
an outer layer contiguous with said inner |ayef.

3. Thewﬂyhg dé“@‘ggrsed ti ssue paper product of claim2 wherein said tissue

paper roduct conprises two plies in juxtaposedTretati-om—said
plies being orlented in said

51 ti ssue sol.t hat Adissde paperprbdb}QtrcOmpﬂe'ag?n ply fornms one exposed surface

of said nmulti- yer each of said inner layers of said plies
are disposed t %?1 'ﬁ%ﬁ@lﬁ@%sbf said tissue paper product. 4, The

mul ti-Iayered b) ssuﬁomapbouﬂoﬂdlj%ttoohbmhtal%m% ofhen eestet-fuachionabr quaterningt he
ester-functional quatenary ammoniu the majority of the
pol ysi | oxane conpouﬂ@moé" ﬁ?gﬁpﬁgﬁdn}‘ﬂwggwgg’ﬁn%he of said outer |ayers.

5. The nulti-layered tissue paper product o\f RcI aim4 wherein the
majority of the binders is contained Rf\Q qt‘CHFéast one of said inner |ayers.
6. The multi-layered tissue paper pr¥duct of cKaim 4 wherein the
majority of the ester-functional quatgﬁna(dm@mmnl um conpound and t he
pol ysi | oxane compound is contained in both of said outer |ayers. 7.
The nulti-layered tissue paper product of cfaim3 conprising both a wet
CHal— Y —R
\ /( 2) 3 ]
N* X
7/ \
R2 R

wherein each R, substituent is a C,-C, alkyl or hydroxy-alkyl group, benzy! group

or mixtures thereof, each R, substituerit is a C,,-C,, hydrocarbyl group, or

substituted hydrocarbyl group or mixtures thereof; each R, substituent is a C,,-C,,

hydrocarbyl group, or substituted hydrocarbyl or mixtures thereof, Y is

—=Q—C(O)e=~- or —C(0)}—0O0— or —NH—C(O0)— or —C{O)—NH— or

mixtures thereof; nis 1 to 4 and X is a suitable anion; |

c) from about 0.01% to about 3.0% of a polysiloxane compound wherein said
polysiloxane is polydimethyisiloxane having a hydrogen bonding functional

group selected from the groups consisting of amino, carboxyl, hydroxyl,
ether, polyether, aldehyde, ketone, amide, ester, and thiol groups, said
hydrogen bonding functional group being present in a molar percentage of
substitution of about 20% or less; .and

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

2. The tissue paper product of claim 1 comprising at least two plies, wherein
each of said plies comprises at least two superposed layers, an inner layer and an
outer layer contiguous with said inner layer.

3. The multitayered tissue paper product of claim 2 wherein said tissue paper
product comprises two pliesin juxtapbsed relation, said plies being oriented in said

A



strength and a dry strength binder. 8. The nmul ti -l ayer
product of claim4 wherein the ngjority of said binders is
said i nner |ayers. 9. The nulti-layered tissue paper |
3 wherein each of two said inner |layers conprise relatively
maki ng fi bers having an average |ength of 5&t | east about 2.

rd

Ol

g?-,PLAEEMENiéSHEET'

1T

it

each of two said outer |ayers conprises relatively short pgper making

fi bers having an average | ength between about 0.2 nm and aboot—t—5—rmm '

10, The mullfisd@yey Gkt khRSoiReP BABF oPbAAH bly B bRk BxBodbiPLidbeSaf Lainne"

| ayers conprise softwood T1bers sal

ayers conprise

ar dwood

fibers. 11. multijayerad tissueansreaghiof sajd innealayersiof said pliesdreclisposed wadnér ei n
sai d sof t wood fhieqﬁ{eﬁoﬁﬁteﬁd?@ﬁg'u‘ér&gﬁpé}:o%&d Kraft fibers and wherein said
al'yptus fibers. )

har dwood fi bers are euc

52 12. The nulti-layered tissue paper product of claim9 wherein said

| ow cost 11 beor %, anina AR 1eS0 Bal FHocich o Bafh s sl e

fibers or m xttheessteffuheliohab gdaferieey sannonilmvwcampduridi fred she majdtity of the
lti-]| dti t of cl.aim12 wh ir id, | t fib
are sel oet ed (RUTRBRRRRRENS FortingauR <Lt o ¢ osl 86l P rechant cal

pul p fibers, chem -thernmonechani cal pulp fibers, recycled fibers, and

m Xtures ther egf.

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

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

6. The multi-layered tissue paper product of claim 4 wherein the majority of

the ester-functional quaternary ammonium compound and the polysiloxane

compound is contained in both of said outer layers.

7. The multi-layered tissue paper product of claim 3 comprising both a wet

strength and a dry strength binder. _

8. The multi-layered tissue paper product of claim 4 wherein the majority of

said binders is contained in said inner layers.

9. The multi-layered tissue paper product of claim 3 wherein each of two said

inner layers comprise relatively long paper making fibers having an average length
of at least about 2.0 mm and wherein each of two said outer layers comprises
relatively short paper making fibers having an average length between about 0.2
mm and about 1.5 mm.

10.  The multi-layered tissue paper product of claim 9 wherein said inner layers
comprise softwood fibers and said outer layers comprise hardwood fibers.

11.  The muiti-layered tissue paper product of claim 10 wherein said softwood
fibers are northem softwood Kraft fibers and wherein said hardwood fibers are

eucalyptus fibers.

* € L KM 5 *



14. The nulti-layered tissue paper product of claim3 ELAQEQ@MWET

strength binders are permanent wet strength binders seleqtgd fromthe griug)~

consi sting of pol yan de-epichlorohydrin resins, polyacryllari de 7,@9}{ ﬁ?lsa? d

m xt.ures thereof. 15. The nmulti-layered tissue paper |prjoduct
14 wherein said permanent wet strength bi%lers are
pol yam de- epi chl orohydrin resins. 16. The nmulti-Ilayerled tissue paper

product of claim3 wherein said wet strength binders are tenporary wet

strength bi ndetz se’rﬁ@haﬂi-léﬁaaa tissueapeP prANGE of ciaitl 9afhetsih saidiitndtii@d)edshy de
st arch-based resins, dialde ins and. m xtures thereof. 17.

de starch
The mul ti-| aye?%ﬁpﬁsﬁm%ﬂﬁ%ﬁgpgrdg&ﬁﬂe%sfﬂf%Wf@eWn@@oﬁ’ cost fibersnded ar v
wet strength bimslat snébfsdidbiteriagerd icampREBEIBw Thbat bBrsi Tidureddf hardwoolS-

The nulti-layered tissue paper product of claim7 wherein said dry strength
bi nder is sel fihessand inw e0fd fieSup consi sting of carboxynethyl cellul ose
resins, starch based resins, polyacrylam de resins, polyvinyl alcohol

resins and m xtures thereof. 19. The nulti-layered tissue paper product
of clai m 18 whtdei nTheamuitidayered tigsug papsrmieduct of claiom i B whenejn said lowl ¢ost ose

Rer] i's met HETS R feiocted Ropg B BARjstpd dele todft MfimoniKEaflcl)
Clerr]-derr] plikfibers; cheitingrmomechianical Pulp fithers,urecycied: fiberspa@nd tmixfured ai m 1
wherein Y is t%&p) or

14.  The multi-layered tissue paper product of claim 3 wherein said wet strength
binders are permanent wet strength binders selected from the group consisting of
polyamide-epichlorohydrin resins, polyacrylamide resins, and mixtures thereof.

15.  The muiti-layered tissue paper product of claim 14 wherein said permanent
wet strength binders are polyamide-epichlorohydrin resins.

16.  The muilti-layered tissue paper product of claim 3 wherein said wet strength
binders are temporary wet strength binders selected from the group consisting of
cationic dialdehyde _starch-based resins, dialdehyde starch resins and mixtures
thereof.

17. The muilti-layered tissue paper product of claim 16 wherein said temporary
wet strength binders are cationic dialdehyde starch-based resins.

18.  The multi-layered tissue paper product of claim 7 wherein said dry strength
binder is selected from the group consisting of carboxymethyl celiulose resins,
starch based resins, polyacrylamide resins, polyvinyl alcohol resins and mixtures
thereof.

19. The multi-layered tissue paper product of claim 18 wherein said dry
strength binders are carboxymethyl cellulose resins.

* c L Ll s *



F .
-C(O-0. 22. The tissue paper product of claimi1 wh ACEMENT SHEET
chloride or nethyl sulfate. 23. A nulti-layered facial{ tff SSGe papet
product conprising: a) paper making fibers; b) fro abqubt'?lr@. Sé%t(
about 3.0% of an ester-functional quatergzary ammgnijum co \6
having the fornmula [err] wherein each R err] is a (jerr+t—eewrl—alkyl
or hydroxyal kyl group, benzyl group, or mxtures thereoff; each Rerr] is a
Cerr]-Cerr] haydrocarbyl or subsiifufed hydrocarhyl groyp_ or Jmxture .
Chereor: v | 5208 C1he etuesanctprydugl of Gim bt 2l W RABC GF A ur os
t hereof and Xbeakényland fsiqgt(agb% @Kyl @P alkehyl. from about 0.01%to about 3.0%
of a polysil oxane conpound, erein said pol ysil oxane is

pol ydi met hyl si | oxane havi ng a hydrogen bondi ng functi onal group

sel ected frompghe ghauRsuEopkde? Iprodudtf o8I 1 GRBRIKW is hl@%(b)—— or.

et her, polyether, aldehyde, ketone, am de, ester, and thiol groups, said

hydr ogen bondrm§(®bm@+onal group being present in a nmolar percentage of
substitution of about 20% or |ess; and d) from about 0.01%to about 3.0%

of binder materials, either wet strength bi nders and/or dry strength
bi nders. 2422. THBerligsue -pappe rsadych af glait 4 swherpinpXt iprahinrisie of methyim 23
wherein each Raelis methyl, Rlerr] is C(ferr]-(err] alkyl or alkenyl. 25.
The nulti-layered facial tissue paper product of claim23 wherein Y is
-O-C(O - or -@B0 - @& multi-layered facial tissue paper product comprising: 54

a) paper making fibers;

b) from about 0.01% to about 3.0% of an ester-functional quaternary
ammonium compound having the formula

Ri3—Y—CH;
N\

CH—CH;—N*—(Rzy X~
Rs—Y
wherein each R, is a C,-C, alkyl or hydroxyalkyl group, benzyl-group;or mixtures
- thereof; each R, is a C,,-C,, hydrocarbyl or substituted hydrocarbyl group or
mixtures thereof; Y is «=—rQOwaeC (O)— O waeC(O)—O-+~ 0Or ~=-NH---C(O) or

—C(O)—NH-— or mixtures thereof and X~ is a suitable anion;

c) from about 0.01% to about 3.0% of a polysiloxane compound, wherein said
polysiloxane is polydimethyisiloxane having a hydrogen bonding functional
group selected from the groups consisting of amino, carboxyl, hydroxyl,
ether, po_lyéther, aldehyde, ketone, amide, ester, and thicl-groups, said
hydrogen bonding functional group being present in a molar percentage of
substitution of about 20% or less; and

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

24. The multi-layered facial tissue paper product of claim 23 wherein each R,
is methyl, R, is C,;-C,, alkyl or alkenyl.

25. The multi-layered facial tissue paper product of claim 23 wherein Y is
—O+-C({O)— of —=C(O)ermeOar-.

[
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26. The multi-layered facial tissue paper product of ¢hil MENT SHEET
X[err] is chloride or nmethyl sulfate. 27. The multi}l hyered tissue
paper "product of claim 1l wherein the Rlerr] substituent}i$ dpywﬂi)?o
veget abl e oi|l sources. 28. The multi-layered tissuefppper product o
claim 1 wherein said polysiloxane has a &bl ar percent agg ¢ ' t-on  pf
about 10% or less, and a viscosity of about 25 centistokes or nore.  29.]

The nulti-layered tissue paper product of claim 28 wherein sard

pol ysi| oxane dfﬁs ?‘Tﬁ@'nﬁnti-l%ggﬁﬁﬂiaeﬁﬁﬁéﬁuesgagﬁidrwdct)af ehairh 23nwhAGIRIH XE.i9% t 0

about 5% an Vi scosity from about centi stokes to about 20,000, 000
centi st okes. chigide or mpthyhsilfiate.| ayered ti ssue paper product of claim 29
wherein said nolar percentage of substitution is about 2% and said
viscosity is about 125 centi stokes. 31. The multi-layered tissue paper
product of cl2f.m 3Thevmeltidayered tissugpapetrradud oficialn 1 whereiroha R, gubstituend an

am no functional . : ti-layered tissue paper product of
gt veadfabie of 85

claim 7 wheref ~tuncti onal duaternary amoni um conpound is

di -ester di (touch hardened)tall ow di net hyl amoni um chl ori de or

met hyl sul f ate,_ sai ol ysi | ox | ) angta :

pol ysi | oxane %%rrpoﬂ'ﬁ muﬁgﬁﬁeﬁgﬁgﬁ%ﬁ%\h‘é@dg r@E'SW g{ﬂﬁwgéllgﬂgﬁgﬂoxane

pol yani de- epi lsdd amadldpércentage of substitution afrapogt f@¥harHess, madra viscosity of

car boxymet hyl cel | ul ose resin, wherein the magjority of said

ester-functi o?‘lba‘?“t&ga‘ieé‘ﬁﬂg%ﬁ %'JnWBFﬁ'um conpound, said pol ysil oxane conpound
and said dry strength binders are contained in both of said outer |ayers,

and wherein the mpjority of said. wet strength,binder t ekl I« t ai ned
in both of saf® i nhae Wﬁ!}@?&":’ed tissle Paper eyl gﬁp%%p?gd@&%’éd'? i m 1
wherei n sai d poig§iliRamangs aMidliaiusércomags bbsubstifution ot frgrarghost d.0atcealsout t wo

outer layers and ONS visaosity of Bbm sbouf 25 centistokes to about 20,000,000 centistokes.

30. The multi-layered tissue paper product of claim 29 wherein said molar
percentage of substitution is about 2%, and said viscosity is about 125 centistokes.

31. The multi-layered tissue paper product of claim 30 wherein said hydrogen
bonding functional group is an amino functional group. '

32. The multiHayered tissue paper product of claim .7 wherein said
ester-functional quaternary ammonium compound is di-ester di(touch
hardened)tallow dimethyl ammonium chloride or methylsulfate, said polysiloxane
compound is an amino functional polysiloxane compound, said permanent. wet
strength binder is polyamide-epichlorohydrin resin and said dry strength binder is
carboxymethyl cellulose resin, wherein the majority of said ester-functional
quaternary ammonium compound, said polysiloxane compound and said dry
strength binders are contained in both of said outer layers, and wherein the
majority of said wet strength binder materials is contained in both of said inner

layers.

33. The tissue paper product of claim 1 wherein said tissue paper product
comprises three superposed layers, two outer layers and one inner layer, said

I
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55 i-nner |ayer being | ocated between two said outer |ayers. 34. The
mul ti-|ayered tissStue paper product of claim33 wherein sai — ] ‘
further conprise a dry strength binder. 35. The nulti-REBIg&(éH\dEﬁa;

paper product of claim 34 wherein said inner |ayer conprig$ef t '
fibers and said outer |ayers conprise sh8t hardwood fi be

multi-layered tissue paper product of claim35 wherein th
ester-functional quaternary amoni um corrpound sai d polys

and said dry ;5 érel d-'beli}{;#;ﬂ‘éééd'b% @o% ,'%al d oujer |ayers, and
t he ITB.]OI’ItyO temmporary we en SIS|OuaIEGIII Ssard
I nner | ayer. The mul ti-| ayered tissue paper product of claim 36

wherein said ter ter

di (touch har ﬁed)ﬁ#ﬁgl\iﬁl%%q nggﬁ%’ﬁ@@ﬁf&%ﬁwﬁﬂﬂ?h@l M ReE <o o
pol ysi | oxane fartigrocomeprise apdnyrsirehgihdhindsral pol ysi | oxane conpound, sal d
tenporary wet strength binder is cationic starch resin and said dry
strength binder is carboxynmethyl cellul ose resin.

35.  The multi-layered tissue paper product of claim 34 wherein said inner layer
comprises long softwood fibers and said outer layers comprise short hardwood

fibers.

36. The multi-layered tissue paper product of claim 35 wherein the majority of
said esterfunctional quaternary ammonium compound, said polysiloxane
compound and said dry strength binders is contained in two said outer layers, and
the majority of said temporary wet strength binders is located in said inner layer.

37. The multi-layered tissue paper product of claim 36 wherein said
ester-functional quaternary ammonium compound is di-ester di(touch
hardened)tallow dimethyl ammonium chloride or methylsulfate, said polysiloxane
compound is amino functional polysiloxane compound, said temporary wet strength
binder is cationic starch resin and said dry strength binder is carboxymethyl

cellulose resin.
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