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Ctiem·1ca11y· Softened Tissue Paper Products ·containing a . . . . . 

Polysiloxane and an Ester-Functional Ammonium Compound · . . . . . . 
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FIELD OF THE INVENTION 

15 · · · This invention relates to tissue paper products. ·~o_re particularly, ·it 
. relates: to tlssu~ paper products -comprising a . two-component chemical · · . · 

soft~ne.r . ~~f!»position, an . ester-fuctional ·ammonium . COf!lPOU~d · .. and .~ ·. .: 

polyslloxane compound •. Binder materials, either permanent' or temporary .wet . . . . . . 

strength binders, and/or dry ·strength binders .~an also be used. The treated· 

.20 . tissue paper· can .be ·used to ·make soft, absorbent a.nd lint reslsumt paper 

.products such as facial tiss.ue pap~r products Qr toilet tissue pape~·P)"oducts.:· 
. . 

BACKGROUND Of THE INVENTION 
. :· · . 

. 2S . ·. · . eapet. webs ·.or sheets, sometime~ Calle~ ·ti~sue or ~aper tJssue. W~bs· qr .· ' 
sheet$, find· exten~ive use in ·modern society. Such items as facial ·and toilet· 

. : · . -ti~sues 'ar' staple. items. of .commerce. It has long been ·reco.gnized tl;lat fou·r 

important" Pl':lvsical ·attributes . of th.ese products are their strengt~. · · ·th~ir .. 

· softness, their absorbency, including their absorbency· for aqtieous systems; . · 

. 30 . and. t~eir. Hnt .. resista~<:e, ·including ~he.ii' .lint: re~i~t~~ce when .~et.~. ~es~arch . . 

and development efforts have been ·directed to the improvement ·01· ea~h :of . . 
· · . · these ·attributes without seriously affectin·g the others ·as ""·well ~s· to ·the·· ·:::· ·· 

. . 
. improvement of two or three attributes simultane~usly. · ·· ··· · · · 

. . . ~ . 

: Strength is the ability ·of the product, and its constituent. webs,· to· 

' . ~? . maintain physical integrity and to resist ·t~aring,· bursting·~·. and. s~reddin"g 
.. . . un~er use conditions, pa!'tlcularly when wet.·". . . . .. · .... 
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. : · . · Softness ·is t~e ta~ile sensation perceived by the cQnsunier as he/she 
.· .· .. :: .... ·: holds a 'particµl~r product, rob~ it ·~cross his/her "skin, .or crumples it within 

· J,lisih~r' hand: This ·ta~ile ·sehsati~~ ·i~ provi.ded .. by ·a·· combination· of several 
. physic~I · prop~rt~es. l~porta~t physicaf properties _related to soft~·iess a~e · · 
' . · s . generally considered by those· skilled In· the art· to ·be ·ttie ·stiffness, the 

. . . surlac~·smo~thness. and lubricity c;>f ~~e paper' web from which' the product is 

.... · · made. Stiffne~s, i~ turr1, is usually ·considered· to be directly. depende~i on the 
. . : dry tensile ~~ength of the web and the. s~iffness of :th~ .fibers ·.which make up 

. . . . . . . ' 
·the web • 

.10 . .. Absorbency. !5. the· '!leasure of the ~bility . ~f a product, ·and. its 

constitue~~ ··webs·, to·. absorb : quantit~es of liq~id,' "particularly · aque~~s · 
. " . solutions or dispersions~ Overail absorbency· as perc~ived.· by "the co~sumer ·is 

. : · · . · · generally:considered to be a .combination· of. ttie total quantity of ·liqui~ a 

"" . . given .. mass of tissue p'aper 'wm" abso.rb at satur~ti~n as. well as .the rate (lt 

lS · · which th~" mass ·absorbs .the liquid. 

:· . . . . Lint .resistance is the ability' ~f the fibrous product~ and .. its constituent 

. . w~bs~ to b~nd . together · und~r use ~ori~i.tions, inciuding when wet. In other 

· . wo~ds> :the higher t~e lint ·r~sistSnce is, the l~wer . .'the :p~opensity. of the web 
. :·. . . . . . 

· ·to lint will be •. ·.. · .. ·: 

20· . 'The use .. of ~~t stren~ith resins to Snhance the ·str~ngth of a paper web 
: ~ widely known~ F9r ·ex~mple, ·westfell described a number of such materials 

. and ·di~cu~s~d their_ ch~mistry in Celiulose C~emistry and Tech~ology, Volume 
.· 13, at pages 813-825· (1'979).: Fr~imark "et al. In. u .. s: ·Pat. No •. 3,755,220 . 

. -. ·. issued ·A~gu~t 2a> 1S73 ·m~~ion that. certain ch~mical ~dditives_ known as . 

. : . · · lS .. d~bonding agents int~tfere With th~ nat~ral. fiber-to;. fiber bcfodiog that !lCCUrS 

. ·:.. . . -. : .during sheet·tor~tion il'.l paper ·m~king pro~esses. '.This reducti~n Jn bonding· 

. : .' .. 1.eads to a. spfter, or le~s .. harsh, stl~t of paper.· Freimark et .at s)o on ·to ·te~ch 
. . . .. the uie of . Wet .strength resins· In conjunction witti the use of deboriding . . . . . . . . . 

" ··agents to off•set the undesirabl~ ef.~ects o~ the .. de~on~ing agents.· These 
. . 30 debondlog · ag$nts' do reduce ·botti dry · t~nsil~ · str~ngth·~ and ··wet ·tensile 
.. · .. " .. '.strength. ": .. · '-, > · ":. ..... .. " " " .. · · · · ". · · 

· .:· $haw; in u~s: Pat~ No~ 3~a21,oaa. ts~ue~ jurie ·2a, · 1974~ ·also teaches 
. ·. . . . : . : . 

that chel'l'.'ical· debonders .ca·n be· used · to reduc~ the stiffness~ arid thus 
·enhance the softne.ss, of a tissu·a "paper- ~e~ ..... 

·35 .... ·= · Che.mical 'debonding agents have been disclosed ·1n· ~!firious. references .. 

. ·" "such as u.s.: Pat. ·No.· 3:,554,862, i.s~ued to Hervey ·et. al. ·c,;,· Janua~· 12, .. . · .. ·. . . . . 

. · " 1971. · These . materials include " ester-.functional . quaternary .' ammonium· . . . . . . . . 

: . ·. .. , 
. . . . ~ .·· . 
·. · .... 
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compound· ·.salts such· as · cocotrimethylammonium· ·chloride, 

olev:ltrimeth_ylammor:iium_ chloride, di(hydrogen.ated)tallow di~ethyl ·ammonitim 

· chloride and stea..Yltrimethyl ammonium chloride. · 

. ·. Eman·u~lss~n ·et al.",. in ·u.s. Pat. No. 4,144,1"22, ·issued· March ·.13,. 

s ·19~91and Hell~ten.et~I~·, in.u.s. patent4,476,323, issued.Octob~r·=s, 1ss4, · 

·teach the use of. complex ester-functional quaternary ammonium .compounds 

. . 
. . 

such · as bis(alkoxy(2-hydroxy)propylen~) 
ester-functional .quaternary 

. · ... 81'."monlum :compound chlorides to soften webs. These authors al~o .~ttempt : 

. ·to ~ve~come any decrease in "absorber:tcv caused by ·the ci.ebo.nders ... through. :· . 

io . .the use 'ot nonionic surfactants such as ethylene oxide"· a~d propylene oxide . . . ·.:· 

adducts. of" fatty alcohols." . . . . . . .. . . . . 

· · · . ·. Arma~ Company, of Chicago,· Illinois, ·in their bulletin ·7_~17 11977) 

.. di$ciose· th~ use of dimethyl ~i(hydroge'nated)tallow ammonium chloride in .. 

. . . 
. . . 

. . . 

combination wit"f1 fatty ·acid ester~ of Polyethylene Glycols to impart botb 

15 ·softness and absorben~y to tissue paper webs. . . . . . . . . . .... 

. .One ·exemplary result of research directed toward improved pap~r 

· ·webs .is described in U.S. Pat. No~ 3,301, 746, is·su~d to Sanf~rd· and Sisson 

. on J~nua"rv" 31,· 19S7 .. Despite the high q~ality of. pa~er w~bs" ~ade by the 

. process. de$cribed in this patent, and despite the . commercial.· succes~ of 

20 ·. products fOrmed from these · webs, res~arch . efforts· directed .to finding · · :. · · 

·.improved produ~s '1ave continu~d. . . . . . . 
. . . 

. For example, Becker et. al. in U.S. Pat. No. 4, 158,594, issu~d January 

19, '979, describe a method they _con~end will. form a strong;· so~. fibrous 

~heet. More specificailv, they .teach that the strength of a -tis~ue paper web:· 

2s · . (~hich ma\;: ·have :been· softened . by the ad~ition of chemical debondi~g . . ·· 

. agents) .ca·n be enhanced by adhering; during processing,. one" surface ·o·f. the" 

· -.. web 'to a ·.creping .~urface ·1n ~ fi~e patt~rned arr~ngement by .. _.a bondin·g . 

. material (such ~s 81_l acrvlic latex rubber emulsion, a water_ soluble resi~, ~r .. 

· , . an ~la~tomeric ·bonding material) which has been .adhered· to one·. surface Qf 

. 30·. ·,. the. ~eb and to the creping surface in the fine .patterned arrangement, . "and 

. ·cr~ping the web .from the creping surfac_e to form a sheet inateriai. . 

. . . "1Jie two component .. chemical softe~ing _·composition~ of -the present. 

: Invention. comprise. ~n ester-functional quaternary ariurionium co.mpoand. and . 

· .· ·.a .polysilox,n$ .compound.· Unexpectedly, it h~s ~'en found that" t~e·.two' · .. 

. ·ls . ·. co~p.onent che~lc~I . softening composition . :impro~es the : softness ···~f .. 1he . : ·: : ·. 

:"treated tissue paper compa·red to t~~ softn~ss ben~fits obtain~d from th_e ~se · ... : .· 
.... 

· .. · . 

. .. · .. 
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.. , . .:.of-~ither component ii'.ldividually~ in ~ddition, the lint' I soft~ess relati~nship. of 

.. -the treated ·tis~u~ is also gre~tly improved. · 

. . , .. · Unforturiateiy .the ~se ·.of· chemical softening ·CO_mp6sitiori~ comprising a .. 

. ester-function~! quaterna.ry . ·. ammo.niuin compound.. an~ a polysiloxane : 

s .. compound ca~ ~ec~eas~ "the stre~gth and the lint resistanc~ ~f. the . treated . 

. paper webs.: Applicants have discovered th~t both s~rength and· lirit' resistance 

: ~~n be. improv.ed through the us~ of suitabl~·b.inder materials.~uch a~ wet.and 

· di'y st~ength resins· and retention ·aid ·~esins known in the paper making· a.rt. 

. . . The present . invention.· is . appllcable . t~ tissue paper . in general, but 

. _. 10 PBl1:icularily applicable to. ~ulti-.~ly, multi-laye~ed. tissue paper ·products ~uch 
as those described in ·U~S. Patent . 3,994, 771, issued to Morgan Jr. et. al. on 

=. Novemb~," .30; -197.6, and··. in ·U.S. Patent 4,300,9·8.1, Cars~ens, is~ued 
·. · November 17, 1981,. · bqth of which ·are· incorporated herein _by reference~ 

. . ·. · . ·. , . The. tissue paper produCts of· the . pres~nt inventio~ contain an eft'.ective 

. 15 . amount . Qf bi~der q1aterials, . either. permanent :~r temporary: wet "$trength 
. ·. · ·:·binders, ·and/~r dry strength binders to control lintin.g ·ar'.tdior·to offset,the loss .. 

·. ln>.-tensile strength, If any~· resu.lting: ·trom ·the ·use .of the two· compon~nt · .· 
.· · · chemical ~oftening :c~~positions:· . ·.. · · : · 

·. · at is a~ . object of . this inyenti~n. to. :Provide $Oft, . absorbent . and tint 

20. · resistant ~issue paper products~ · ... 

It is :also ·a further object of this invention to .provide ·a ·process for 

·· · inaki~·g soft, absorben~, l~nt ·r~~istant · tissu~ paper ·~roducts. · · . . . . . 

:· · ·. These and otlier objects a~e obtained using ·the present invent~on, as 

· . will become -~eadily apparent from a reading of the foliowir:ag disclosure .. . . . 
. . . 25 
. : ... ... ':. . . . . . . . . 

. ,/ .. : 
·. SUMMARY OF THE INVENTION. · · .. . : 

.:_ .· .. . .· .. : . th~ present. invention . provides soft,. ~bsorbent~ li~t ·.:esi$tant tissue 

·paper P.roducts· comprisi.ng : 

30. . ... 
· .· .. ·a) _.· · · pap:er ~~king fibers; . . ·: 

• f • . : . . . . • 

b) ·. · from : abbut · · o~o1 % . to abo~t ·.a.0% . of. ~n ester-functional 
: . . . . 

· · · ·: . quaternary ·:. · · · .· . . : . .ammorih.im compo_und : · .. · . : : ... : ·:. .. · 
..... · .. 35". . _.>. · ... :; : .· : '. ..... '. -: . . . . : . ~ '. . . : :· . . ... ;_ .. =. · ..... • :·.. · .. ·. . . .. .. · 

· · · .. :c) · =: .. from about.0.01% to about 3.0% of a·polysilox~ne co111pound; 
. . ,• : . ·.... . . . . . . 

· ··an~ ... _. 

. •; 

...... 

• 

.. 

• 
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: .. : ... ·. . . . . 

d) ·.·. from ·about 0.01 % to aboUt 3.0% of binder m~te"rials, eithe~. wet 

. strength binders and/or drY strel1gth ~inder~. . 

... 
. ·. : 

. . ~ 

·. s . . . . Ex~mpl~s .. · . of preferred ester-functionai . quaterna,Y :· . ammoniu~ 

· .. comp~unds suitable for use In "the p~eunt in~ention includ• c0mp~unds . . . . 

· having the formulas: · · 

:O ~ . . . 

. .... . 

10 . . · .. · (CH3i2 ·- N-1:" - ((CH2)2 - 0 - C - R3)2 ·ct. · ·. · .··. 
. . ... . . 

and ... ··: 

..... 0 

• 

• •• 
. ~s . .. :."_ . : (CH3)2 _ .. N+ - (CH2 >2- 0 - c-· R3 c1- .· 

: I : ·. ·. 

Ra. 

and .. 
.. 20 

. ' 

'O 

. . . . . ,, . .. 

·: (CH3) (HO-(CH2)2) - N+ • ((CH2)2- 0 - C - l\3)2 ... CH3SQ4· 

... ~~ . . ~ ·· and 

-~:· 

' 

. . 
·.· 

30 

35 
.. . . . . 

. . . .. 

. ·O ... 
:. " . 

Rs-C-O-.CH2 
\ 

. . 
. . . 

· . : CH - CH2 - N + - :(R2)~ . :. C~ 

I 
R3-C-O .• 

. \\ . 
0 . 

. . ... 

. . ..:- . 

. .. · 

·. 
•. ···. · ... 
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·wherein each R1 substituent is a C12 - c22 ·hydrocarbyl. group,· :or substituted 
,_-. hydroca~byl group or' mixtur~s· thereof;. ~ach"R2 s4~stituent is a· c·1 . - C.6. alkyl 
.. ot hydroxyalkyl :g~up,· be~~vi group' o·r. mixtures tti_er~Ofj each R3 substitue~t 

·· is : ·.a c11 - C21 hydroca~byl group,· or substituted ·hydrocarbyl or. mixtures 
:- : :-- · .s " ther~ot. · _- --: :_· · · : · · -- · _., 

.. . . · ... · . These compounds can be .conside~ed to. b~ mbno or dt-ester v~riations 
. of th~ w~ll-koo~n _· dialkyldi~thylarrimoriium' .salts ~uch. as. di-ester di(~Jlow) 

" .. d~mettiyl ammoni~m chlo~~e; di:-ester di(st~arVU ~imeth'(I ·a~moniuin chlorid~, 
" . . moi:so:-ester . di(tallow) dimethyl : . _. ammonium . . ch_ioride, .. di-eSter 
· : : : · -10 di(twdrogenated)tallow dimet~v~_- ". · ammoni_um _· · methyls~lfate, · :_ di-este'r 
.. " . :. . di(hydrogenate_d)tallow dimethyl ammonium: chloride, . . mono-ester 
. .: . : . . di(hydr~genated)taflQW dimethyl .. ammonium Chioride,· . and ~iXtUr8S ther~Of 1 

. . . . ·. ·. with' the di-ester .. variations .. of . di(non hydrogena~ed}tallow . dimethy~ .. 
· . . am~n~um ~hlorid~>· · Dl(Touch _ Hydrog=e·n~ted)Taito~ · DiM~thyl. Aril~onium 

: · lS ·. · ·chlor~de (DEDTHTD.MAC} .and· Di(Hydrogenated)Tallow DiM.ethyl · Am~onium 

· _· · ·_ .· · . ·c~loride (DEDHTDMAC}, ·and mixtures thereof being preferred. Depending 

· . · .. · ·. upon · the · prriduct characteristic require~ents, the· saturation ·1eve1 of th~ 
.. ·: · · ·. ·.·· dit8H~w can be t~Uored from non ·hydrogenated <soft) to· touch, ·partially or 
... · . . . ".: completely' .. hyd~ogenat~d (hard).·. ': .· . " . . ·. 

·· · ·z.o · · Without being bound by ·theorY, .it .. is. believed· that the ester moiety(ies.l 
. . . . 

lends biodegradabilitY to these compounds.·· ·Importantly, the .ester-fulictional . 
quatern~ry ·ammonium c(>mpQunds us.ed. tierein bio.~egrade more ~~pidtY thar\ 

.. d~ conventional ~ialkyl·di~ethyl_ammonium chemi'cai soft~ners. . . . . . . . . . . . . . . 
. ... . Examples ·Of pol-ySiloxane· materials· for use ·i.n· the present i~vention 

· · .. :. · 2S · ·include ·an ·~mino•funci:ional poivdirnethylpolysiloxane wh.erein less tha.n about 
.. .: ·.10 .mole· pereent .of the· :side· .chair)~ o~ the _polymer ~contain .an amino­

. . . : funetional stroup. . Because molecui~r weights· o.f polysiloxanes can be ··difficult 

. to asc'9rtain,' the viscosity of a .PoJ~~iloxa·ne . i~ used h~rei.ry· as an . obj~ctively. 
. •, . 'ascertainabie indici~ .of molecular w~ight.' Accordi~gly I 'tor exa~ple. about 2 

.. 30 : male.· ~ercent. ·subst~tution ._.has been. found .to.:. be ·very. ~ffective tor. 

. . ... .'. polysiloxanes having· a viscositY of ahout one-hundred-~ent'f-five (125) 
. . · -.. centistokes; ·and. ·vis~~~fties ··~t about five~milliori ·(5,000,000) centistokes or· . 
, - ~_ore. are effeCti~~· with or. without·: .. substitution~ . · In addition · to such 

.. :· . : . . . substitution· with· .amino-functional ,groups·:· effectiv«;t substitotit;>n. may be 

;35 made ·~Ith b'arboxyl, h\tdrox~I, ether,. po.lyether, aldehyde,· ketone, amide, 

.. · .· .. ·. :.··. :·. ester." and thiol 'grciu·p~~ .'Qf these' effective substituent groups, ~he famiiv' ~f 
. .·.. . . . . . . . . . .. . . . . . .. .. . ·· 

.. :• 

... . .. ~ . .. 

.. 

.. 
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:. · g~oups comprisi~g ·amino, carboxyl, and hydroxyl groups ~re more _pref~rred 
·. ·. ·· than the others; ai:ld amino-functional groups· are most preferred.· ·. .-_ .. , . 

Exemplar¥ commercially ·available polysitoxanes ·includ~- oo"w 8075 and ·. .. 

oow·200 which are available from Dow Corning; and Silwet 720 arid Ocarsil 
·s EPS "which are available from Uriion Carbide •. -. . . .. . . . The term ·bil'.lder refers to ~he various wet and dry strength _additive~, · 

, 

· ·-and retention aids known ·in the art. These materials produce the functional . · · 

· · strength required by the product, . Improve "the lint· ·resistance ~f the tissue .. : 

. paper webs of the present. invention as weti as counter~Cting any. decrease 1·n · . · 

·10 ~~nsll~ strer:'gth . C8':J~ed by Chemical softening. composition~·.: ·Exampl_es o~, 
suitable ·binder ·materials :include: · permanent vvet · ~rength binders . (i".e. · · 

Kymene .· i;l .·5S7H marketed· by H~rcul~s · lncorporateci ~f . Wilmington, DE>~ . ·.. : 

. . temporary. ~e~ ~trength ~esins: cationic diald~hyde starch.-b~s~d ~~i~ "(su~h: _: .. 

as Caldas produced by Japan Carlet. or Cobond 1 qoo p_roduced by 'National : . · 

· · lS : , Starch) and _d,.Y ·.strength bind~rs (i.e. _caiboxymethyl celiulose ·ma~keted bv< · · .. 
Hercules lncorpo.rated of VVilrriington, DE, and 'Redibond · 5320 ~r~eie~ by · :· 

N~tio~al"Starch and Chemic~! corporation of Bridgewater, ·N_J). ·. ·· ·. ·. · · 

The tissue paper products of the pr~sent inven1;Jon" p_i'eferably· comprise. 

"·fro~ about 0.01 %:"to about 3.0% .of· binder materials, either permanent "or 

20 temporar{~et strength binders~ arid/or frorri about 0.01'M)to ~bo~t.3.0'*• .. of-
. a· d~y strengt~ binder. ·. . ·.· . . . . . . . 

. ·Without .being bound by theory. it ls believ~d t~at the. eSter-fun~i:ional · 
quatemarY . ammo~ium compound . softener compou~ds .. ~re effective : 

d~bonding. agents· th~t act t~ debond the_ fiber-to-fiber _hydrogen bonds in the' .. 

25 : ·tissue sheet. The combi_nation . pf debonding hydrog~n. bonds "with . the-'. . 

. polysilo~ne softener, al~l'lg with the introduction of: c_hemical bon"d~ with th~ . . . 

. . wet and dcy· strength binders d~cr~ase~ the overall bond dens.ity of the tissue . 

. . sheet Without 'compromising Strength a~d lint -resistance.· .A _.reduced .bOnd · .... :· .· 
:_ .... density .will c:~eate a more fl_exible ·sheet ov~ra~I,. with imp.roved. s~rf~c~· .. 

· · · 30 · ·· ·softness. lm~ortant ~easu_res of these physic~I prope_nv ch~nges · ar~-.th!!!. ·FA:- . · · · 

. 35 

liide~ (Carstens) and the ~Olk flexibility, . slip-and-~tick co~fficie.nt. of fric~on, ... · 
··arid . physiologic~I surface smoothn~ss as described. in Ampulski at al~~ .199.1: · 

. ln~emational P~per ·Physics· Conference ·Proce~dings, boo~ 1, page ~ 9. ~ .30, · 
·. incorpor~ted herein by ·ref~rence •. · . . · · . . . · . · . · .. · · · 

· : ~riefly, tne · p·ro·cess for making the tissue paper _products of .. the present · ·. · 

,_·i~ve~tio~ comprises the steps of·f~rmation·of a· si~gl~layered or ~ulti-tayered ·. · ··. 

: riaper making fu.rnish ·from the aforementioned _c;omponents .except ·for the.: · 
. . . . .. . . . .. 

·.·· .. 

.:· = 
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-:- : polysiloxane compound, deposition of the paper . making furnish onto" a 

: . . fo.raminous su~ce such as a Fourdrinie~ wire, arid. removal ·of the· ~ater ·fro~ 

. the . deposited. furnish·. Th~. polysiloxan~: 'comp~und ·is prefer~biy ·added t~ at 
. ··_.=.·-l~ast one surtac~ of tlie· dried tissue paper ~b. The.- resulting single'."layered 

.. 5 . .":or multi.-layered tissue webs. can:-be ·combi~d- -~it~ on~-~, .more other tissue· 

webs-~o form" a:~u~i-piy tissue. "' . . .. 

_All. percentages,. ratios :and proporti~ns her~in ~re .by weight unless 

. . 

·· other'!"ise spec~ed •. 

10 .. , 

: 

:. ·BRIEF DESCRIPTION OF THE DRAWINGS· . . · 

15 
. ·: . 

·.··. · .. · Whi_le . .tne Specifi<;ation co~cludes_·_~ith ~laims part_icularly .pointing··oilt 

· .and distinc~y claiming -the· pr_esent invention~ · it is believed the inv~lition is · 

· · ·. , ~etter · .. understgod fro~. the ·~o!IQwing ·descri?t•on t;ak~n in: conjunctio~ with 

: the ass9cja~ed d~wings~ i_n v_vhich :: : _:. .· .. ' .. . 

· .· ·. 20 . . · ·. · .Figi1re.·1 'is -8 schematic CrOSS•Sectionarvievv· Of ·a t~o~piy; two-iayer 

·. · . tissue paper in accorda.nce with thl;l present inwntion~ . : . · 

~ . ..Figure 2·is a s·~hemati~ cross-sectional view of a. three-piy, siligle-laye~ 

.· ·. . tissue . p~per in accord~ilce with . th~ ·present inv~ntion... : . . . . . . : . . 

. . . Figure a is. a· a schematic .cr~ss--sectiona1 view · ot a · sing1e-p1v, three-

. . 25 ... layer tis~ue paper. in_ accord.ance with the pr~sent -~n~emion. . . . . 

.30 

... · .. 

. Figu;e 4 ·is .a· schematic .. representati~r:t ~f a . papermaki_ng. m~hine 

useful for ·prod~cing · ~ -soft. tissue· ·paper hi acc~rd~~ce .. with the ·present 

i11~ention. · . .. . . . < · · ... ·. · · . . · · · · 

'. ·.·. 

·.Th~ present inve~tion is .. describ~".f in.more ~e~ail below.· · · .. · · 

. . . . . . . . . . . 

··DETAILED ~~SCRIPTiON OF THE l~VENTION . 
=·· 

·.·· 

· .· ·.:· 3S· . . · While' this .specificati~n concludes· ~ith. claims particularly pointing out . 

. . . . and : distinctly cJai,mi~g "the su.bje~t: matter regarded "as . :t~e invention", it is 

.···.. . . : . . ·: ·• ":· . . . . . . . . . . 

.. . . 

.. 

· .... 
. . 
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... ·believed that the invention can be better understood from a reading ·of the 

followln.g detailed description .and of the appended examples. . .· · 

':. . · As .·.:ised herein, the term "lint resistance" is the ability of the fibiou~ 
.• . . produc~~ . and tts constituent we6s, to bind together·. under u~e . condition~. ·. ·· 

. S : in~luding· ·when w~t. In other . words, th~ higher the lint resistan~e is~· th~ . · 

lower the propensity of t~e "web to li':lt wm be. . . 

... 

10 

. .. A~ us~d herein,. the term ·"binder" ·refers to the .various wet and ~ry 

strength ~esir:is and retention aid resins ·known in ~he pape"r making. art. 

· · · As used herein; the term .0 .water soluble" refers to materials that are 

&Oluble· in water to at least 3% at 25 ·0 c. · 
As used herein, .the terms "tissue paper web, paper web, web, ·paper 

·s~eet and· ·paper product• ~n ·refer to sheet~ of paper· .mad.e by :a pro~~s·.· · 
.. compri~ing ·the. s~eps of formi~g· an aqueo~s pap.er making furnish, :depositing 

, this furnish on .a ~oraininous . surface, such as a·· Fqur~rinier ·.~ire, · and · 

lS . ·removing the Water. from the furnish .. as by gravity or vacuum;.assi"sted. 

drainage, with or without .pressing, and by evaporation. 

As u~ed. herein, an "aq~eoi.Js pape.r mak.ing furnish"·.· is an ·aqueous 

. slui.Y "of paper: making fibers and the ·chemicals described hereinafter. . . 

. As used herein~· the ·terrii "multi-layered tissue paper ·web, ~ulti-l~y~~ed · · · 

- . ··20: paper· .web, m"ulti-layered web, multi-layered paper sheet ·and multi-layered .. 

. . . paper ·product" ~JI ref~r to sheets .. of paper prepared. from two. or mor.~. ·~ve·rs . 
: . of· aqueous· paper making furnish which ~re· p~eferably .eompris~d of ·different 

. fiber types, the fibers typ~ally being. relatively long s~ft~ood and relatively ... 

. . ·Short ·hardwood flberS as used. in tissue p~per making:· ·The ·layers are . 

. 2S preferably ··formed from the deposition Of separate. streams ·Of dilute·: fiber . 

·. . slurries, upon. one, or more ~ndless · foramlnous screens. . If the Individual .. 

· . laye~s are Initially . formed. on separate wires, th~· layers are subsequently 
. co.mbined (whi.ie wet) to· form a layered. co·mposite web.. · ·· : . . . 

. · As us~d tie~ein ·the .te~m .. ·multi-ply .tissue paper productie refers to a'. . 

. 3o .tissue ·~per consisting. of at lea~t two plies. Ea.ch individu~I ply in. turn cari .... 

~onsist of single-layered or multHayered .. tissue paper ~ebs. The.·multi~ply · .· 

~ructures are formed .by bonding together tWO Of more ·tiSSU8 .w~bS SU~~ f:!S ·.: 

· . by glueing or embossing. . . 

~ · ·. . lt is anticipated. that wood. pµlp· .in all its varieties will normally .comprise 

·: · :. 35· ·th~ ~aper ·making fibers used· in this .invention. However, .ot~e~ ·ce1i~1ose ... 
: fibrous pulps, such as cotton liners, bagasse, rayon, etc., can be used ·and 

.. none ·a.re di~claimed·. Wood· pulps useful h~rein include chemi~~l puis:?s such . ·.· 



·. 

.. . 
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. as. Kraft,· s_ulfite· and sul_fate pvlps as' ·well ·as ·mech.anicat ·puips including for · 

. example, . ..: ·ground·· wood, ... thermomechariical pulps : . and Chemi-

Th~f°m0Mech~ni~a1· Pulp (CTMPJ. Pu.l~s derived· fro~ both deciduous a~d 
·. · .~onife.rou$ trees ·can be used.: . . . . . 

. · .. .· s · Synt~etic fibers· such a~ rc;iyon~. polyethylene and polypropylene fibers, 
( :- .. ·m~v· also be utilized in combination with the· above~ideritlfied n.atural celluose· 

' : . fibers.. One exemplary polyethyles:ie "fiber which .ni~y. ~e·. utilize~ is. Pulp~x(D, . 
. ·available frorrr Hercules, Inc. (Wilmington; Del.J~ 

, . · ·· Both .. hardwood p.ulps and softwood p~lps as ·well as biends of the two 
"10 · m~v ·be· employed. . The ter~s hardw~od pulps as .us.ad .herein· .. refer~ to 

·, fibrous·· ·puip · ci'e~ived . fronj · the ·woody .. ·substanc~ of deciduous· · trees 

. : . ·(angiospermsj: :wherein ·sottWpod pulps·. are· fibro~s pulps· derived from the 
woody. sub~~nce of. coniferous .tree~· (gymno~perms). Hardwood ·pulps s~ch 
.as ~~calyptus _are parti~ularily. s~ita.bie for the outer iav~rs: ~f ~he multi-layered 

15 . ti$sue webs described hereinafter, whereas northern softwood· Kraft pulps 

are pre~errred for .. the i~ner. layer(s) or ply(s). ·Also applic.able to the .present 
· lnventio.n ~re low co~t" fibers derived fro~, recycled paper I which. may contain . 

. . any""o~· all of the above categories· as well as other ·non-fibrous materials such 

: ··as filiers ·a~d adhe~ives used to f~cilit~te. the original "paper'.m~~ing. . . 
20 ... · ·. . . · .. , 

. . . 
· Two Component Chemical Softener Compositions : ·· 

·lJi~ .Pres~nt Invention c9ntains as· ... a·n ~ss~ntial component a chemical 

. soften.ing composition comprising an ester-functional quaterna,.Y ammonium 

co~pouhd .1,1od a polyslloxane compqund. The ratiQ of ttie est~r-functienal 
. · · -~ .. · qu~ternarv. amm~nium ~orripound ,c:>- ·the polysiloxaiie .compound ranges· from . . . . . . . . . . 

. . · aboUt ~.O : 0.01 to. 0.01 :·· 3.0; · pr.e~erabty ~ the weight ratio of the ester-

. ' · .. ·. ·.· . funbtional quaternary ammon.ium comp()ui'ld to the. polysiloxane .. compound is 

· . · ··about 1.0 : ·o.3 t~· 0.3 ·= ·1.0; mo~e :preferabiy, th~ ~eight ··ratio of the ester-

. . . functiohal quaternary' ammonium. compound to "the polysiloxane compound is 
· ·30 about'" ·1.0 : . O. 7 tci· 0. 7. :·· 1.0 . . Each of these types of compounds will be 

· . ·: des~ribed in detail belo~ ~ · · . · . 

. A~. Ester-functional a~aternary ·Ammonium Compound .. : 
. . . . . . The. ester-function"al ctlf~mical softenir:ig· .conipositi~n .contains as an 

·es.sential comporient ~rom· :abc;lUt ·0.01.% to ·about 3.00%· by ·weight,. 

p~eferably froni .. abo~t ··0.01 % ·.to about ~ .00%. by: weig~t. of an ester-
.·. . . . .·· .. 

. ··. 
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f!Jnctional .·qu~ernary ammonium compound,· preferably ester-functional 
. quatern~ry ammanium compounds having .the formula: 

' . 
. s. 

10 or·. 

. 15 

or 
20 

2S 

.. /· 
FJ2. 

R2 . . (CH2)~- ·_y .:- ff3. ,. /· 
N+ . 

' 

\· 
·CH· CH2- N+ - (R2)3 

": l. ·: 

R3-C-O 
. II 
0 

X- . . '.· . 

x-

x-:: 

30 . 
· wherein.· ead.. R1 sub~tuent is a t12 ~ ·en hydrocarbyl . g~oup, :or. substlt~d·· · . 

. . hydro.~arbyl. group or mixtures thereof; ·ea~h R2 subStit~ent I~. "8 C1_ ~ .c.a alkyl . ·.· .. 

or. hydroxyF,llkyl group, ben%yl group or miXtures. thereof; each Fib substituent .· 
Is ··.a. C11. "'. . C21 hydrocarbyt· grou~,. or s~bStltuted. hydrocarbyl .·or Jl'.liXtui'es . 
thereof; ·.Y. is ·.; 0 - C(O) -· or • C(O) -· 0 - -or - NH.· C(O) . or·. -C(O) ~ NH - . or· . 
mixfures thereof; n is ,. to" 4 and x-. "1s a suitable anion, for···axample; ~hloride, 
··_bromide, n\E~thyls~lfate, ethyl suifate~. nitrate and the" like. . . . . . . 

· .. · . 

. . ·: . 
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A~· discussed in s·~ern, ·ed. iri Bailey~s Industrial· ·Oil and· Fat Products, 
.· .. · . Third "Edition, ."John· Wiiev and Sori~ .(New York 1964), tciilow is a -~·aturally 

. occurring material ~aving a vari~bl~ ~·ompo~ition. ·Ta.ble ·s.13 in .th.~· a·b~ve~ 
identified ·referenc~ edited by Sw~rn indicat~s that ty~i(;ally 78% or ·more of 

. ·5 . the fatty acids .of tallow contain 16 or· 1 a carbon. atoms·:. Typica.lly ,· half of the . ·· . · 

. : fatty" acids ~re~ent in t~llow ar~· uris~turated, pri~arily" .in" -~he. _form· of .oleic . 

. a~id. Synthetj_c as ~II as natural •tallows;, fall .within . the scope . o·f the .. 
: . .: ·. ·· .. : ·· · · · pr~sent. in~ention. It is · also known that · depen(fi~g· ~pon· : the . product · . 

. · .characte~lstic ~equir~n:i~n~s, the saturation l~vel of ·the di~allo.w can be tailored 
· · .'" 10 from non hydrogenated. (soft) to to_uch, partially or complete.Iv hydrogenated 

·.(hard). All of above-described le°iiels ·of saturations are expressly meant to be 
inclu.ded withi~ the scope of. the present ·invention~ . . . ·. 

. .· It w~!·1 be·understo~d that sub~tltuents R1; R2.and R3 .may optionally be 
. ·. . substit~ted" with. various . groups . such : as .· alko~yl~. hydr~xyl,· . or can be 

. 15 .: branched, but. such materials are··~ot pref~rred herein. Preferably,. each R1 is . 

.. · .. · · C12 ·_ C1"a alkyl and I or: aikerwl, most p~efer~bly e~ch =R1 ·_is· st~aight~chain C1 a 
-": -. C18 alkyl and .I qr alkenyl: Preferably, each R2 is· methyl or .. hydroxyethyl. 

Pref~~a~I~ R3 I~ C~3 ~C17 alkyi. ar:-d. / o(alkenyl, most. pr~ferably ~3 is s~raight 
chain · C15 - · C17 .alkyl and I or alkenyl, and· x- is chloride· or methyl sulfate. 

20 · Furthermore the .· · ~ste~-function.al : qu~ternary · ~mmonium ~ompounds cari 

. . optionally.comain u·p·t~·about 10% of tlie inono(long·chain ·alkyt)derivatives, 
· . : ·. · ··-e.g., (R2)2. ~ ·.N + . ._ ((CH~)20H) ((CH~)20C(.O)R3) x,- .. as minor ingredients. 

. . TiiesE; minor ing.red.ients. ca_n act as e~ulsifle.rs and -are. useful in th~ present. : 
. . . . 

· invention. ~-
. . 

25 Specific examples of ester-functional · quaternary a·mmonium · 
c~tjipounds having "the stru~tures named above a"nd. ~~itable - ~or us~ in t~e. . 

.. . . · : ·. prese·nt invention -include . ·the· _:well~known ·· di-ester di(alkyl) dimethyl· . . . . . . . . . .. 
. ammonium . salts . such" . as. ·di-este"r ditallow di.methyl . ammon"ilmi" chloride, 

· · . : . ·nlO~O-e~ter .ditaliow di~ethyl 8fn~~niu;,, chlo~ide, di-ester "ditallow dimethyl . 
30 am~oni~~ : .m~thvi .. ~u1tate, .· di-ester. di(hydrogen~tedjtanow d.imethYI 

· ·: ammo~iurri .. ·.methyl_ .·:sulfate,· · di-ester.· ··cfi(hydrogenated)t~llow .. dimetlivi . 

. ammonium ··chloride, and ·mixtures · thereof. ·Di-ester ditallow dimethyl 
·a~m"onium: c_hloride and· d·i-e~ter ·di(hydroge-nat.ed)taliow ·dimethyl. ~mmonium 
_qhloride. are· ·:particularly·· preferred. 'these parti.cular :materials .·are:·. available 

35 co~me:rcially ·from Witco Ghemi~al. C~mpany "Inc~ of Dubli~, ·Ohi~ ·un-~er th~· 
t~adename "ADQ~EN .obMC D• .• · · :. ·. · .... · · ·. ·· .. · · · 

.. . . 

... 



s 

10 

W096/36768 
13 

· Di-quat variations of · the ._ester-functional _quaternary ammonium 
.... compou~d· CSJ'.I also be. us8d, and are meant to. fall within t~e scope o~ the 

p_resent invention. rhese comp,ounds have th~· formulai 

X- .· 

In. the struct~re named above each R2 is a C1 - .C6 alkyi c)r hydroxvaik\.{ 
_: group, R3 i~ c·11-C21 hydrocarbyl ·group, n i• · 2 ·to ·4. and · . x- is· a ~ul~able 

. anion, ·such as an halide '(e~g., chloride or bromide)· or methyi ··sulfate~ .. · : · . 
. Preferably, each Ra. is C13-C17 alkyl and I or all~enyl, m~st .preferably each~ .. 

15 .is Straight-~ha~n C15- C17 alkyl and I or alkenyl, and R2·is· a methyl •. ··· 

a •. Po'ysiloxa~e Compound 
.. 

" . . . . 
· . . . In general, ·su~table polysiloxane materials for use in the present . . . · · 

... 20 . invention 'include those ~aving . monomeric silo~ne units o~ 'the foilowing 
... 

structure: .. 

2S 
· R2 

." 

. . . . ·. wherein, ·R1 'and R2, for each indepe"ildent siloxane monomeric unit can each. . . 
·· · . · ... :.independ~ntly be hydrogen or. any alkyi, aiyl, aikenyl~ alkaryl,. arakyl; · .... 

. . . . ·. cyc1oa1k.v1. halogenated hydrocarb~n. ·or other radical~ . A.nv · ot such radicals 

... 30= can be. ·substituted or unsubstituted. R1 ·and R2 tadicals of any ·particular. 
monomeric· unit may 'differ from· the c~riesponding f~nctlonallties of the next . 

. . adjoi.:iing mo~omeric unit~ : . Addrtionally I the . pol~s.iJoxane. _can be .. e.itlier. a . 

straight chain~ a branched ·chain e>r tiave. a· cycJic s~ructure .• ·T_h~ .radicals R1 _ ·. , 

.. ·. · .. · .... 
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. · straight c_hain, a ·bra~che~ chain·: or ha~e a cy~lic . structure·. Tl')~. radicals R 1 · 

and· R2 .can· addition~uv· independently be other ~ila~eous functiona°Jities such 
. as~· but not limited. to· siloxanes: .polysiloxaries, sila~~s. ·and· ~olysilanes." ··The 

· ra~icals ·R1 and _R2 m·~Y. c~n~aitt . a~y·· of a ~ar.iety: of organic functionalitie~ 
s including·~ for exam~le, alco~o1,: ~arboxyli~ acid, alde~yd_e, "ketone and amine, 

~~~~-~. . ~-· : 

Exempl~rv aikyi. radi.cals ar.~ methyl, ethyl, pro~yl,. butyl,. pentyl, hexyl, 
· · .-. octvr>deevl,""octadecyl, a·nd the· like· •. Exemplary alkenyl tadic~ls are vinyl, 

· allyl, a~d the .lik~." ·e~emplary a~i".radicals are phe~yl, diphenyl, naphthyl, ·and 
. . . . . . . . . 

10 · .. the like.· Exemplary alk~ryl radicals are .. toyl, xylyl, e~hylphenyJ, and th_e like. 

· · EXempiary ~ra~yr _radicals ~re be~zyl, alpha-phen:y1eihyl, beta-phenylethyl, 
. · alpha-phenyl.bi.Jfyl, and the .like. Exemplary cycloalkyl radicais are cyclobutyl, . 

cycl.opentyl, cyclohexyi, .a~d th~ ·uke. Exemplary :hal~IJ°~nated hy(:Jrocarboo . 

radicals are -~hl~r~~ethyi~ bromoethyl, tetrafluorethyl,··· fluo;ethyl, trifluorethyl, 
15 .tr11iuorotov.1, hexafll.Joroxylyl, ·and·.the like. . 

Visco~ity ()f polysiloxanes .. useful may vary as widely as the viscosity of 
polysil~xa~es iri gene-~al va~y. · s~· long· as th~ polyslloxane is flowable or can .· 

. . ·be" made to be .flowabl~· f~r appiication· to the ti$sue paper~ ·prefer~bly tJle .. 

. . . polysiloxan~ .has an intr.insic viscosity ranging from· ·about i 00 to aboUt 1000 
. 20 . .- centipoises. Refere~c~s disclo~ing. polysiloxan~s inciude u. S. ·Patent No • 
. · · · 2."826,5.51, iss~ed. March ·1 t,· 1958. to .:Geen; .. u .. s. ·Patent No·.· 3,964,500,: 

.. ·issued Ju~e 22, 1976.· to. Drakoff; U.S.·. Pater)t N~. ·. 4,SS4,S37~· i~sued · 
D~cember ·21 ~ i 98~~ Pa.der ~ u.s! ~ate'~t No. 5,059,282,". issu~d October 22. 

. . 

· 1991 to Arripulksl" 'et'-. al.; and British Patent No. 849,433, published 
:. .. . .. ·25· September. 2~. 1 s60 to wooiston. .··All of these p~tents a~e incorporated 
.: · · .; ·· · ·. ·herein by reference •. · Also,· .incorporated . herein by. reference Is Silicon 

· · Comoound~~ ·PP 1.~ 1-217, ·dist~ibut~d by ·Petrarrih Systems~ .. Inc., 1984, whi~h 
contains an ~xtensive listi.ng and d"escription of ·po.l_ysilox~nes in "generaJ. 

. . . . . . . . 

·. · The polyslloxane ·.can:· be. ~pp lied to t.l"!e tissue ·paper by ~et web 
Jo applic.ation .or .. ·llv <try wet>' .. a:pp·,,~~tion_.:·. At· ,~ast ·_one ~urtace of the ~eb 

... shouid be .contacted w"ith th~ ·p~lysiloxane.·· Tlie polysiloxane is. preferably 
"'/.. . a'pp.lled "to a dry ~eb in an aqueous spluti~n ehher in neat for~ "or em.~lsified .. 

·· · . .:· . ·. ~ith .a .suitab1~·- surtactan~. eniu1s.ifl.er. · . Emul~ifle.d' silicone. is rriost pr~ferable · 
· · for .ea~e ·of ·app.ll~ation. ~in~e a·. ne~t siticohe .. ~qu~«)us. sol~tion ~ill .t~nd to · 

. . . . . . . . .· . . . ·. ·. . . . . . 

··--·---·"--··-·--··-·····--· -· ··---·· 

.. . .. 

· .. · . 

.. 
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· r~pldly separate into water and silicone phases, thereby ·impairing even . . . . . . . 

.. distribut!on. of th~ silicone on the web. The polysifoxane is preferably applied 

.·to the dry web after the web is creped. 

. . . 
· .. · Prefer~ed .methods of. appl\:'ing the .polysiloxane comp~und to a. dry 

~ S .· ·:tissue web are described in U.S. Patent Nos. 5,246,546. issued to· A.mpulski 

... on September 21, 1.993, and 5,215,626 issued to Ampulksi et ~I. on Ju~e 1~ 
1 S93, both of :Which· ~re inc~rpo·rated herein. by referen~~- In the p~~ferred < · · · · · 
·pr~cess desc~ibed in· the '546 ·patent, . the polysil~~a.ne. ·compound ···is··· .. 

. : . ·. preferably sprayed onto the calendar" roll~. . . : . . 

: 10 It. ·is also· ~ontemplated to apply the polysilo~ane to paper webs bef~~e · . 
the paper webs are dried and/or creped, though Jn most cases "the dr.ied- web .. 

. . wili have . been creped prior to polysiJoxane tre~tment". as .. part.:· of the ' . _· 

· pap~rmaking.-p.roceiss. ·It is preferr~d- to apply the polysiloxane .to drv· webs· 

. . . using- as .little water as· possible, . since aqueous wetti.ng of . the" dry" s~eet is . 
is· . "believed to reduce sheet strength which can only" be partially recovered upon 

... d.~ng: Application of polysiloxane in a s·~lution containing . a s.uitable 

. solvent, such as hexane, in which the polysiloxane ·dissolves or is m"isc;:ible in 
is thus. contemplated. · · · . . · 

. ·preferably, a sufficient amount of polysiloxane to impart a taCtile. sense 
.. 20 o~. :$o~ness . is applied to both· surface·s of _the .. tissue. p~per~ . When .= .. 

. . ·polyslloxan~ .,s applied to one surface of the .tissue. paper I some of it will at .. 
·: . least partially penetrate to the. tissue paper .. irtterior. Thi~ is espe.cially trµe 

: . · when the polysiloxane i~ ·ap.plied in. solution. .Or:ie method f~und to b~ useful 

. for facilitatiri.9 -p~ivsiloxar:ie· penetration to the oppo~ing surface ~hen the : .. 
25 : polysiloxane i~ applied to. a wet tissue" paper web is to··vacuum_ de~ater .the· 

: . : ·· .. tiss~e paper subsequent to application. A preferred m~thod or ~pplying the 
·_:_:, . -.··polysiloxarie compound to a· ~et ·tissue w~b is ~escribed i~ u.· •. ~. ·Patent N~ • 

. . . 5,l64,046 issued to Ampuiski et al. on Nov~mber 17~ ·1-99~. incorporated .. : . . . . 
_ . herein by reference. , · 

. . . . 
· ·:30 · . :wet .strength Binder Materials . , : 

· _· · · ·_: ·. The present i·nvention contains··~s a·n essential co~ponen·t ~from about 

. •,. 

· · :0.01 % to ·~bout 3.0%, pref~r~bly from ahout 0.01 %. to_ abo~t- 1.0% -by: · 

. . '.··weight of. ~et strength, either permanent or te~porary ,:"binder mat~riais~. : 

·.· ··.· 
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· ·A. ~ermaaient wet strength_ bin.der materials 
. . ~e· permanent· ·.wet · stren.gtli ·binder · materials are·· chosen ·from the 

toll9wing. group ~t ·chemicals: poiyamide-epi.chlo~ohydrir1, polyac,.Ylamides, 

. ·stY~ene-butadiene latexes; insolubili.zed polyvinyl alcohol; :urea-formaldehyde; 

· · s ·.. polyethyleneimine·; chito~an ~.polymer~ and mixtures ~h~~eof. · . Preferably· the 

. permanent Wet .· strength binder .. materials are selected from the group . 

.. consisting ~f pol~amide-epichiorohydrin. resi~~. :polyacrYlami.de. resins, and .. 

~ixtures the~eof. The p~rmanent. wet strength· bind.er material~· act to. control 

... _ lin~ng and also· to ~f~set .the loss ;in ten"sile st~e~gth~ if ~ny ;· ~e~ulting ~rom the 
10 . chemic~) softener compositions •.. · . . 

. Polyamide~epi·chlorohydrin. resins are cati~nic wet streng~h ·_resins whic_h 

. · have been .found ·to· be ·of ·particl:'lar·ut.ility._ Sui~able types of such "resins are 

. ·.described in U.S. Patent ~o. 3, ioo_,623,. is~ued ~n ··October 2".1-,· 1972, and 
. ·3, 772,Q76; issued . on November. 13, .1973, ·both. issued to Keim and botb - . . . . . . 

lS : being Jiereby incorporated by ·reference. One commercial source of a· usef.til 

- . ·polyamide-epic~lorohydrin resins ·is. Hercules, ·inc .. of ·wnmington·,: Delaware;. 

. · .-· which markets such re~in under the trade-niark Kymeme 00 557H. . . 

· ·· · . · Polyac~lamide resins have also· been found ·to ·be of.· u~ili~y · as wet 

strength res.ins.:, These resins ·are described in U.S.- Patent No.· 3,556,932, 
.· ·: . 20 · · iasued ·on Ja~-Uar~ 19,." 1971, :to Coscia, et al.-. .~nd · 3,556~933, issued on 

.January 1~, 1971, t~ Williafl'.ls.~~ al~, bo~h patents being incorporated herein. 
by . .r-eference. One .commercial sour·ce . of polyac.rylan-\ide resins is American · 

· .. ·: Cya·namid ·co. ~f Stanford, C~nnecticut,· ·which markets one such resin· under 

.. ·. 

. the: trade-mark Parez D 631 NC. · · · 

·2S . · .· Stjll. other water-soiuble ·cationic· resins finding· utilitY in this invention 

ate ure~ ·forrnald~hyde and meia~ine f~rmaldehyde ~esins. Th~ ·~ore· common 
functional group~·. of. these polyf~nctional .. resins . are ·nitrogen . containing 

. .groups -such as amino .groups and·· ·methylol groups -~:ttached to .nitrogen. 

· · Polyethylenimin~ type resins may also find uti,ity irf .the p~esent invention. · . 
. . 30 .. :B~ Temporary·w~t •trength binder m~teri.als .. _:".: ;. · 

. . . . The above-mentioned wet ~trength . additives . typically result . in. paper 
.. : . products "With ~ermanent wet. ~trength·, . i.e.~ paper. which when. placed in. an . 

· ·. aqueou~ ~~diuni ~etains a substantiai portion of :its ·initial" w"et strength over. 

time.· However,· .permane~t wet str~ngth !n .some· types of ~ap~r pr~ducts can. 

. 35 .. ·be an. un~ecess.a,Y a~d und~~i~able property: .Pape(· .. products ~uch as toil~t ··. · · 

. · tiss·ues, .etc".·, .. are g~lierally di~posed of. after brief p~r.i~ds .of use into .. s~ptic . · 

: ·.·systems. a·nd the iike. Clogging of .th.ese· · ~yst~~~ ."c~n result ·it ttie paper 
. . . . . .. . . . .· . . . . . ·. . . . . . . .. . . . 

------·-=---·-------

. .. . .~ 

. ' 
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product permanently. retains its hydroiysis:..resistant strength properties. More ' . 
. · . . · .: ·. :. ·. recently~ manufaCturers. have ·added temporary Wet str~ngth additi~es t~-- · 

paper products for which wet .strength is sufficient for the intended ~se, but . . 

. which then .decays_ upon soaki~·g in water. Dec~v of the wet ·.strength.· · 

.· s . facilitates flow of the paper product throug_h septic sy~tem~. · 
. Examples of suitable temporary wet· strength .. resins include. modified . . · ·.· 

· starch tempo~ary wet strength agents, s~ch as· N~tional St~rch ·. 18-ooao; · 
. · .. marketed by the National Starch and Chemic~! Corporation (New Y~rk, New·. 

York)~ This· type 'of wet. strength agent· can . "be made. by ·reacting 

.10 dlme.thoxy~thyf-N-methyl~chloroaceta~ide with. ~atic:mic .. starch .· pofy~~r.s: 
Modified starch. tempora~ wet strength. agents are also 'd~scribed· in U.S. Pat. 

No. 41.675,394~ So.larek, et al ., issued June 23, .-1987, and. incorporated 
herein by r~ference. Preferr~d te~porary ~et strength resins. i~c-lude :.tho~e . 

described in U.S. Pat. No. 4,981,557, Bjorkquist~ issued .January .1, 1991_, · 
-IS . and incorp~rated herein by reference • 

. . :·". · With respect to the classes and specific ~xamples of both. ·permanent 

· ~nd temp~rary wet ~trength resins listed above, it should. be understood that 

ttie resins listed are exemplary in n~ure and are n~t ~earit to n,:ntt the ·scope · 
. ··of this invention., . . . . 

: . 20 . .· . . Mixtures ~f compatible wet · stren_gth resins can .also be used irt ·the · 

· . · : · pract~ce of this invention~ 

. Dry strength binder materials . . . : 

: . The present invention contains as an ·option~( component from ~bout 
: 0.01 % to .. about .3.0%, pr~fe.rably from about· o.oi % to ·~bout 1_.Q% by· ·· 

· · 25. weight of a·dry stren9th binµer.materlal chosen from the following group.of· ... 

· m~:terials: · .polyacrylami~e (s~ch . as· combinations ·.-of Cypro 5 l 4 a~d .· · 
Accostrength i11 ·produced by American Cyanamid ·of Wayne, ·N.J.); starch ·, · · 

. : <s~cti · as:. R~dibond 5320. and · 2005) av~ilabte . from ·National . Sta·rch and .. 

. . :Chemical Co.mpany, ~ridgeWater, New Jersey;. polyv~nyl alcohol {sucf:l ~s ··.· ... 

· . 30 .. _Ai~ol 540 produced. by Air Products Inc of Alle.ntown_, ·PA); guar or locust 

·: .. ·bean gums~ ·and/or carboxymethyl cellulose (such as ·cMC from:Her~ule~. Inc .. 

·. of ·w1imlngton,:. DE). Preferably, th~ dry· strength binder materials are selected 

. · ··from the ·group con~_istil'.lg of carb~xymethyl cellulose resins,-·a~d ·unmodified. 
· :- . · · · · starch based r~sin~ .. and mixtures th~reof. The dry strength binder l"(laterials · · · .. 

. ' . . 35 . act to control li~ting and also· to offset the loss in. t~n.sile strength, . if any I ..... 

· · · ·resulting ·from the chemical softener c~~positions .. ·.. . . . · ·. · · · 
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. . . : . In general, suitable· starch for . practicing .the . present invention .. is 

:_ · ·characterized· ·by· wate·(· ··s~lubiiity: . and·:·· hydroph~li~~ty .. :exe~plary. · ~tarch 

materials .includ~ corn. starch .and potato· starch, a'beit it. is not intended ·to 

thereby ·t°h1~it the ·scope of suitabl~· starch materials; ·~nd. waxy ·Corn starch 

S .:. th~t· is ·k~own· industriaily as a~ioca· starch. is particu"t~rly ·preferred~ ·A.mioca 
. . 

starch differs from ~ommon ·.·corn· starch in th~t it .is · entirely · amytopectin, 

.·.whereas ·. corrimon. corn . starch contains bot~ ~mplqpecti~ and amylase. ·. . . 

. Various unique ;charaCt:eristics of · amioca starch. ··are·· further described in · 

.. · "Amioca·~ the Starch from waxy Corn", H. H.·schop~eyer, Food Industries, · 

10 . Dece~ber: 1945, ··PP~· ·106-108· (Vol. pp. 1476-1"478>. ·-The.' starch ·can be in 

.. · granular or dispersed form albeit: granular form . i~ ·p~eferred. The starch is 

. : preferably sufficient.ly .· coo.ked to·. induce . swelling of the gran~les.· ·More 

:·· . · :···.preferably, the starch· granules a·re ·swoilen, .as by ·cooking, to ~.·point. just 

. prior to dispersion. of the .starch granule. Su~h highly swollen starch gra~ui.es 
. . . 

.· 

· ls shall· be referre~ to: as being "fully coo!<ed" ~ T~~· ~onditions· :for· dispersion ~n 

general ca~ vary dependi'1g upon the size of the starch granules, ·the degree 

of cry~tallir:titv · of the granules, 'arid ttie amount ·of amylose ·present. Fuliy 
. . 

cooked ·an:aio~a starch,· for example, can be prepared .. by heating an aqueous 

. : sl~rrv of. ab~~t ·.4X consi$tency. of starch granules ·at about 190 ° F (~bout· 88 

:20 · °C) ·tor ·b~tween .abo.ut 30 and ·about 4o· minutes. Other ·exemplary· starch 

.. ·mater~ls . which may be .. used inclu~e . modif!ed ·cationic. starches . such·. ·as 

. those modified tQ have nitrogen containing groups· such as amino "groups and 

' .· methyloi .· groups attach~d . to· nitrogen, . available· ·from Nation~i· Starch and 

: ·Chem.i~al:·.Company,: .<Brid.gewat:er, N~w Jersev>-:. Such modified .. stare~ · 

2S materials are used primarily as a pulp "furnish· additive to increase wet and/or 

drY $trehgth. Considering· that . such mo.difted starch . materials are more 

expensive than .:1n.modltied starches~: the "latter havf/ generanv··.been preterr~d; . 

. . ·. · · "1e_th~ds df. ·applic.ation include> ·the same pre~iou~ly desc.i:ibed :~it.~ 

reference ta· application of other chemicar additiVE!$'. preferably by wet end 

... · 30 .:· additio~·. :s.praying; a~d,: le~s .PreferaQly, by printing. The. binder .material may 

. be applied.to .the tissue paper web alon~. simultaheously with,". prior to, or 

. subsequent·tcS·ttie ~dd.ition of the· chemical soft:e~ing comp~sitio!l •. At least ~ii .... 

·: . . 

: efte~tive amount· ot binder materials.· eithet permanent or .temi>~r~rv Mt · .. · 

. ·. .st~e.ngth .bfnde~s. ~nd/or' dry strength b.inders, preferably .a combina~ion. ~f ·a· ... . 

35· .. permane~f Wet strengih. resin such as .Kvmene• 557H :ancf a dry. stre.ngth .. . 

. ~~sin: such ·11s .¢MC. is applie~ .. to the ··s~eet, .·to .provi~~. lint .control al)d 

.. · · ·concomitan~ . streng~h :1ri~rease. upon drying relative. ·to ·a . non-binder treated 

· .. 
. ·· · ... 

... · . .. 
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but otherwise· identical. sheet. Preferably, between about 0.01 % . and ·about 
. . . . . . 

. . a·.0% ~f birider materials are retained in the dried sheet,. cal~ulated on a dr{ ! 

.· ·. · fiber weight basis; and, more preferably, between abol!t ~~ 1 % and· ··about . 

· 1.0% of bjnder ma~erials is ret~ir-~d: . 
. 5 · .. . ·. .· . . · .. · 

The second step in the process of this .invention. is· the depositing of 
. :t_he . ~ingle-lav.er~d . ·c,~ multi-layered ·paper making f~rnish . usi.n$1 the above 

. . · described chemical softener composition and binder materi~ls as additives ·o·n 

· -~ forainino~s surfac~ and the t~ird step is the ~emoving of the water -~r~m ·the ·. · 

10 .f~rnish so deposited. _Techniques and equipment ·which .can be used .-t~ ·. 

accomplish -t~ese two processing steps" wili. be. readily apparent to . those 

·skilled . in. the . paper making · art. Pre~erred rr.iulti-l~yered · tissue. pape( _: 

··embodiments ·of the . present invention contain from about o.O 1 % to about 

3.0%, .:nore pref~rably from about 0."1%.to<l_.0% .by.weight." .on .a dry· fiber· 
. . . . ; 

.1S . ·basis of the chemical softening composition and binder materials described· 

herein. The .. ·resuiting singl~-layerecr or multi~layered .. tissue w~bs can . be .. 
combined with one or. more other tissue web~ t.o .form ~ m~lti-ply tissu.~ •. · · · 

. The_ r:fresent invention is ~pplicable to tissue paper. in general~ ·including 

·· but ·not li~ited to conventionally· felt-pressed tissue paper: high bulk pattern 

··. 

20 . · densified· tissue paper: .. and high bulk, uncompacted tissue· paper. The.· tissue 

·paper products· made· therefrom· may be of· ·a single._layered or multi-layered 

-c:onsti'uCtion. · Tissue ·structures· =formed ·from layered ·.paper ~ebs ~-~~ 
.desc~ibed in ·u.s; Patent 3,994,77,, Morg~n,:·jr." et ~I. issued Novembe~·:3o, · ... 

1976, U.S.· .. Patent.NQ. 4:,300,9~1, Carstens, issued November :17, 1 .. 981~··: · .. 

· 25 · · U.S. Patent No. 4, 166,001, bunl"'!ing et al.,. issued August 2s; 1979, and . ·_. · · · · . 
· European ·Patent· P~biication No •. o 6_13 979 A1, Edwards -~t a1.;. pu~lis.hed · .-,· 

September 7, 1994,· all of which ·are incorp~rated herei~ by reference~ . · In 

g~neral~ a. w~t-laid composite, soft, bulky' and ·absorbent. paper struciµre.'.is 

prep_ared tf~m two or more layers of "turn.ish ~hich" ~re preferably -~omprised 
30. · . ~f -~·iffer.ent fiber type~. i:-he layers are prefer~bly formed fr~~ .the deposition 

. ·.of ~eparate streams. of dilUte fiber siurries, the fibe~s ,typic~lly being r~latively 
. .. : ... : .. ·. · ·i~ng s~ftwood _and .relatively shoit hardwood ".fibers -as t.is~d in ~u!ti-l~yered 

·tissue paper makin·g, upon one or more endless foramirious ·:screens.- .. tf the . 
. ·, . . . . . . ·.·."individual. layers ·are. initially f~rmed . on .. separate wires, the layer~· are 

~s· su~s~quently combined (while wet) to· form a layered composit~ ~eb.: .· Ttie .... · .· 

lave.red web . is subseq~ently caused to conform "to the surface . of an"- open 
. m.e~h dr~ing/impr~nti_ng fabric. by . the applicatio"n. ~f a ·_fluid . fo.rce t_o. the we_b 

.. 
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. and-thereafter.thermally predried on said fabric as part of a low density paper 

: · · ·. inak:in~· ·process. T~e . w~b may be s~ra~ified ."with respect to ·fiqer type or the · 

. ~ fiber content of the respe~tive. layers may. be esse11tially. the same. ·.The multi-

. layered tissue paper preferably has .a basis weight o~ b:etw~en ·10 .g/m2 and 

s .. about ·es· g/m2i anc:r· density of about"· a.so gic~3 ·or l~ss. Preterabiy, basis 

.. · : weight .wilt be. below about 35 g/m2 ~r less; and density ··will. be about 0.30 

.· g/cmS ·or les~·;· Mo.~t preferably, density will. be betwe~n 0.04 _g/cm3 and 
· · about q.20 g/cm3·. · · · · _· · . · · · ·· · · 

··.Jn ~ preferred embodiment ·Of this ·inyention, tissu.e Structures are 
..... :. 10. . formed" . from . mLdti-laye~ed . paper webs .·as' . desc~ibed '"in U.S. Patent 

.. ·. · · · 4,3o0~·981, c~·rstens, issued November" 11,.1.sai· and incorporated herein by 

· reference~ : .. ."Ac.cordinii to .. Ca.rstens,· such paper has . ~ high· de.gree of 
·: ·. subj~ctivetv perceivable ·softness by -virt~e Qf b~ing : .multi-iayere:d; having ~ . · · 

~op su~face layer comp~ising at"le~s~ about 60%-a.J'.ld preferable ~bout 85% ar 

. '. 

.. · 

-15 more· OT sh~ft ~ardwood "ti.hers; ·.having an" HT~ U-iuman Te~ture Response)~ 
'TeX!ure ot" ·the· top surlace· layer of about 1·.a or ies~,· ~nd more .. p~etera~ly 
about O. 7. or· less,' anc;t most preferably about 0.1 ·or .less: having an FFE (Free . . . . . . . . . . . . . . . 

·fiber Er:id)-lndex of the .top surface of about 60 or more, and preferably about 

. 90 or rriore. Th.~: pr~cess for mak.irig. ~uch ~aper includes ttie· step ·of" b~eaking 
20 : : sufficient "interfiber .bonds. between the short hardwood fibers defining its top 

. ·s~rface -to ~rovid.e. s~fficient free· end portions thereof to. achieve the required . 
. FFE~lndex of .the. t~p surface of· the tissue paper." Such . bond .. breaking . is. . . 

. . achie~ed by c:i..y crepi~g the tissue pap~r fr~m a creping surface to which the . 

. . . top "surfa~$ layer {short fiber layer} .. has b~en adh~sive secured, . and the : ' .. 
· : ··: : ·25 . ···· cr~~ing stt~uld be -~ffected --~t .. a · ~onsiste·n~v (dryne~s> .of .at. -least about ~9%· · 

· _. ·. and preterab1v· at least .about 95% con"sistencv·.· such· ·tissue· pap~r mav be . 

. made. thrpugh :the use ·of ·co~ventional felts, or foramiriolis carrier fabrics: 

·; · · .. · :·Such_··ti~su~ pa~~r· may be." but i~ -~Qt ·necessarily· of relatively_. high bulk 

. :. 

. ·· ·. · :: density. , . . ·. · · ... 

· .. 30. : .... : . .-·:The:· i~dividua1. r>ne~ contai:ne.d ·in .. ttie tissue pape·r· ·p~oduct5 · ot the 
· · pr~~ent invention. preferably co.mprise· ~~ :r~ast two ~uperp~sed .layers,. an . 

._ ·inri~r· layer al)d. ~n·· outer. lay~r ·~ontiguous w.ith. ·~he inner Jayer. The oute~. 
. -~Y~.rs preferably. comprise a·primary· filamentary co·nstituent of.about 60% or 

. . m~re . by ~~i~h~ _oi _i'.elatiyely ~hott ·paper making . f~·bers_ · h~v!r:19. a~ average .. 

35 fiber·l)etween about ·-0:2.:"1~ and about 1.5 .moi .. These short pap~r making .. 
. . . ... : ·_·'fibers ar~ ·_typically hardwood ·fib_ers, preferably, · e.ucaiyptus -fibers. 

·· ·:: · .. · : · Alte~~ativeiy~ ·_low c~st ·.s~~rces: of. sboit.:. fibers such·. ~s ,sulfite -fibers, 
. . . . ,_. . 

. .· . 
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·thermomechanical pu.lp,· Chemi-ThermoMechanical Pulp· <CTMP) .. fibers·, 

recycled. f~bers, a_nd mixtures ther~of can be· used· in the outet .- layers cir 
. bi~nded in the 111ner 'iay.er I i.f desired~ . Ttie· inner layer preferably co~prises a . . . . : . . . . . . . 
·primary filamentary _constituent of about 60% or more by ~eight of .relatively 

. 5 . ·~n~ pap~r maki~g fibers having a_n av~rag~ flber length ··~f least ab~ut ··2."<:) . : . : 
. . 

mm. These long paper making fibers are typically softwood 'fibers, preferably, ... 

· · .. · .~oithern softvy~od Kraft fibers. · 

·.· · . In a preferred- embodiment of the present invention, fac_ial tissue ·paper 

. ~roducts .are formed by placing at least two multi-layered "tissue paper webs 

10 _. in juxtaposed ·relation. For example, a two-laye_red, two~ply tissue ·paper ·. 

. . prod~ct· can be: made by Joining a first two-layered. tissue ~ape~ web and .a ·: . . . . . . 

secon~ two-layered tissue paper web in juxtaposed relation. ·1n this _exampl~. : 

each ply. is. a two-layer tissue· ~heet ~omprising an inner layer and :an outer .. 

l~yer. . The outer layer preferably. comprises the short ha.rdwood fibers a11d . 
lS ·the inner layer prefer~bly compris~s the ·1ong soft~oo~ fibers·. The two plies· · _ .. ·· 

are· combined in ·a manner such that the short hardwood fibers in the outer ._· · .. 

-layers of each ply face· outwardly, and the inner layers c~ntaining -~e long 

s~ft~ood fibers face inwa_rdly. In other words, the outer _layer of each· ply . · 

. for~s one exposed surface of the tissue and each of said inner layer of each 
20 ply are di~posed toward the interior of the facial tiss~e w~b .. ·· .. ·· 

.· ·. · . Figure 1 is ·a· schematic cross-sectional view. of a two-layered tw~P!v··: 

.fa~ial tissue in accordance with the present invention. Referring . t~. figure : 1, . 

the "twQ-:layered, 'tWo-. ply web 10, is comp~ised of. tw~ ·plies ·16 Jn : 

juxtaposed.relation. Each ply 15 is comprised of inner l~yer 19, and outer 

· 2S :layer· ·18. Oµter· layers 18 are cQmprise_d primarily o~ short pap~_r ·~akin·g · · 
"fibers ·11; where~s inner layers -,~ ·are ~omprised pr!marily of long pape~ 

mak_in_g fibers 17. . . ·.. . . · .. 
·: In ari ··alternate ·embodiment ·of the·. present invention, tissue paper 

prod~cts are f~rmed by placing three single-layered tissue_ ·paper webs ·"in 
30 . juxtaposed relation. In this example, each ply is a single-layered tissue· sheet 

:m~de· of softwood o~ hard"\l\'ood fibers. The out~~- plies prefer~bly· c0mp.i'ise · 

the short hard_wood · fiber~ and ·the !nner. ply ·.preferably compiises long · · : 

. -:·softWood fibers. The three· plies are combined in a m~nner .such that the··: 

35· 

.. short hardwood fibers face outwardly. Figure 2 is r;:i ·schematic cross-5ectionai · .". 
view of a. single-l~yered three-ply faciai ti~sue" in accordance with. th~ .p~es~nt .: . . .. 
inveJJtio~ •. : Referring·· to· "figure 2, ,h_e ·single-iayr:lred ·three-ply W~b" ·20, -i~ · .. · · : · · · 
-comprised ·of ··-three· plies In juxtaposed relation. Two outer· plies ·'i 1 ~re · 
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· .- ·. C011'.1Prise~' primarily of. sho~ paper .makil'!Q fjbe_rs · 16; wheieas inner·· ply 12 is· 
. compris~d _·primarily of long ·paper making fibers· 17 .. ·In a· variation. of thi_s 

. . .emb9din'.ier1t. (not sh~WnJ e~"ch of tWC>"" outer. plie~ qan 'be corripri~ed of two 
. . . superposed "!aye.rs~ .. ·.: . .·· ' . . . . . 

S . · ' : ·In an other alt~rnate preferred embodiment. of the present . inve~tion, 
. tissue paper products a·re. formed· by. combrnir:ig three· layers ·of :tissue we~s ' . 

. into a singl_~-~1v;_ In this·'exa_mple,_ a s~~gle-ply tissue· pape~_.product compr_ises 

a ·three..,layer tissue sheet made _of softwood and/or hardwood. ·.fibers.· The . . . . . . .· . . 

. . . outer layer~ p~eferably . cqrnprise ~he short hardwood fibers and . ttie inner .. 

:-10 . layer preferably comprises lo~g softwood fibers. The thre~' layers are. formed . . . . 

in a manner such tf'Jat the ·short hardwood fibers face· ~1,11:~ardly. Figure 3 is a 

schematic· cross-sectional view of . a singJe~ply. three..,l~yer toilet tissue in 

.ac~~rdance With th~ present ·in~ention~. Aeterri~g· io figure 3, ~he ·si_ngle-ply 

. three~layer ·-~b ·30, is comprised of three layers in -juxtaposed rei&tion. ·Two 

. . lS oute~ layers 18 a~ comprised .. primarily .of short pap~r· m~kl~g fibers. 16;. 

·.whereas in~er layer 19 is comprise~ primarily of-long p~p~r making fibers 17 .. 

· ..... · . I~. ~hould · nQt be inferred from· ttie a~o~e di~cussion . th~t · the ·present · 

. lnyen~ion is limited to tissue paper products comprising "three plies -- single 
_. · ~ayer or.~o-ply. --·.--two layers, sing~~:..ply -- th·r~e-layers·, etc •. All.tissue paper· 

. . ·,. . 20 : product~ layere"d or. homogenous, comprising an ester-functional "quaterna..Y" 

· ·:.·- .- . · · . ani~onlum -compound, a potvsnoxane · c~mpouod .and binder materials are 

. . .... xpre$sly- ~eant to-.be i~cluded ~i~hin the scope "of the pres~n"t .invention.. ·. 

·. Preferab.ly, ·the. majc;;rity ~f tne ester-functiona·I quate~na·r~ ~inmonium 
. . . . . . . . . 

. . .·.compound .and the· polysiloxane compound ..is contai_ned in at·teast one·of the 
: . : .. 25 . : . outer layers (or o~er plies. of a. th.ree-ply . single-la~·er product:) of the tissue . .. . 

. . . . paper product ot ~Ile pr~sent inventi~ti". Mote preferably, the rriajority·ot"the 

::ester-f~nctfon~I ~uaternary ammonium co~pound c;1n·d· . trie ·polysiloxane 

. ·.compound ··Is· contained in both of ·the <>uter layers ·(or. ·o~ter ·plies· of a three-

. _. ply. singfe.;Jay~i' product) •. It has been .discovered that .. ihe. chem~cal ~oft~ni.ng 
... 30. cQrilpo~ition is. most.effective when ad.dad to· the: outer ·iayers c;>r .plies.of· the 

. :·. 

·.· · . tissue paper ·r>ro<i~cts· .. 1-tiere, the :mixture ot ttie. q~aternarv compound and 

... p~lysiloxa.ne compo~nd_ act to ·_enhance the $ottness_ of. th~· ",nufti~p-ly. or multi- .. 

· layered. tissue pap~r produ~ts of t_he present invention·.· Refe~ring .to ·figures· 1, 

·2 and 3 the ester-functional· quaternary ammonium conjpo1,Jnd is represented 

35 . b~ .dark circles. 14 arid.the polysiloxane compound·is: ~epre.sented by "S!; .filled. 

circles 22. It can b~·:seen in figur~s 1, . 2 ·and. 3 that the majority of the ester-
. . . . . ,.. . .. · . . . . . . .. 

. · .. 

.. . · .. 
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· ·'. functional quaternary am~oni~m compoun~ 14 the poJysilox_ane· :compound 

22. are · ~Ol)~ained in outer layers 18 . and outer plies 11, respectively·;· . 

~ ~owever, it h~s .also been. dis~overed that the lin~ resistance of ·the · ' .·.· · 

. multilayered tissue paper products decreases with the inclusion ·of the .... ester- · 

·. ·s · .. funCtional ·quaternary amnionium compound and the ·polysiloxane "c9mpound •. 

. ·. . . "Therefore, binder materials are us~d· for Jin.ting control and to ~ncrea~e the .. 

. · . 'tensile strength. Preferably·, the binder materials are contained in the · inner . 

·.. . . . ·layer (or inne~ ply of a three-pJy product) and at least one of "the out~r lay~rs .· 

.. (or outer· plies of a three-ply single-layer product) of the tissue paper products· ·. 

:10 . of the. pre~sent: invention. More preferab.ly, the . m~joriiy of.. the . binder 

:materials ·~re .. ¢ontained in· the · · inner. layers ·(or .i~ner pfy of a -th~ee-ply ·: 

product) of. tt:le .ti.ssue paper product·. Referring to . figures .1, 2 an~ ~ .th~ . · 
. . . . . . . 

. . 

permanent and/or temporary wet strength binder materials are schematically · 

repre~~nted by white circles 13, tt~e d~y· strength · b~nder materials ·are .. ·: .. 

15 · schematicaily represented by cross-filled circ1e·s 21. It. can be seen in figures :·· 

. 1, 2 and ·3 t~at" the majority of ~he binder. materiais .,3 and 2"1 are oontain~d 

-in both of the Inner layers 19 and inner ply 12, respectively.· .. · .. · 

.. : · . ·:The cotn.blnation of the chemical softening composition.· comp.rising· ·~n 

ester-functional quaternary ammonium · compound and: a : polysiloxane 

·. 20 . : conJpo_ulid _In_ con]u.nction w~th · binder tnate~ials results in a ·tissu.e paper· · · · .. 

· product tiaving superior· softness and lint resistant· properties." · Selectively . : · 

: . .a~ding the ~ajoritv of the chemical softening composition to "-the. o.uter ··layers. . 

· ·or:plies of the tissue paper,_ ~iihances its effectiveness. Typically the ~in~er . · 

·. · ... rriater1a1s· ·ere .disp.ersed throughout the tissue sheet to.: ~ontrol : u·nti~g. 

25·. <However, like the -che~i~al softening composition, the binder m~ter~~~~-.c.ali ·· 

. be selectively added where mo.st needed· .. 

· · · . .Conventionally: pressed multi-iayered . tissue paper and .. meth.ods for 

·. . . making such .paper are known in. ·the art. Such· paper is· tYpicaHy ·made ·by · · 

· ·.depositing ·paper making f~rnjsh on a forami!'lOUS forming wire·. This .forming 

lO. wire is often--referred to in the .art ·as ·a Fourdr.inier ·~ire •. Onc~·the ·furnish· i~ 

·.deposited on the forming. wire, :it is r~ferred. to. as a ~eb. ·The ~~b ·is 

. :de~atered ·-~.,.. transferr_in·g· to a dewatering felt, pre~si~g the .web .~nd dr~i-~g 

·. . .· : ·at elevated temperature. The particular techniques .and typical ~quipment 'for . ·. 

. . . . :. · · · making w~bs .according to the process just ·described are wen· .known ·to. th.ose '. 

•, · · · ·35 . skilled· in .the art.· In a typical. pr~cess, a· low c;onsi~tency pulp .. :furn~~h ·is . 

'. ·: ·prov:icied in· a. pressurized t.eadbox~ The head box has an opening for ~e1iverin9 ... 

·a thin. ·dep~sit of pulp fur~ish onto the Fourdrinier. wire tti form ~· wet ... web. 

. . .. · . . . . . . . . ... 
· . 

. . . · 
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. . Ttie web is then _typi"cally. dewatered to a fiber consistency of bet.ween -about 

· · .. : · 7% .~nd abo~t, 2?. % . (totat· web we_ight basis~. -by·· va~uu~ ·d~w~teri.ng a~d 

.· .·. - .. :· .· further dewatered .bv pressing operations wt_ie'r~in_ th.e web. is subjected to 

· .· · ... pressure : deyeloped .by ·opposing : mechanical ~embers, · for . ~xample, 

5 . cylh;idrical ·rolls.·· . : .. · · · . . . ·. . · .. ·· .. 

. ·. ·The·_c:iewatere~ vveb is then furthe·r p~essed. ~uring. tran~fer ·~nd is ~~ied 

by·· a· ~re·am .drum appa~tus· known in the a.rt as· a. Yankee -dryer.· Pressure · 

_:·can .be _devel~ped ···at· .the Yan.kee· ·dryer. by mechanical means ·such a·s an : 

opposing· ~lindrical ·drum pressing against· t~e ·~~b~ ·Vacuum may .also be 

· 10 · appl~r;!d . t~ , the . w'eb · ·as · it ·is :press~d against· ·the . Yankee s~rface_.": Multiple 

· Y11:nkee ·dryer drums niay be employed,·· .. wher~by .·additional pressing. is. 

". optionally ·incurred.· between. the· d.rums. The . _multi-layered tissue paper· 
. . .·. . . . . 

· -structu·res which ·are formed are· referred ·to hereinafter as · conventionah 

. ···pre~s~d,·· m~1ti-1aye·r~d ·tissue p_aper· structures: Su.ch sheets are ~orisidered ·tQ 

15 .be ·c~mpac~e~ since the 'entire··web' i~ subjected to ~ubsta.ntiaJ' mechanic~! . 

compre~sion forces while the fibers are moist and' are then dried while' in a. 
. . . . . . . . . .. ·. 

compressed state." · . .. . . 

·. -:Pattern densified tissue paper is cha.racteriZ:ed. ·by· :having a :relatively 

· high bulk field of relative·ly low fiber· density and an array of den.sified zones 

20 · of· · relatively high "flb~r .. density •. · Th~ . high bulk .. field is · altern'atively 

·~haracterized as a fie'd of pillow regions: T~e densified z·anes are ~lternatively 

referred to as. k~uck:t~ regions. The ciensified zones may· t:>e discrete iv: spa~ect . 

Within· the' high bulk field or may be interco~nected, -either fuliy o~ partially, 

.· ·. ·~it_hin the·. high bu.lk··fi~id. Preferred process~s for maki~g p~ttern ·densified. 

25 tissue .webs are disclos~d. in U.S ... Patent No. '3,301, 746;. issued to. Sanford . 

. ·".an~· $iss~-~ o~ ja.nuary 31, 1967,"U.s·~.Patent No.-·:3,974,025, issued tQ·Peter 

... G.· .Ayers on ·August 10, 1976, aod .Ll;S. Patent No.· 4~ 191,609,' .issu~d to 

:_::::_. Pauf o. T~okha:n on JVla.rch 4,: 1980, and U."S; Patent·.No ... 4,e37,859;· issued. 

to. Paul D.: Trokhan on January· 2o~ 1987, U.S .. Patent 4,942,077 issued to 

·::.. 30 ..:-Wendt ac al .. on. July.17, ·199·0.· Eur~p~an"~atent.Pu~licatlon No. Q·617 164 .· 

.. . . A1, ·Hyland ·.et al.,. -published· September· 28,· .'1994 •. Europea1,1· Patent 

Publication No:. ~ 616 074 ·A·( HerrT!ans. ~t ai ..• ·· .published '$epteniber 21,· 

. 1994; ·.an ot which are incorpo.rated herein by. reference. · 

· ... · ~n · gener:al, .-pattern densifi~d ·webs . are.·· preferably prepared by 

. . . . . . 3s depositing a" paper. making fl!rnish' o~ . a f~raminous for~ing w!re s~ch as a . . . 

· . · .. Fourdr"inie~" wi~e t~ ·.tOrm a wet. web· and· then: juxtaposi.ng .~he web against an 

:: array pf ~up.po~'.-.ihe web i_s pressed again~t the "array .of ~u.pports, ther~by 

.. 
. . 
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: · . · resuJting .in densified zones in the web at · the locations geographically 

_ : -_ corresponding to the points of -contact between the-·array of -supports aJ'.ld th~ 

_ - wet web. The remainder of the web .not compressed during thi~ operation· is 

·_ re_ferred to :as the high · bulk ·field._ This· high bulk ··field ·can - b~ t~~her ,_ ·. 

. ·=-s dedensified by application _of fluid 'pressure, such-- a"s with a vacuu·m" tYi>e: ·-: 

:·device- or a blow.;through dryer .. The web· is de~atered, and· optionat_ly · 

. - predried, In -such a: manner so as to substantially avoid conipr~ssloh of -the 

· ---_ :h.igh b_~lk field._ This is pre~ra_bly· accomplished by fluid- pressu~~;_ .sl_lch_ as. 

·with· a vacuum· tvP~_. .device or blow-through dryer_, o_r ·alternately by-· · 

_10. - mechanically _pressing the. web against an array of supports wherein t!ie :high· -

_- · . bulk -_-field is · not . co~pressed. The operations of -dewateri~g·, optional 

. . . 
~ 

predrying and formation of the densified zones· ·may be integrated -or partially 

integrated to · r~durie - the ~otal ·number · of- proc~ssing steps perform~d~ -. _ 

Subsequent to formation of th~ den~ified zones·, dewateri_ng, .- ~n~ optional _ 

15 . .predrying,· tile" web is dried to cornpletion, preferably still a_voiding mechanical : . 

- ·pressing. Pre~e~ably, from about a·~ to about- 55% of ~he mtitti-fayered· ti~su'!t .. · · 

paper surface comprises densified knuckle~ having a relative densi~y of ·at . : 

· least 125%-of the density of the high bulk field .. 

· the array of supports is pre~erably an imprint~ng ·carrier fabric having .a :- , 

·20 patterned displacement of knuckles which. operate as. "the array of . supp~>rts 

which. f~cilitate the forinati~n 'of the densified zon~s u·p~n appiication ·.pf __ ·_ : 

_ pressur~. T~e pattern of ·knuckles constit1,1tes the arr:ay Qf supports previously _ 

·. · -_ referred-_ to.· _lmprint~ng .ca-rrier fabrics are disclosed-. -in ·U.S.· :P~tt!n~ -~o. -

_ 3,301,746, Sanford and Sisson·, issued January 31, 1967, U.S. ·Patent No. -

.. ~ . --3,821,oss; Salv~cci, Jr. ~t. al' ., is~ued May. 21, . ·f974, .U.S._ Patent No.:: 

_ .-- 3,974,025, Ayers, issued -August 1(>, ·1976, "s.,j;s-~ ·Patent· No.- 3,573,164~ -.- · 

_Friedb~rg ei al .~ issued- March_,-30, 1971, l).S~ Pat~nt- No. - 3,473~576, .: . 

--_Amneus, . issued o~ober 21, 1sas~ u.s. Patent" N_o.-- 4,23s~065, · Tr~khan, -

·. i$sued December-16, 1980, and U.S. Patent No. 4,528,239, Trokhan,- issued ·, 

-_·30 .Juiv 9, 1e8s,· a1i .ot ~hict1 are i~corporai:ed her~in t>v reteren_~e. -:. - -· ._ < -: 
.-._ -Preferably, the furnish is. first formed into a wet -web on a fora·min~us · _·_ · 

.fo-rming carrier, such ·as a Fo·urdrinier -wire. The ~~b is d_e~tered .and .- : · - · -

tra-nsferred ·lO an .-imprinting fabric. The .furnish ma·y alternately· be :initi~lly . · .. . 

depo~it~d. on __ a: fora~inous supporting carrier whicti also" c,-pera.te.s :as ·a~- ... . 

- 3s. · ·-imprinting· fabric. Once f~rmed, the wet ~~b is d~watered ·and, ·pr~ferably~ - - -· __ 

therma!iY pre~ried to. ~ selected .tiber consistency of between ·about 4o%- and 

about· · ~0%. Dewateri~g · can ·be performed with . $Uctlon ··.boxes -. o_r .. other 

.. 
. . ·. 

. . .. ·. ·. .: ~ 

. . . 
. ·-
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.... . ' . . .. ·. vacuum devices ~r with bfow-thro~gh. dryers .. the km.~ckle i~print of ·the 

. . . imprinting ·fabric is. impressed :in the web as. discussed above, prior to drying. 

·· the· ·w~b .·to. coinpletio~.·· ·One .itiethod ·for accorf!plishing ··ttiis is through 

. ·: appli~ation· ~f ~~~hanicat pressure. Th.is :.can· ·be. do~e~· for· example, - by · 
s .. pressing a. nip r~ll :whic~ ~upports _the imprir:itin.g fabric .. agai.nst the face of a 
... ·drying" drum, ·such as a".vankee dryer, wherein the web is disposed between 

· . the .nip ~oil and etr\ling drum • .Atso, ·preferably;· the ·.web ·is. ~~tded against the·. . . 

·· ·:.: .. imprinting fabric. i>rlor to completion of. dry.ing. by .·appiicati~n of fluid pressure · 

. '-: ·. ·. · .. ·.with a·vacuu~ device such as a. suction bo~. or with ·a blow-through dryer. 

· . ·.. 10 .· . Fluid .pressure· may be. a·pplleci to ·induce :impression ~f densified ·z~nes during · 

· · · ... initi~I dewatering~ in. a ·.separate,- subseq~ent p·roces.s ~tage, o.r a combination 
. : ·: . .. 

· ... ··:··thereof. : : · . .. ·· 

Uncompacteci, · nonpattern~densified multi-layered . · tissue paper 

··structures are described in u~s.· Pat~nt ·No .• ..:3,812,ooo ·iss~ed.·to Joseph L.. 
15 ·Salvucci, .Jr. ·and P~ter N·. ·Yiannos on. Mav 21, 1974 ~nd·u.s .. Patent No .. · 

4~208,459, ·issued . to Henry E. · Becker; Albert L. ·McConnell, and Richard 
·= ,.·~chutte on.. June 11~· · 19so, ·both of. whi~h are incorp·orated herein by 
, · reference~. In_. general, uncompacted, ··non pattern ·de~sified. mt,iiti-layered 

. . . .: . ·tiss~e paper s~iuct~~es are. _pr~pa~e~· by. depos~ting .. a paper. making furnish on 

. . . 20. a foran:linous forming "Vire ·such. a~ ~ :Fourdrinier wire to form a wet w~b·, 
: · . : draining t.he ·web anc{ removfng add.itional . ~a~~r .·without · mechanic~I 

. . compression until. the: web has. a fiber consistency: .. ~f at . least . 80%, . and . 

·creping the web. water· is· removed trom the. web by vacuu·m dewatering and 

.· .·ther":lal drying. The res~lting st~uct~re i~ -~ soft: but weak high: bulk .sheet of 

:..... . 2S . .. r~l~tively un~ompacted: fib~rs. ·. Bonding materfal . i~ . preferably applied .to 
· .... · ·.. · .. porti.ons.of t~Et"web prtor"to ~re.pi1_1g· •. ·: · ... · · . . · · 

, . ·. The . tiss~~ : pa~r . p~oduct .. of this·.: in.vention can _be us.~d · .. i~. : any. 

application ."where· .sofi, absorbent ·tissue· paper : pr~ducis ··~re .required. 

Particularly· advantageo~s ·uses·· of the tissue paper pr~duct of this in~enti~n 
·. _ 30 are in toilet tissue .and facial tissue produ9ts. : · ·· · ·; · . ·· .·.· · · · ·: · . ' 

. Th~ · fi~st $tep · in·. the . proc.es~ ~f · thi~ inven~i.~n. ·i~ th.~ formi~g' of ~n · ·. · 
· · 2'.'queous. paper· making· n.iri:iish. T~e· ~u·r~i.sh · ~oin~ri.ses paper ma.king fibers· 

.: (hereinafter·· someti~es referred to as .w~od pulp).; and .a mi.xture .of .at least 

... : ·:"one. est~~-functioriai quate~oarv ~mmonium "compo.und, :and bi.nder material~, . 
. . ··:· .. · :35 either. p~rmanent or temporary" wet strength bind~rs, a;.;d/~r optionally ·dr:y 

..... ~tr~ngth ·.~hiders' ·and a·:· wetting ·agent,· .all. o~ which .. will. ·b~ . hereinafter 

. :. · · · ·., descrlbed .. ·.The second step ·in the· ·process· of ·this inv~nt~o~ is spraying a 
. .• ;· . . . . . . : . ·. . . ... . . .·· . 

·. ·.· .: 
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solution of. a· ptilysiloxane comp"ound· and a surfactant on -at least orie surface 

oi the drlti~s~e w~b after creping; . · . 

Figure 4 is a schematic .. representation illustrating preferred 

s·: . 'embodiments of. the paperma~ing process of the .. present invent!on. for .... 

· pr~ducing ·a s·oft creped tissue· paper. These preferred embodiments ·~re .. · . · 
· ··des~ribed i~ -the following di~cussion, wherein ·r~ference is made to ~ig~re· 4_. · · 

. .. . . . 

. · . Figure 4 is a side ~levational view of a preferred paperm~king machine · ' 

80 for m~nu.fa~uring paper accordin~ to the .pre~ent inven~ion~. ~eferring_ "to .. 

figure 4, · papermaking. machine 80 comp·rises a layered headbox 81 having a 

top chamber 8.2 a center chamher 82b, a·nd . ·a bottom .chamber. ~3, ~· slic~ . 

. · roof 84~ and a F9Urdrinier wire :a5 which is looped over and about breast roll 
. . 

· 86, deflector 90, vacuum suction boxes 91, couch ·roll 92,_ and a ·_pluraritY cit .. 
turning· rc;>lls 9':1.. In operation, one paperm~lking furnish is pumped ·through . 

IS · . top ·chamber 82 a second papermaking furnish is _pumped ·through' center ·. · 

chamber ea,·· while ·a third furnish is. pumped "through bottom .chamber 83 . : 
. .· . ~ . 

and thence .out of the slice roof 84 in over and· under ielation onto Fourd.rinier · · . 

wire 8~ .to 'form thereon ~ri embr\t,onic web. 88 .comprising. layers SBa, and 
. . . . . . . . . 

88b; ·and 88c. OeWatering occurs through the Fourdrini~r wire· ·85 and . is 
. :·20 .. assisted by deflector 90 and V$cuum box.es 91.·: ··As the· Fourdrinie.r wire ·_-·. 

. ... : . m~kes its return ~un in the. direCtion shown. by the arrow, showers sis clean ·it ·. · 

. . prior to its commerici~g-_ anothe.r. pass over breast r~ll·. 86: . At web ·transfe~: ·· 
·.zone 93, the . embrycfolc .web· 88 is ·transferred to a foraminous carrier fabric · . 

96 by the. action of vacuu~. tran~fer box ·97.. · C~~rier -fabric 96 ·~arries. th~ 
.. 25 .. web from the transfer .zone 93 past vacuum dewatering b_ox . 98, through" 

· ·. . · blow-throtigh predryers 100 a~d past two turning rolls 101 after which the 
· :· web is transferred to a Yankee dry~r 108 ·by the action· .of .pressure roll 102. · · . :·. 

The carrier. fBb.ri~ 96 .is then cleaned and. dewate.red . as it" complete~ it~ loop . ._ . 

·: by ·p~s~i~g ov~r -~nd around additional turning rc:>ils. 101_,:.·sh~wer~ _1Q3, ~-nd. ·.·. 
· · · 30 : -vacuum· dewatering box 105. The predried paper web is adhesively secured· : 

.... t~·the cylindrica.l·s~rface ·of Y~nkee dryer 108 ·aided-by adh~sive·applled .. by: · .. _·: · · .· 

· · · sp~y applicatqr 109. ·,Drying is compl~~ed on· the steam heate~ Yal'.lk~ .dryer : . · · .. 

, · · ·._··108 and .. by hot air which ·is he~ed-.and .circ.ulated. ·through .d,Ying· ho~d ·1 io ·' 
. . . .. by ·means ·not .. shown. ·The .. web. is then· dry ~reped from ·ih~· Yankee· di:Y-~r · · = 

· =35 · . 108 by. d~ctor .blade 111 aft~r w~ich ·it. is designated: p~per. sheet 7o · . 
. c9mprising. a ·vankee~side layer .71 ~center layer 73, anci an ~ff~Yan1<ee:side ·. · .. 

. . . . . . . . . : . : . . .. : 

. : . .. 

... ·:·. 

·' 
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. :·_layer 75. . Paper sh~e~ 70 then passes _bet~ee~ calendar roll~ .112 .arid 113, 

· ... about- 'a circumfere·ntial ·portion a·f reel -115, ·and thence. is wound into ·a. roU · · 

. . -~ · ., 16 on a.core 117 di~posed on sh~tt-1 'is: · ·· ·· · 

. •. 

· · !he polysiloxane compound . is· applied to . paper sheet ·-~o. In the 

. ··. · .. · s · :·embodiment· illustrated in figure . 4, a~ agueous· mixture· .. contai~ing · an 

.. :· . er:'1ulsified polysiioxane compQund. is sprayed ontQ . paper sheet 70. through" 

·· · spray.·applicators 124 -~,;ci· 125, ·depending· o~ ·wtiether··the polysiloxane is to 

·. . b~ ·applied .to ·both sides of ·the tissue web. or just .to one side. : Although 

. .. . . figure' 4 shows the polysiloxane compound. spray~d _()nto the c~l~ndar roils, 

·. . . · 10 . the polysiloxane compound could also be added. to "dry :p~per sheet 10 after 

. . the cal~dar rolls ··112 and .113. . . 

. . Still refe;ring t~ figure 4, the .gene~is of Yankee-side layer l1 of pape1 

' ·.. . sheet 70 is the· furnish POrT'!ped through ·bottom · cham~er 83 of ··headbox .81, 

: and which. furnish is appiled dlrectly_to··the. Fourd~ini~r wi~e-_85. whereupon .it 

15 . ',·becomes tayer 88~· of embryonic· web as·~ The genesis of the. center layer 73 

· ·. · ·:·Of pap~r sheet.70: is the furnish (i~liver~d through'cha~b~r 82b. of headbox . 

. 81,. and. which furnish forms layer. 88b on _top of laye(88c. . rhe . genesis . of 

· · · the· off~Yankee-side iayer ·75. of paper sheet 70 .is ·the furnish ·delivered 

, · · : . through· top· chamber· .. 82 of. head box ·a 1", a~d which . furnish forms ·layer saa .. 

. , . 20 .· . on "top" ·of layer ··ssb .. of:" embryonic ~eb· SS. ···Althpugh "figure· 4 s.hows . 

: ·. · · ... __ papermachine 80 h_aving headb_ox s~ _adapted to··· ~ak~ a ·th.ie~~laye.r ·web, 

··· : .:-headb~x .81 may alternatively be adapte.d to make unlayered, two layer or 

. ~t~er ~ultt-l~yered Webs." · · · · · · : · · · · · · · · 

. . .· :· . ·:Further, with re$p·e~ to ~eking. pa~er sheet 7o embodyiri~ the:··r)r~sent : . 
. ·: ' ... 25 .. ·invention Oil papermaking machine SQ,. figure 4·,. the. Fou·rdrinier wl~e SS m~~t 

·. . ·be of .a fine mesh having relatively _:srriai1 s"pans· W.ith ·respect ~o t~e avera_ge ·. 

: .length~ . of th~ . fibe~s . -constit~ting . the. ·sn~rt fiQ~r furnish . so : that good 

. . . . formation will o~ct.ir; ··and the fora~inous c~·rrier .fabric 96 'should tiave a fine 

. ·., .. . :·mesh . having relatively . small ~pening ·spans" with ·_·r~spect t~ ~li.e. ave~a-ge. 

30 : : lengths of 'the 'fibers ~onstitutiog the io"ng fiber·.· furnish . to s~bstantially 

.... · ... · .. ·obviat~ . b·ui1<.ing th~- -fabric side of the enit>rvonic. ~eb: int~ .. thit" inter:- .. _·.: 

. . : : .. . . . . filame"ntar.f spaces of : tne fabr.ic ·. 96~. . Also I with re~pect to the . proce~s 

... : . . . ·: ... co~d-itions. "for: -m~ki~g exemplary paper :sheet 7~. t~e. paper. w8.b is preferabiy 

. . . . . ~ . . . . . - . . . . :_ -- . . . -

.. . 
'· 

= 
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dried to ~bout ·ao% fiber consistency, and· more preferably to about 95 % · 

fib.er cor:islstency_prlor to creping •. 

Analytical and Testing;i Procedure~ 

".:: ·-Analys~s of· the ~mounts of treatment_ che_micals he~ein :retained ·on : 

. tissue .paper . webs can be performed by" any method "accepted. in .. the .. :· 

.applicable· art~ For example, ·the levei of the ester.:.functional quaternary: . 

. ammonium.:. c~mpounds, . such .. as di-~ster di(oleyl)dirraethyl . ammonh.1rrl° . ·.· :· ·. · ..... ·:· 

10 . chlo~ide, di-~ster di(tallow)dimethyl .. a~monium chlorJde ·. _retained by .the . .· 

tiss_ue paper _can b~ determined by solvent extraction of the ·es.~~r~fun~tional · 

. quaternary "ammonium compound by an organic solvent .such· .as dichloro 

-~eth~ne "followed. by. ~n anioniclcatio.nic tit~ation u"sing "Dimidium B~omidi! .. 

Disu.lphine Blue ~ixed. indicator; ·pro~uct ·#. 1siss available from· ~~lla~d- ·· · 

15 Schlesinger Industries of Carle Place, NY. The level. ·of poly~iloxane compound· 

.. can :be· det~rmined by solvent" extraction of the oii compou~d ~ith .. an organic 

sol~en~ followed by· atomic·. absorption spect~oscopy to d.etermine ·the l~vel of . 

. oil compound in the· extract. Similarily, the level of the _poiyhydroxy .·. 

compound . retained by the . tissue paper ·.can be · determined by soivent · · 

. 20 . · ex,traction of the poly.hydroxy ~ompound with . a : solvent.. . In . some · cases, · 

. additional" procedures may "be. n~cessary .to remove interfering comp_ou~ds .: 

. ·fro~ the polyhydroxy species of .interest .. For· instance, .the· Weibull solve_nt . 

· .. · .. : extractio~ .method _employs ·a bri!'e , solution t~ isolate poly~thylene g~yc~ls 

· from nonionic surtactants· (Longm~n, G.F., The Analysis of Detergents _and· 

·25 Detergent Product1' _Wiley lnterscien·ce,. ·Ne~ York, 197!), p: · .312)·. · ·The-·. 

pqlyhydroxy. species .. could then ... be . analyzed by . spectroscopic. "or 

. · .. chrol'.Tlatographic techniques. For. exam.pie, compounds ·with at least six·_ 

ethylene .. oxide . units can typically" b~ .analyzed . spe.ctroscopically · . ."by the . 

·. As:n~o~iom . cobaltothiocyanate . method (Longman, G.F ~··'···The: Analysis : of .. 

.30 ·.Detergents and ·oiterqeot Products. Wiley lnterscience, New YQrk, ·1975, p. 

34S) •. Gas chromatography techniques can· a·1so be used . to" ·sepa·r~te a:nd .: . . 

. : : .. a~alyze p~lyhyd roxy type .. compounds· .... ··Graphitized .· poly(.2, 6-diphenyl~p- · 

· . ·. phenylene ~xide) ga~ chromatography · colum!ls. liave. been ·use~ to s~parate. 

' .. ·.· .. ·.poly~thylen~ glycols with. "the number of ~thylerie oxide units ~anging fro"m 3 .. ·:. 

35 to .9 ·(AllteciJ chro~·atography catalog, number 300, -~· 1_58).' -:. · 
. . . . 

. . . 

· .. ·· .. 

. . . . 
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. . · .. The. level· of non.ionic surtacta.nts, .such: as alkyl":glycosides, can .. be : · 
:_. . d~termined. "'by_ chromatographic ... t~chniques .. Br~ns. report~d. a .·High 

.... Perforn:.an~e "Liquid chrom~tography method with light scattering detection· . 
. . . . . . 

for the an~lysis of a"lkyl glycosid~s lBr~ns, ·A., ~aldho~, H.,:·.Winkle, w., 
S. Chm.roatographia, vol.· 27, · 1989, p •. 34Q}. A :super~ritical. Fluid. · 

Chr~rriatography (SFC) technique was also. described in the analysis of alkyl 
glycosides. aod. r~l~ted· spe~ies -<Lafosse, M., ·Roll.in, -P.,· Elfakir, .c·~.- M9rin; 

. . . 
Allory, L:, Martens, M., Dreux, M~·, Journal of chromatography, vol. 505, 
1990, p. · ·_.,_ 91l. T~e level o~ ·anionic · surfact~nt~, - .such . as. ·linear aikyl 

.·. 10 · S!.Jlfonates, ... can be determined by ·water extraction-_ ·1011owed by ~ltration of the 
an~oriic surt~_ctant in th~·. ext~ct~, . In s_ome .cases,"· i~~l~ti~n· of :the linear alkVl .. 

sulfonate from interfereryces ·may be. riecessary ·before· the· two phase· titration 

. ,. _analysis. _(Cross~ .J., Anionic Surfactants·- Chemicai".Analysis;··o~kker; New 
· · York~ ·.1977~- · p. 1~, _p. 222)~ The ·fevel of stare~ can be. determined· bv · · .· 

is amyl~s~ "digestion· of the starch to 'gtuco~e follow~d "by colorl",netrv "analysis to 

det~rmine. g~ucose "level.. For t~is. ~tarch_ analysis,. backgrOU!"d analyses ·91" the 

paper ·not "containing. ·the . starch· . must . be run. to subtract . out p()ssible 

contributions ·made· by interfering background species. These methods ·are 

· exEimplary, -~nd ar~· not 'meant to exclude other methods which· m~y be ·useful 

. . . 20 tOr: determiryi~g level~ of particular "c:~~ponents ·reta~ned by the ti~sue· .pa~er. 

A~ Panei Softness 

. . . . 
· .. .-Ideally, prior to soft".'~ss testing~ the paper samples to ~e test~d should 

·25 . be conditioned .according· to Tappi_ Method #T402QM.,sa·. Here, ~amples··are 
. . .. ·. preconditioned ·for 24 hours.· at a relative humidity level of 1 O :to: 35 %. · and · 

. _· ·.:Within a te~perature ~ange of 22 to. 40 °c.- After this prec0nditioning step, 
· .. :. ' .. ·· ~~~flies sh~~ld be. «:onditio~ed for ·24 hours at a. relative h_uRtidi~y of 48 to 

·_. 52% a~~ ·~ithin a·temperature r~nge·o~ 22 to 2~ °C • 

: .... 
..... 

. ·, . .· · ·Ideally; the so.ftness panel testil')g shriul.d take ·place within the confines 

.of .a con.stant temperature· and· humidity room. If .. ~his is. npt feasi_ble, all 

_.. --· · ~~'!'~l~s,· including ·the cont~ois·; sho~I~ experience identical._ .environmental. : 

: .· ... · e~pos·ure cori~ltions ... : . ; 

35 · ... · . 
· .. . .Soft~ess t&sting is ~e~for~ed as a pair~d .-~~mparison in a form si~ilar 

.·to-. that. described .. in ."Manual _o~ S~nso·,Y Testin·q Methods~, .ASTIVf Special 

:·· .. 
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·. T~chnical . Publipation . 434, published by the American · Society For· Testing . ·· 

. ·and· Malerlais 1968 and is incorporated herein by reference." ·. Soft~ess is . 

. . . . . .evaiuated. by. ·subJective testing .using what ·is : referred .to . as.: a· · Pair~d : 

. :···Difference Test. The method· employs a stand·a~d external to the test m~terlal · 

. 5 itself. F~r tactile perceived softness two samples are presented_ sue~ that t~~ 

subject cannot see the samples, and the subject is req"uired "tQ choose one of 

. ·.· ._.them o~ th~ pasis. of. tactile s~ftne~s. . The r~sult of the t~st j~· repo~ed i_n : 

·_what is referred to ~s Panel Score .Unit -CPSU). With r~spect ·to softness ... , 

: . testi~g tcr obtain the s~ftness ·data reported herein· in : PSU, a nutnber ~f 

. 10 .softness. panel tests are performed. In ea(ih test ten practiced· softness · ·; · 

. . .. Judge~ are" asked to rate the· relative softness of th~ee sets of pai~ed samples .... · . . . . . . ·. 

.is .. 

. 
. 

The p~irs of samples ~re judged orie pair at a time ~Y each judge: o~e sa~pie · 

of each :pair being designated X and the other Y. :. Briefly, each X sample· is 

graded against its paired Y sample as follows: . · . ~ 

. 
. 

. 1. a grade of plus one Is given If X is judged to may be a littl.e softer . 

. . ·tha~ y~ and a ·.grade of min~s one is given if .y is judged to may . be a . . . . . . ·. 

·-little $Ofter than~; . 
.. , 

.. 2 .. a ·grade ·of plu~ two _ls given if- X is judged to surely. be a little 

. . . . softer than v ~ and a grade· of ~inus two is giv~n if y is judged to . . . 

· 20. · · · surely. be a· Jittle softer than X; : . 

. ~~ ~ ·Qrad~ qt plus three I~ .given to X if it is judged to b~ ·a .lot softer 

than· . . . 

: . · ·. Y, aild_ a grade of minus three is· given if Yi~ judged to· be a lot. softer 

. . · · than X; and, lastly: .. 

2S · · · ·4. a grade of plus ·four i~ given to X if .i:t is judged·_fo be a ~oie lot ' ... · · 

.·· sotter · : 

.. .than· Y, ·and _a grade of minus 4 is given if Y .is judged to be a ~hole 
. . 

. . 

~- ·iot 
• .• '! 

softer than x;. 

· .. Th~ grad~s ~·re· averaged arid· the resultant value is in :u~it~ of. -PSU~­

. . · . ·_·. · · J"h_e·resu)ting ·data are considered the results. ~f one panei test._: .If .more than · 

.· one' ·sample pair"is evaluated then· ·all sample p~frs are rank _ordered· acc~rcli~g . . . . . 

. 
. . . . . . . . 

to ·their grades ·by paired statistical analysis. Then, the_ rank i~ shifted ·~p -or 

. ·.;35 .down In. value as required to ·give a zero P~U· value t~ whi~h ever. sample is . 
. 

. . . . . . . 

· <chosen to be the zero-base.· standard. The other samples . the~ have. plus ~r. · .-
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. . . . . . 
minus values a~ determined.· by ·ttieir . .relativ~ ·grades ·With respect to the zero 

b~se stand.ard; .· The number . of panel ·tests perfbrm~d ar_id averaged is such 

.· ttia~ ·about .·0.2 · ·PSU represents ·a · ... ~ignificant .· "diff~r~l')ce .·in·. s~bjectively 
perceived" s~ft~~ss. 

. ;· .. 

a~ Hydrophilicity ··(absorbency) ··: .· 

.Hydrop_hili~ity of tissue p~per refer~, in general, to· th~ p~opensitv. of 

. . .··. · .. the t~ssu~ pa·pe~·to be wetted with water. Hydrophilicity o.f tissue paper may . 

. ' · .. · · · ·,be· somew~at quantified by determining: the period of time ·required for dry 

. · -10 . ~issue i>ar>~t to ~er;:~me comptet~tv · wetted w~h water . .Tllis pe~iod of time is 

. . ., referr$({ to ·~s :¥wetting ti~e''-. ·.In. order· t~ provide a· :~onsiste~t and repeatable 

: test ·fo~·~~tting. tirt:Je, the following :Procedure may b~· used ·for .wetting time 

. det~rminations: .· fir~t, a ·co~ditioned. s~mpie u.nit sh~et (the enviro~~ental 
. ' . >conditions "for testing of paper samples are 2l to 24 °C ~nd 48 to 5~% R.H. 

: 1S . as .specified in TAPPI Method T 4o2), appro~imately 4-3/B·inch x 4-3/4 inch 

· . ·:. (~bou( ·11 .• ·1. · ~m x. ·12 cm) .()~ tissue. ·pa·per ·structure· i~ pro~id~d;. · s~cond, the 

. . ·· .. '.Sheet is .folded into four (4) juxtaposed qua"1'.ers, ·and then·crl,impl~d by hand 

(either .covered with clean. P.lastic glove~· or .copi~usly washed witf:l . ~ grease 

.r~moving·.:d~ter'gent .~~ch as· .. oaw~J in~o· a ball approximately 0."7~ inches· 

: 20 (about·· 1.9 cm) to .about 1 inch (about 2.5 ·cm) in diameter; third, the. balled 

. . . . ... she.et is "placed "on .the· surtace of ~ ~ody of 3 lite~s . ~f dis~ille~ ~ater. at 22 t~ 
·. . .24 °c· .contained in ~ 3 liter pyrex glass be~ker": · 11: should also "b~ rioted all 

: .· .. testing ~f the paper through this ·.tech~ique .. shou.ld uik~. 'place ~thin .the 

. confines of. the cohtrolled "temperature and humidity··room at 22 ~o 24 °C and 
·: ·· 2s :':49 to 52% relative· h~mid~ty •. The sam.·ple ball is th~n ca.refully pla.ced ·on the 

... · .· ... surface ·of the ~ter from a distance no. greate~ than ~ cm a~ove the water . : . . . . . . . . . 

surface. At the· exact moment the ball touches the water surface,· a timer is 

. : . sir)iultarieously s~arted; fourth, the $econd ball is. plaried i~ ·the water ~fter. the 

. . ... · ·, . first ·ball is compl~iely wetted o.ut. This .is easily noted .bY. the paper color. 

. . . 30 ·. tra~sitioning from its . <try white c.olo~ to . a. ·darker grayish co lo radon upon 

comp.let~ wetti~g. The timer is stoppe~ a~d the time recorded after the fifth . · 
. . . . . . . . . .. 

ball ·has completely wet out. · · · . . . . 
. ·.At lea5t :5 sets of 5 bans··(for a total of 2·5 ·balls): should be run for 

... :· .. : .. each sample~. The fin~I repo~ed result.should be'th~ calct;Jlated av~rage "and 

35 · .. :sta~dard· d·eviation ·taken for ·the . 5 sets· of" data: : ... Th~ : units of the 

·. ·. : riiea~uteme~t ·a~e .seconds." The ~ater ~ust b~ ·~ha~ged· aft~~ th~ 5 sets of 5 
. . . . . . . . ; . . . 

. ··. 
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ball~ ~total = ·25 balls) have been teste~. copious ~leanii:-ig:of the b~aker may 

be necessary if a. fil~ or residue is' noted on the in~ide wall of the. beaker. . . ·. . .. 

Ar:aother technique to mea~ure the .water absorption rate ·is ~hroug·h ·pad 

s sink ·measurements. After ·c0nditioning the. tissue papet~f interest an~ ·~I!···.~ 
·controls for a ·minimum of 24 hours at 22 to 24 °C and· 48 ·to 52%. relative · 

humidity Crapp~ method #T4020M-88), ·a stack of .5 'to 20 s~eets .of tissue" 
p~per is cut _to dimensions. of 2.5" to 3.0 11

• The cutting can t~ke piace 

. through the use" of dye cutting 'presses, a conventional pa.per cutt~r,: or laser 

:10 ·cutting techniques. Manual scissors cutti~g. is not preferred due to both.the 

.--_ ~·rreproducibility .. in ·h~ndling of· the ·samples, and the p~tent~al ·for· pa'per 

·· . contamination~ · · 

. After the paper sample stack has been cut, it i~ carefully . plac·eid o:n a . . : 
.15 ,. wire mesh sample . holder. · The function of this holder is to· positio~ ·the · 

· ·sample ·on· the surface of the· water with. minima.I disr~ption·. This holder is · · 

cir~ul~.r :;~ "shape and has· a -diameter <:>f approximate!~ 4~2" .. · ·It J:la~ · five -_ 

straight and evenly spaced metal ,,,vire~ -running parallef to· one another and 

... ~cross to spot w~lded p·oi~ts on. the wire's circumfererice.-. :The spacing .. " 

20 · · between .the wires· ·is approximately o. 7" ~ .this wire. mesh screen .sh.ould be 
. . . . . ·. . . . . . 

clean ·and dry prior to placing the paper on its surfac~. A 3 liter. beaker is 

. filled .with about 3 liters of distilled water stabilized 8t a temperature of 22 to 
. 24. 0 .C. ··After insuring oneself-that the-water surtaee·is free of any waves or .. 

· . surfa~~ .·motion~ th~ screen c~ntaining the paper is carefully placed :on top of " 

25 the water surface. T~e ·s~·re~~ sample holder · is ~llowed to ·continue 

. dpwnward after the. sample floats _on.' the surface so the sample holder screen· 

.. handle catches c>n the side of ~he beaker. tn· this v.vay,· the scre~m . does no~ . . ·. . . . 

interfere with. the . water· absorption of the paper· sample. At the '.exact. . .. ~ ... 

m~m~11t the paper ~ample touches the .surfac~ of t~e :wate~, a .timer. is . · -. · 
. 30 sta~ed. The timer. is stopped after the pap~r stack is co~pletely wetted oµt •. · · 

Thi~ ··is easily ~isually observed by noting a. transition i~ the paper c~I~~ from'. 

· its d,.Y white color to a darker: grayish coloration upon complete wetting. · At .. 
.. . . . . . . . . . 

the·. inst~nt .of complete wetting, the . timer is stopped and the total time· 

reco~ded.. This .total. time is 'the time\equired for ~~e paper pad to. C~l')'l~let~ly 
35 .. · wet' out. · 

' : 

.. ,. . . . 
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. ·This pr~cedure· is ·repeated· fo.r. at least 2 additional tis.sue paper pads~··. 

No ;.nore."than 5 ·pads· of p~per sho1:1ld be ·run ·without disposing .. of the water 

and· post. ~l~anin.g and refilling of. _the beaker ·with fresh wat~r .·at a. 

·.. ... t~mpe;at.ure of. 2~ ·.to ·24. °C. Also; .if .n~w a·nd ·.unique sample ls to be. run, 

.· s · the water ·shouiC:f ·always .be change\1. to. the fresh stc:irting ···~ate. ·. The final 

reported time v~lu~ for a "given. samp~~· s~~uld . be t~e averag~ and. stander~. 
deviations for.lhe 3 to: 5 :stacks measured. ·The ·units of the measurement are . . . . .· .· .. . . . 

· .. seconds~ .. . . . . 

. . 
10 · · ~_ydrophi_licity char~ct_eristics 'of tissue paper .. -e~bodiments : 9f the 

.. pment · invention ··ma\;~ of · coµrse,_' be· ~etermine~ ... immediately· after· 

· : .· .·~anufact~re. However~· substa~tiar·increases in .hydropho_bicity·: may o_ccui' 

·,·during the first. two weeks a~er the iissue paper is made:_ 1-:·e., after the paper 

· . · . has. aged two. (2) weeks folio.wing Its -ni~nµfacture. Thus, ~he wetting time:S 

lS ·.are preferably .mea~ured: at .the end ·~f ·suc_h .-two ~eek_. period. Accordingly~ 
wetting times ·n;e~sured· at the .end of· a-.two · we~k aging period at room. 

· ·temperature· are· referred to as ·tw~ week. wetting times."" Also·, optional 

.. aging conditions ·of. the paper s_amples m~y. ~e. r~quire~ t9 try and mimic both 

·.: long tel'!ll stor~ge con~itl~n~ and/o~ possib.ie sever~ t~mper~tu~e ~nd ·h.umidity : 

· · .... · 20 expo$utes of .·the p~per products of ·interest •. .For i.nstance, exposure of tlie 

··paper"s~~pie" of intere~t to"temperat~res 'in the ran·g~ of 49 to 82 ac" for.1 

. . '. hour .to 1 year can mir)'iic '~ome of .pote~tially "severe exposures c~nditions a .· 

.. paper sa.ms>te. mav exi>erience in. ·th~ trade.: Ats~. a1:1.t~c1avi.ng, c,.; the J>aper . . 
sampies ~an mimic severe ag.ing conditions. th~ paper may ~xperience in the 

. . . . .· . . . . .. 

. 25 .trade. It must. be··reiterated .that after·· any severe ··temperature te"sting, ·the 

samples: must. be ~&~onditi·o~ed· .. a~ a··iempe~ature "of 22" to 24 °c and ~ .. 

relative _·humidity. pf 48 to 52~~ Al.I testi~g should also be· done· within the ·. 
· -co~fines of the. c~ntrolled temperature ~nd: humidity room •. .":: · 

30 ·, .. c. Density . 

The densitv ot tissue pap~r," as tt:iat :term :is ·used he·rein, is.the average 

·density calculated as ·the basis :~eight C>f th~i pap~r _di~i.ded· by. the· caliper,_ 
. . . . . . . . . 

with the appropriate unit "conversions incorporate"d. therein to convert to -g/c_c. 

'Caiiper. of the tissue paper, ·as· ~sed ·h~rein, '.is .ttie thickness· .of ~he paper. 

35 .. wh~~ subjected .to :a· coriipreu·i~e ioar;t of 95 ~/in2_(15.5 g/cm2).· The caliper· 

. is measur~d with -~. Thwing-Albert model 89-11. thickn~ss. test~r .(Thwing-Albert 

, ~o. of Philadelphia~·. PA); . · ~he· basis. ~e!ght. ~t th·e· paper is. typically . 

. · ... 
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d~termined ori. a 4 "X4" pad which is 8 plies thick~ This pad is preconditioned 

. according to Tappi Method -#T4020M~88 and then the weight. is i:ne.asored in 

.. units of _grams to the nearest ten-thousanths of ·a gram. ·Ap·propriate :_ 

.. conversions are. m~de to report the basis weight in units "(>f pound~ ·_per 3000 
5 ·.. square feet. . . . . 

. Dry lint 

. · ... ~ry lint can. be_ measured using ·a _Sutherland ·Rub .!es~er~ ·a. piece :of . · 

_ 10 · black .felt (made of wool having a thickness of about. 2.4 ·. rnm and· a ~ensity ... 

.. ·.:·.·of ab~ut 0.2 gmtc~. Such. felt mat~rial ·is ~~adily available form.· retail fabric .. 

lS 

.20 

Stores such as Hancock Fabric), a .four pound. weight arid ·a· Hu~t~r Color . ' 

meter. The S~h~rland tester is a motor~driven ·instrument which can str~ke· a· 

. ~eighted sample back an_d fo~·h across a Stationary sample~. rt.e: piec~·. oJ 

black f".'I~ ·is attached to the four pound ~eight. The tissµe sa~ple is 

mounted on a piece of cardboard (Crescent #300 obt£1ined from. ·cordag~ ·of · 
. ·Cincln~ati, OH.) .·Tt\e t~ster "then rubs. or moves the weighted "1e1t over a 

. ·. statlonarY tissue s~mple for five strokes. The load applied to the tis~ue 
. . . 

. . du~lig rubbing is about 33.1 ·gm/sq. cm •.. The Hunter C~lor L va.lue of the · 

black felt is determined before and after ·rub.bing: The diff~rence ·in the two 
Hunter ·Color. r~adings .constit~te~ .a ·.measurement ·at. dry linting·~·· _:·,at.her · 

methods known in the prior·arts·for me~suring_dr\i lii:tt also"·c·~n b~ used •. ·. 

· ·wet·lint ·· 

. . . ~ ~uitable procedure for measuring the wet linting ·pr~perty of tissue .... 

2S ·samples is described in U.S. Patent-No. 4,950,545; issued to· Walter et a1.,: 

on A1:1gust 21, 1990,. and i".'corporated he_r~in by r~ference~ Th~ "pr~ce_dure 
: essentially involves passing a tissue sampl~ through two stee"1 rolls~ one" of·. 

, ." wl')ich is partially submerged in a water bath; Lint .. from· the tissue. ~ample ·i~ 
. transferred .. to ttie ·steel -~011 which is moistened ·by the ~ater bath. ·The 

30 ·. conti~~ed ~rotation of the ~teel roll deposits the I.int int~ the water ·bath. :·The: 

.. lint is recovered and ttien counted. See col~ 5, ··nne 45 :.. col~. 6, iine' 27. Of 
. .#1~ Waite~ ~t at. pate~t.. Oth~r methods .·known in "the pripr ·_art for measuring 

wet lint also can be used.· 

.3S .. • .. 

. . . · . - .. 
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. ~p~i~nal ~ngre~ients · . 

"Other" ~hemicats<c~~ma"nly ·used" in pap~rmak!i:-19 can_ be. added to the 

. s .. chemical . soften.ing com.position d~scrlbed herein, oi to .. the . papermaking .. . . . . . . . 

10. 

furnish -so long as they .do :n~t ·significantly an~ _adyersely ·affect the·. 

~o~ening, absorberi~y of :·tt:te fi"rous ·_material, and_. softness enhan~ing ~ct~ons 
of the . ester.;functional ··quaternary ammonium compound · and polysiloxane 

soft~ning co~pou~d~ -~f the· prese.nt in~ention. 

Wettfncj-.Agent~; · .. :. 

. . . .. ·.·.The present i~vention may contain as ari .. optional. ingredient from about 

... ··o.oo5% to aboUt a.0%," ~ore· ·preferably ·f.~o~ about ·o.03% "to i.0% by 

. . . .· .weight,: on a dry flb~r basis" of a wetting agent.· . . ·. 
is Polyhydroxy --~ompound · · . : · · ·.. · ·· : ·· · · 

·. . ·. The ch~mical· softening· composi~ion contai~s as an optional. ·c~~ponent 
. · .. from about Q.01 % to ~bout 3.00% by weight, preferably from. abf:)Ut 0.01 % 

. ·to"about 1.00~·by_.~eight ~f a·~ater soluble polyhydroxy compo~nd. . . 
. .Examples of polyhyciroxy. ~oinpounds .useful. ir1 the· ·pr~s~nt .invention · · 

20 ·.include glycerol, poiyglytt[!rols" havin_g·. ~. weight ·a~erag~ molecular .weight of 

. fro~· about 150 to ~bout 800. and ~olye~h~-lene Giyc~ls_ and polyoxypr~pylene 
glycols. having ·a weight_ average molecular _Weig.ht ·Of ftom. about 200 ~O about 

· · · · 40QO,···p~e~era~ly f.ro~_.a~out 200 .to ·abo_ut ·1~00; most prefer~bly from about· 
. . -· . . 200 _to about 6QO. Polyethylene Giycols having an we·ight avera·ge m~lecular 

·. ·. 25 : ~eight..ot·trom about 200 to· ab~~t SOO are.·especi~lly· preferred~ . Mixtures of 
. . .• . . : .. : . . . . . . . . . . . . . . 

, . the above-described · polyhydroxy. compounds tnay . also· be _used. · For · · 

· · exampie, mi~tures ~f .. gly~erol arid: ·Polyethylene ·Giycols i:iaving ·a V1feight 

.. . .average molecular. weight from about 200 to·-10QQ, more. preferably. from 

·about 200 to. 600: are usef~I: in the present invention. ·Preferably,· the weight 
3o : .. ·ratio of glycerol to .. Poly~thylene Glycol ranges ·fro.m :ab~ut 10 : , 1 to 1 : 1 O~ ·. . . 

. . . . . ·:.. . ·.: .. A "pa~icuiarly pref~~red PQlyhydro.xy. comp~und" is Polyethylene . Giycol . 
· · · . haying·., an weight ~verage ·:molecula~·. weight ·of· about 400. ·This rnateri_al is . 

. available commercially . tro~ · t~e u~ion · ca~bid·e· . company o1 f?anbury, 

Gonnecticut under ttie tra~ename ~-PEG-400". . ~ . . ·. ··. . .. . . 

· .35 . N9~i~nic ·_Surfactan~· (Alko~y!~~~d. Materials) . .. . . .. 

. ·.· . 

. ·· ..... · :: .·· . 

.. '• ... 
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·. Suita.ble nonionic· surfactants that can be . used as wetting agents fn the 
. : ··. present ·i.nverition·incl.ude ~dditlo~ products of ethylene oxide·an.d, "optionally,· 

.: ..... propylene oxide, ~ith fatty aleoh61s, fatty ·acids, fatty amine~~ "etc •.. . . 

. ·. ·Any of the alkoxylated materials of the particular . type described · . 

S · he~einafter can. be usec;l as the nonionic surfactant.· Suitable compo'unds · ~re · 
·. . substantially. water-solublt;t su~ctants of the general formul_a: . 

. . R2 - Y - <C2H40)z - C2H40H . . . . 

wherein ·R2 for both solid and liquid compositions ·is selected from the group 

consfstli:ig. of primary, secon~ary· and. branched. c_h"ain alkyl ~nd.,or" -acyi 
· 1.0 . hydrocarbyr groups; · primary, secondary and ·branched chain alkenyl ··· 

hydrocarbyl. groups; and. primary, "secondar\' ~nd .bra·nched chain ~lkyl-· ·a~d· 
.. alkenyl-substi~uted· . phenolic hydrocarbyj· groups; ~aid · hydro~arbyi .groups . . . . 

"having a hydrocarbyl chain length of from a~out 8 to about 20, preferably·· .... 

. · from about 1 ~ to about 18 carbon atoms· .. ·More preferably the ·hydrocarbyl · .. · · 

is··. .chain_ len~th for iiquid compositions· ·is from abo"ut 1() to ab.out ·,-a· carbon 

ito:ms. and for ~·olid compositions from about 1 O ·to ~bout 14 carbon ·atoms.: 
In the ·general formula for ·the . ethoxylated n~nionic : ~urfactants herein, Y I~ 
typi~ally ~0-, -C(O)O-, -C(O)N(FO-, 01;"__-C(O)N(R)R·,::. in ~.hich R2, ~nd R, 

when present, have the meanings given herein _before,· and/~r. R c;:an be 
20 · · hydrogen, and · ·z is at -least . about 8, _preferably at · l~ast about . 10_.11 . 

. Performance . '!Ind,. usually I stability .. of the softener composition decrease 
. when fewer ethoxylate groups are ·present. 
. . . . . The nonio.nic . ~urfactants. .herein ··are characterized . by:. an · HLB 

. · · .· . _(hyd~op~ili·c-Upophilic balance) of from· about 7 to. about .. 2o, pref~rably from 
2S : : abotrt" 8 ~:to . about ·1·s. . ·of course, .by defining R2 and . the .. num~er Of 

·.:ethoxylate ·groups, .·the HLB of the· su~ctant ·is, in generai, · deteimined>" . 

t-io~ver, it is to be noted that the nonionic ethoxviated surta~tants -:useful 
· .. hereir.;·to~ ~onc~·ntrated liquid compositions, contai·n re1ative1v· 1o·ng· chain R2 
· ,g~ups_ ·and ··are relatively highly ethoxylated·. . While short~r ·alkyl"" chain.· . . . . . 

30 surfat?tants. having short ethoxylated ·groups. may ~o~sess t~~ requisi~e. HLB, . .. . .. 
they· are not as ~t:fective herein. . . . . . . 
· · ·examples of nonionic ·surfactants follow. · ·The· nonionic: surfactants· of · 

. this i~ventlon ·are not limited tO·the$e: examples. In the examples, "thf(I integer·· 
. defines the ·number of ethoxyl (EO) gro~ps in the tnole~ule. i .. ' . · .·· .. : · . · 

· 35 . . · · Linear Alkoxylated Alcohols 

~~ L~near. Prlmarv Al~·ohol Alkox~lateS 

: .. 
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-f~e deca-, undeca-;. ciode~a:-,: tetr~de(!a:.., an~ pen~adeca~ethoxviates of 
·11-hexadecanol,· and ·n-.octadecanol .having an HLB within .the r~nge recited 

. . ·h~rei~ ar~··u~eful wetting 'agents· in.the context.of this invention .. ·Ex~mplary 
ethoxylated ·· p~ima..Y alcohols· useful· he~e.in. ·as t.he · ~iscosity/disp~rsibility 

: .. 5 ·.modifi~r~ of· the· c.Q~positions are. n-C1aE0(10);'.·and· n-C10E0t·11). The 

. ~thoxylates·of mixed· natur~1· or ·synthetic alcohols ·in' the. ''otey1~· chain-length 

range. are al~b. useful h~rein.' Spe~ific. _example~ of : such materials include 

~leylalcohol~EO-< 1.1 ),- ole~la!co-hol~EO< 1 s),. and· atevi~tcohol~ -E0{25). · ·_ --- -
... b.- 'unear r 'secondacy Alcohol A_lkOxylates . -_ . . . . . . 

10: :' --.. The deca-, undeca-,. dodeca-,. tetradeca-, 'pentad~ca~, octadeca-, and. 
":_- .-~o~adeca~~thoxyl_ates of' 3.:.hexadecanol, 2-octadecan~I. 4-eicosanoi;· and ·s-.. . ·. . . . . . . .. . . . 

. : .e~cosanot -.!'laying and _HLB within Jh~ rang~ recited.- ~~re~il .can be used as: 

-wetting agents. in the pr~sent · invei:rlion. Exempla,Y. -ethoxyiated ·secondary. 

alcohol$ can . be. used '·as wetting ,agents in the present in~ention are: 2: . 
. - - 15 : C1aEc;:>f11 ); 2~c20E0(11 ); and 2-C1 aE0(14). _ . . . .. 

_ . · Linear Alky' Ph~noxytated Alcohols _ 

A.s in the -case· of t~e alcohol atkoxy1a~es, ~he ~exa~ through octadeca- -

ethoxylates of alkylated phenols, p~rtieularly monohydric alkylphenols, having · . . . . : 

. . an · HLB within : th~.:· -- r~nge -.recited herein.. .are -·· useful .. as· the · · ·. 

.... · 20 _ viscosity/dlspersibi~itY. modifiers· of the in~tant compositions. · The '.hexa-
- . through octade(:a-ethoxylates of p-tridecylphenol, -m-pentadecylphenol, ·a~d 

.. .. , - . the like; are"_ use.ful herein. Exemplary e~hoxylate~ · alkylphenois useful as the 
- · · . ·~ · _: -- _we~ing agents ·(,f. the.· _mixtur~s ·herein are: p-~rid~cVlphe~ol_ ·eoq 1) ~n( p-· 

· .· :'= . . · pent1:14e~lphenol E0(18) • ._ _ _ . - . _ . _ .. - . _ 
·. _ · · - 25 · .. -. : · · As -- u~eci ·herei~ a~d· as generally · recognized ·in ·the art.,· . a _pheriylene · : 

. : .. 

. gro~p :~. i~ the : .. n~nioni~ f~rniula .. · i~. ·.the equi'!'alent .. of ·a·n alkylene. group: 

~ont~ifai~g from. -.2 ·to =_4 carbon ·atoms~. --For· presen~ purposes~ nc>nionics 

cont.ining·_a_p~nylene group are considered to' contai~ an equi~alent number ... 

Q_t"carb~n atoms calculated. as the' si.un of the carbon ~tom~ ·in t~e _alkyl group 
. 30 ·plus' ab.out' 3_3. carbon· atoms for' each phenylene group. ..-.. . . . . . . . . . . . . . 

-·· 
. . . ._ · · _·Olefinic; Alko;Xylates . . . .. , 

The· alkeriyl alcohols~ both primary arid secondary, ·and· ·alke~yl phenols 

· corresp~ridin~ :: to . .- iho~e ." dis~iosed. · i~m~d!at~ty. tier~·iri abQve -:ca~ be 

3S -~th~xylated to -~n H.LB within t~e range -r~cited lie~ein c~n -be use~ _as wetting . 
· agefits -i~ the pre~eni i~ve~tion · · " " · - · - · · .. · · · - · 

. . . . . . . . 

· Bra_n~hed Cha~n Alk.oxyl~tes -· · · · 
. : .. 

: : . 
. ·· .. 
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· .. · B~anched· .chain primary and. s·e·condary . alcohols which ~re avai~abl_e . 

from t~e well-known noxon process can be" ethoxylated and can. be used ·as 

. . . . . . . 

· wetting agents in the present· inventi9n. . 

'T"1e above ethoxylated non!onic surfactants ·are ·useful in the pres·ent 

s... . composi~ions i[llone··:or in combination, and the . term "nonionic surtactantn 

. encompasses mixed n~nio~ic surface active agents~ . 

·. · · · The _ ley_el of surfactant, if used, is preferably froni about 0.01 % to 
=about 2.0% by weight, based on the dry fiber weight of the tissue ·paper. The._.. 

. 
. . . . .· . . . 

surfactants. preferably have alkyl chains .with ~ight or more carbon . atoms. 

10 . · ·E~rriplary anionic surfactants -are linear alkyl ·sulfonate~, . and alkylb~-nzene 

sulfonates~ Exempiary nonionic · surfactantS · are alkylglycosides including · . 

· · alkylgtycoside 'esiers such as Crodesta SL-40 which i~· available fr~m- Croda~ · : 

· · Inc. (New York, ·tJv); atky.iglycoside ·ethers as described in U.S. P~tent No.· .. 

. : . 4.011,38~, ·issued _to W •.. ~· Langdon, . et . a~ .. on. Mar~h. _8, . '1977; and · 

15 · alky_lpolyethoxyiated esters such as Pegosperse. 200 ML available from Glyco · . 

· Chemicals> Inc.: (Gree.nwich,· CTl and IGEPAL. RC-520· available ·from Rhone 

' . Poulenc Corporation ·.(Cranbury, N.J.). . . 
. . . . . . . . 

: . . ·.·The. above; listings of opiional ·chemical additives is intended" to" ·be 

merely e~einplafy "in natu~e, and are .. ~ot meant to limit th~ scope of the 

. · 20 ·. invention. 

. . . . 2S 

The following -~xamples ill.~strate the practice of the· present invention· 

b~ are not i~ended to be limitin~ thereof • 

EXAMPLE ·1 ·. 

: The purpose of this example is .. to "illustrate a method . using ~onventional .· 

. .· . . . .. drying and layered p~per ·nia"ki~g techniques .to ~ake soft, absorbent a~d iint · . 

. · 3~ .· . r~sistant m~lti;.ply . faci~I tissue paper . ·trea~ed with two C?hemi~al · .sotterier ... · 

· · · ·~ompositioris, a permanen~ wet strength resin ·and a ·dry strength r~sin.. ·one · 

·. ~hemi~at softe~ing. system ·(hereafter i'efered to as· the first che~ic~I. softener) 

. .· . . . . comprise~ Di-ester Di(Touch" Harden~d)Tallow ··DiMethY.1 .. Ammonium· . Chlorid.e . 

..·. 

. :(DEDTHTD.MAC) ~rid a P~lyethylene.Glycol 400 (PEG..-4.p~); ·th~ oth~r.(he~e~fter 

35. : refered to as the second chemical·. softener) . is ·comprised: of . an amino-. - . 

. functio!'l~I,- ·-·polydiniethylsiioxane and. a ·s-~itable ·wetting: ~gen~·· to· ~~fset .:the··_: . · 

hydrophobic character of the silo~·ane. . . . . . . .·.. :. · .... ·. . . 
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·A. ~larit scale ·S~Wrap, twin wire for~lng ·paper making machine· is use~ 
·. ._-'.jn ·the.· practice. of the: "present . invention: . ·. The first . chemical SQftener . . ·. . . . . . ... . . . : . . . . . . .. ·. . . . 

<;omposition iS. a homogenous premix of DEOTHTDMAC and PEG-400 in solid 
. . . . . . . . . .. 

state.· which hf ·melted .at a tem~erature of about .. 88 ~C (190°F). The 1'1'.'elted 

S .. miX'ture is then c;Uspersed ·in a condi~io.ned ·water tank (Temperature.- 66 °C) to 

.: .. ~r~.·.·.a· ~~b·m~cro.n .. ~esi~le ."di~.perslon. ·Th~ particle. s~.ze. of .·t~e · vesi~~~ 
· · dispersion· is. de~eririined using ~!".' optical microscQpjc technique. The particle 

: _. .. ·size ··ran~e fs from. about ·0.1 to 1 ~Omicron. The second .chem.ical softener is· 

.. p~epar~· by .first mi.xing. an. aqu~ou~ emuls.ion qf ami~o-polydimethyl silo,_can• . 
. . . •. . ·. . . 

10 :o.e. :CM2266 ~rketed. by GE. _Sili~ones of Waterford, ·NY) with water and then 

. . blending in ·a: wetting agent {f.e.· Acco.non, market~d 'by Karlshamns USA, ·Inc. 
- . . . . . . 

· · · · · .. of Columbus, ·oH) at a weight ratio.of 2 silqxane per 1" wetting agent •. 

.. .. . . ·sec~md, .. a· 3% by weight .. aqu.eous.-·slurry· of NSK is made up in. a 

. conventional. re-pulper. The NSK slurry . is refined gently· ~rid a . , % solution _of 

15 .: Jh~ per~a'neh~ ~et ~trength resin···.(i~e., KymeneD 55iLX matket~d by t1ercules 

Incorporated of .. Wllmi~gton, DEf is· added ·io the NSK stock .Pipe at a rate .of 

. 0.25% by. weight ·of the total .sheet. dry. fib~rs.· · The· adsorption . ~f the 
. : p~rmaneni w~~.strength resin. on~o NSK fibers ·is enhariced·.by ;~n in:..Jin~ ~bee~. 

.. ··. 

A.2% solution of~he d·rv strength resin ·u.e. CMC from ·Hercules· incorporated 
. ·: .. lo .·of"Wilmingto~,::.DEfis added to· the NSK-~t~ck before. the ·fa_n pump at a· rate of ... 

. : , · · .. 0.083% ~Y ·weight.· of the total ~he~t" dry fibe~s. · ':fhe. N~K slurry is ~muted· tQ. · 

. . about 0.2%. consist~ncy atthe fan pump. . 

. 25 

Third~_.-. a "3%. by' weight aqueo~s slurry. of Eucalyptus fibers is made .. UP. 

in a con~entional re-pulper. . . A . 2 %·. ~olutl~n of. the . fir~t ."chenii~al .·softener 

mixture. is .added to th~· Eucalyptus· stock pipe· before. the in-.iine mixer at a rate 

·of.' 0~1·5% · ~Y ·~~ight of the total sheet dry. fibe;s... The .E1:-1caivi>tus .slu~ry .. is 

. ··diluted to about·0."2% consistency at the fan pump. . . . . . . .• 

. . .· 

··. . The individually treated furnish streams (stream .1 · ·= 100% NSK I stream . . . . . . 

.: :.. 2 = . 100% Eucalyptu~) are k~pt s~parate ·t~rough :th~ headbox· ar:id deposited 

. . 30 .. ·. Q~~o. a wir~ to .form a two layer· em~rv.onic. web" ~ontaining" equal portions of: 

. . · .. ·NSK ancf Eu~elyptus. Dewatering occurs through the wire .. The formil"!g wire. · . . . . . . 

.. is a . Linds~y, ·s~ries 2164 (market~d by Linds·ay·Wire Inc.· of Florence, Mjss.) 

~r· similar··:d~sign.·.-r~e em~ryonic wet web -i~ "tr~n·s~e~red "from the··.wir~. at .a . 
...... .. tiber·c~nsist~ricy of.about 8~ at the point .of transfer, to a c;~mventi"onalJelt. 

· .·· : · 3~ :·:Further de~W.at~ring .. is accomplished. by pressing and .. vac~urn.·a"ssisted drainage 
: .. · · .. · · .·· · ... untiLthe web has. a fiber ~6nsistency of ·at" .le~st :35%. ·' The ·web .is then 

. .· · . . ·. : : ~dhe~~d tri · tt:l~ .st.i"rface 6~ a. ·y~nkee dryer with :~hC! E~caiyptus · ·fiber layer. 
·.·.· 

.. . . 

.. ; . 
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." .·· ·:contacting ._the .Yankee drye~. ·.The· fiber consfstency is increased· to· an .. 

eStimat~d 96% before dry creping the web· with ... a _doctor blade. :'Tf:le· _doctor 

. . blad~ ~ha~ a bevel a~gle. o~ ab~ut 1-6 deg·ree"s and is positioned. witli respect ~o . 

the -xa~kee .. dryer to provide ~n impact angle of abQut.85 degrees; the Yanke~ 

· S · ,dryer is operate~ at about 1100 mpm. ~mete~s pe~ minute) -~ about 3607 ·feet" 

. . 
. . . . 

.. per minute.· The dry web is pas~ed through a. rubber-on-steel calender. nip.· An 

18% "disp~rsion of the second chemical softener composition "i$
0

: sp~yed 

uniformly ·o~ the io~er, -steel roll of the calender· .sy~t~m, ·.~rom ·whi~h it . 

:transfers t~ t~e·eucalyptus lay~r·of the paper web ~t the ri;Jte of 0.15%.by· 

10 · weight of· total sheet dry fiber with a minimum amount of moisture. . The. dry 

·· .. :·web is form~d into· roll at a·speed of about 880 mpm-<2s6o feet per .. minute). · 
. . . . . . 

·The -~~b is co~verted into a two-layer> two-piy facial tissue. _paper as 

described in figure 1. The multi-ply facial tissue ·paper has about 18 #/3M · 

.:sq. Ft bas.is vVeight, contains about 0.25% of the· permanent -~et. ~treiig~ti 

°15 . resi.n,· about 0.083%" of the .. dry .strength. resin, about. o.15% of "the . first 

I. • 
• • • 

• • ." • • • 

chemical softener mixture and about 0. 15 % 9f the second chemical softener · · .. 

. · .. · mixture. · Importantly, the resulting multi-ply ti~sue paper is soft, :. a°bsorbent, · 

has. good_ .. lin~ r'sistance and is suitabl~ for use as facial tissue_s. 

20 EXAMPLE· 2 

·The purpose of this example is to illustrate a· metha°d using coiiv~ntional 

drying ~nd layered ·paper making techniques ·to make ·soft, absorbent." and lint · 

· .. resistant s:ilutti-ply .. facial tissue ._paper treated . with two·. ~hemicaf .soft~ner . 

2S compositions~ a ·perm~nent wet s~rength ~esin and a dry strength resin.·· o~e 

chemical softeni~g system (hereafter. refered to as the first ~hemical· softener) 

. . comprises:. Di-ester -Di(Touch Hardened)Tallow DiMethyl Ammonium ~~thyl 

. · · . . Sulfate (DEDTHTDIViAC) and a· Polyethylene· Glycol· 400 · (PEG-400); th_e other ... 
.. . . ..· .. 

. (hereafter refered to as the second chemical softener} is." comprised ·of .an 

30 .. ~mirio:...funCtional, -polydiinethylsil~xane a~d a s\ .. litable v-!~Ui·ng ~g~nt to ·offs~t . 
;. 

the· hydrophobic character of the siloxane. 

. A ~ilp~ sc~le Fourdrinier pa·per. ~aking machine is used in t_he ·p~actice .of · 

.. ·. ·.the. present · invention. · The first chemical. softener compo_sition is· .. a 

.. .. : . ·homo~enous_ premi~ of DEDTHTDMAC and PEG-400 in ~91id ~ate. which is .·. 

35 melted at a temperature of about 88 °C {190°FJ. The melted mixture .is theh. ·. : · 

. ·. . . . . 

·· dispersed in .a conditioned water tank (Temperature - 66 °C) .tQ·form a sub:.:. 

. . micron vesicl~. disper_sion: The . particle ·size of the vesicle·. dispersio~ . Is .. · · 

.. · . 

.. 
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. . . . dete~m~ned. usin~ ~~ o:p~ical rriicrosco~ic. te-~h~ique~ The particle siz~ range ·is 

. . fr~rii_ .. about ·o.1·to LO micr~·h. · The second chemical ~oft:~·ner. is· p~epared by 

. fir~t mixing '.an aqueous em.ulsion of .amino-poly~imethyi siloxane _(i;e·. 'CM2266 

·. . . : . marketed" by GE" siiicones of Waterf~rd, NY) with water" ~nd then blending in. a .. 

· .. s : __ wetting agent (i.e. :N~odof 25-=12,·:marketed ·by ·s~ell Chemical Co. of Houston, 

TX) at a ~ight retie) ~f :i parts s.iloxan~ per_ 1 part ~etting. ~gent. 

. Secon9, a 3%. by weight :aqueous ~lurr\f of NSK is made :up in a -

· ·. · ·. · c~~ventio~al r~~pulper_.:" The NSK slurr{is refine~ gently and a 1% solution of· 

. '. ·. the per111Srie.nt :~et·. strength resin (i.e. -Kym~neD 55tH ·marketed by Hercule.s· 

· · -10 . lnco.rporated. of Wiimi~gton, DE> is· added. to the NSK. ·stock pipe at 8' rate· of 

· ·. · . . . · 0.2%· by weight of the' total sh~·et dry flbers~ The. ~cis~rption of th~·j>ermanent" 
. . . 

. 

··.~et_ strength resin onto ~SK fibers is _en~anced by· an_ in-line mixer. A 0.2?% 

.. solution· of the dry strength resin· (i.e. CMC from· He_rcules Incorporated of 

.. . . . : Wilmington·, DE). is added to the NSK "st~ck before the ·fan pump ai a . rate _of 

~s· . o.~5.% ·bv.·wetght of tl')e total sheet ~ry. fiber~~ Th~ .NSK slurry" "is dilut~d .to 

... · :·about 0.2% consistency ·at the fan pu_mp. · 

· · "Third, a 3% by.weight aqueous slurry of Eucalyptus fibers·is made up. 

·. ·in B COnventionai re-pulper. · :A 1 % ·SOiution· Of -ihe. perma·nent Wet Strength : 

resin (i.e.· KyrnerieD 557H>. is added. to the Eucalyptu$ stock pipe· at a r~te of 

20. o.os% by ·weight of the totaf sh~et ·d~ fib~rs, followed· by additi~n of a 0.25% · 

·. _.. solution of ·CMC at a rate ·of 0.02~ ~.by weight of -the total ·_sheet dry ·fib~rs •.. A 

. . ,, . 2% .solution of. the first chemical softener. mixture is adde~ _to the Eucalyptus 

stoc.k pipe. before t~e fan. pump. at. a. ~~te of o. 15 % by weight _of the total sheet 

dry fi_bers;. The. Eucalyptus siµrry· is .diluted .to abo_ut 0.2% consistency at the 

·. _. ·. . ·. 2S . · : tan pun1p.- . . '. · · · · · · · 

.-:·. 

,· .. 

. . . rhe individ.ually treated furnish •streams (stream 1 --~ ·100% NSK , .strea.m 

·: 2 = 100% .·Eucalypt~si ~re k~pt sepa~te th~ough .th~ headbox and ciepo.sited 

· .... ··. onto "ii" fourdrinier win~ to form a' two layer. embryonic web :cQn~aining ·~quat 

·. portions :of .NSK. and "eu~alyptus •.. Dewat~ri~g . o~curs. through the FOurdrinier 

·30 . .- wire and is assisted by a deflector and vacuum boites. "The ·Fourdrinier wire is 

.. · of a 5-shed, . satin wea~e configur~tion having 1 a·s· machiri~-directio~ and- 107: . 

cros~-machine~di~ectioii monofilam·ents per i.nc~,: respective_ly·. The ~mbry~nic 

: .. ':· . wet . web: is transferred fro~ the ~ou~drinie~ wire, ~t a· fiber. consistency" ~f 

: ·abouts% at. the point of tr~nsfer,· to a conventional felt .. Furiher .de-watering 

35 .. ls acc~mJ,Jished by pressi~g and va~uum assisted drai~age" until ·the web has a ' 
.fiber ·consistency of at -least 35%. The web is ttien adhered to the ~u·rface of 

~ ..Yank~e .dry~; wi~h th~ Eucalyptu·s fiber layer:·._co~tacting the .. Yanke~ dryer. 

. · ... ·.· . . . . .· . .. . . 

.... 
.. . •, . . ~. . . 
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The fiber consistency is increased to an estimated 96% before dry creping ·the ·· 

~e_b With ~ doci:or blade. The doctor blade h~s a .bevel. angle· of about 2S · .. · 
· · d~grees · a·nd i~ positioned with respect .. to the Yankee _·dfyer to provide. an_ 

· impact. angle· of about 81 degrees; the Yankee dryer is .operated ·at about 800 

. 5 , fpm· (feet per minute) •• abo.ut 244 meters per minute~ The dry. web· is p8$Sed 

through a rubber-on-steer cat~nder !lip. A ·-15% ·dispersion ·of · .. the .second . :.-: .. · · 

.. chemic~l softener composition is spayed uniformiy on the lower; steel° ~oil of /.·. 

the. c·alend~r ·system,· from which it transfers to the Eu.cal~ptus· ·layer of the . 

< pape"r w~b: at the rate of 0.15% by' weight of total sheet ·dry" fiber with. a . 
. . 10 minimum amount of ~oisture. _:The dry web is formed into roll~ ·at a· spee~ of ·· . , 

: . . . . . 

650 fpm ·(about 198 meters per minute). . . . 

. . . · · .. Th.e web is converted into ·a t~o-layer, tw~;;.pjy facial···ti~sue paper ~s·· .... · . 

. . . · ... described kr figure 1~ The multi-ply facial tissue paper fias ab1Jut .18 #/3M 

.. .._-. Sq.'Ft basis ·weight, contains -about o.25% of ttie.·permane~t· wet. ·strength . 
·is_·.· resin, about· 0~075% of the d~ ~trength reSi!l, abo~t 0.15% of ·the. first· . . . . . 

·. . chemica_I_ softener r:nixture &'1d about o·. 15 % ·<:>f the second ~t)emical ·softener 

20 

·. m~>(ture. Importantly, the resulting. multi-ply tissue paper is _soft; absorbent, 

. has· good li~t re~istance and is suitable for use a~ ·facial tissues. · . · · 

.EXAMPLE 3 

.. 

· Tlie: purpo~~ of this example is ·to m~~trate· a·· method·· using biQw through 
. . . drying . and layered paper making techniques "to make soft,.· absorbent -and iint 

.·. . . . . .. resistant .multi~ply . facial . tissue paper treated" with. two -·~h~mical ~oftener 
2S. . . c6mpositions, a permanent wet s~tength resin ~nd a dry. strength· resin·. . One 

.. chemical' softening system (hereafter 'refered to as the ·first ~hemic~l' "softe~er) 
· · .·.comprises Di-ester DUTouch Hardened)Tallow DiMethyl An1moniu~ Chloride . . 

. . .. · U;>EDTH.1DMAC) and a Polyethylene ·Gtycol: 400 (PEG-400); the oth~r (hereaft~r -: ... 

· .i'ef~red ·to as 'the: second chemical s~ftener} is·· ca·niprised" ~f an· ·am_i·n~- · ; . 
. 3o · · funetio~al,· _: polydimethylsiloxane and a suitable wetti~g agent· t_~ ·offse~ . th~· · 

. . hydrophobic character of the siloxane. · . . . 

. : . A pil~t scale ·Fourdrlnier pap.er mak~ng machine is used. in t~e ~ractic_~ q~. : · 

·~he ·present 1nwntion. The ·fir~t chemical softener co~positlon. is a .. : · 

ho~ogenous ·premix of DTHTD.MAC. and PEG-400. in a solid ... stat~· whi~h is .· 
35 .melted ai a·_ temperature of -"about SB 0 ·C-(190°F} .. The mel~ed mixture is then .·. 

~ispe~s~d· i~ a ~onditio.ned wate.r tank (Temperatur~.-: :ea ~-C> t~ ·form a. sub~ ·. · 

mic.ron vesicle. di$persion. The partide ·size of the vesicle . dispersion :-is . · .. 
. ~ . . . 

. . · .. 
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· determin~d -~~ing ·a"n optical ryii~~oscopic: technique. The. particle ·size range is 

. from about 0.1 to ·1 ~O mic.ron. The· second chemical· softener is prepared by . 

. . first mix~ng ·an 2:1queous emulsion of .~mino-po.lydiniethyl siloxa~e (i.e. ·CM2266 · 

marketed by GE Silicones ·of Waterford, NY) with water and then blending in a 

·· . 5 wetting agent (i~e·. Neqd~I 25-1_2, marketed by Shell Chemical Co. of Hous~o11· •. · . 

. TX) at a .weight ratto of 2 parts sif~xane per 1 part: wetting agent. 

· · · .Secc;>nd,. . a_ 3% by weight aqueo~s. slur_ry. of northern .softwood Kraft · 

·.fibers is· made ·up= fr( a ·conventional"re-pulper ~ The NSK slurry· is refined gently. 

. .. . . and._ a. 2% solution of the per~anent v\ief stre~gth resin (i.e. Kym~neD . 557H · 

io .·marketed .. ·by Hercu.les Incorporated. of Wilmington; . DE) is added to the NSK . 

stock· ."pipe at a rate of-. 0. 75o/o b·y· ·~eight ~f 'the total sheet dry fibers. The . 

. . . . . : 

:. adsorptio~ of the .permanent wet str.~ngth. resin onto NSK fibers is enhanced. by 

. · .... ··".·an in-line. mixer.· ·A :1% solution of· the ·dry st~ength resin {i.e.~ CMC from . 

. .. · H~rcuies lnc~rporated of Wilmin9ton, DE.1 is added -to the NSK .. stock before the 

. 15 . :fan. pump at ·a :rate.of 0.2%· by ·weight of the totai sheet dry .fibers.· The NS~·: 

. : . . "·slurr( is. ~~luted .w abo~t C?·.2% consistency ·at the ~n .pump ... :- ... 

. Thir(:t;_ · ~- 3% by weight aqueoµs slurry of Eucelyptus fibers i·s. made up 

· · · ... · ·· in ~ c.onventional r&pulper. · A -2%· solution of the· ·permanent wet strength 

.. · : ·. · · ··~e$!n U.e. · KymeneD .557H) i~ added tc» the Eucal~pt~s .. stock · pi~e at a rate .. of . 

20 .. 0~2~· by ·.-weight. of· t~e ·total sh.eet d~y ·fibers, folloVlie~. by. ad~i~ion. of a 1 % · 

·· . . ." solution of CMC at a rate of 0.05% ~y weight of the total sheet dry· fibers~ A· 

:. ·.: 2 % . solution: of .th~ .fir~t chemical soften:e·r mixtur~ is added to the "eucalyptus:. 

,:. :·stock".pip~ .befOre .. the fa~ pum~: at a r'ate of. 0.2% by weight" of the· tot~I sheet 

dry tib~rs~ '.Th~ Eucalyptus slurry· is .d~luted to· abdut Q.~% :corisisten~ at tne 

. . . . . . . . 

2S . fan.pump.-.·: .. : ··. . . 
· · 

... ·=.The i~di~id~ally treated furnish· streams· (stream 1 = 100cM,° NSK /..stream 

: ... ·. 2 = 100% Eu~aly~tus) ~re ~ept sepa~ate through .. the headbox ·and deposited 

·>_.onto a :Fourdriraie.r -wire t0 form ~ tw0· 1ayer ~mbtyonic.:web· ~ontaining ~quat 

... : . · .. portions ~f· .NSK and Eucaiypt~s~ .. Dewat~ring occ~rs· through the Fourdrini~r· 

.. . .. . 30: .. wfre arid Is assisted· by. a. ·deflector and vacuum boxes. The ·Fourdrinier wire is·. ·. 

< :.· · : ·. ·. ·.' _of~ s~$11~d. · sat~n weav~ ~onfiguration· h~ving -1~5 mac
~in~~direction: and 1 o_7. 

· · :_.._.-ctoss~machine-direction monofilatnenis per inch, respectively. ·The embryonic . 

. wet ·web.: is transferred. from· ~he Fourdri~ier wire, ···at ·a· fib~r · ~onsiste~cy ·of· · 

. about .: i 5.% : ·c:lt the poi~t .. of transfer; to ... a phot~polymer ... belt. ·made· in · 

35 ~c.cord.ance with. u·.s. Patent No. 4,528.,239, Trokhan,.lssued. Qn:·s July 1985: · 

. ·:..... F~·nher" d~-Watering' i~-- accompli~hed ·by. vacuum_ -a~siste~ -d~~in~ge: until ·the.· 

: . · · ~eb has.· a fiber· consis~ency of about 28%.· .The patter11ed w~b is ·pre-dried: by· 

.:. · .. _:. .. .. ·. . . ·. ~ . . . ; . . . . . . . . . . : . . . . . 

. .. . 
. . . .: 

.··.·. 
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. ·· . air blow-through to a fiber consistency of about ·a5o/o. by weight •. The web ·is . . . . . . . . 

. :: ··, · .. · then adher_ed to the surface of. a Yankee dryer ~ith. a Sprayed creping adhesive · .. 

· .. · ·comprising .·0.25% aqueous solution of Polyvinyl Alc~hor: (PVA). The ·fiber. : 

· : · consistency is i~creased to ·an estimated 96% before dry crepi.ng the web with · · · . · · . 

S . ·a· doctor blade~ . The doctor blade has a be~el angle· of about 25 degr~~s and is.. . . . . . . . 

positioned with ·respect to the Yankee dryer to· provide an· impact ·angle of 
·.·about 81 degr~es; the Y~nkee d·~yer Is operated $t about· aoo fpm. (feet p~r ·: · · 

.. : . ·min-~e) (about· ·~44 meters p~r r:ninute). The· d~y ·we~ is· pa~se~ th_r~ugh. a 
. · ·:rubber-on:-steel calender nip. A 15% solution of the second cherriica' softener 

: . . . . . . . 
10 . ·composition · is spayed uniformly ·on the lower, steel roll ·of the · calef'.lder 

:·system, from which it transfers td the Eucaiyptus layer of the paper web at· the . . . : . . 

~te of 0.15% by weight of total s~eet dry fiber with a minimum ai'J'!ount J>f .. 
moisture. Th~ dry ··web is farmed in~o roll at a speed of 680 fpm ·(about 208 . , . 
meters per minute). . ' 

15 . The web.· is convert8d into a· · two-layer, two-ply faciai ·tissue pap~r as· 
, ·described i~ flgure·1 •. The multi-~ly facial tissue.paper has about ·20 #/3M Sq • 

. . Ft; basis ~eight, contai~s abou~ _o.95% qt the permanent ~et stre~~th. resi.n, -

about 0.125% of the dry strength resin and about 0.25% of tt)e chemical 
.. softer_ier mixture.· Importantly, ·.the resul~ing multi-ply ti~s~e paper is lioft,. ; 

. 20 ··.·. absor~~nt, has good ·1~nt resista_nce and is s~itable. for"use. as faci~I tissues .. ·. . . 

EXAMPLE· 4 

The purpose of this example is to ilJustrate a method. u_sing. convention~! .. ·"; . 
· 25 · ·drying .. paper ·making· techni~ues ·-to· make soft, absorbent. and· lint resi~ta~·t 

; ' . multi-ply facial tissue paper treated with two ·chemical softener compositions, a 
. ·permanent. ~~t .strength resin a~d . a dry strength resin. One· ch~m!cal . 

softening·' system (hereafter re~red to .as the first chemical softener) ·comprises .. 

. ·· . ·. · ·oi.:_ester ·. Di(Touch Hard~ned}Tallow DiMethyl .. Am~oni~m Methyl Sulfate . 

. · . 30 ·.(DEDTiiTDMAC) and a Polyethylene Glycol 400 (PEG·400); the other (hereafter._ 

·· re~red · to as · ·the · second ~hemical soften~rl is··· corilpri~ed ~f ·~n amino-

- . · .. -~~~ional, polydimeth~lsil_oxane .and a suitable wetting· agent ~o -·~ffset: the' 

hydrophobic ctiaracter of the siloxane. . .. 
· ,· ·.A· pilot scale Fourd~inier paper ~aking '71achine is ·used ·in .. the practi.c_e of 

·35 . the .. -~resen~ . invention. . The first chemical softe~er comp~sitio~ is" a 

: · · _"h~mogeno~s premix of DTHTDMAC ar:id. PEG_-400 in solid sta~e _whic~ ·is. ~eited' 
. · · ·. :_;_ at a-_temperatur~ of_~bout 88.°C-(190°F). !he melte~ mixture is then ~ispersed_ · 

·.·: 

. . .. ·: 

..... 
· ... 
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· .. in a co~d.~tion~d .water tank (T~mpe·rat~re· - ~6· 0_Cf to form -~ sub-miqron 

· .· vesicle .. dispersion •. The particle .. size of -the· vesicle dispersion is determined 

, . u~irig an optical microscopic te~h~ique· .. The particl~ size. -~~~g~ is f~Ol1\ about 

c;>.1 t~ ·.1.0 micron. -The second chemical soft;-~ner ·i~· pr~pared ·by first .. mixing 

s an. aqueo~s emu1$i~n -~f ~mino-polydimethyl sil~x~ne (i.e •. CM22a6 market~d 
by. GE ·smcoiles. of Waterford,. NVf 'with wa~~r ~n~. then blend.ing. in .. a wetti~g 

· agent (i.~. Neodol .25-12, ma.rketed by· $hell Chemical -Co; ·of Houst~n. ·TX) at a · 

. · . _: : weight r~tio ·~f .2 p~rts .. silo~ane per_ 1 part wetting ~~_ent. ··. · · . 

. . ·First, ·a··.~%: -by· _weight· aqu~ous slurry . of. NSK· ·is mad~ up. in :a 

10. · conventional· r~-pulper. .A 1 % soiution· of the permanent w~t strength. resi~ 
·.:· .. :(i.e· •. :KymeneD "557H market~d .by .J-l~r~ules lncorpo~ated :of Wilrt).ington_,· DE) is 

: ~dded.to."the furnish ·stock· pipe at a rate of o.2s%·.by weight of the total sheet · · 

.. ': .. dry fibers. A o.25% ~o.lution of the .dry ·~trength ;esir- u.e; CMC from Hercules 

·. lncori>orateiof Wilmington, OE) i~ ~dded to the f~rnish. ·st~ck before th~ t;m 

lS. . · ·pump at ~ rate· of o.o5 % by .w~ight ·.of ·t~~ total· ~heat dry ·fib~·rs. ·The furnish 

st~rry· ·is dil~t~d t~ · ab.oµt_ 0~2% con~istency ·at the fan · p~mp_. The treated 

~urn_ish 's~rea~ is ~eposited .. onto .a .Fou_rdrinier wire· to form a single layer · · 
embryonic· web. ·. Dewater~ng occurs through the :Fourdrinier wire· and· is 

assisted by a deflector and vacuum boxes,- .The Fourdrinier wire is of a 5-!Shed,· 
20. satin ·.vve~ve· CO.~figura~ion ·having· 105. rO~Chin&-direction and ~07 C\=f~SS- . 

machine-direction ·~onotiiaments per. inch, respectively. ·The .embryonic wet· 
~eb ·_is transferred· from the Fourd~lnier' vvire, ~t · ~ fiber co~sistencv of about . . . . ... . 
8% ·at the point ·of .transfer, ·to a conventional felt. Further de-watering is 

-: .: · acco~J?l!shed by._pres~ing a~d. 'i'acuu.m assisted .~rai~~ge ~ntil ttie. web has a 

2S .· fiber consistency of at leasf35%.":. ·.The.we~ is .th~n adhered to the ~.t.,1rface of 
a Yankee ·dryer~ ·and the fiber consistency is ·in~r~·as~d to. an esti.mated 96% · 

·before dry c;reping the web with a ooctor _blade. ·i-he (J~~tor blade h~s a b~v~I 
angle-.of a~out. ~S degrees ·a·nd is- positioned with. respe~t to· the Yankee dryer 

.. -to provide:·an impact angle of about·si ~egrees;···.th·e-'tankee dryer is operated 

30. :-,at ... ab~~t aoo fpm "(feet per .. miriuteJ··--:- ab.out ~44 ·meter~ per minute·. . . .. . ·. 
. · · .-.Secon.d, .-8· 3% ·_by weight aquequs slur.ry ·of .Eucalyptus ·!s· made up in a· 

cony~ntional·. r~~pulper ... A 1 % solutlon. of the p~rmanent · ~~t strength .re~in 
. {i.e. Kyri)eneD ·5s7H marketed by ·Hercuies.-· lncqrporat~ci of Wilmington, DE> is 

. . .· . ad~ed to the furnlsh· stoc~ pipe .at ·a· rate of 0.25:% by w~ight of the:totaf sheet 
3S .· ·.dry fibers·. ·A o·.2s.%·. solutio~ of the :dry· stren9th: resin. {i.e. ~MC from Hercules 

· · · ·· Incorporated _"of Wil,:,,jngt~n; D.E) i~ adde(f..to· the· ·fur.·nish. ~t~ck before the fan 

.· .. pump at·a ~ate.oio.os%" by weight of the total-sh~t dry ·fi~e~s. A 2.% soiution 
0 '• o• 0 0 0 0 0 o 0 0 0 o o ' ~ 0 0 0 : 0 0 0 0 0 o 0 ' 0 0 0" 0 0 • o" 0 • M • 0 

... . . 

.. .... · .. •! 

. .. 
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. : of the first chemical softener mixture is added to the fµrnish stock pipe before 

""the fan .. pump. at a rate· of 0. 15 % by Weig.ht of the total sheet d·ry fibers.· The . _: 

";fu"rn!sh. sJurrv. :is dil~ted to abo~t ·0.2% .consistency· at the: tan" pumi»~· "1-t\e" .. · .. 

. . . . . . . : . 

tr~at~d furnish stream: _is deposited onto a Fourdrinier wire to · form a si~gle . · . 

5 .layer embryonic web. Dewatering occurs through .the ·Fourdrinier ·wir:e and· ls · . 

. . assist~d by a deflector ~nd vacuum boxes. The· Fo~rdri~ier wlre .is of a- 5~sh~ci, 

·satin wea.~e.· configuration having· 105 ·machine-direction and jo7 ~ross- . 

. ~achine::.direction monofilaments. per· inch, respectiv~ly. ·The ... embryonic ~et·-.. · : 

. Web is. transferr~d from the Fourdrlnier ~ire, . at a .fiber c~~sistency. of ab~ut . 

10 .. 8% at the point of transfer I to a conventional felt. . Furtt_aer "de-wateri~g is ' 

. .· acc~mp.lished "by. pressing ~nd vacuum as~isted drainage until the ·we"b tias a 
. fiber consisteney· of at lea~t .35%. The web is then adhe~ed to· the surfa~e ~( · .. 

. · ·. ·a· Yankee dryer, and the fiber co~sistencv. is increa~ed to an ·e~timated 96.cYo . · ·· 

· ·before .dry creping the· ~eb with a docior blade. The docrtor blade. tias a ·bevel. 

_1S . . angle of ·about 2s degrees and is p~sitioned with. r~spect .to the Yankee d~yer: 

· .·to provide an ·Impact angle of about Bl degree·s; the Yankee dryer is operated·: 

· · ·a~ about .800 fp_m (feet per mi~u~e) ~- about 244 .. mete~s _·per minute. ··T~e · d~ 

web is passed through a -rubber-on~steel calender nip. A 15 % solution of the 

.. ·second ch•;unicat ~oftener compos.ition is spayed· uniformly .. on the lo~er, steel 

20 ·roil of the calender system, from which it transfers ·~o the paper web at .. the" 

. : rate. of 0.1.5% by ·weight of total· sheet dry fiber with a .. minimum amQu~t .of .. 

~isture .. Th~. dry._vileb is for~ed .into rofrs.·at-a speed of S50 fpm (200 -~ete~s ·. 

per minute). .. . .... 

. . · .. ··· .. The. web~"are converted int~". a three-p:iy facial tissue· paper as._de~cribed 

·.25 ·in ·figu~e 2. ·The soft Eucalypt~s _plies are on the outside ~hd the strong_ NS~ . 

·ply is ·an· the inside. The multi-ply facial tissue paper· has about 26 #i3M Sq. Ft 

. basis Weight,.· contains about 0."25% of th~ permanent . .,;,et ~trength resin, . 

. · abo.ut 0~033% of the dry strength resin, "about 0.10% of the first• ch~micai 
. . . . .. . .. 

. :softener mixture and about o. 10% of t~e secon~ . chemic~il softe~er mixturt!!. . 

. 30 lmportaritiy, ·the .·resulting multi-ply tissue paper is soft, . abs.orbent, .. has good :. . . . 

... ·. )int resistance and ·is suitable for ~s~ as facial tissues. . . 

. 3S 

EXAMPLE 5 

· · .. The ·.purpos~ of this example is ~~ .mustra~~ a· method. using bio~ throu~h 

drying :and. layered paper rfiaking techniques to make ·soft, absorb~nt ·and. tint · 

· . ·. r~sist~nt.· si~gle-piy· . toll~t tissue . paper tr~ated . with two· che~ica·I· · ".soft~rier .. 
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. ·:. : · compositions, ·a ·temporarv wet strength· resin and a drv str~ngth resin. one 
· . chemi~~I sQftenlng sy~tem. (hereafter r~fereci to as . the first chemica_I softener} 

comprises· Di-ester Di(Toucn. Hardened>Tallow DiMethvi: Ammonium ·Chloride 

(DEDTHTDMAC) and a ·Polyethylene .Glycol 400 ·(PEG~400); .. the. other (hereafter . . . . . . . . 

. . S . refer~d to . ~s the· second_ chemical: ~oft~h~r) · i_~·-, ·comprised·. of an amino-
. · ·:. · functional, polydimethylsiloxane and· a suitable ·wetting .agent . to offset the 

. . . . . . . . 

hydroph~_bic .ch~uacter of the silo~ne. . . 
. . ·, A ·pilot· scale Fourdrinier: paper· making machine is' used .in the practice of 

· ·· .ihe present. invel'.ltlon: . The . first ·chemical softener. compositfon is a 
. . . : . . . 

10 homogenous premix· of. DTI:ITDMAC and PEG-400 .in a solid state which. is 

. . meit~d at a temperat~re··~f about 88 ··0 ·c (' 90~F). The melted mixture is -then 

· ... :· .·· .... dispersed. in ·a co.nditio~·ed water.tank ·rremperature :~, .. 66 ·0 c>.:to ·for~ a: sub­

:· " ·.·.. ·· .. ·micron· vesicle .di~persi.on.- The particle .siZe. ~f ·tli~ .· -.~esicle dispersion .is 

determined using an op~ical" ·microscopic .technique .. ·The particie ·size rang~ is 

. . ' . . 15 from about o·.1: . to .1 :.o micron. ihe seco~d . chemical softener is prepared by 

... first mixi!'l'g an _aqueous emulsion of. amino-polydi~ethyl· siloxa·ne .(i.e .• CM2266 

.· . r:narketecf by .GE Silicones of. Waterfcnd, NY):· with wate~ and then ~lending in a 
. ·. wetting· agent (~.e .. Neodol. 2S~ 12~ ·marke.ted by .Shell .Che~cal Co.· of Houston, 

.. ·. · TX) at a weight ratio- of 2 sil~xane. pe~ 1' wetting agent. · .... · . : . : · · · 
2() .". . Second, .a 3%. by. ~eight aqueous.· ·slurry. of nort~ern softwood Kraft · . 

. ·. fibers is made up in a conventional ·r~-pulper. . Th~ ~NS~ .slurry. is refined gently 

· .. · .. and· a 2% solution of the tempor~rY ·wet strength -~esin ·u.e. Nationai Starch 78-· .. 
. ·.:.:. 0080, ma~keted.: by·. ·th:e National Starch. a~d Chemicai . Corpor~tion .,of. New . 

. York; .NY)· is added t~--the"NSK.~tock pipe at a rate of 0;4% by weight of the 

~. .. total .stiee~ dry fibers. The ·adsorption ~f the "iemporary ~et" stre~gth resi~'l° onto 
· : . ~SK fibers is enhanced .. bv an in~li~e mixer~·.'. Th~ NSK· slurry ·is· diluted ~~ about 

0.2% consis~ency at the ten.·pump~ .. ·.. ·· 
. · ·: .· · Third, a 3% by ~eight aqueo~s slur~y ot'° Eucalyptu·s fibers is made u·p -

. ·.. . in a conventional re-pulper •. ·.A 2% ··solution of ttH~·. first ·chemi~al .s~fte~er 
lO . mixture. is added to th~ Euc~lyptus sto.ck·· pipe before the in-line mixer at a rate : 

. · · .· · · . of 0.3% ·b·y weight of the total she~t· d~ fibers, follo~ed qy· addition ~f a. 1 % 

.. •olu~i~n Qf :CMC: at a· ·rate· of. o.·2_5~% by. weight ·pi t~e total sh_eet dry· fiber:S~ 
.. The i:uca.lyptus .slurry ·is divided. into two equal ·streams and diluted to about 

. . . · .. ·. 0.2% c~nsistency at the fan purrip.: ·. . . . . ..... . . . 
· · · 35 . · ··The ·jndividµally t~eated· fur_nish ·str~anis .. fs~~eam· 1 ·.:= · 1 oo~ NSK I strea~ · 

· ·2 :.& 3· .::: · 100% Eucalyptu~) ~r~ kept separate .through. the h~adbox ·and 

deposit~d ·~·nto. a · Fourdi"inier Wire_: .·ta · f~rr:n a ·. th~ee la.var ~~_br-Yoni·c web 

:· 

. · .. : 

··: 
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· containing about 30% NSK and 70% Eucalyptus. The web ·is .formed _as · · ·· : 

. . . .described in Fi.gl.ii'e 3 with the Eucalyptus on t~e putside ·~nd. the NSK o·n the 

inside. D~waterinQ· ·o~curs through the Fourdrinier wire a~d is· ~ssi~ted. :bv. a 
. . . deflector and. vacuum boxe.s. The Fourdrinier. wire is. a -5-shed, 84M design. _. 

. . . .·· . . . . 

· S The embryonic wet web is transferred from the Fourdrinier wire·, . at a fiber . 

. ·.· consistency . of . about 15 % at the point of . transfer~ to a 44x33 SA 
·. dryingiimprinting fabric. Further de-wat~ring i~ _accomplished ·t,y va"cu~m :'. 

· assisted ·drainage until the web !las a fiber consistency of about 2S%. · The: · 

· ·. ·. p~erned ~eb is pre-dri~d by air· blow:-~hrough ·to a ·fiber consistency ·.of about. · 

· : . '10 .-. ~5~ by weight. The web. is· then ~dhered to· the surface. ~fa Yankee dryer . 

. . . . ·. . . ~ith :a sprayed creping adh~sive comprising 9.25% aque0~s solutio~ . of .... 

. · · Poly~inyl ·Alcohol (PVA). The fiber co~sistencv is ·increased to an estimated · .' 

.· · 96% before dry creping the web with a doctor blade. The doctor bl~de has·a · 

·bevel angle of about 25 degrees and is positioned with respect to· the. Yankee_. 

15 dryer to· provide an impact angle of about 81 · degr~es: ·ihe Y.an(<.e~·· dryer· is 

.. 

: operated at about 800 fpm (feet "per minutet ·(abOl~t 244 meters per m.inute) .. 

Th~ dry web is pas·sed through a rub~er-on-steel calender n:ip. A· 15cro s~h..itio~. 
of.the second chemical softener compqsition·is spayed unifor~ly. on. bot~ rolls 

·of the calender system, from which it transfers to the Eucalyptus layers of the 

.20 . paper web at .the rate ~f ·0.15% by weight .of.total sheet dry fil;>er -with ~. 
-minim~m amount ~f m~isture. The dry web is: formed into roll at a. sp~ed of . 

.. . 680 fp~ (~bout 208 meters per minute). . . 

. ~ . . The web is. converted into a. three-layer I single-.ply toilet ·tt~ue . paper. 

The single:.pfy toilet tissue paper has about 18 #/3M S.f'.1· ·Ft. ·basis ·'!Veight, 

25 contains about 0.4o/o of the temporary wet strength resin,· about 0.25% of .the 

dry stre·ngtlJ resin, ·aboµ~ 0.3% of th-e first ch~mica·1 softener mixture an·d -~b~ut ·. 
. .. . . . . . . . 

0.15% of the second chemical softener mixture~ Importantly, .. i~e resulting · .. 

. . si~gl~ply tissue paper . is soft, absorbent, . t'las good lint _resi~tance and is ·. . . 

: suitable for ·use as toilet tissue. 
30 

. . : · .. · ... 
·35 . 

.· ' 



. . . . . . 

· .. 

THIS SHEET.HAS BEEN . · 
:REPLA9ED · . . . 

.. ·wo9~768 ·PCT/US96/06985 

. --------------

.. · 

· .. ,. . . , ... : . 

. w~AT 1·s CLAl.ME0:1s: · .. 

. 1. A tissue -p~per product characterized in that it ~o~prises: .· 

· : : a) · . .- paper .m~tdng fibers;. 

b> . fro"'.' 0~01 % to 3.0% of an ester-functional quaternary 
. ammonium campound;· ..... . .. . . . . . 

. . . . 
. .. 
: . 

. c) . from .0.01 % to 3.0% of .a polysiloxane compound; :and : .. 
. . . . .. . . 

d) · from· o.o1 % to 3.0% ·of binder. materiais, either wet 

: . "s~~e-ngth b.inders and/or drY streng~ bin~ers, pr~ferably. bot~ -~ 
. Wet strength binder arid a dry ·strength binder' .. · .... 

. . ·. . . 

·. 2. The tissu~ paper product of Claim 1 co~prising ~t _least two plies, 

. . wherein each of said plies comprises ~t· ie~st" t"wo superposed layers, 

. a~ i11ner laye~ and an outer.l~y~r ooritiguo~s "with said. inner layer, 
. whe~~in sai~ ti~~u~ paper produet preferably. compris·es 'tWo pliea in 
·..JuXtapos~d relation~ .$1J!id plies be_ing .orie.nted in said tiss4e so that•saki 

. . . oute; "i~y.er of each. ply forms one exposed sµrface" .of sa'id m~lti-layered 

. . . · tissue a~d eac_h ·of said inner !aye~s ~f s~id pli~.s ~re :disposed toward · 
the interior of said. tissue paper web. · · 

. ·a. 1'.he.multi-layered tissue paper pr~quet ot Claim 2.-~erein .the majority 
· . .·· . ·ot. the este~-function~I quaternarY ammonium :(;~mpoond .and the . 

. ' . . . . . . . . 

· . : majority ·of ~he polysiloxane co·m_pound i~ contained in· at least one of . 
. · ~ ·:: . sai~ ·outer._layers, _.preferably ·in.both ofsaid ~µter ·layers .. ·. · · · · 

. . . .. ·. . . . · .... 

_4. ·The. inuati~layered tissue paper :product. ot" Claim 2 or· 3 ·wherein the 

· .. )'najorit~i of the·: binders is con~ained in ·at ieast one of said inner layers.- · ·. 

· 5. The multi-layered tissue paper produet of any of Claims 2 - 4. wherein· 

· . · each. of two sa.id ·inner -layers :cornpri~e: relativ~ly. 1~·ng. paper· making 

.fibers hav~ng an a~erage ie~gth of at ~east 2.0.mm, and wherein each 

~f t~o ~aid t;>tit~r layers co~p~ises·rei~t_h.~ely short paper making fibers 
h_aving·:an·_average length between 0.2 m~ and· 1.5 ·inm, wherein sai~ 
inne·~ ·tayers. preferably "comp·rise softwood fibers~ most prefe~ably . 
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· . . . northern soft~ood Kraft fibers, and said out~r layers preferab~Y. 
· c.omprise hardwood fibers, most preferably eucalyptus fibers·. _ 

- -

· 6.- The tissue paper product of any of ~l~ims 1 - 5 wherein said we~ 
strength. binders are ·permanent wet strength binders ·selected .. ·: -_. - _· . 

pofyamide-epichlorohydrin resins, polyacrylari:tide resins.: -and mi~ture~ 
therebf, preferably p9lya.mide-epich_lorohydrin resins. ~r temporar\i ~et, 

· · . strength binde.rs selected.from. cationic diafde~yde starch~based ·resins, .: 

.· . d!ald~hyde ·Starch resins and mixtures. the~eof, preferably catl~nic 
.. 

dialdehyde starch-based resins; and wherein said dry strength binder· is 

selected from carboxymethyl cellulose resins, ~t~rch ba~~d resins, .- __ : -.· 

·po.lya~rylamide··resins, polyvirwl afcohc:il ;r~sins and mixti:J~es ·thereof, 

preferably carb~xymethyl cell~lose resins •. 

7. -. The tissue· paper product of any of Claims 1 --6 wherein -the es~er_. 
. · ·f~nctlon~I quaternary ammonium compound h~s the formu!a ·. . . 

-R2 CCH2)n - y R3 
. . \ . I 

N+ x-
I \ 

R2· (CH2)n - · Y - R3 

·or 

R2 CCH2)n - y - R3 .. 

: \. I 
.. 

N·+ .. ... x-·. 
. . . . . .. 

I \. 

R2 R.1 .. 
. .. 

· : ·. : · . · ·wherein each R2 substituent is a C1 - C6 alkyl or hycfr~xyal~yl ·group,· 

·benzyl. group or. mixt~res there.of, pr~ferably methyl; each. R,- ·'·. ·'. :. ·. 
·substituent is a C12 - ·c22 hydrocarbyl group, or substituted·· 

hydrocarbyl group or mixtures ~hereof, preferably C1'3-C18 aikyl_ or.· . . . . . . . . . . 

111111111111111111111111111111 
* C L M S * 

-

. ., . 

: 



... 

. · . . ; . 

-------- .. ·-·---·---··---

3HEET HAS BEEN . 
~EPLACED . 

PCI'IUS96/06985 . 
. . 

WO 96136768 · 
· .. 

52 

. . ·: alkenyl; ·each. R3 substituent is .. a C11 - C21. ·hydro·carbyl group, or · 

·s~b~tituted hydr~carby.1 or. ~xtures t~ereof, p~eferab)y C15 - c~·7 alkyl 
"or alkenyl; vis .-·o·-·.c (0) - . or ·- c (0) - o ,.: or. - NH~ c 

: : .. , (0) - or -. C·(Ol - NH - or.mi~tures thereof, ·p~efe~ably - 0 - C .(0) - or 

·.. . . ·- C (0)" -· Q ·- /n is i to 4 and ·x- is ·a suitable 'anion, ~referably x- is 
. . f?hloride ~r. methyl ·s.ulfate; . . . . . 

· .. 8! · The tissue paper product of any ··of Claims :·1 . .;. 6 wherein the ester­

functional quaternary am~onium compound .has ~h·e formula · 
. . . 

. .. .; 

- ..... : \ ... · . . 

. .· ·:cH -·CH2·- N+ - (R2)3 . x- .. : 
. . 

I .. . . 

R3 - Y 

. where~n each: R2 is a c1. - C4 ~l~yl ot hydroxyalkyl group, benzyl 

gr~up, or mi~tures thereof, preferably 11'.lethyl;. eac~· R3 i~ a c11 - ·c21 
hydrocarbyi· o~: sub~tituted hydr~carbyl .group or .mixtures ther~of, 
·preferably ci 5 ~ c17 .alkyf ~r·alkenyl; v .is - a -"c "<o; - -~r· - c (0} ~ 
·c) •· ~r .~·.NH~ C (0) ·or. - C (O> ~NH.".' or mixtures thereof, ·preferably · 

· . · ~ o ~ ·c ·<<;>> ·_ or . · -. c· (0) ·- ·o ·- , ··and x- is ·a. suitable anion;_ pref~rably 
· ~hl~ride or methyl s~lfate. · . 

9. .. Tl,le· tissue paper pr~duct of any of Cla.ims '1. ~- 8 whe~ein said 

· _ ·polysiloxane is polydim.ethyl~iloxane· having a hydrogen bonding · 

functional gr~up selected from" amino, carboxyl, hydroxyl, etber, 
.Poiy~the~~· aldehyde, .keton.e, a·mide, ~Ster, arj~ thiol· groups, preferably .. 
a.n amino-f1,mctional group, said .hydrogen b~n~ing functi~nal g·r~i.ip .. 

. being pr~sent in ·a molar percentage or su~stitution of 20% 6r 1.~ss, 
. ·.-'. pref~rably i.0% or ·less,· ~Ost 'pr~ferably .from 1.0% "to 5%, said .... ·. 

· ·· · · polysiloxane having ~ vi~c~sity ··of ~rom 25 ~~ntistok~s to ab~ut 
20,ooo~ooo··centistokes or more. · · . . . 

. . 
,·· 
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10. The tissue paper product of any of Claims 1 ~ s··whei'ein sai~ ester- · 
. : . fun~ional quaternarY ammonium compound is :di~ester di_(toucri . 

hardened)tallow dimethyl ammonium chloride or methylsulfate, $aid . . ~ .. . 
· polysiloxane compound is an amino functional polysiloxa~e comp_oi.mct 

.. ·said temporary wet stren.gth binder ·is c·ationic starch resin and· said dcy - . . . . . 

~tr~ngth -~in~er_ is· carboxvi:nethyl cellulose resin.· 

.. 
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