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(57) Abstract

A chemically enhanced paper structure
(20) having a discrete pattern of a chemical
compasition is disclosed. The paper structure
(20) comprises a cellulose substrate (22) such
as tissue paper. The substrate has regions
of relatively high (34) and relatively low (38)
densities. The chemical composition (24) may
include a chemical softener composition or a
surface-active composition and is preferentially
applied to the low density regions (38) of the
substrate. Preferably, the low density regions
(38) are discrete (36), so that an essentially
continuous high density network (32) is present
between the low density regions (36, 38). The
paper structure is suitable for use as bath tissue
or facial tissue. Preferably, the additive (24) is
applied to the paper (22) from a solution (40)
in an apparatus (50) comprising at least two
axially rotatable rolls, i.e. an anvil rolt (56) and
optionally a transfer roll (54) and a metering
gravure roll (52), forming a gap (60) through
which the paper (22) passes, and optionally a
nip (S8).
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2 nol d‘é’&”ﬁ‘&?"gr dried in a variety of ways to formthe final tissue
web. As part of this process the nolded and/or dried web is usually
glued to a drying drum and subsequently creped fromthe surface of
the dryer to inpart desirabl e properties. 5 . Product s nade
by many existing wet laid processes fall under the above descri ption.
Exanpl es of such webs that are soft, strong, and absor bent and
contain at least two mcro regions of density can be found in, u. S.

Patents: 3,301, 746 which issued January 31, 1967, to Law ence H.
Sanford and Janes B. Sisson; 3,974,025 which |ssued August 10, 1976, to 10

Peter G Ayers; 3,994, 7710MEM|GAB_IILéﬁMWE@MmmrDm&WPAPER
Morgan, Jr. and Thomas F. Rich; 4,191, 609 which issued March 4, 1980, to

Paul D. Trokhan: 5and 4, 637STRUGTLIRESAND ME\‘EhiQDZEOR%AKiNGD:SAME
Tr okhan. Each of these papers is characterized by a repeating pattern of
dense areas and | ess dense areas. The dense areas can be either discrete

15 or continuous. These dense areas rEELD OFFHEJINMENEHON onpaction of
t he web during pap ' r.a\ egs '
fabric or bel t. ?ﬁgalsh\%tm& hrg!aﬁfﬁ%? ?(ﬁgm%% W ngéfs‘ﬁltéééplgp& é'J esiructure
disclosed in U S Pfamprising a gellilosesaubgirate aa@uedcwmabenapﬁmamn additive.

.‘IJQ erty FS gﬁasﬁrﬁg% IMere %méuléﬂ@ ﬁﬁg Mt $é|§?é§ f@ré Ipaﬁer ]sg%urbocﬁﬂgﬁﬁﬁlw a

A
structures conprisi rifiiose FH’P%E%B °°"fa"§"&)§H%ﬁ% tﬁ’ﬁ’d"\'fg?lrﬁ '%e&n‘g%ﬂs'g' r basis
enhanced features appeightl whereinother €hemical papemakinghadditives Fare ncorpoeated in

avoi aance o g&??éfi@@‘*ﬁ% R 478 MRERERRgiat of ihe PHBePRRFRIR L0 of°

debonders and el astoneric bonders in the papernmaki ng - furnish S

di sclosed in U. $5 Patent 3,812, ooom m&ﬁg INVE '
L. Sal vucci, Jr. m ca ?ebon ers suc'f?as t se conterrpl at ed
by Salvucci, 30 referrednsgntproduets! sUBRI 4s aoitstatissiRe, ttb%l%gaéﬁd facial tissue

ﬁggg'egszgg;]gt e 1gvade B ESiA" fisds"ard % Bidadie ‘pdr or Fiodbh Society. I
general, these products need to possess certain key physical properties to
be considered acceptable to consumers. While the exact mix of key

20 properties and the absolute value .of the individual properties will vary
depending on the nature of the product, nonetheless, softhess, wet and dry
strength, absorbency, and pleasing aesthetic nature are universally
desirable properties. Softness is that aspect of the fibrous web that elicits a
pleasing tactile response and insures that the product is not harsh or

25 abrasive when it contacts human skin or other fragile surfaces. Strength is
the ability of the structure to retain its physical integrity during use.
Absorbency is the property of the fibrous structure which allows it to acquire
and retain contacted fluids in an acceptable time. Aesthetic nature refers to
the psycho-visual response that occurs when the consumer views the

30 product either alone or in the context of the product's surroundings;

The most common method for the manufacture of tissue products is

the wet laid papermaking process. In such a process, individual fibers are

first suspended in a dilute-slurry with water. This slurry is then laid on a
foraminous screen to remove a large portion of the water and to form a thin, -

35 relatively uniform-weight embryonic web. This embryonic web is then




Friemark et al.; 3,844,880 which issued Cctober 29, 1974, to Meisel .et al.;
and 4, 158, 594 which issued January 19, 1979, to Becker et al.

Ti ssue papwo swysedl so been treated with cationic surfactants, PGHUSRINP0IT35
as noncationic surfactants to enhance softnegs. See, for exarrpl e, U S

WO 97/ 47809.
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4,959, 125 whi ch maRieridaeRr aified] i, vaiat), oft Wayd Qﬁ(?etm th@dﬂr\él tssue web. As

processes 1or erAhe! TS E%€%§W@§?%J?3§@u?$?~§3g b et 5 Sving

noncati oni c, prefromland rsubsequentl)smfeaedaﬁtom the s:'urface of Ithehdryelneton irhpartd

that the softne%ép,tabqé ?dcbae'ﬂ in particular, high- bul k pattern
densified ti ssue papers, can be |rrproved by treat ment with vari ous

agents such gs veget pRdduct§thaae by raaﬁw@&stﬁ\g)wét laiﬂ‘%réé@@é‘ésak%v under the
pol ysi | oxane milié{I al s tégl cal l y eferred

i C
exanpl e, Vg despietion) aE'PPP§59 t WEeFe g'@ei a3 soft, ostrang, and
Anpul ski et al . aBvordemarsd contdin at IehsmWost:ra regionexsf densitetdinBe dound in,

ol ysi | oxane co ber

consi stency of betweena out | -
bo'y {U r!ga{eﬂ ‘ﬁe:i% ﬁ“&gﬁﬁ s%%@@ férﬁ.ﬁaﬁ ?‘{, fgé‘) B kAwrence H.

conpounds i npar tSanford apd James B Sissen:t 3,974025 y\dueh jssyed August 10, 1976, to
br oper f‘isp“tgﬁis"?%&ﬂt%f AYoREC2 HIALPT § VARCR, is8upd ‘?ﬂ“ﬁ?‘; 0. 21976, \J CEdiGe
processes to ma °E9ﬂﬂ it a@&?@@@@& &'&bt‘gﬂg"QQ%/WB dfsued March 4, 1980 te
s;Jf fer t Lr omt sevepAll [drmhs ando4, szléﬂﬁtg wmdm%sabtammy 288;1987 to F*dé:l D.

strengthen tiss 0 ute slurry of wat

fi berg prior touﬁﬁgﬁ?ﬂt ﬁa&f‘ ft@’%%\/\ﬁggﬁ'st |1°‘e° L' F?ﬁ?’é“g ga&tern °f.
relatively 20 dansevansasandiesscisnsecafeast |'l7teeda;ase@reas cad e eitbieli discete

However, Othsr o con:ﬁhéﬁg?scatﬁ 40 RfleolieR BREK imlIBCAITRAOUSTDALEBA ST Rk

al so connnnly SO ca

process. BecauseveR U""Q P?H@@G’Hﬁgew ﬁﬂ'ﬁﬁﬁear@?st%a!‘ APsinting) Caflﬁ'éfnf@@['% or
used to gener at ddlfre key properties, they often interact with each
other in an adverse manner. They 25 can conpete with each other for the
desired retention onOtier tugh-buﬂseséitbhsme papersisame|disclesed simr 4).S. Patent

properties that gag O'Qﬁem‘ﬁéh |§'sl§§tff \Qﬁ-hﬁer (fl?rf?%@fmtoeJegg Sééts‘i‘é‘hé‘gand

chem cal s often reduce _the natura
ot her fiber240andt ﬁéﬂ(,5@7rWBlﬁfb's§H§df6ﬂ6't3oﬁ B4 sto Edward 8- Wﬁ!‘sr%@@tl.rth%@a%\éb.
Bot h -t he procesyigmnglet.he product benefit if 't he chem cal paper nmaki ng

Chemically enhanced paper structures comprising a cellulose
substrate and having chemical enhanced features applied thereto are -
known in the art. For example, achieving high-bulk, soft and absorbent

25 tissue paper through the avoidance of overall compaction in combination
with the use of debonders and elastomeric bonders in the papermaking
furnish is disclosed in U.S. Patent 3,812,000 which issued May 21, 1974, to
J. L. Salvuccv Jr.

Chemical debonders such as those contemplated by Salvucci,
30 referred to above, and their operative theory are disclosed in such
representative U.S. Patents as 3,755,220 which issued August 28, 1973, to
Friemark et al.; 3,844,880 which issued October 29, 1974, to Meisel et al ;

and 4,158,594 which issued January 19, 1979, to Becker et al.

_ Tissue paper has also been treated with cationic surfactants, as well
35 as noncationic surfactants to enhance softness. See, for e>_<ampte, u. S.



30 addltlve@dgq,‘{.@gyced in the wet end are kept to a nini num PpCTUS97/10177
Addi tives introduced in the wet end of the process must be retai ned by

the cellulose fibers if the chemcals are to be“functional. This is
general ly done by using chem cals that possess an ionic charge; nost

f bl 1l ' har. h he .i nh
P Y o cnadSRBNL 54 I3 ERB O SRl PS2ThER, L shaebl Tl s
i mprove the proper tRatentf4, 848,548 which. issued doty dﬂermﬂ. tonSpeddet, i thvat afisclose
Eﬁ?u@gﬁlgilﬁ | nt Gy hBEsid Y5 ehhlREing tHe %ofthess of ti&ezya‘ﬂs@% treating, it with

end of the process nansatiosid, rpfﬁf@cﬁabwmni@nsmtanﬁcerbat es the
i nterference probl ens descrlbed above npl es of patents

that disclose pPocessesiti@s been f@-’fﬁ thatdbe sofipess of B t'ss%fﬂ%sma@%'ﬁpylﬁfohlgh-
the wet end of the B?ﬂl@eﬁé’ffé?hnaeﬁéaﬂééstfssuéctﬂﬁérsU can be&mﬁ@tveat §y Etré?aiﬁw&ﬂﬁmth

whi ch issued June 29,. 1993 to Phan and Tr %@n h Z
i ssued June 8, 199¥aripus,age ch 0@@@@501' synt e'FyB’%aﬁﬂq/esPec'a"y

rﬁSUI t in a uniforpaysiioaos mlh?tehalesttymngﬂyl referredf toe as il smbol See, for
the tissue paper, Wi r e ,
I nteraction of theaéé%m%al é {%%np 5%8%3@&&@5 %Qgé F%% ?8 a}'1391 to
chemcal to th130wetAmpulsdﬁ athal The Ampuiski patentt disciasies ahproiceas, forfadding a
retained, is distri d/ve%) n NYr b esel L |

desirable to appl y%ﬁl ve |n red| entr{ 5 wet t'ESUé w&o(g*éﬂl??emego%t h fiber
web. This may, for GORSIiAREY %@%@pna&h@: 9% rOdrakoW 35%). The%e)ppbmlﬁgane

materials. Applicatgomipoinds imMipafta sillkyf 86R fesliny rsthef tigstiegiiperse of 15
the material since consuners only tactilely interact with the surface.

Appl i cation to t he surfAfhdlealtbe pmcedses rde’sdrmednabowet generally ke isticeptable

E:‘JCPhe sheet ‘féreriﬂbﬂu@fjdﬁr%)héﬁi% em aI pape ﬁé@pﬁgﬁﬁ%g %#sgg i@#‘%e %rﬂi%%ed

added to the However, dprocesses itat makebsudenh preductsrand ipstentialiyhenienced
web. For exanple, ~BquEisCsesr e sé\lital HFRFbAEKS. DFoRBRAMpPlE ttﬁetél'%maca als used

cellul ose substrate froma ueous em ol ut|
forma chenically éﬂrﬁimﬂﬁaﬁeﬁw webs are rqg{jeﬂﬁ&?ed %F‘n FﬁHﬁ §F§'7W 9 Eﬁ“?fu%"
rret hods of addi ng dibers prics td dha initial lay down on the forming screen. This is a relatively

20 convenient and cost effective way to introduce additives: However other
chemicals to aid absorbency or to improve softness are also commonly
added to the so called wet end of the tissue making process. Because of

~the complex nature of the individual chemicals used to generate the key
properties, they often interact with each other in an adverse manner. They

25 can compete with each other for the desired retention on the cellulose fibers
as well as destroy properties that are inherent in the fibers. For example
softening chemicals often reduce the natural tendency of fibers to bond to
other fibers and hence reduce the functional strength of the resulting web.

' Both the process and the product benefit if the chemical papermaking

30 additives introduced in the wet end are kept to a minimum.

Additives introduced in the wet end of the process must be retained by

the cellulose fibers if the chemicals are to be functional. This is generally

done by using chemicals that possess an ionic charge; most preferably a

Sl positive ionic charge which is attracted to the inherent negative ionic charge
35 of celiulose. Many additives which could improve the properties of the web

are not charged. Introduction of such chemicals into the dilute fiber slurry at




cellul ose substrate result in a uniformor honbgeneous distribution of the
chem cals on the substrate. This uniform or honbgeneous distribution of 25
chemical s w78t e nany of the performance advantages of f ePEF/U)7/10177

. cel lul ose substrates containing at | east twod4m cro-regions of density.

. The present invention overconmes all of the above mentioned dr awbacks -
and generates desirable additional benefits. In particular, it has

been found that thEewedehti smthef fwws mniltsqheﬁb@ﬁkétehﬂoﬁ %@bﬁécémbtbéhfe
30 m cr o- reglo f t he c&lu oes'% #E)Ite can maxi m ze the performance

advant ages of mJT' el’%ﬁ?%ﬁr Y- as will be discussed in

d | h f h

Gonal 1y o CInanler, ERal 6 of LIS haP SR FRldecR5F ol Grd it ana
Typically, the clofiniesslagempdsi theowetengof itee paparmaking lprocess ingfude U.S.

substrate byssprwatbﬁes 81223096 iviisich h&é.séd TIEYASTT8 1993 to> Phah and! Trokiars

t he chem I on ont tr I N preci se pattern. ,
Printing the § sﬁ,%%p WE@;) issue fune S %383 an. ‘ﬂwese wet end processes
PCT/ US97/ 10177 typically result in a uniform addition of the strength anddSsoftening agents to

creater dert okl e, SR 4RSS o) el PlbiohC ahy? BrisheRl (hdtitapie

a pri nt i igteractiorhafAhegchemicals. pr ot uber ances or gravure cells.
Printing rolls havi ng rai sed protuberances and gr avure plates limt
the pattern?®f the Anothgsdiawbagket® cadidingn@ayichemicab tonthe wettend of the

correspondi ng t rae@ss is that tﬁé%ﬁ&ﬁmnqﬁe@inédws F&fétﬂbbféﬂl ﬁ%b?ﬁ%trttdﬁg web.

gravure pI at es, d‘ﬂ €SS 0 or a

particul ar capi p 9”¥UB§W‘§F§\A{?A$ $s"aP'%é‘§ QEP actwé '09 %Pt\($)| enlyt to; the
regi ster .the pr isurfadepof thex iweb.t hThisemayc ifor iregtances, bé ddwirable with lubricious

substrate. 0 softening thHQIEObA ?6rf8nf§lvt rﬁgn&@ceoﬁgéééj% Bg 5@{%@&‘% a

of printing roII grav ne for eac
However, su#® prtbeu material since mmseme@ anly ctagtilely ioteracte withpathet surfacea

poi nt where it 'Rbbli%ﬁhoﬁ@o the suﬁa&é%’%@éﬂd&ﬁn@@éﬁ%@vﬁtﬁ dthéViridterdals, s, guch_

printing roll "~

‘short producti or“r‘sr%?Pr H@é‘a‘f itves & ethatlrglg%ﬁ%est bﬁd@%‘?’&?ﬁ g‘é)gé‘:[‘%gf I3"];%%"9 t.

desirable, Lo be ab! erhe SheTIGR! by wsﬁsaedmugﬁsbfasq%%%tgrp%f%«ea o the
densi fi ed ti ssusefiulosessubsiraie gubseguent to formatiaraaf the wet wehd &or example,
conmer ci al %pertﬁ@‘ﬁﬂwm%!ﬁh@ﬂh%ﬁhﬂ% ﬁé%ﬂllbﬁaﬁt the cEMABEE MUbstalB ot @n
aqueous chemical solution, then dried to form a chemically enhanced paper
structure. Unfortunately, previous methods of adding chemicals to a
cellulose substrate result in a uniform or homogeneous distribution of the -
chemicals on the substrate. This uniform or.homogeneous distribution of
25 chemicals can negate many of the performahce advantages offered by
cellulose substrates containing at least two micro-regions of density.

The present invention overcomes all of the above mentioned
drawbacks and generates desirable additional benefits. In particular, it has
been found that the addition of functional chemicals in register with the

30 micro-regions of the cellulose substrate can maximize the performance
advantages of multi-region paper. For example, as will be discussed in
detail hereinafter, chemical softeners are optimally added to the low density
micro-regions of the web to further enhance that function.

Typically, the chemical composition is applied to the cellulose
35 substrate by spraying or printing. Unfortunately, it is difficult to spray the
chemical composition onto the substrate in a precise pattern. Printing the



operability; ( Fo ochenical conpositions that are nontoxic anpcT/@897/10177
~environnently rlendy and (3) can be carried out in a manner so as to
‘maintain desirable tensile strength, absorbency @nd |Iow | int properties of

"t he ti ssue paper. I mportantly, by adding functional
chemcals in register with desire m cro- rlggl ons in accordance with
teachi ngs of the pr mlcahvemwont peto e subsirate dnayirestinial appattenn paving

can be enhanced wit @ééte’v‘diéﬂrﬂﬁirt’aﬁafﬁéélbm than obtaiﬁdtﬂé W@;ﬂ% Irige?outh_'éﬁuures a
exanple, tensile stre n

fall nabingorajsed roinersy Uigaelis. ¥
i npacting sof t ness; "Qlf Haf'ﬁﬂgewse P ae&‘?ﬁ I PIAYHES F 5> Printing rolis
wi t hout negatively ihanmg iraigedeprotuberancesgand gravure plates liit the pattem eft the

oroducts. | o B " obi! theiibar, GHABGHAGN, 18] YRt (ndifeif, cirespBRHfg to the
absor-bent facial ti rotuberances pfatha ppnting colk or the gravure platesst regardlessbpfawhlch
of this i nvent i on tg:a“ife?r‘{ 'n?ﬁ;{ Eﬂfdesﬁﬁ?é)f&ea"‘gaﬁﬁﬂfér ééﬁiﬁéory s bstraté’r 9\%“@ can be

35 i's an object .0 esent I nvention to pr

structur e | sd’(ﬁﬁy Siffigult; os(raisien the prpted; n@ﬁ%rncwmutf@smstmsqg'av% of the
cont ai ni ng at | east gubstrata O 97/ 47809 '

PCT/ US97/ 10177 6 t wo

m cro-regi ons ofl0densi t yThisiproblem nizynbhe avercomes bylprogidindoa pietheranoprinting rolls

reoRorates 11" oB Sl g AT 6P B Dafied AR, i prpgso

i ncor por at e cheni calingrepsesdkengxpansiet of dbe iapparatus to Qspemtauheraaut may not be

enhance softness, st
these properties. é&ﬁ@ﬂcal@%&fﬁ@%ﬂ F%urgih rEﬁHgCFolPBr | nve ti on'%IroeaCh
provi de an i nproved qﬂséfggs%atﬁfn' only a short, d'HBrFF SF"' per maki ng

e Rl ot i SSEHE oo 0 BRI Lihance
These and ot her obj qredeterminegd mlcraekegmnsgot tissym paped, in paeticulanhighsbulk, pattern
will be seen from thgdsed Ws8Ge PHgerd by L6roteSE RS £1) can be carried out in a
commercial papermaking system without significantly impacting on machine
operability; (2) uses chemical compositions that are nontoxic and
20 - environmently friendly; and (3) can be carried out in a manner so as to
maintain desirable tensile strength, absorbency and low lint properties of the

tissue paper. ' |

Importantly, by addihg functional chemicals in register with desired

micro-regions in accordance with teachings of the present invention, the

' 25 desired functional property can be enhanced without adveresly affecting'

other properties. For example, tensile strength can be increased without

negatively impacting softness; or, alternatively, softness can be improved
without negatively impacting tensile strength.

It is an object of this invention to provide soft, absorbent toilet tissue
30 paper products. :
It is an object of this invention to provide soft, absorbent facial tissue
paper products. -
It is an object of this invention to provnde soft, absorbent paper towel
products.
35 It is an object of the present invention to provide a paper structure,
such as a tissue web, comprising a cellulose substrate t:ontaining at least




SUMVARY OF THE | NVENTI ON 15 The invention is a chem cally enhanced
paper structure conprising a cel l ul ose substrate having first regions
- of rel ati veigmdygey density and second regi ons of rel at paeiUg9T/OATT

' density. The regions of relatively high densgty and relatively | ow

" density are each disposed in a nonrandom repeating pattern. An

I mobi | i zed chem cal papernaking additive is disposed on the regions 20

f relatively h : ' f
P o oL of B PP iR b deh 8. Wheftn BRI Heha ML Bibtvg are
density form an trmiataﬂ inyregister withdhe mmvwregroramf thepaperi structurie.

relatively | ow density are discrete. In this enbodi nent, the
i mmobi 1§ zed cheni calltis a furtherehiggketthisivention to sroyide éﬂd&%ﬁ% precess tbor

exanpl e, on theisgcrporite cBEmléﬂWpé@@ﬁmhklrfge@da’tﬁ/dsf ito ithe | ﬁéﬁi@'e\ﬂebothat
| mprove sof tpess ﬁnd/or

bsor b
cheni cal pap?r ﬁacﬁcﬁﬁ’% gﬁ%‘%@ 5&&8&”‘?’!9' " 8nd" es&'ﬂ%t"iso?ﬁ ?%b&atnnarpf
density regi onsthése praperties. ended for exanple, to inprove strengt h.
In addition, as will be discussed in detail hereinafter, the
cheni cal Iy enhanced lbap@furyrermjaﬁteobmls Hweptlee&mpramannmprwed)peduassltby
30 ‘through-air Dfea%ﬁ
DRAW NGS Mjédrﬁgr% ?hemhca! eC| %Ig? %dc(’:@%: es bﬁmﬁ‘\l tﬂé
particularly pof®QiPAg °<§Ltﬁ’e tissue weh,tp ﬂ'!aﬂmﬁ@t ¢ R8 "ﬁi%etmaﬁ?%ﬁ mUltl-

i nvention, 10 i sedgiohipaped. t he present WO 97/ 47809
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invention will be béfhese ande:tbeooﬂ;eb_lspare lobtdinéd asingthicprasent invertialicasi n
conj unct i on W'WMIE BE s%%ﬁ%ﬁ’})ﬁb n %?e"H?tdff@pCd?sclosure Figure 1
is a fragmentary top plan View o aper structure accordi ng

to the present invention hav!ng a continuous cel lul ose net wor k 5
oS F5tr somant ary ot o SUNBABRAORAE NN S 1 ve 2.2 o
Figure 1; a8l The invention is a chemically enhanced paper structure comprising a
cellulose substrate having first regions of relatively high density and second
regions of relatively low density. The regions of relatively high density and
~ relatively low density are each disposed in a nonrandom, repeating pattern.
An immobilized chemical papermakmg additive is dlsposed on the regions
20 of relatively high density or the regions of relatlvely low density.

In a particularly preferred embodiment, the regions of relatively high
density form an essentially continuous network, and the regions of relatively
low density are discrete. In this embodiment, the immobilized chemical
papermaking additive is preferably disposed, for example, on the discrete

25 low density regions if it is intended to improve softness and/or absorbency.
Likewise, the immobilized chemical papermaking additive can be added to
the continuous high density regions if it is intended, for example, to improve |
strength. In addition, as will be discussed in detail hereinafter, the
chemically enhanced paper structure of the present invention is preferably

30 through-air-dried.

BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out
and distinctly claiming the present invention, it is believed the present



Fi gure 3 S avﬁ‘ibﬁﬂﬁb c vertical elevational view of one appar at per/vs97/10177
which may be used to produce the structure of tgﬁ_ present 10

i nventi on. DETAI LED DESCRI PTI ON OF ‘THE | NVENTI ON

As illustrated in Figure 1, a cherri cal ly enhanced paper structure 20

according to the preg r ener.al | .anar cel l.ul o
15 substrate 22 an'&‘vgnﬁﬂ'a %&B&?W t%g%dﬁ ﬁ%ﬁ"#ﬂ@ 9 JRsArPLen Ptaken in
paper maki ng addi ti veouﬁanctlompmmltbd aun:onhmnwhg drawingsuibsvhiehe 22, typically

in the formof a_aqueous solution 40 as shown in Figure 3. Referring
to Figure 3, theFigyredus atrgmentanydopplap view of 85 Rapersiiucturesaccording
substrate 22 in a pafd tive! lpré M&%ﬂtsoncﬁé‘«ﬁnéhﬁ c%%ﬂﬁBHﬁfsdgllﬁids%nnéRNork
i s disposed on t cel e wat er

ul.ose subs y
removed by dryiny, W|th t he@nd dsscre %9 aﬁgﬁm'ﬁ%'k?‘ﬂ?rﬁtﬁﬁ"?g pddgive therein;

i ni he cel | ul : K to Fi
1" The 6l I ul ose substr IS I8 Zra@émmé'de elevalignal et BRep 4pan dblyo 4 o

ti ssue paper web. The cel | ulRigerestihand at e 22 conprises multiple
m cro-regions 34 and 38 having different basis weights 25 and/or
densities. Any arrangenkiguref 3risga csahednatinveglicalnelievatiorall views ®f one apparatus

substrate 22 is acceptable, ho,p,g aB tnée&eﬂol E}%&égnétéﬁgﬂggmﬁsghee present

macroscopi cal Iy planar and the che paperna I ng ad ive

i mmobi |ized in? ﬁgglster Wi t HNVRTRioH: the m cro-regions. The
cel lul ose substrate 22 according to the present invention has 30 _
di stingui shable mcro-regions 34 and 38 defining two nutually different

arrangenent compr | oi g an ess HRTAILED HRSPRIBHONGLEIHEMYERAON .

ey Euron 39wt M WbERGS A Elfey 8RBl A Aby i Filugure 20
WO 97/ 47809 accordlng to the present mventlon comprises a generally planar cellulose
5%{5 tJrSgtwe 12%77 r?sones%t?sﬂl;agte 22 and 2 chemical p en't}]aslﬁurgg Sacliqslﬁve 24. The chemical
"an essentially conP?Pﬂ@@‘%ﬂ@RWepééﬁﬁgP{éJ 'F%&PEWQ 9@‘&5?’@?? éﬁe%‘fauy n-
contiguous, are conthedormcbofizpalaedds solution. 40 Eheshdmﬂreﬁgurem ‘Refedfing to Figure
proj ect 3, the aqueous solution 40 ls applled to the cellulose substrate 22 in a
particular pattern. Once the aqueous solution 40 is dlsposed on the
20 celluiose substrate 22, the water is ultimately removed by drying, with the

chemical papermaking additive 24 remaining on the cellulose substrate.

Referring back to Figure 1, the cellulose substrate 22 is a cellulose

structure, preferably a tissue paper web. The cellulose substrate 22

comprises multiple micro-region's 34 and 38 having different basis weights

25 and/or densities. Any arrangement of regions 34 and 38 in the cellulose

substrate 22 is acceptable, so long as the cellulose substrate 22 is

macroscopically planar and the chemical papermaking additive 24 may be
immobilized in register with one of the micro-regions.

The cellulose substrate 22 according to the present invention has

30 distinguishable micro-regions 34 and 38 defining two mutually different
densities.  Preferably, the regions 34 and 38 are disposed in an
arrangement comprising an essentially continuous network region 32 and
discrete regions 36 within the essentially continuous network. As used
herein, a region 32 which extends substantially throughout the celiulose




outwardly to a distal end fromthe region 32 defining the essentially 5

cont i nuous net wor K. : Preferably, the discrete regions 36 and

t he essent iVMOIJ4TIRt | nuous " network region 32 are di sposBAT/US9H10177
nonrandom repeating pattern. By "~ bei ng 8 nonrandom' the regions 32 and
36 are considered to be predictable and may occur as a result of

known and predeterm ned features of the 10 nmanufacturing process. By
"repeating", thesyhstrate22 snfanenedbothr of theaprincipal dipnemssions isheonsibetdd §¢ be

bstrate 22. Ho ihall ' d j . | Lul
Substrate 22, as oy essertipll TorfnBuS HithaheS! Ctifersely, regions BB vifich arg o

the pattern is reaniigupsisyare cgasigerediio papdisceete.c Thecdisorete regions@tepraject

the consunmer as Giwardlgotel audistal BRE Bohi ahe 8YioAPBSAletA] e
15 in the C%| | ul ost |ggstrate 22. Mor e pref Z?%igl yB?hge?iggflé(c)ggéﬁ%é(n?}@g

e s
of t he 2cel FAUTHUOUS [IWOLK-e 22 are disposed in an arrangement having a
hi gh density e Lal | oLt ) Al regi,on 32 and. discrete
I oev density . yr eglﬁ%,%é@k \)/‘\Xl %h %&ﬁg“@@%’fgg degslﬁ?i?ﬁf&? ajly. (qRRtipuous
regi on 32. Pref enetwiogk region 32nherelidispased inwe donsandomegepeatirRf patierh heBy
essential ly contg U " ' Iy ] LEf e I
W T be i Scussertig RoRRNR" e rédiBhe 32%nd 6 2 EolbisbRIAN b diBfide
herein, a cellul gy, QocHr @8 result of known ans predeterminag fasteresof the
density di sqoet emangfansried proceser aBy Yrepddling”, the Patrs as feﬁ-ﬁéa%i'é‘%an
additive 24 thereon).pgr re_cent t to .. .1Q00 di,screte
regi ons 36 per s?m% ﬁﬁ&ﬁ%“@ﬂgerﬁﬂbék%% gZCl(J %)',er'aﬁdﬁtm%? ppdetstogd dhat if
1109 | ow densi ty thexellolaser supstrate 22, ms preseated tethie cohsumed,d8 refatively smaflo
T ete o0l onSarkf e pakBHATE reldfyRly 3R 8P thd Bl SEAb0 is presented to

Furthernore, the ce ose substrate Taccor othe™p
i nvention may cdRBGORSUMAT af AR dategraldnit, the pattelrs mayhappearde-ncaun'only oace

cel | ul ose syBst riattRe 2Bl sktsubstate 2devi athigre bféf&éﬁlﬁpﬁé irbYfiond 4 %halvﬁé iggn

26 30 of a SUbSthreaée s det Er{ﬁpeg b%/ Ia.éi ng Lt. on a flat, horizontal
surface, which luloss substrats, g2 Are,disPoraddn 29 Arangamentehayingra high
of L hehcel | ul bsedensity esserdiallytcortibuousi ndtwoely regiome$2 rand kiéscretieniowl density
th the region ok ardiibiy 'Eﬁ@s' i hed, a e
\c/imet erm ned gy tﬁgsg:l’ﬁ%r; ev‘ﬂtchén iﬂﬁg .e%Eer.lélyiSE%ﬁ%a oveh%%'e&tﬁigéirogng% Itgﬁéﬁeer,agfy,
taken ort hogonaltherfliscrete i density feginfs gﬁ anst the: ppsentialiyesantinuoust netwerk

cel I ul ose s@bst ragR82 lie in aiferért Piake, as will be discussed hereinafter.
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For the embodiments described herein, a cellulose substrate 22
having about 2 to about 155 low derisity discrete regions 36 (preferably with
chemical papermaking additive 24 thereon) per square centimeter (10 to
1000 discrete regions 36 per square inch) and more particularly, about 16 to '

25 about 109 low density discrete regions 36 per square centimeter (100 to
700 discrete regions 36 per square inch) has been found suitable.

Furthermore, the cellulose substrate 22 according to the present
invention may comprise two different elevations 26. The "elevation” of a
cellulose substrate 22 is its local deviation from planarity. The elevation 26
30 of a substrate is determined by laying it on a flat, horizontal surface, which
serves as a reference plane. Different elevations 26 of the cellulose
substrate 22, which may or may not be coincident with the regions 34 and
38 of differing density described above, are determined by the difference in
height above the reference blane, taken orthogonal the reference plane and

35 principal dimensions of the cellulose substrate 22.



Preferably thg, éfﬁu 34 and 38 defined according to differing pcrruseiorrr
densities and ering elevations 26 are coi ncigdent. Thus the discrete | ow
density regions 36 are also raised in elevation™26 (or |owered in el evation

26 i f the cel lul ose substrate 22 is inverted) fromthe high density

regi ons 34 of t he en aII conti nuQys e K. I on 32 Vv o
it is to be recod%%%@ 6?9'95\% rr@&ﬁ’l[ %t@fﬁ%’ (%?Fgfd'%eﬁi(ﬁ#é"ng
such discrete deheﬂieemnﬁﬁilf@énmg plevationsa?6 dee Toincidert. ndhus dhadisteete low

th t | 6 ¥
2 aceording Lo« ndensity SrEER B pfE pisq raised inclevdtin 2810k R3S Bon 26
fi bers havi ng one Vehe cellujeselsobattaten224ds Wl’t&ﬂé from the| highidensity eginniss34 of
of the fiber) @W?ﬁédeﬁ&ﬁt?ﬂgﬁ%ﬁflnwﬁsrﬁéﬁ%ﬁke'ré! &Sﬁr B2SMHowever, it is to be

di mensi ons (nutual l'y perpen radi a

in .
perpendi cular to t Fecogfiged uMé“‘ﬁQ% %‘F‘%ﬁ‘;}g’“f"ﬂﬁemay ﬁ‘ﬁth)ﬁ’geﬁf'ﬂeﬁwfﬂ \digerete

approxi mat ed. Wi | ‘?e@bﬁ&ossobf Ga Wbﬂﬁrl density tdre -hobeddindigent Vil a tﬁéﬂlcular
15 other two di nen Q ﬁéf conpared to the principal dinension of
tWO S

t he fibers, mal | di nensi ons need not be substantially
equi val ent - nor o 0 t ' he fiher. |t

| g only inportant that Oﬂ% %gﬁ't”h’g fﬁl%?&g% iz?gé‘%'@"ﬁeﬁ&%%lﬁsﬁt@"‘é% ?n may be
abl e to bond t10 ot kemprisesr of getlulosic fibers biavingi boe aerylargendiroensiog (along the
(or its equival ent )O@tﬁlﬁél%’klg o?iﬁé 't'Bér) cﬁﬂpared to tﬁ?o&%\’ Wh%%t?#&s\%és@ts‘?nall

22 may be creped or uncre , e5| g e ce S
substrate 22 foresRHNEBRIONS HPHH-Lﬁ!anPGH?ﬁﬂ'%!W'@ﬁS ﬁd being; hbotn yiradiali @pd

throughout the esswrpéwdnwmnfd rmeumngwamﬁ axigi en the- fbela soSltﬁbt linearity is
undul ations yield cross whi ch are.consid

irated Sy hie i fibeg veal th
m nor to be differ SRPEXiIMated.c MY ﬁ“f@%&"%ﬁ EXEMinaen o éh%ll PE} BiBLEEVER! the
25 elevation ¥ olthemtwo dirhgnsioasrarehsmiall dmmparbddohbeeprrrimﬂ)aivdlmmmebf the

It s to be ?B&Pﬂ ’E&ﬁdoc}hg?hué‘ sﬁﬁP@ﬁnéﬂnﬁh’é Bé%d%t&eifi}er Sistanti @.?ivalent

enbossed, rences In e

26 which are npaucgastanértlatqu@q%mmxa% dgnath of tae fiber.o Hds anly rmwtérst that
An exanple. of a the fb&?b&%l@ﬁo@é’ﬂ@ﬁb@ﬁt W8 G Bk ably ©/86nd it clhéefibers and

' d bed
0 577 612 A2 hssi gREABEbUEd 0N RIDRPNAWIPLOCE SOHAAIER) by igdd sarrer.

"Cct ober 18, 1¢ and igco r e
uncr eped, thr [gh air dﬁf%ﬁg@'fl%ggﬁlpggagﬁ 2‘5 r%bp b@'ﬂeﬁgglogrhe P“?’%g’%gr ggtqegged
of this invention. Creping the celluinse fsubstrate @2pfareshartens it roducipgeundulations in
substrate 22 may b‘ﬂ'oéyZ‘-H%EhGn th?&: FORNtHS é&%bﬁﬁ‘é idonfihuBgs X‘Eﬁ%ﬂ( rég Pon 32.
preferably cell ul og such, a %‘g n &?yon
more preferably ar '-Wbob‘"ﬁmaﬁ"’@ut'ﬁ §rg§§tmac ine’ U@ ard ‘Eonsidered too
PCT/ US97/ 10177 minor to be differences in elevation 26 as compared to the differences in
25 elevation 26 obtainable by the methods described hereinbelow. However, it
is to be recognized that a creped celiulose substrate 22 may be embossed,
through-air-dried, etc. to produce differences in elevation 26 which are
large, relative to the creping undulations and ripples. An example.of a
method of making an uncreped, through-air dried tissue paper product is
30 described in European Patent Application No. 0 677 612 A2 -assigned to
Kimberly-Clark Corporation, published October 18, 1895, and incorporated
herein by reference. Such uncreped, through-air dried structures are
suitable for the practice of this invention.

—— The fibers comprising the cellulose substrate 22 may be synthetic,
35 such as polyolefin or polyester; are preferably cellulosic, such as cotton
' linters, rayon or bagasse; and more preferably are wood pulp, such as soft




10 | woods (gymmosperns or coniferous) or hard woods (angi osperns.or
deci duous), may be cross-linked, and nay conprise conbi nati ons of
synt het i cwansh/4reéd ul osi ¢ nateri aI s. As used herein, a cell ulwssmlet‘lﬂate

22 is considered "cellulosic" if the15ellulose substrate 22
conprises at |east 5 about 50 weight percent or at |east about 50 vol une
percent cellulosic fibers, including but not limted to those fibers

listed above. -Aycall gd%hﬁosr{a%rﬁ'ls & Wf@r&%sgv‘%?dhgﬂdt Qv&g&erégﬁ s 3

sof t wood flbers avin
mllinmeters anddeciduamrsk emayr b@ocﬁ!t’s%fbnkéd-alﬁﬂﬁ may comprisgi epgikinations afd

- gfa;gewfg? 1(‘) } bg[)a;{m{ezm and| cuNaldsi@ matesialst hAg Liﬁigglﬁerém Jé)celmlbéé sggsgrg@mgzr a
wel | for the cefl GO ef@fﬁ’gs‘i%"éﬁ‘éczf ﬁl%&? 'weaer#a?rﬁte 22 °°m9"595 at '%d
pul pbfu ber 35ar ealsqite50 eweight péveeaeldrubbstealstubbtbutase valurienpercent celfuibsié s
m e roauce a SSES,

y P dedrs %lﬂathﬁ d&?z QEP‘iﬂﬁt%d B tﬂgéé‘gbﬁpf et ghove Ap{i%@@%% .

such as sulfite, sul mechani c
such as stone gnidueobwoad péh&beo%wmnrﬁm seweodibers having a tanguu@éd

by conbi nat i O“SatSﬁutCi‘Q%CéﬁoW STﬁﬁiIIﬁMén%' aﬁd %éﬁ?ﬁétep"of 'FWbut 25 to ab6ut 50
recycl ed.. The 't , |nat4 z\% and oces 9& Iogﬁrs used are

not critical t %’Q”}ﬁl%rsserﬂ" QWPBH g a 'ﬁneth g5t thapsabqutel 22
accordi ng t10 t heillhetsrnand !a/eramete;n@f aE&ht mzqaoammwldmdmeteﬁs RidSbess!
and pl anar, n |on Fbmever

t he thickness HJRUBHZ t‘%?rﬁ(gb%rﬁﬁgﬁl "Pg’sreeﬁ%ﬁqt%ﬁ/bé desc% orrpar ed , to
e oot Lo o TenR,§BRapubCnbls, GROLALY of the collidl'ULBEHY"23, the

cel lul ose substrate 2 atrvely
first two di merfhasss maysbe produces: by any oBlémeﬂ)snfpsﬁés 2inclusting dehemical

the present i nvﬁ%égges such é?sogﬁlﬂté%uﬁat&' ﬁﬁbesddw‘p?éce?dgés”%d?ﬁ\éc?s‘éﬂi
Do ot 4B, Troeatis such’ B8, stope proutdosd. . Merkately” Tob Ty e
i nvention, nay preduceddsy conftinations bichemical and ehethanicalopriogesses onirhay y
nonwoven mator (2§ ooyt e F@{PQP FOF PREcEind BE g B8 U are
substrate 22, m@\nrmcagtq therﬁ@[sgnt lﬂveﬂtloﬂhe density requirenents specified

above. ul ose s e 22 havi n& ﬁgl ons 34 and 38 of.
di fferent \ deﬁm B sﬁaf e @CEYTAIRG o1Q \IhEe RERIER ngj"‘(%?tlo&'i s
~areas throggh ﬂ&crosmllygmsdmenﬁbhalkawwanan havingt some thickness in the

dedensi fying c&fidl finfdrisith.” However, the thickness in the third dimension is relatively
- small compared to the first two dlmensmns or to the capability to
manufacture a cellulose substrate 22 having relatively Iarge measurements

in the first two d'menswns

25 The cellulose substrate 22 according to the present invention
~ comprises a single lamina and may be layered or stratified as to fiber type.
However, it is to be recognized that two or more single laminae, any or all
made according to the present invention, may be joined in face-to-face

- relation to form a unitary laminate. -

30 - Of course, it is to be recognized that a woven or nonwoven material
may be adequately utilized as a celiulose substrate 22, providing it meets
the density requirements specified above.

- A cellulose substrate 22 having regions 34 and 38 of different
densities may be achieved by locally densifying certain areas through
35 embossing as is well known in the arnt, or by dedensifying certain areas by
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or pressure deflection |nto a suitable nold fol'l'owed by through-air

drying as is well known in the art. Sinmlarly, a cellulose substrate 22

havi n different elevations 26_in.the directi ener.al | rmal t )
the plane of the - vatuuept Blessure JE0ERueR b aapitable. ol Rlaed By frolgh-air
enbossing as is vveuky:hgl@ms well knowh lie the art. oBinsitarlyn accelioinye sitsstraip 208having
o e e oL it HBtons 20 nthe ARLGIP oot inal o PeHERs e
enhanced paper st r celulogse stibstiaten22 seay be accomphabedthy@mbessmg as is well known
t hr ough- ai r - driged. rpg.g@ I

cel | ul ose substsraat e EH Q# A"Xci H;!leggrﬂg %’cggg\n&?ﬁ égﬁmjé”#)re deﬂectloa mtfo
U. S: Patent 4,529, 2gitabl §§ue@ fs:nweéebv thepugh-gir-dnsiog-as lwel&hnemémthe art.

I ncor por at ed hereln by ce, for the ur pose of, showing a through-air- .
dried cel |l ul ose subst rgrg g&a\%ﬁg"nﬁ@w C8AsPaRen § UﬁW’%s%fe&\q fresent

Cgp{ i Qufgﬁ pat ﬁ g][ glrnrveﬂtlclgl |%2tm@dghcmr-tdheggurémqm‘;gg{lgﬁhowefa'ré@WhrgégﬁJa& dried
icu

anent i on hgv:ong dF?lf"g?g su&sﬁ%ﬁq ?grfg p[édug\e%érﬁlﬁgpggi;r%gb\g{tﬁﬁ%ﬁ@?nﬁfaaﬁmgned
according to UGs. %eﬂatﬁﬁﬁ&ﬁmm gssuatl JolyT6k 1885htes Twokham, | which patent is
coi nci dent di scret ﬁw(:b?ﬂc?ﬁ?éd% ei ffbfé?él’&éé"%ﬁﬁeaﬂ&p%é 'bfrs‘ﬂo?ﬁhﬂ < ﬁrlaﬁ@h—'d“r—

density and raised ower e I N
substrate 22 pref eftigfcallose gubsteatedd having dissreterresion 86 and ABcpssansially

di fferent regions génfisbiiBpafier regiesB2ailior thd uFﬁdsle' Gﬁér%\ﬁmg how t6 Prdktda

h Th | t 6 th t
:ngcngsan croteoerE\égBé g aﬁ :a? n&ﬂ:ﬁf; %%eoé‘m%‘ﬁ% gﬁ&r‘iﬁﬂg 9 dber present

m cr OSCEDY l Wﬁ ngmveatlanehmhg diffewntlelevworw 12|6 A cellutgse sUbstrateed2 anhde
paper maki ng additi Y, p t P Strat
an aqueous sol ut O%chréurf@ 1P U 8P Phhfitht Qéé“g%ﬁﬁ ls%bgﬁ fo '?rok‘h‘é'?» %a% nlfally

I On, Suspensi on
aqueous sol ution 4goipeident rdlwe!méewnem%wmberesmsqgsar@. botherefatively low in

can be applied to §8Rsifehhd rasedIBP owerea) ﬁ?-eléﬁahér'\ ggtrated in Figure 3.
The specific type of chem cal papermaking additive 24 is not ‘critical to

theI ! n\ée_nt I OE so | Ongm t-.aml@ﬁaasubalramb préferatsly dvid & idifferdhcady dévatihh 26
applied int s r i mobi | t
o orate. or odfbrvPEivediIhe sierBf diPBs A4 454 3¢ By b T e
~ substrate 22(036653mdn95)og‘|’he 9letv|aaou® asenepamteetmthmba zohfisingupressire,
di sposi tion of - the &€do é@éﬁ
uni f orm coati ng ﬁmg ’"'&Bﬁ% 52 a er ma |ng aggfdt??‘\%g’s ?cﬁﬁﬁ %IEFS’OH
i mobi lized in bot migrRscepy 'mﬁgmgcﬁﬁ(ﬁ@l"tﬁ{ kppwRin the ket ed i n use.
The che_mncal papermaking additive 24 may be applied to the cellulose
25 substrate in an aqueous solution, emulsion, suspension, etc. For example,
an aqueous solution 40 containing the chemical papermaking additive 24,
can be applied to the celiulose substrate 22 as illustrated in Figure 3.

The specific type of chemical papermaking additive 24 is not critical to
the invention, so long as the chemical papermaking additive 24 may be
30 applied in the desired pattern, and immobilized, so that it does not flow,
migrate, or otherwise transport to different parts of the celiulose substrate
22 and transmogrify the desired pattern into a less useful disposition of the
chemical papermaking additive 24 (such as a uniform coating). The
- chemical papermaking additive 24 is preferably immobilized in both the dry
35 condition and while wetted in use.
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Ref er ri nowoo7ahger € 2, the aqueous solution 40 containing tIET/USEMOLH
paper making additive 24 is preferably disp §ed upon, registered- -wth, and
i mobi | i zed at the discrete |ow density regions 38 of the cellul ose
substrate 22 in a particular predeterm ned pattern. Although ot her

Pt endi gt hr ongndtaterig to Py 2 e RRELES Adusil 47 coliBilihe 1diERemical
t he cel |l ul ose papetmaklagzadq:twe 24 is preferabhe disposed auptn, gegistered: withcands -
- machi ne direet ?Trﬁﬂrqb(ﬂf zed S99 3&|§cr‘egéa'itﬁ9fdbn§ ﬁ re%aons Sfmﬁb@ﬁgk&gofﬁﬁs?{]ﬂe

havi ng the che per rra Itrve

di screte | ow dedsintg P?@Q%Fsptﬁﬂqté"ﬁ'ﬂéﬂé?a@" &“?‘?HQ!" Bmmns-liﬂm as

enbodi ment ,5t h@eﬁﬁéo’ﬁtm@% hlp&heﬁ%lswumhegfdrm I Sar@%bsbmandmgy thiaggHutt he
i mobilized che ain

to Figure 3, tRH 5%«5‘93@ SP{)T'H nd %ﬁ@gﬂ’a&gﬂ'@?ﬁ?ﬁﬁf the gellulose s%{@t‘%gggfjﬁg to

t he present i nt#smachinmgirectiomdbeaross machireodiréetion, or diagdnaisthexeef) are

50.
e bl s rof | PeBbld, ¥ baRefi naRE e EncRiG RiDerfRKY BAdinde 24 Kispoba
| ongi t.udi nal aR8sonly thet disciete r'@WI dQ}!s'tYanQ'@m% r'srkfﬁferfﬂﬂ dndhﬁnp@iewred

rTﬁLI n?g s10 enmw‘h@heetrreokélanﬁa ﬁéhadéhsﬁ@ ioh ds 'SuBskihtily f?eéJ%PtlﬁQ

e netering rp and the transfer roI
The gap 60 is mmobﬂm%i( 'G?EBaP?%TH@F'B %%4“!"%%4 -and the anvil roll

20 Th | | | | di

of the T quiteisna,gain i Fidis S dhethermaf BRRaetE Rabsr sk cHsPFZ-
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regi ons of the resp a/
a particular quantity of the agueous solutlon 40 to the transfer roll 54. The

25 cellulose substrate 22 passes through the gap 60 between the transfer roll
54 having aqueous solution 40 uniformly disposed thereon and the anvil roll
56. Importantly the topographically elevated regions 36 and 38 of the
cellulose substrate 22, to which it is desired to apply the aqueous solution
40 containing the chemical papermaking additive 24, project toward and
30 contact the transfer roll 54, with the balance of the celiulose substrate 22
resting against the anvil roll 56. It will be apparent to one skilled in the art
that by increasing or decreasing the clearance in the gap 60 between the
transfer roll 54 and the anvil roll 56, smaller and larger amounts of the
aqueous composition 40 may be printed upon and applied to the
35 topographically elevated regions of the cellulose substrate 22, respectively,
upon contact therewith. Likewise, changing the design of the metering roll
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transfer roll 54) provi‘des er al t . found In the prior at.
First, a paianasl. fo8ihe prbadiments desctiaed HerkinoAAUECHS RORRRSIOR KO

- chgm cal - pappplied i g tie didngee of 4atiout He tdeabeit Gﬂoorlhiﬂigrﬁmsceﬁérukqsﬁe
substrate : t hout. . he. e roll B4 to0. have a. -
gr'aVUr e patt e?(?'n oFeH%SPerféf 5’?%%@%0&%&%?&%;@3%?'3’%%%"2%%‘ 5. Ty_pi cally,

manuf acture, than nongates e ceRibdd Hlibsfal PRNFpEifized i 1 papEP STRLYRS 20
benefit of the cli§ rssﬁeqtmebasashupsnt peNsyYragr prefarences.creddinohgnefits become

apparent. Particularly, the cellulose substrate 22 according to the present
invention, having regions 34 and 38 of different elevations 26 (one region

25 34 in contact with the anvil roll 56, the other region 38 in contact with the
transfer roll 54) provides several advantages not found in the prior art. First,
a particular pattern of the aqueous solution 40 containing the chemical
papermaking additive 24 may be deposited onto the cellulose substrate 22,
without requiring the transfer rofl 54 to have a gravure pattern or have

30 radially extending protuberances. Typically, metering rolls 54 having
patterns are more difficult and expensive to manufacture, than nonpatterned
metering rolls 54.

A second benefit of the claimed invention is the flexibility which allows

one who may not wish to use a transfer roll 54 having a Eattern, to achieve

35 registration of the pattern with the regions of the cellulose substrate 22 to
which it is desired to apply the chemcial papermaking additive 24. Such
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manufacturing was unattamable in the pnor art.

Several variations accordlng to the present invention are feasibie. For
example, if desired, one may construct a cellulose substrate 22 having an
essentially continuous network region 32 and discrete regions 36 which

25 differ according to basis weight rather than density. If such a cellulose

substrate 22 is selected, it may be advantageously made using a forming

wire according to Figure 4 of commonly assigned U.S. Patent 4,514,345

issued April 30, 1985 to Johnson et al. or commonly assigned U.S. Patent

5,245,025 issued September 14, 1993 to Trokhan et al., which patents are

30 incorporated herein by reference for the purpose of showing how to make a

- cellulose substrate 22 having regions which differ according to basis weight.

Alternatively, discrete regions 36 having plural different elevations 26 above

(or below) the essentially continuous network region 32 are feasible. The

chemical composition 24 may be applied to only the discrete regions 36

35 having a particular minimum elevation 26, or to each of the discrete regions
36 in elevation-dependent quantities.
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CHEM CAL PAPERVAKI NG A Fi¢pical papermaking gdditives for use %’gbhé’r multi-density paper
addi tives for usestructuies rafl the- peasent jnyrigian are preterablyt selectegs fremethe group
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wi || be di scussedyiebewWiscussed bélpwSt renath Additives . The
strength additive is selected fromthe group consisting of 10 pernanent

wet strength resi A SttengthrAdditives strength resins, dry strength
additives, and m xtures thereof. . . | f permanent wet strength is
desired, the cheni cal Fhepestrengthg additive dadiselected afrote thieograupr cansisting of

oy aer Ui o OpefAREAFIS StNGTrésins, temp6firy W SRt resins, dry strength

pol yacryl am des; insolubitize ?FE)O yvinyl a
pol yet hyl enei ni ne additiyesnapd Jabrturgsthereof. pol yani de- epi chl or ohydrin

5102,y ST s, L SinA e "l She el Saseiing
U. S, gat en}\IO NorSﬂ.j addiNetean b%med_enrfr@ntﬂimfol&wingggrbupaoﬂ cBemicalf:’ polyamid-
i ssued on Novenber, 1: . - .4 Q. C g Ly

i ncorporated b rngc?‘é%r%’g;QMEoé%%é&(‘ﬁ\&goﬁﬁ%%ﬂ &g%ﬁ?élﬁﬁﬁ%opﬁg%ge_ (rda-
epi chl orohydrit r éemaldebyder cpolyethylensimine,wand nghitesarbe palymers. wiolyamide-
markets such resi @g%hkﬁﬁn”ﬁéhé‘%”@ﬁio’?ﬁ@ Rvet strength resins RRhIERC hisbé Nbékn

oL 5% it kb ok Sauipatb. ELESDSpescat sucitons e deshbes
- January 19, 1971, id U.SoPatént Nbs.23,700/6233 iSSuaddn October 2401972, and 3]2N2078,
19, 1971, to Wi aiRaSn NoveriBbi 1824675 So8iH i28ub8 18" KARFEAY Bth Bding hereby
20 incorporated by reference. One commercial source of a useful polyamide-
epichlorohydrin resins is Hercules, Inc. of Wiimington, Defaware, which

markets such resin under the mark Kymeme® 557H.

Polyacrylamide resins have also been found to be of utility as wet

strength resins. These resins are described in U.S. Patent Nos. 3,556,932,

25 issued on January 19, 1971, to Coscia, et al. and 3,556,933, issued on
January 19, 1971, to Williams et al., both patents being incorporated herein

by reference. One commercial source of polyacrylamide resins is American
Cyanamid Co. of Stanford, Connecticut, which markets one such resin
under the mark Parez® 631 NC. '

30 Still other water-soluble cationic resins finding utility in this invention
are urea formaldehyde and melamine formaldehyde resins. The more

- common functional groups of these polyfunctional resins are nitrogen
containing groups such as amino groups and methylo!l groups attached to
nitrogen. Polyethylenimine type resins may also find utility in the present

35 invention.




by reference. One commercial source of polyacrylam de resins is American
Cyanam d Co. of Stanford, Connecticut, which markets one such resin

under t hevgdgsdsar ez 631 NC. 30 Still other water-Bt/Us#?aot?t i oni c
resins finding utility in this invention 4g are urea fornmal dehyde and
mel am ne fornal dehyde resins. The nore common functional groups of-
t hese pol yfunctional resins are nitrogen cont ai ni.ng groups such as

am no groups and rgt eg t i
Pol yet hyl eni m ne ?’;r}gm SI s(wrrgts sgf S@E cﬂ%swed then (%PL%EQ’ sp rﬁermggmg

i nventi on. ditiye mm@gosen form the followmg group of chemacals cationic
PCT/ US97/ 10173saldehyde starch-based resin (such as Caldas producéé by Japan C riet, 1

can be. chosenNeBRRL Bert 7RCDA o5 et TORGbolh Riacien By National Starcn

ﬂlia al dehlydess st andhmaamsndar eCorpdratioh);aandaldiakdepyddustarchy JMmﬂﬁéaargtgfch
R T )
Cenporary. wet 47304 rSplasein etaleisstied Jung 2854087 nand hearpomted erein by

e irones, e, a"'e%ﬁ%“ed‘ r “9&8?&'?9“‘. REghg oikidde Y B
descri bed. i n descrn ﬁ% é@‘%?&g&] hfY yapuampdi 1991ty
Bj 0][ kqui th angj ornqorspcsrrai mbdrﬂbmtadbherm ets;pnefereﬁ@@t gAhoﬂié?Wé&ém fre ef a
bvai | abl e WSSP?%'%EI%“%%@#{#%&%% SRS ekl 5 FHee®) 280, CeMimercidlly ¥

I'f dry strengakailableesodibed ndmamlamdalreﬁmpmamufamgrmlw OyTeccan be

chosen fromthe follow ng, group of. chem cals. Polyacrylam de (such as 15
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~include corn &llentawn, PA) m 210) mtmgum mcvor 9awb9xumethyltreeiu&§et 0
t her eby i m t (dueh 86 Pfudldén CMC-T from Agualon Co., Wilmington, DE). In general,

20 suitable starch for practicing the present invention is characterized by water
solubility, and hydrophilicity. Exemplary starch materials include corn starch
and potato starch, albeit it is not intended to thereby limit the scope of
suitable starch materials; and waxy corn starch that is known industrially as
amioca starch is particularly preferred. Amioca starch differs from common

25 corn starch in that it is entirely amylopectin, whereas common corn starch
contains both amplopectin and amylose. Various unique characteristics of
amioca starch are further described in "Amioca - The Starch From Waxy
Corm", H. H. Schopmeyer, Food Industries, December 1945, pp. 106-108
(Vol. pp. 1476-1478). The starch can be in granular or dispersed form albeit

30 granular form is preferred. The starch is preferably sufficiently cooked to
induce swelling of the granuies. More preferably, the starch granules are
swollen, as by cooking, to a point just prior to dispersion of the starch
granule. Such highly swollen starch granules shall be referred to as being
"fully cooked.” The conditions for dispersion in general can vary depending

35 upon the size of the starch granuies, the degree of crystallinity of the
granules, and the amount of amylose present. Fully cooked amioca starch,
for example, can be prepared by heating an agueous slurry of about 4%
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* addition of soft eidentical sheet is preferably apphed to the sheet. Preferably. between about
25 0.01% and about 2.0% of a strength additive is retained in the dried sheet,
calculated on a dry fiber weight basis; and, more preferably, between about
0.1% and about 1.0% of a strength additive material, preferably starch-

based, is retained.
B) Softener Additives

30 The chemical softener additives are selected from the group
' consisting of lubricants, plasticizers, cationic debonders, noncationic
debonders and mixtures thereof. Suitable debonders for use as softener
additives in the present invention include both cationic and noncationic
surfactants, with cationic surfactants being preferred. Noncationic

35 surfactants include anionic, nonionic, amphoteric, and zwitterionic
| surfactants. Preferably, the surfactant is substantially nonmigratory in situ
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surfactant is retained by th tween a
0. 05% and abouEXQWW@WaWa"Wm?s%U'ﬁ?@ﬁBFSaB!%/a|kY'9|Y°°5'des including alkylglycoswe-

esters such as Crodesta® SL-40 which is available from Croda, Inc. (New
20 York, NY); alkylglycoside ethers as described in U.S. Patent 4,011,389,
issued to W. K. Langdon, et al. on March 8, 1977; aikylpolyethoxylated
esters such as Pegosperse® 200 ML available from Glyco Chemicals, Inc.
(Greenwich, CT); alkylpolyethoxylated ethers and esters such as NeodolR
25-12 available from Shell Chemical Co; sorbitan esters such as Span 60
25 from ICl America, Inc, ethoxylated sorbitan esters, propoxylated sorbitan
- esters, mixed ethoxylated/propoxylated sorbitan esters, and polyethoxylated -
sorbitan alcohols such as Tween 60 also from ICI America, Inc.
Alkylpolyglycosides are particularly preferred for use in the present
invention. The above listings of exemplary surfactants are intended to be
30 merely exemplary in nature, and are not meant to limit the scope of the
invention. '

Any surfactant other than the chemical papermaking additive
emulsifying surfactant material, is hereinafter referred to as "surfactant," and
any surfactant present as the emulsifying component of emulsified chemical

35 - papermaking additives is hereinafter referred to as "emulsifying agent”. The
" surfactant may be applied to the tissue paper alone or simuitaneously with,
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relatively | ow | eteferesce)  Suitaple:rpolysiloxane MFW"%ggbruﬁ% 'F‘né'f'%aﬁ’éese"t

tensile strength. inRenti6R aré describéd i detail béiewm "bi nder” refers to the
various wet and dry strength additives known in the art. The bi nder

may be applied to theThesievel pbpelysitdxand eomposhys wppiied to tissuef paperowebs to

bef the d , |
b?ngtra(ras a(rae :ied8 °ﬁ!€éﬁ€ a@&‘%@@‘m rﬁ% q%%gggggoug?%!ﬁﬁﬂﬁg rgnﬁ%s f'°1‘6 the
(e.g., the bindermigimuroeffastiveneveknaeded efoaqmanmgs sueh ikanefippPh & copstans
tissue web). tensnle badis Fof M prodidNes dovitt 2% byl WeRgHY b el idry fiber

- inparting a lubrig basns. preferably between about 0.01% and about 2% polsiloxane
compound is retained by the web; more preferably, between about 0.02%

25 and about 1.0%: and, most preferably, between about 0.03% and about
0.3%. The polysiloxane compounds preferably have monomeric siloxane
units of the following structure:

30 !
-[- Si-O0-]-
l e

R2




feel is desired, it can be chosen fromthe foll owi ng group of chenicals.
Organic materials (such as mneral oil or waxes such as parafin or carnuba,
15 or | avobiaieee and pol ysi | oxanes (such as the conpounds F&SY$HEANTH U, S
Pat ent No. 5, 059, 282 issued to AAmpul ski. a2@l i ncorporated herein by
reference) Suitable polysiloxane conpounds for use in the present

I nvention are described in detail below ° "The | evel of

g]g)loyz irrlacr)]?agﬁegwﬁammﬁmalanui R, for eashuadepend temﬁiﬁom&&\ormmsﬁdmrﬁthean
r |
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and about . oumoRemericouRit may diffes fiom the gerrsaBedingdupctionaliieswfithe next
0.3% The pol yadjoming dnéRomerBIGNIEr cAgditibhily)athe polysiiexarte Tahokenéither a
gglr} 68(9)]; / 3837%}'&8%% Qﬁaf?lt. ELbCr%HE:ﬁed chain or havéealr E;'dic structmé%J 9?t4e4 Zgé]'?:als R1
wherein, Rler r@n@rﬁazRfan rddfitionallya'tﬂdepeddpathieb& mhebﬁﬂawmdmﬁmal.ﬁtiés
can eac e n r eg; ,

al karyl, ar aky%k,lém, 5?7 n&? c+%iaﬁﬁn?a@hyoggﬁgﬁ e ’hﬁgb%@g)r(%gé{n%’ psﬁibg‘?%rand
radical . Ay opolyauﬁne'SadT%%r@dlca s R1 andRa ay,garfainasy of a variaty of organid.

Rlerr] and R efynktibAditied chidiAgy foRexafipiél alcohol, BRASUMAIL Cadial faldehyde,

R e U
compounds being preferred. Exemplary alkyl radicals are methyl, ethyi,
propvi, bufyl, penty!, hexyl, octyl, decyl, octadecyl, and the like. Exemplary

15 alkenyl radicals are vinyl, allyl, and the like. Exemplary aryl radicais are
phenyl, diphenyl, naphthyl, and the like. Exemplary alkaryl radicals are toyl,
xylyl, ethylphenyl, and the like. Exemplary arakyl radicals are benzyl, alpha-
phenylethyl, ‘beta-phenylethyl, -alpha-phenylbutyl, and the like. Exemplary

~ cycloalkyl radicals are cyclobutyl, cyclopentyl, cyciohexyl, and the like.

20  Exemplary halogenated hydrocarbon radicals are chioromethyl, bromoethyl,
tetrafluorethyl, fluorethyl, trifluorethyl, trifluorotoy!, hexafluoroxylyl, and the
like. References disclosing polysiloxanes include U. S. Patent No.
2,826,551, issued March 11, 1958 to Geen: U. S. Patent No. 3,964,500,
issued June 22, 1976 to Drakoff, U.S. Patent No. 4,364,837, issued -

25- December 21, 1982, Pader, U.S. Patent No. 5,059,282, issued October 22,
1991 to Ambulksi et al.; and British Patent No. 849,433, published
September 28, 1960 to Woolston. All of these patents are incorporated
herein by reference. Also, incorporated herein by reference is Silicon
Compounds, pp 181-217, distributed by Petrarch Systems, Inc., 1984,

30 which contains an extensive listing and description -of- polysiloxanes in
general. '

If a chemical softener that functions primarily by plasticizing the
structure is desired, it can be chosen from the following group of chemicais:
polyethylene 'glycol (such-as PEG 400); dimethylamine; and/or glycerine.

35 If a cationic chemical softener that functions primarily by debonding is
" desired, it can be chosen from the following group of chemicals. Cationic



strai ght chaiyg oRgfo@nched chain or have a cyclic structure. TheCTASPTHI1S?
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br onoet hyl , tetrafluorethyl, fluorethyl, trifluorethyl,

trifluorotoyl, hexafluoroxylyl, and the |l i ke. References disclosing
pol ysi | oxanest®nclude U S. Pat@t)anm.~ N -{Rzlra &26,551, issued March 11,
1958 to Geen; U. S. Patent No. 3,964, 500, - issued June 22, 1976 to
Drakoff; U S. Patent No, 4,364,837, issued 25 Decenber 21, 1982, Pader,
U.S. Patent No. 5,059 WBer€iNssied october 22, 1991 to Anpul ksi et
al.; and Brltlsh Pat ey idldt. t033:9, 433, publ i shed Sept enber 28, 1960 to

A So, i ncor por at ed herl B 1 Bebaree JITIpidbs hydroxyeRH Ryl syErigdBiFor

181-217, disttdbuted b;ubmtmtedchy@madm group, alkogylatedi @roup. denzwyhgsoup, or

an extensive listing gy QPe%C't'thééfon of polysi | oxanes in general .

|f a chem cal softener tha funct rily b | ast | t he

structure is desired, §ach Fhﬂ 9P v%!"ﬁ) %Yiggfﬁi'&’ dtydrocarbyl or
- chemical s: pol y&iﬁ'ﬁtit@l@d ﬂydmdarlﬁﬁugfnm alkbxyiated gioup! benayl group, or

and/ or gl ycerine. lh ati,oni ¢ chem cal softener that functions
primarily by debondi ngmpgurest erecefgg F"ed it can be chosen fromthe
~following gra2® of cheki xsaalsy smenmcmpatlbmmbnmﬁable for use in the present
PCT/ US97/ 10177 nven 21 quat ernary
anmoni um conpounds (sucH as dl hydr ogenat ed taI | ow di et hyl anmoni um’

nethyl sulfate ( DTDNNﬁhférhb Mﬂwmaéemsacti@vmﬁwmhasﬁ preferatiy@adhiR2 is

chioride (DTDMAC) s ralgr}'nt chaan %?1% a“(y}N I’refercgblgoeach ?-?1 IS methyl and X~ is chioride or
' methyl suifate. Optionally, the Rz substituent can be derived from vegetable
25 oil sources.

Biodegradable ester-functional quaternary ammonium compound
having the formula:

| (R1)4-m-N" -[(CH2)n- Y -R2lm X
wherein ,
30 - each Y = -0-(0)C-, or -C(0)-O-;
m = 1 to 3; preferably, m=2;
each n = 1 to 4; preferably, n=2;
each R1 substituent is a short chain C{-Cg, preferably C4-C3. alkyi
group, e.g., methyl (most preferred), ethyl, propyl, and the like,
35 hydroxyalkyl group, hydrocarbyl group, benzyl group or mixtures

thereof;
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G eenwi ch, Connecticut; Berocel 579 (produced by Eka Nobel of 5
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i nvention.§ exampia‘ eaceiate, ddondez:z bremities - methyisuifate, formater sulfate) y

each R2 i s ! it analife M lcarobll be G860 B frea@i iBhiioh, "ot Y| and
X is chloride or %y su t1ona substituent can be

derived from veget Bigf@ e m§lﬁ!’ ity af R2 compnsesfg Ity Aqyls.eematning at least

Fst e]r functi \CAJRaI qgwoeowszanmawéngthrmmm preferdbily| nﬁet:ﬁ@,ohfy ofIRS is
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1to 3; preferably® 'Frﬁ‘?d from e groggcﬁor}'élgqg o 3ﬁy%r¥l%rcggﬁ)mqg_gt least
each R1l. 40bstit ue®®% €18, €por andmixtur@s-tbeéreqfr ef er abl y Cl1- C3, al kyl
group, e.g., nethyl (nost preferred), ethyl, propyl, and-:the like, 35
hydr oxyal kyl gr oupgQtherditypes bof suitahle msiatemagy o@amroeniunt gompounds are
}Dg%r lngf97 / 10177dé§@n3§64|7\8ﬁﬂropean Patent No. 0 688 901 A2, assigned to Kimberly-
Clark Corporation, published December 12, 1995, and incorporated herein

by reference.

15 Tertiary amine softening compounds can also be used in the present
 invention. Examples of suitable tertiary amine softeners are described in
- U.S. Patent 5,399,241, assigned to James River Corporatlon issued March

21, 1995, and mcorporated hereln by reference

c Absorbenc Add ives

20 If an absorbency aid is desired that enhances the rate of absorbency it
can be chosen from the following group of chemicals: polyethoxylates (such
as PEG 400); alkyl ethoxylated esters (such as Pegosperse 200ML from
Lonza Inc.); alkyl ethoxylated .alcohols (such as Neodol); alkyl

" polyethoxylated nonylphenols (such as Igepal CO produced by Rhone-

25 Poulenc/GAF), ethoxylate trimethyl pentanediol, and/or materials described
in U.S. Patent No.'s 4,959,125 and 4,940,513 issued to Spendel and
incorporated herein by reference. In those instances where the surfactant
debonder softener decreases wetting, a wetting agent, e.g., a second
surfactant, may be added to the application solution. For example, a

30 sorbitan stearate ester can be mixed with an alkyl polyethoxylated alcohol to
produce a soft wettable paper.

Water soluble polyhydroxy compounds can also be used  as
absorbency aids “and/or wetting agents. Examples of water soluble
polyhydroxy compounds suitable for use in the present invention include

35 glycerol, polyglycerols having a weight'average molecular weight of from
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the application s auneanohsdw\amqwghohw silicones (stech ast B &M%eDGSZQQ b(YaBOW
be m xed wth an @dﬁbﬂm@@fmiw Mgf B?M@ﬁ% fsQsuch as EZHAGLPE4G byoD hpontbof

wet t abl e paper e poly ydroxy conpounds can al so
used as abswwﬁmﬁqlaéa)aﬁtﬂ or wetting agents. Exanples of water

o 1 n?BonY YR BRI} e L8 e P53 g i
mol-ecul ar wei ght strehgthmadditive. Starch based strength addmves have been found to be
the preferred binder for use in the present invention. Preferably, the tissue
paper is treated with an aqueous solution of starch. In addition to reducing
linting of the finished tissue paper product, low ievels of starch also impahs
25 a modest improvément in the tensile strength of tissue paper without
imparting boardiness (i.e., stiffness) which would result from additions of
high levels of starch. Also, this p'rovides tissue paper having improved
strength/softness relationship compared to tissue paper which has been
. strengthened by traditional methods of increasing tensile strength: for
30 example, sheets having increased tensile strength due to increased refining
of the pulp; or through the addition of other dry strength additives. This
result is especially surprising since starch has traditionally been used to
build strength at the expense of softness in applications wherein softness is
not an important characteristic: for example, paperboard. Additionally,
35 parenthetically, starch has been used as a filler for printing and writing
paper to improve surface printability. '

be any softener-corrpa% h?l e a
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conbination with a strength additive. Starch based strength additives
have been found to be .the preferred binder for use in the present
invention. Preferably, the tissue Ana;;@%emgdgr_eat ed with an aqueous
solution of starch. In addition to reducring linting of the finished
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printing and w
be determmed by water extraction followed by colorimetry analysis of the

extract; the level of starch can be determined by amylase digestion of the
starch to glucose followed by colorimetry analysis to determine glucose

25 level. These methods are exemplary, and are not meant to exclude other
methods which may be useful for determining levels of particular
components retained by the tissue paper.

Hydrophilicity of tissue paper refers, in general, to the propensity of

the tissue paper to be wetted with water. Hydrophilicity of tissue paper may

30 be somewhat quantified by determining the period of time required for dry
tissue paper to become completely wetted with water. This period of time is
referred to as "wetting time.” In order to provide a consistent and
repeatable test for wetting time, the following procedure may be used for
wetting time determinations: first, a conditioned sample unit sheet (the

35 environmental conditions for testing of paper samples are 23+1°C and 50+
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paper to inpr ace printability. WO 97/ 47809 PCT/US97/10177
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Aest hetiic Additives | f an aesthetic gddl tive is desired, it can
be chosen fromthe foI | owi ng group of chem cals: inks; dyes;
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of particul ar
Hydrophilicity of um@m:@npaw ofccourse, |be detesmined twmﬁ@aﬁlb@ftﬁr maniffacture.

the tissue paper tqdidevit! SaBstintil iNerédses ihRIBphbbicity ntdy btesi@uRng e first
may e . . _
two weeks after the tissue paper is made: i.e., after the paper has aged two
(2) weeks following its manufacture. Thus, the above stated wetting times
20 are preferably measured at the end of such two week period. Accordingly,
wetting times measured at the end of a two week aging period at room
temperature are referred to as "two week wetting times."

The density of tissue paper, as that term is used herein, is the average .

~ density calculated as the basis weight (mass/unit area) of that paper divided

25 by the caliper, with the appropriate unit conversions incorporated therein.

Caliper of the tissue paper, as used herein, is the thickness of the paper

when subjected to a compressive load of 95 g/in2 (15.5 g/cm?2). A suitable

instrument for measurement is the thickness tester model 89-100 made by
Twing-Albert Instrument Co. of Philadelphia, PA 19154.

30 The following examples illustrate the practice of the present invention
but are not intended to be limiting thereof.

EXAMPLE 1

35
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paper used in a variety of applications, . e.g., torlet paper, to
conpl et el y1Qet qonsistergwet the fanspamp. 3% byorveightaqueous slurry gk Buealyptus
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two (2) Reks thRlUghRE EddrdRRid wirbUaRd iShassistedebpbaVdefidctbe Gnd
wetting tines 20 are referaﬁ{ asured at. the epd_of slchﬁ tw? week
period. Accor di%@gHym boxes. g %/n‘sg‘t"idﬁﬂﬁrrrgﬂ%r'édo {3t PeS §RUE  MWRAMRe ek
agi ng period atconfigaration havingn®rmachiaeadirectioheamd @X oross-rhachineedikection

Lsed horein: i dneneiiaments per Ceffifiglar Ropbtiveiy TRESemitponii®ivel WEb &
(mass/ uni t 28r edyansferred fropa the Fourdrinigr wire, abp fites consistency of ahout$8% at
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- tissue paper, as used, her
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subj ected to aﬂﬁﬂ?ﬁ?‘@l‘mglgleﬂ’cjﬁl@s’bt?gg?ts%} ﬁéﬁ Ssirg S;erc]?ﬂ%%&]ee;j. "%“t%&g"e
and deflection conduits. The papermaking belt is made by forming a photo-
polymeric network on a foraminous woven element made of polyester and
25 having 20 (MD) by 18 (CD) filaments per centimeter in a four shed duai
layer design according to the process disclosed in U.S. Patent No.
5,334,289 issued to Trokhan, and incorporated by reference herein. The’
filaments are about .22 mm in diameter machine-direction and .28 mm in
diameter cross-machine-direction. The photo-polymer fabric has about 35
- 30 percent knuckle area and has 562 Linear Idaho Cells per square inch (87
' cells per square cm), the Linear Idaho cell pattern is described in detail in
Figure 19 of U.S. Patent 5,514,523, issued to Trokhan et al. on May 7,
1996, and incorporated herein by reference. The photosensitive resin used
in the process is MEH-1000, a methacrylated-urethane resin marketed by
35 MacDermid Imaging Technology Inc., Wilmington, Delaware. The
papermaking belt has a total thickness of about 1.2 mm with 0.2 mm of

photopolymer pattern extending above the woven foraminous element.



i nstrument fQpq,gbgwgsenent is the thickness tester nodel 89-.1009(]_'@(139‘}310177
Tw ng- Al bert [nsStrunent Co. of Phil adel ph| a, PA,19154. 30 The

foll owi ng exanples illustrate the practice of e present invention

but are not intended to be limting thereof.
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paper maki ng bel t. JQ%té&SPE%glﬁafce spEdCs anmg? 8 i$ theHr rashel t

havi ng the preferred net wor ac ection conduits. The
papermaki ng belt is magg BYubsus stutior®Wirtaining a chemical additive composition is

continuously applied onto the paper-contacting surface of the papermaking
20 belt via an emulsion distribution roll before the papermaking belt comes in
contact with the embryonic web. - The aqueous chemical additive
composition applied by the distribution roll onto the deflection member
contains five ingredients: water, Regal Oil (8 high-speed turbine oil
marketed by the Texaco Oil Company), ADOGEN TA 100 (a
25 distearyldimethyl ammonium chioride . surfactant marketed by the Witco
Corporation, oetyl'alcohol (a C46 linear fatty alcohol marketed by The
Procter & Gamble Company) and glycerol. The relative proportions of the
~ five ingredients are as follows: 6.1% by weight Regal Oil, 0.3% by weight
Adogen, 0.2% by weight cetyl alcohol, 31.1% by weight of glycerol, and the
30 remainder water. The volumetric flow rate of the aqueous chemical additive
composition applied to the papermaking beit is about 0.50 galthr.-cross-
direction ft. (about 6.21 liters/hr-meter). The wet web has a fiber
consistency of about 25%, total web weight basis, when it comes in contact

with the aqueous chemical additive composition.

35 The web is converted into a single ply tissue paper product. The
tissue paper has about 18 #/3M Sq Ft basis weight, contains about 1% of
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addi tive occurs througn the Fourdrinier wire and is assisted by a deflector and

' vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave

25 configuration having 33 machihe-directionf and 30 cross-machine-direction

monofilaments per centimeter, respectively. The embryonic wet web is

transferred from the Fourdrinier wire, at a fiber consistency of about 18% at

the point of transfer, to a second ‘papermaking belt. The second

papermaking belt is an endless belt having the preferred network surface

30 and deflection conduits. The papermaking belt is made by forming a photo-

polymeric network on a foraminous woven element made of polyester and

having 20 (MD) by 18 (CD) filaments per centimeter in a four shed dual

layer design according to the process disclosed in U.S. Patent No.

5,334,289 issued to Trokhan, and incorporated by reference herein. The

35 filaments are about .22 mm in diameter machine-direction and .28 mm in

- diameter cross-machine-direction. The photo-polymer fabric has about 35

percent knuckle area and has 562 Linear Idaho Cells per square inch (87
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paper product. The ti ssue paper has about 18 #/ 3M Sq Ft basis weight,
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20  minute) (about 244 meters per minute). The dry creped web is then passed
between two calender rolls: The two calender rolls are biased together at
roll weight and operated at surface speeds of 660 fpm (about 201 meters
per minute). The calendered web is wound on a reel (which is also
operated at a surface speed of 660 fpm) and is then ready for use.

25 An aqueous solution: containing a chemical additive composition is
continuously applied onto the upper portion of the .calender rolls. The
aqueous chemical additive composition applied by the calender roll contains
three ingredients: water, a quartenary ammonium compound (such as
di(hydrogenated)taliow dimethyl ammonium methyl sulfate marketed by the

30 Witco Corporation under the trade name "Varisoft 137" and glycerol. The
relative proportions of the three ingredients are as follows: 10% by weight
"Varisoft 137", 40% by weight of glycerol, and the remainder water. The -
web has a fiber consistency of about 98%, total web weight basis, when it
comes in contact with the aqueous chemical additive composition.

35 The web is converted into a single ply tissue paper product. The
tissue paper has about 18 #/3M Sq Ft basis weight, contains about 1% of
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occurs through %lhe Fourdrinier wire and is assisted” by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave
25 configuration having 33 rmachine-direction and 30 cross-machine-direction
monofilaments per centimeter, respectively. The embryonic wet web is
transferred from the Fourdrinier wire, at a fiber consistency of about 18% at
the point of transfer, to a second papermaking beit. The second
papermaking belt is an endless belt having the preferred network surface
30 and deflection conduits. The papermaking belt is made by forming a photo-
polymeric network on a foraminous woven element made of polyester and
having 20 (MD) by 18 (CD) filaments per centimeter in a four shed dual
layer design according to the process disclosed in U.S. Patent No.
5,334,289 issued to Trokhan, and incorporated by reference herein. The
35 filaments are about .22 mm in diameter machine-direction and .28 mm in
diameter cross-machine-direction. The p_hoio-polymer fabric has about 35

percent knuckle area and has 562 Linear ldaho Cells per square inch (87
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Yankee dryer is operated at about F err t he Ya kee
dryer is operated® 3[‘5896&@”?(56 %t‘f'?é-é‘?e?fe{deh?%) 'FrP J(&%ﬁﬁﬂb%ﬂ‘ talig
per mnute). The Figurer ¢9eof Wed. Patémted, 5105523 issued hefmantWa¢abﬁﬂdﬁ 7.

operai ed at - surf adgobpenbaneamBisieR B baFEISheE: The photbensife fotin 1 o

The- cal ender ed weln the wiacessis MERH<1000M8 oethacnilated-urethanepesin edameteﬂ by
surface speed of RAQEAMIIA Whiding " Techfdiboy S Wiinifigton, DelANaRIUSOthe

sol ution cont a| ning a em cal itive cornposit nt1 nuously
applied onto the BBpermMaking Beltdias petatal meslsoﬂi §b°tl"hé .2 mm W“Bq@&om of

chemi cal additi veppetapuiyriied pattei efénding asowtmmeh%&anﬁﬁah@@kﬁnent
three ingredients: water, a quartenary amoni um conpound (such a

di (hydr ogenat ed) t al | oW rerhbryonicweb Lis) oatrieﬁl dnultfﬁélt péifdamrfgﬂ Bélt t the

el ative broporti ¥HEUG ?%ﬁfaﬁéﬁ‘fii 3o B es»yghi”%&x S18%ebHER dhe
"Varisoft 1371Q 4@sstbis Wengferrest ogtOyaeYankealddyemeThemthed@romaseand'Iihachlne
web has a fiber CBaﬁﬁﬁlbﬁgcﬂreoflstég%%O&BWWPEODE% %l%h%ﬁs l&%ﬁh? Q?V‘?Hér the

conmes in contact wt

The web is conver V@ﬁuﬂ'ﬁt@?‘ﬁaﬁrﬁ@ @Ww-tb!éﬂ'lﬁaa%bﬁf memre@lfyersh@bout 65% prior

ti ssue paper has ghatdn BhidVtiIRe YanKers deyere C pf250,
Lissue pape siér Bhtdh n Pyele icBing CATH eIV CBB%F‘SI é/)lozlze

30 the gl §AUPBYS Saiution of rRelpeRY alcphol, is, seray pPalisrd RYGAPE
sof tener primb il fibencohsistendyois mceeased to be an sstienater 98% draford duy dﬂe;ﬁ%@

of t he ! eI e Rl asew#qué&é' il aaao*a%&sl? has %'880L ahde de A0l

paper resul
is suitable for 28 dagréen SIS msntmgdownh sesRRctitpdbe dankee dryer to prowde an
EXAVPLE 3 impact énglel 6f assad 81 Reudrees Y YaRREE em& aaemtes dtSabout

gfﬁ?r;nmE hﬁsﬂr ?&E)l?‘tgﬁe*: r(177" I e YBnkee ' ry'ep Ysegtple(r)rled at agodt &86%m ?%e opuesr

20 minute) (about 244 meters per minute). The dry creped web is then passed
between two calender rolls. The two calender rolls are biased together at
roll weight and operated at surface speeds of 660 fpm (about 201 meters

~ per minute). The calendered web is wound on a reel (which is also
operated at a surface speed of 660 fpm) and is then ready for use.

25 An agueous solution containing a chemical additive composition is
continuously applied onto the knuckle areas of the papermaking belt via an
emuision distribution roll before the papermaking belt comes in contact with
the embryonic web. The aqueous chemical additive composition applied by
the distribution roll onto the knuckle areas of the papermaking belt contains

- 30 five ingredients: water, Regal Oil (a high-speed turbine oil marketed by the
Texaco Oil Company), ADOGEN TA 100 (a distearyldimethyl ammonium
chloride surfactant marketed by the Witco Corporation, cetyl alcohol (a C1g
linear fatty alcohol marketed by The Procter & Gamble Company) and a
water soluble dye composition. - The relative proportions of the five

'35 ingredients are as follows: 6.1% by weight Regal Oil, 0.3% by weight
Adogen, 0.2% by weight cetyl alcohol, 0.2% by weight of water soluble dye




10 Softwood Kraft (such as Grand Prairie from Wyerhaeuser Corporation of
Tacoma WAshington) is made up in a conventional re-pul per. A 2% solution

of the t ampowarspowet strength resin (i.e., National starch PC38380017dr ket ed
by "National Starch and Chem cal corporatiog2of New York, NY) is added to
the NSK stock pipe at a rate of 0.75%by weight of the dry fibers. The 15
adsorption of the tenporary wet strength resin onto NSK fibers is enhanced

by an in- | | ne Bbﬁﬁ@bsntfghe Wtﬁé %F'r}’alhéetdWétéﬁd Tﬁ@rv@lﬂ‘rlétrf& fic ché}é' Zf

at - ueous sl Euca su
Ar acr uz of Br a?'i“" 0‘??[9@?@'?%' Mﬁ %;9°r‘?P HHARR Q.)X%It ?é’a@ﬂr%‘@ Ingrhelt is
Eucal ypt us sl uabgui 6.50 gal/ad-grossxdirettion o (aboet StZhditersthrirhetet)an ThHewet The

20 i ndividual,y 0/S Euc. .
to the out er aye@%ﬁ@@‘; 8! EgaEcne% /° ‘i g}%% Wﬁ%q%sad%g gnd
deposited S comgsdn£ontamt with the mu@umhwmbaddﬂluewamsaMr yoni ¢ web.

Dewat eri ng occurs through the Fourdrinier wire and is assisted by a
def | ector and Theawelbnis senrverted JRto Aogingle e tisspe ddapsr progust.s hEbe

satin wea\r/]e 2fiss Ut paper s aaohawfenls/m S§ BQSIQ'\{Jéi"ghE %daﬂén?a@n? about

r n n n r n
The_enbryoni o (127yel3; temporan) PR suHEBE (BplRD, IFREMABH. dhie.fesiitig Gssud
fi ber consi st epagenis saftabsogbent: has improved pesﬂmetloé aindais Suitableg fDréUSEGQQHd

paper maki betisial papermaki ng belt is an endl ess belt
havi ng th@pre#ﬁréﬁ%‘f@gfg suurfséce 30 and deflection conduits. The

paper maki.ng belt is made by forming a photo- - pol yneric network on a
f oram nous woven el ement made of -pol yester and | having 20 (MD) by 18
(CD) filanments per centimeter in a four shed dual | ayer design
according to the process disclosed in UBEXAMPEB4 No. 5, 334, 289

I ssued to Trokhan, and incorporated by reference herein. The 35 filanments
are about .22 nmmin diameter nachine-di rection and .28 mmin

di anet er cross-nachi ne-direction. The photo- ymer fabric has about 35
percent kndckl e ar faPigicscale szdmmﬁéaapeaaﬂ "@éﬂagh'pérlssﬂ?@drlé thegpractice

WO 97/ 47809  of the present invention. A 3% by weight aqueous slur, of NSK (Northem
PCT/ US97/ 10177

o sonare e softwood Kt (sugh @s.Grand, Braisie,from Wayerhasiiper, Corposaion f
Figure 19 of Ul&comat\Waishingtdr) iS iBade splind. cmmhahreepulpbr A2 Ysolition

1996, d d
i the pr &22&?@%&1‘&%@5‘? bt B T80 e ol Q1586 74 46 ‘?ﬁ%&gff
MacDer mi d 20ragbyNationah Staieh and Chem'pai e@mnatiqvepﬁmwork ThY) is added to

~ paper meking befile NSK atéek pipé At ek Asteso00. wﬁmy ive?gmmﬁéldey %b@a% ofThe

‘photopol ymer P3 égrrp |o§a1xt %Re' l%p%lrjé)&ewet setrengtﬁ resm Snto NSR f%ers s enhanced
by an in-line mixer. The NSK slurry is diluted to about 0.2% consistency at
the fan pump. A 3% by weight aqueous slurry of Eucalyptus (such as

25 Aracruz of Brazil) fibers is made up in a conventional re-pulper. The
Eucalyptus slurry is diluted to about 0.2% consistency at the fan pump. The
individual furnish components are sent to separate layers (i.e., Euc. to the
outer layers and NSK in the center {ayer) in the head box and deposited -
onto a Foudrinier wire to form a three-layer embryonic web. Dewatering

30 occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave
configuration having 33 machine-direction and 30 cross-machine-direction
monofilaments per centimeter, respectively. The embryonic wet web is
transferred from the Fourdrinier wire, at a fiber consistency of about 18% at

35 the point of transfer, to a second papermaking belt. The second
papermaking belt is an endless belt having the preferred network surface



The errbryonigvd/\@,?.,;m':9 carried on the paperneki ng belt past the pcT/USIvAGITAM
dewat eri ng box, rough bl owt hr ough predryer§3after which the 10 web is
transferred onto a Yankee dryer. The other process and machine

conditions are listed below. The fiber consistency is about 27% after the

vacuum dewat eri ng_bqgx, and.. by the. actd of . 0 '

to transfer ont og?Hg d?g'ﬁﬁg%" %PQQP“SC&@%”%"G&@%&’%QQQ r?ds?ﬁgq{%'@ﬁé%% hGto-
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angke of about layer2desighr acsomiing i © b8 prosrss Wisgiosed pitc (VS nt No.
Yankee dryer t ' Milied éncdrpobatet E8EES helrbif.
Yankee drg;er i5; gggﬁﬁﬁgsue&é 2 n:géslﬁﬂ! err!';l‘g ‘1;70?' ir??éoYank%grgﬁ/-erp.e
5 0|to e; ! '(Ia'ﬂ ag aba‘rﬂ“m%'ﬁé\zin%‘? - pgmggwu' .Th Sbet Iy?nﬁabq;f}n‘gmr b TE:;
m nute) . e dry r s-machine-gire . The oApel abou
rolls. The two calen rol ' t. - r [ gh
operated at surf a8§'°%§‘ié‘&'§'°§?§'r§§ P%@nﬁ%ﬁéﬁ?%ﬁ%ﬁrﬁaehros Ce.lls éE'Jpseq&nqg n{'}tc g;@7
The cal ender ed webells paosquatncen)s the Lingarddabe cellspattern is desgribeskimdetail in
surface speeg@f ﬁ%br& di"d S.SPhidi §.863463%\is89éd 26 Trokhan E0aftR May 7,

sol ution contal ni nd a chem cal ILti-ve conposition { nuousl}/s d
e

appl i ed onto the AH8BkaRd ipcoipormted hergin Ry ﬁf?fbceoejl'rﬁe\ﬂ"é’t%?c"?srh“l’e resin
e_rr;JIhsi on di tsL ri bujd eve rp%éeésefs%nﬁnheonanem?lka}umﬁmeﬂmm fesins @narketed by
Wi e e i c.web. The aguegus, chenica i c i on
appl i ed by nﬁ%&g‘@'&?ﬁﬁﬁg&g r#FRBﬂngt H‘ngm@ﬂﬂuﬁgﬁéasﬁg&#@ The
paper maki ng bel t papeahakingObelt ihas arigtaldhiakness veft abouiRdgImmai witha0.2 mm of
hi gh-speed t i nﬁﬁgt%ﬁ%rgnﬁgﬁﬁ%@ehaﬁdingh?bov?ﬁ%%o?hh f&@mﬁaﬁﬁ el =N TA

100 (a distearyld oride surfactant markete y the

Wtco Corporation, cetyfe @ il veéblGs carried! bAcHe fpgetmiking Bellgidett @@
R ER e it W kgt

The rel ative prop¥ReHéRs _
by wei ght Regal Oweb & fidnSheriadi gilo a Yankedldgmr, Thal%ther peocges andyinachine

glc_cr;) Bgl97 / (i.oi;A)?by Vc\:%'n trﬁtongfar\é'al‘s%d %%I'&BI THY Siber consmegzégg 8%ut 27% after the

conposi tion, 20id vacuumdawateringhox-anditky the action ofthe predryars, abouh@5% prior
aqueous cheni cal adqidhstsr BRI VtikedPAHerd chébing CadifesiVeonisishey ta i0525%
n

about 0.50 gal/hr.-cross-directi ft. (about 6,21 literslfhr-nmeter). .The
g web has aaUePRS SRR of diRbyviyl agael B5praw ARPIS I, EPBlicabES; the
when it fiber consistency is increased to be an estimated 98% before dry creping

the web with a doctor blade. The doctor biade has a bevel angle of about

25 25 d_egrees‘ and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about
350°F (177°C); the Yankee dryer is operated at about 800 fpm (feet per
minute) (about 244 meters per minute). The dry creped web is then passed
between two calender rolls. The two calender rolls are biased together at

30 roll weight and operated at surface speeds of 660 fpm (about 201 meters
per minute). The calendered web is wound on a reel (which is also
operated at a surface speed of 660 fpm) and is then ready for use.

‘An aqueous solution containing a chemical additive composition is
continuously applied to the surface of the Yankee dryer by a spray system

35 prior to the transfer of the embryonic web. The aqueous chemical additive
composition applied by the spray system onto the surface of the Yankee




5 cones in contact with the aqueous chem cal additive conposition,

The web is converted into a single ply tissue paper product. The

ti ssue papgloraagaeabout 18 #/ 3M Sq Ft basis wei ght and cont aPas/ushmion77
0.2% of a tenporary wet strength resin. Inmaartantly, the resulting tissue
paper is soft, absorbent, has inproved aesthetics and is suitable for use
as 10 facial and/or torlet tissues.
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deposi t ed ontlbeawebuisr coneertedriata @ single ply rtrssuel paRer pndldl.ynnl d’haeb
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and deflection conduits. Th I's made by form ng a photo-
pol yneri c nﬁ{gf@f}%@l a foraﬁlmﬂmmmﬂﬂelﬂment made of pol yestermwsswhonr7?
havi ng 20 ( éy 8 (CD) fitanent's fer Scehtinmeter in a four shed dual

| ayer design according to the process disclosed in U S. ‘Patent No. 5
5,334, 289 issued to Trokhan, and incorporateddy reference herein. The
filaments are abgyfy 122 iep g anmeter nachine-direction and .28 nmin

di anet er cross-machi ne-direction. The photo-pol yner fabric has about 35

ercent knuckle area nﬁéa [n%y ?1?}1& re inch (87
(F:)el | s per gquar eqcn) Kﬁ?ﬂ l@ ’# gltffﬂélr'e;c?@bd: ‘swgal be:j I n <(1Iet ai l
in- 10 Figure 19 of U Sa w&mlcwbﬂta@taavmssfu&ﬁrmns pkrelativaly High dansity/

7, 5996 and 'Bﬁﬁrs@ddﬁdi‘tb ShE iof rbwtwefyewaﬁns@ﬂlesanalgégmt&%ﬂ felftively
rar ket ed- by r°C?§feg{qi5eW$€‘\eélxﬁpwg§‘enﬂb 500 (KR cirpossd Maren.
The - paﬁmrmak: nmﬂmd;m repeatingopattethiapdgness of about 1.2 mnmwith 0.2
nmm o phot opol yner

el enent The %%%P@é&éb@‘}%ﬂ'%?%a‘@%% &dainle YnidEe g one
past the vacuuof saichregiong of sajd relativgly higb wlensity agione of sais regidns of
whi ch the web f nto a Yankee dryer. The other process
and machi ne coh ?ﬁ’ gagdrde&%“? ed below. The fi-ber consistency is

about 27% after phe AEhenicallyenifified pasePshud@dee coin hgﬁ,gactlon of the
predryers, nQ}out 65% pri or fo transfer onto tﬂ;st ankee er; .creping

adhesi ve conftising a 0. Ssopellulosic, gubstate o having, p(SPQWﬁyI Qnprisipg jan
spray applied by appessentiaily ddmtinuous higtbedemsitysireitwory ardd | secorabs ailsdrete

be an estimted 98% . I Wyle) the web with a doctor bl ade.
The doctor bl ade haspgé gégeq '%‘ﬁ ei’%‘p gﬂgut 25 25 degrees and is
positioned with respect w@n impobiizRdechamisal papprmaking additive dispasescen said

angl e of about 81 degyf@ens eeg iBRkee dryer is operated at about
350[err]F (177C); the Yankee dryer 1s operated at about 800 fpm (feet per

| [)ntnut e) gaboml 253 nﬂ@hénﬂ@éllﬁ?ﬁéﬁdeﬁi Bla@e@lrstmtmeéhwg@ngagt ?mmtozs;en&em
etween two cal ender ro WO cal en | as.e oge
20 "Tol 1 wei ght ana. SR dicreteiow Faiths nd e spSedisly Hetinhous Hanor fe in
per mnute). The cal elwdedlﬁ‘éremtplamesrxound on a reel (which is also

operated at a surface speed of 660 fpnm) and is then ready for use.
"An aqueous sol ut lon doshemically enbanced paped@tiucturecacgasding; tonCilaim 1 wherein

S prior e the 'tregr?sh?éieﬁ?ﬁ‘?waﬁg Simbking) Hdiye iy Seletet oM s oRilp
addi Itol ve 20 conpoSH® %}éﬁh@dgﬁvﬁ;'sﬁg’?gﬁa qc{]@“ﬁﬁ'f Solteger

t he Yankee addmves. aesthetlc additives, and mixtures thereof

5. A chemically enhanced paper structure according to Claim 4 wherein
said chemical papermaking additive is a softener additive.

6. A chemically enhanced paper structure according to Claim 5 wherein
25 said softener additive is selected from the group consisting of
lubricants, plasticizers, cationic debonders, noncationic debonders,

and mixtures thereof. -

7. A chemically enhanced paper structure according to Claim 6 wherein
said softener additive is a noncationic debonder.

30 8. A chemically enhanced paper structure according to Claim 7 wherein
~said noncationic debonder is selected from the group consisting of
sorbitan esters, ethoxylated sorbitan esters, propoxylated sorbitan
' esters, mixed ethoxylated/propoxylated sorbitan esters, and mixtures

thereof.




WO 97/ 47809 : PCT/ US97/ 10177
34 dryer contai Hllllummllmwléui“unts water, Airvol 540 (a polyvinyl
al cohol wo 947809 ket ed by AFr Prd’ducst_s *and Chenical s of Al |RCE/USHVI0PRN) and
Cypro 711 (a polyacrylamd dry strenggh resin supplied by Anerican
Cyanam d of Wayne, N.J). The relative proportions of the three

I ngredients are as 5 follows: 0.125% by weight polyvinyl alcohol,

0.125% by weigght A chemigally aahihesd papey stiucture! &cdar@ing to2Cshiin'e wkemiimder
wat er. The vol unetr.i. eous chem cal additive

fl.qQ) f. th
conposition appl i es&ufgoftﬁger ad&u‘fvwrgfﬁ %a‘gaé'obf‘??ﬁﬁéhﬂnkee Dryer is about 0.11

cverall aver gl w oy arhfEei, Bhpnged Ay st pe N0 CIdY o Mie i g

of fiber. said cationiesoftenerds a-qualemany@ramonigheopipoundssue paper
product. The tissue @per has .a basis wei ght of about 18 pounds of
fiber per 300d1- A chemisaly epbanged paper Slpuctiee acserdingota Claion 9, whereir

dry strength resinsaid catioficsésfteneras apdieswriquatérmanh anrmemiuftesipoungdi ons
-of the tissue product. 15 Inportantly, the resulting tissue paper is

soft, absorber2. ashemicallyeenhanced papenatiuctureracéarding toaGlaint 4rwherins

faci al d/ toil et ti : [ 4.{- / 7/ 10177,

35 AT 1 S Y (RBHIE papermaiha 3N 2 stiopliTROHIRE paper
structure CO”H@'.?'A‘?he ically enhanced papef Strl&tups! ﬁcémﬁ%ﬁéiﬁaipr?‘fé"?héﬂerﬁt
regions of relativel H} g% densit ) ang second regl ons of,
relativel 101 ow der’f’ﬁ'g ystreagip raﬂﬂ'é‘fﬁ isr selecded fpp the group cangistingnefty
and rel atively | oyetaifridnt Wat stieighy rdisii)stethpdrafy Wet stréngth resins M

repeating pattern;_,and bifl i zed chem cal papernmaking

3ddi tive di spose]g s&'f?’\%’é ?d_d““'es- and 'B'f’mgrgﬁgmgo'&ﬁ ons of said relatively high
2" A Lhen caltfy & RATIEAN Bindced papet sityehfe Bokifding 46 CIaRT 15 Wherejn

cel L ul osi ¢ subst r said strength Additiveris @ pagmacent wet streagth resin selected from
essential§g conti RHaYtolip Hordftigt of pSiyaRiide-apithicioaApdrifirésihebBlacrylamide
- resin, and mixtures thereof. ' :

16. A chemically enhahced paper structure according to Claim 14 wherein -
R said strength additive is a starch-based temporary wet strength resin.

16. A chemically enhanced paper structure according to Claim 4 wherein
20 said chemical papermaking additive is an absorbency additive.

17. A chemically enhanced paper structure according to Claim 16 wherein
said absorbency additive is selected from the group consisting of
polyhydroxy compounds, polyethoxylates, alkylethoxylated esters,
alkylethoxylated alcohols, alkylpolyethoxylated - nonyiphenols,

25 ethoxylate trimethyl pentanediol, and mixtures thereof.

18. A chemically enhanced paper siructure according to Claim 17 wherein
" §aid absorbency additive is an alkyl ethoxylated alcohol.

19. A chemically enhanced paper structure according to Cléim 17 wherein
said absorbency additive is a polyhydroxy compound.

30 20. A chemically enhanced paper structure according_ to Claim 19 wherein
said polyhydroxy compound is selected from the group consisting of
glycerol, polyglycerol, polyoxyethylene, polyoxypropylene, and
mixtures thereof. '
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3. A chemcally enhanced paper "struct ure accordl ng to Claim2 wherein
said discrete | ow regions and said essentially continuous network lie in

two different plangs. Q]chemréhlly éf]ﬂ]’?&@d:gh%r Eﬁb@tﬂ?@%cea %Héréiﬁfrﬂrﬁwherem

according to Claiml add
is selected fromthe Qﬁtﬂﬁ"%'ea‘ paperpakipgsadditveris an ?@ﬁ@ﬁﬁcmm\ﬁ/es

absorbency additiyes, soften i.tives, aesthetic_addi S, .
Tt ot o 537 K Chemically enhvacicefh RARET St aeORG: OJG et 41 wherein

according to Caim4 shir) aesthetic additive is aeteatbd rfraral theagupakonsistinlglicfiinies,

hocording Lo Gaim %V%M%'f”’??s opadiefd, ey FIARRGH, AARGhIALrtThElar
fromthe group COP?mS'(i:A @g% lcally enhanced Py éiﬂgft-}fnre ?é&?&in@h@eg@mcﬁ WhEr n

debonders, noncat ures

A chenmical ly enhancedSptﬂp@%@ﬁﬁﬁ@ﬂdﬁ@%ﬁ&@dm ng to CI al m 6 wher ei n

sai d softener additive i s a_noncationic debonder. A chem cally
enhanced paper st 2fict f shamiealty ephanrced aarer siiketuse @CCOVde to ClaimgjGjwherein

noncationi c debonder isaj¢ RibrichRt additiveldomgrisesda eiedhe dtind.
sorbitan esters, ethoxylated sorbitan esters, propoxylated sorbitan

esters, m xedi®t h@syl & euémmmmcbpamn structatecaccording ta Glaime4 wherein
t her eof WO 97/

% A chem Ak Siicgns omepyng.is an Apiao &e%dg?@?!ﬁéﬁ?ﬁééiglgai 6
%eril Qhem cally gnﬁglr'ﬁcjgg%ége%?{ g%gbgﬁcg@c‘%}ﬁ% t'o alt}rﬁﬂ\ﬁncomprising
said cationic softener is aacewawemtmrnm%mﬁasenttaﬁy gantingous high
chem cal Iy enhanced pgaeasity rétaork Fegdici’ dhd ddisereté oW aewﬁiw 9edions disposed
15 therein, said relatively high densnty essentially continuous network
region and said relatively low density discrete regions each being
disposed in a non random repeating pattern, wherein said relatively
high density essentially continuous network region defines a first
elevation and said relatively low density discrete regions defines a
20 second elevation; and _
an immobilized chemical papermaking additive disposed on one
of said regions of relatively high density or one of said regions of
relatively low denisty.

27. A chemically enhanced paper structure according to Claim 1 made
25 according to the method comprising the step of printing said chemical
papermaking additive onto one of said regions by contact with a roll.

28. A chemically enhanced paper structure according to Claim 2 made
according to the method comprising the step of printing said chemical
papermaking additive onto one of said regions by contact with a roll.

30 29. A chemically enhanced paper structure according to Claim 26 made
according to the method comprising the step of printing said chemical
papermaking additive onto one of said regions by contact with a roll.




said cationic softener is a diester quaternary amoni um conpound. - .
12. A chem cally enhanced paper structure according to d ai%gg{qﬁﬁﬁi,n
sai d che@&gJ” Raper maki ng additive is a strength additive. 13. A
chem cal I'y” énhanced paper structure according to Claim 12 wherein 10
said strength additive is selected fromthe group consisting of

per manent wet strength resins, t enpor af ) vet strength resins, dry

strength additives, and m xtures thereof. 14. A chem cally enhanced
paper structure according to Claim 13 wherein said strength
additive is a permanent wet strength resin selected from 15 . the group.
consi sting of polyam de-epichlorohydrin resin, polacrylam de

resin, and._m.xtures thereof. 2A5. A chemically enhanced paper :
structure according to C aim 14 Aherein _ - 934d strength additive

is a starch- bas&d tenporary wey strength rg@dn. 16. A chemcally
enhanced paper styucture accgfding to C ai/fm4 wherein 20 said

-chem cal papernakkng additive is an absorfpency addifti ve. 17. A

chem cal |y enhanceéd paper structure accgfding to Cfaim 16 wighe
sai d absorbency i ve is sel ected #EEMMhe group consi PTG
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chemi cal ly enhanced paper ructure according to Chaim 17 erein

sai d absorbgpCy additi vg iS5 an al kyl ethoxyl ated al §ohol . 19. A
chem cal | y 'enhanced pap ? structure a(fc'lgdéng to dam17 wherein

sai d absorbency additive is a pol yhydroxy conpound. ‘380 20. A chemically
enhanced paper structure according to Claim 19 wherein sai d

pol yhydroxy conpound is selected fromthe group consisting of

gl ycerol, polyglycerala polyoxyethylene, polyoxypropylene, and
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22. A chem ¢@d bysgpdhanced paper structure according to O ai m PCTARN7E0H?
said aesthetic additive is selected fromthe group consisting of inks, 5
dyes, perfumes, opacifiers, optical brighteners, and m xtures thereof.

23. A chem cally enhanced paper structure according to C aim 22 wherein

said aesthetic additive is a dye. 24. A chem cally enhanced paper
structure according to Claim6 wherein said lubricant additive
conprises a silicone conpound. 10 25. A chem cally enhanced paper
structure according to C aim24 wherein said silicone conmpound
is an amno functional silicone. 26. A through air-dried chemcally
enhanced paper structure conpri sing: a cellulosic substrate
conprising an essentially continuous high density network
region, and discrete |ow density regions ﬂiposed 15 therein, said
relFatively high density essentially conti us network regi on

and said relatively |ow density discrete regions each being

di sposed in a non random repeating pattern, wherein said relatively
hi gh density essentially continuous network region defines a first

el evation and said relatively |low density discrete regions defines a 20

second el evation; and an i mobilized chem cal paper nmaking
additive di sposed on one of said regions of relatively high
density or one of said regions of relatively | ow deni sty.

27. A chem cally enhanced paper structure according, 0 Caim1l nade 26
according to the nethod conprising the step of prin g said chem cal
" paper maki ng additive, 6nto one of said regionsgpy contagt with a roll.

28. A chemi cally enhanced paper structure accgydi ng9Pg Cl aim 2 nade 24
according to the nethod conpgpsing the step _,aﬂ‘_o__ g sai d_chem A‘
paper neki ng additiveggQto one of saidg® 30Nt a W aro 30
29. A chemical ly enhancd paper \str)} .E#ﬁ Claim 26 magde
according to tE8\ret hod »efmr oy [ g said chem &4l

paper maki ng addi t 'ye onfoMone of\;aid regions by contagg wWith a roll. 54
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