WO 02/ 066240 PCT/ US02/ 04615 METHOD OF MAKI NG A THI CK AND SMOOTH EMBOSSED
TISSUE Field of the invention 5 The present invention relates to paper

ti ssue prwouwemss24@nd in particular to facial tissue, andrdirasozedshe
handker chi efs. More particularly, the invention relates to converting
steps for such tissue paper products, namely enbossing and cal endering. 10
Background of the invention Paper webs or sheets, sonetines called tissue
or paper tissue webs or sheets, and products made therefrom such as paper
handker chi efs, sonmetines also called facial tissues, find extensive use in
nodern society. Such itens as facial and toilet tissues and kitchen towels
are staple itens of commerce, all of which 15 are herein referred to as

paper i ssue produelsy delwhian! 2dr e aio! SRAGHRIHBEsddiRkrsduipor Lant physi cal

attributes of these products are their strength and thickness/calliper,
their softness and snoot hness, tﬁj@i !rofqaémbezrﬁﬁé, and their |int

resi stance. Research and devel o ve been directed to the

i npr ovgnenheopreafhindbntiie selattist tol prier Sisvlié pRodudsr amdis panichre tto faciahe

others as 20 well as to the inprovement of two or three attributes
si mul t anedig8u§;. arsbHispesabienbardisetintss Morel pardicelary hthe myentien selatest toon

per oo e Bty STIRUTEE 4087 B8L8 M, RRCALGHL PO Uil HEDA

i's a conbicaiirideningf several 25 physical properties. The tactile sensation
can be well captured by the objective paraneter of the physiol ogical
surface snoot hness (PSS) paraneter as known e.g. fromUS 5, 855, 738. As

i mportant for the tactile sen i is the thickness/calliper
of a b?ssue product. 30 StrenE kgtBufld of VEhito the product to maintain
physi cal iRdpegwahs anshéeats) ssmetimeseazlleddissbercstpapgr tisade sWebsdoh sttpaisider
use conditions. WD 02/0 9653459 CT/ USL%E]/ 04615 Abs%r ber}ﬁgfsi s the neasure of

the abili @pdopro(gu}gpsom rgBep: PUSHaRs RapsE handkerc , sometimes also

called facial tissues, find extensive use in modern society. Such items as facial
and toilet tissues and kitchen towels are staple items of commerce, all of which
15 are herein referred to as paper tissue products. It has long been recognised that
important physical attributes of these products are their strength and
thickness/calliper, their softness and smoothness, their absorbency, and their lint
resistance. Research and development efforts have been directed to the
improvement of each of these attributes without seriously affecting the others as

20  well as to the improvement of two or three attributes simultaneously.

Softness and smoothness relate to the tactile sensation perceived by the
consumer when holding a particular product, rubbing it across the skin, or
crumpling it within the hands. The tactile sensation is a combination of several
25 physical properties. The tactile sensation can be well captured by the objective
parameter of the physiological surface smoothness (PSS) parameter as known
e.g. from US 5,855,738. As important for the tactile sensation of consumers is

the thickness/calliper of a tissue product.

30 Strength is the ability of the product to maintain physical integrity and to resist

tearing, bursting, and shredding under use conditions.
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liquid, particularly aqueous solutions or dispersions. Overall absorbency
as perceived by the consuner is generally considered to be a conbination
of the 5 wotolieaqu@antity of a liquid a given mass of paper PCTASOZ04614 |
absorb at saturation as well as the rate at which the nass absorbs the
liquid. Lint resistance is the ability of the fibrous product, and its
constituent webs, to bind together under use conditions, including when
wet. In other words, the |o higher the lint resistance is, the |lower the
propensity of the web to lint will be. WO 98/58124, published on 23rd
Decenber 1998, discloses an enbossing nethod wherein enbossing el enents of
a hei ght Abs@behendd the measweeeoipthey ability 46 aERroduéd8o 2080rip uabintitesd ol 6t h

January 1991, discloses a converting nethod wherein_an enbpssing step is
conbi ned WU RAGIGHATARGHERUS SAHUNS 1% ISBETSIOTS> GVBEH FBBOTBSIGY | ahed

23rd Deceﬁg}% - ' fayafehey | RYSsin e mal e
and femal'e e%’%ggﬁnéﬂe?g}r}gﬁ?%r ﬁaé’ggéEP 098335%3‘?@?5%&%?&% OP] iOt Egliln/zéfjch

1999, «i siotalspmnty ehd tgsidraygiveapnass bf papei tiksuarwillabseds at satupatidn asJS

5, 855, 738 dj scl oses a .pracess for Ki ot h, paper tissue conprising a
25 cal end‘é‘?‘I Ag 3¢ e %@Y'ﬁ?ﬁ‘@lﬁ T%ﬁ%?oﬂ%dﬁ‘ggiquédoft di sposabl e paper
products, nanely in the formof paper handkerchiefs and facial tissues,

are known. For exanple, TenpoTM sold by The Procter & Ganbl e Conpany, is
a four plbhinf sesistance 3s dlee @bty obtlael dibrowopedsst.i amt 88 coastibiedk waks, $oft and

having a calljper of about 0.3 mm_ A hj . cal lipe % t I.d of

i gh dry SAd Bt uidthiee rlostss dhdbaing he et W Roclass e

PCT/ UP2/ Righépthentiit resisrinabhs, tﬁéS@Néle[_h@rﬁraﬁehgtya@f thetwdhiteslintstiil @egt h, in
particul ar "prevents tearing or bursting ich for a paper handkerchief in

turn results in contam nation of the wuser's hand with nucus or other

bodi ly fl wCﬂZQ%g?l]?%aﬁ@@%dq%nt O30 Pl VRSB, SHRAIEeS UaA aGRbbdsihg

comon in
method wherein embossing elements of a height of at least 1 mm are employed.

15 EP 0 408 248, published 16" January 1991, discloses a converting method

wherein an embossing step is combined with a simultaneous calendering step.

EP 0 668 152, published 23" December 1998, discloses an embossing method
employed unmatched male and female embossing elements.

20
EP 0 696 334, published on 10™ March 1999, discloses an embossing step with

avoids an increase in bulk.

US 5,855,738 discloses a process for making smooth paper tissue comprising a

25 calendering step.

Relatively thick and yet soft disposable paper products, namely in the form of
paper handkerchiefs and facial tissues, are known. For example, Tempo™, sold
by The Procter & Gamble Company, is a four ply facial tissue paper product
30 experienced as thick and soft and having a calliper of about 0.3 mm. A high

calliper conveys the idea of high dry and wet strength to the consumer. A high
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paper tissue to cal endering. However, cal endering always nmeans a trade-off
of calliper and softness for snpbothness (as discussed e.g. in US

5, 855, 738W0 oPoectwct s wi th hi gh wet burst strength and typipcalusy2/es615
relatively high calliper are 1o those produced by through-air-drying.
Though-air-drying facilities, however, are not available on conventi onal
paper maki ng machi nes and the provision of such equi pnment neans a

consi der abl e financial investnent In a further aspect though-air-drying

faC|I|t|e\§lef1gtygnyq’1 RENBRACH &'8E Not GRS LHRINGE if PaFRIINA Hidveh 1BRfifg

conventiona acl herefore it Is s i nt er est to
provi de dibernsting wﬂnctptaqsrel pepet hamaieeremipf oyiung remnmentoommhlqaaparofmm nes.

Hence, there is a, persisting chal|enge, tq provide a paperhandkerchi ef
sati sfyi n@serogrh%f%gl'té%'éq:qq 3@0%@95'3%&3% of known products in neeting
all relevant physical paraneters w thout increasing the use of material or

energy. ldeally, the 20 same consuner benefit is provided using |ess
cel | uloselr atemptieg taprovide \ai\alw sMmadtle sprface itds tcoarmdon fie thwagitdsubjacdn set

out abovethere renmi ns a,ne for a ti uct. in particul

Pati arCt Tatns BT CeRal RS Hhgva bhiRbeaRD SMiEle ridhiS ettt 8 o,
strengt h, cARSE ARNSHTAES fot Binootrafdsst d(égfdﬁ?scusfséd ehgrin qusysse%rvss;eal tactile
sensati on of softness, snoothness and thickness - is cost effective to

manuf acture and pref erably can be manufactured on conventional paper

perl Usoz/ Dikskas™ Wil oy ‘ot Gt StoRe T aid WiiSGRER shBuiRVROR SaBE res o o
EZﬁSLL?Lﬁ?E?S et ant. descr bhos s o Tt Rodf o KL 26 . (f ssus paper

product fnehavailablsge qeapentioral Papre MakitbMackinRs anhineg ﬁ@@'%@ syclyf . -
passing g bR EnRARE" aVEBNLIBLRWH HARRMEPORTEAEHLP 1H O MRAHHRF! 4Rkt

though-air-drying facilities have an increased energy consumption as compared
to more conventional drying facilities. Therefore it is still of interest to provide

15  superior paper qualities employing conventional paper machines.

Hence, there is a persisting challenge to provide a paperhandkerchief satisfying
or even excelling the standards of known products in meeting all relevant
physical parameters without increasing the use of material or energy. Ideally, the

20 same consumer benefit is provided using less cellulose raw material.

In view of the prior art and the consideration set out above there remains a need

for a tissue product, in particular a facial tissue, which:

25 — combines optimal strength, namely wet burst strength, absorbency and lint
resistance
- further gives an ideal tactile sensation of softness, smoothness and thickness
— is cost effective to manufacture and preferably can be manufactured on
conventional paper machines

30 — optionally provides skin care benefits



a first and a second enbossing roll, wherein at |east one of the enbossing
rolls conprises at |east 30 enbossing el enents per squarecentinetre -

passi ng tWe ocioeRwe paper web t hrough a cal endering nip foroedsbrodseen 10 a
first and a second cal endering roll, wherein the first and the second
calendering roll are in contact with the tissue paper web over a contact

| ength nmeasured parallel to the direction of the axis of the first

cal endering roll exert a pressure onto the paper web of at |east 50 N per

S otuet S made | aceor dance: wouhmaR GthElledid TEd BT e PaReL Lt on of
[ ) i ption o

t he | nvenTheprestht Sudntibhaelateetonabaper isees aAddo pdrtioyldrdotfaciaptisssient

i nventi on, cellu]osic fibraqu ructure, i s t-l.aid usin rinciples and

machi ner yaQ@FjISPIQﬁé hap éChé?flss' @al@ggéqnqﬁ%qm@_ed,&s ?WF@Rdgobﬁla&'ng gr ni sh

for the pﬁ@éﬂ%?@ar;sér grBlLdrdha ﬂ%@@rpéde?%,%@ﬁ%ertﬁé@ceﬁ@frigrr@hhé stepy ai ns 25

paper maki ng fibres consisting essentially of cellulose fi

| bres
(commnl yeknown as wood pulp fibres) or cellul ose-derived fibres

(i ncluding, for_exanple, .rayon, viscpse). Fibr derived f f ods
(gymmosper ns of p%%%ri%)g?%ﬂis er%%%e_}r V&%ﬂ&"ﬂ%ﬂ?'&l% os(sé'?%r'@gfﬁg&]%g]b%?w%%%?duous
trees) are conkeindles sbesndiembiodsinBirsll, wheRiH hoeasiTbse BatHd smbassirgeci es
of tree fromwhich the fibres are derived is 30 immterial. The wood pul p

fibers can be mlodompurises@hleant 30eMbessing elaspentgyoer SoHAERIeaHMEYE pi ng
process. Chenical Dbroces S fiLe, / 4
PCT/ US02/ 04615 8??%@9 s ﬁ%@%ﬁ%@??? “ﬁirggbﬁgdéaéi%ﬁ@%i@ 8@ f}?ﬁé‘gé E%f%g%‘?’g.
Mechayg cal pr ogemsEandsa Gecafd tdusmastimgialialwiareinAt firgd)amt teessesndr e
al so suitable. In addition, the various sem -chem cal and chem - nechani cal
processes can ©alegdedng roll are in contact with the tissue paper web over a contact
length measured parallel to the direction of the axis of the first
calendering roll exert a pressure onto the paper web of at least 50 N per
centimetre of the contact length.
15
Further claimed are paper tissue products made in accordance with the above

method.

Detailed Description of the Invention

20
Suitable papermaking steps

According to the present invention, a cellulosic fibrous structure is wet-laid using
principles and machinery well-known in the art of paper-making. A suitable pulp
furnish for the process of making the paper tissue substrate preferably contains
25 papermaking fibres consisting essentially of cellulose fibres (commonly-known
as wood pulp fibres) or cellulose-derived fibres (including, for example, rayon,
viscose). Fibres derived from soft woods (gymnosperms or coniferous trees) and
hard woods (angiosperms or deciduous trees) are contemplated for use in this
invention. The particular species of tree from which the fibres are derived is
30 immaterial. The wood pulp fibers can be produced from the native wood by any

convenient pulping process. Chemical processes such as sulfite, sulphate
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Bl eached as wel |l as unbl eached fibers are contenplated for use. Preferably
no 5 non-cellulosic fibres, such as latex, fibres are used. The paper

ti ssue acworodion24¢ 0 t he present invention nmay contain, asPaThisghb461s
preferred conponent a wet strength chem cal agent. Preferably up to about
3.0% preferably at least 0.5% and nore preferably at |east 0.8% by

wei ght, on 1o a dry fiber weight basis, of wet strength chem cal agent,
such as water-soluble permanent and tenporary wet strength resin, are

cont ai ned, . stren resi S [ e For
exanpl e, d(\]ﬁéciﬁ'gétthgdgé%pi el %g)d%uﬁ{g%%s%% are hsq@g?%r'i'\g{e%ﬁﬁ‘gé'g‘:’?%égg%d t hei r
chem strysiuoh &¢ltheinmsehenibalClensgluyd)apabceesdsar@gyso Yoitabte. I8 additiopages
813-825 (1979). Usually, the wet strength resins are water-soluble,

cati oni c het ¥ariays seriaghenaical angh chepingchanical aproCcRgses -cah b9 &158€- ¢ he
time they i i i | t i , and
even to b%@égrf)%g% ggNélf ﬁgpﬁ st se&%é}gvaé%@ HE%HEISE%d chr Lgérédsf?ﬁ?ﬁﬁlyﬁg&w |1
renders t heon-esliuissic fibeds)lsuehias |atExefibreBlarehusedsone resins are sol uble only
under specific conditions, such as over a limted pH range. Wt strength
resins are generally believed to undergo a cross-linking or other curing
reacti onsrigd tpfa[g)err h%ﬁu@%oﬁﬁﬁg.tgem@%r%ggnp ihveWibhi fay @onfdIRNEs td Righly

paper maki ng fibres. Cross-linking or curing does not” normally occur 'so | ong
as 25 suybrsfemed alonpanent sa ovetwasiremgthr chgmieak mgents Predetabdyulugr taublout y ar e
the varioys pol yam de- epi chl hydrin resins. The terials a ow

nol ecul arg‘M&%?%B€Vréﬁ§a%r@$9ﬁ@d‘Wﬁe Pé%@fqt&éa?fﬁ’?ﬁnlﬁo%lby @P'@bgs&é uch as
am horp CPRty iR wAgHt KHIM, Ush Wa0sRength hePRESINAgénit! Slien sewater-8elubkp| et e
w th descriptions of processes for nmaking such materials, including US- 5
WO 02/ 0662mnaEnt @B0Ae0pe1ary WetStEngiis pssin, arg wemtainetei m on COct ober 24t h

1972, and US-A-3 772 076, issued to Keimon Novenber 13th 1973.
Pol yam de- epi hydrochl orin resins sold under the trademarks Kynene 557H and

5 K%/rr}en_e Wetyrehgtictdsats Lsstul BéreW tam betaisevberll yase Forerampld, iWebkidelt y
useful in
described a number of such materials and discussed their chemistry in Cellulose

15  Chemistry and Technology, Volume 13, at pages 813-825 (1979).

Usually, the wet strength resins are water-soluble, cationic materials. That is to
say, the resins are water-soluble at the time they are added to the papermaking
furnish. It is quite possible, and even to be expected, that subsequent events
20 such as cross-linking will render the resins insoluble in water. Further some
resins are soluble only under specific conditions, such as over a limited pH
range. Wet strength resins are generally believed to undergo a cross-linking or
other curing reactions after they have been deposited on, within, or among the
papermaking fibres. Cross-linking or curing does not normally occur so long as

25 substantial amounts of water are present.

Of particular utility are the various polyamide-epichlorohydrin resins. These
materials are low molecular weight polymers provided with reactive functional
groups such as amino, epoxy, and azetidinium groups. The patent literature is
30 replete with descriptions of processes for making such materials, including US-



this invention. These resins are generally described in the aforenentioned
patents to Keim Base-activated pol yam de-epi chl orohydrin resins useful in
the presewDone@mii on |0 are sold under the Santo Res tr a&danmsoko46stich as
Santo Re 31, by Monsanto Conpany of St. Louis, Mssouri. These types of
materials are generally described in US-A-3 855 158 issued to Petrovich on
Decenber 17th 1974; US-A- 3 899 388 issued to Petrovich on August 12th
1975; US-A-4 129 528 issued to Petrovich on Decenber 12 1978; US-A-4 147

Van Esnam oh'eBeansened i ks Cuighil 24 172 8 cn el Sobdice 0

usef ul hetpgKeim gnwdvbmumlu@[bT%:ﬁm de resins such as those sold under the
Parez trademark, such as Parez 631 NC, by Anerican Cyanam d Conpany of
Sandf ord, Connecticut. These nmaterials are 20 generally described in US- A-3

556 932 i £ 0 ' : ' 33
i ssued toﬁé\fy?ﬁlgé;gﬁgﬁﬁgchﬁmﬁgen% é@l?mdé{ét%nra hea:rktS y es&% é\%/g?g%cgol ubl e
resi ng uskfmenerLX by hereskst IncnekW ilnoingiam; IDelawars, \dre partieniady assfubimd

ani oni ¢ styrene-butadjiene | atexes. Nunerous exanples these 25 types of
resins aré"ﬁ)ﬁ’&‘(ﬁrﬁ@ﬁ-i 58 A%S'Eﬁ4ar§89?nﬁf§%¥epe§9’%p§1d 41 %?s@@é%f“%?%%cf 29t h
1974. Sti Atdve kYRt er - sol ubl e cationic resins finding utility in this

i nventi onbétaer eéqtt%he urea formal dehyde and nel ani ne fornmal dehyde resins.

These pol yfunctional, reactive polynmers have nol ecul ar wei ghts on the
order of few .thoysand. The re common f ti I iLhcl

ni trogen gﬁﬁ?'\évPHYﬂﬁ WI@'@W?@W dHFh"ES#‘Sf‘bﬁ'?g@%n‘ﬂreorﬁe@?ﬁ“gf‘vga@%s
attachipd 4@ 68 MderoBensant®d MEs ARAdPRAR0 sBEH /4dS02MAREE31,Aby IMurBant®ss

preferred, polyethylenimne type resins find utility in the present
i nvent i onCompaayc ofpBht bodiss cMigsontnsThdset Hgpes e materialse arewageneraty ubl e

resins, i ncl udi t.hei fac . he i R aph
Ser i o5’ Nodessdibetiodfs 418 gear TP SRS PefRVist ol RHEFbBr 2y Herky DA
Associ at i 9rgef 388 fsdtieldrtoaRetrovich on August 12" 1975; US-A-4 129 528 issued to
Petrovich on December 12 1978; US-A-4 147 586 issued to Petrovich on April
15 3 1979: and US-A-4 222 921 issued to Van Eenam on September 16™ 1980.

Other water-soluble cationic resins useful hererin are the polyacrylamide resins
such as those sold under the Parez trademark, such as Parez 631NC, by
American Cyanamid Company of Sandford, Connecticut. These materials are

20  generally described in US-A-3 556 932 issued to Coscia et al on January 19"
1971; and US-A3 556 933 issued to Williams et al on January 19™ 1971.

Other types of water-soluble resins useful in the present invention include acrylic
emulsions and anionic styrene-butadiene latexes. Numerous examples of these
25 types of resins are provided in US-A3 844 880. Meisel Jr et al, issued October
29" 1974. Still other water-soluble cationic resins finding utility in this invention
are the urea formaldehyde and melamine formaldehyde resins. These
polyfunctional, reactive polymers have molecular weights on the order of a few
thousand. The more common functional groups include nitrogen containing

30 groups such as amino groups and methylol groups attached to the nitrogen.



Paper Industry (New York; 1965). Tenporary wet strength agents, such as
nodi fied starch may al so, optionally, be 1o used. Conbinations of

per mmnentweand/ost@mpor ary wet strength agents may be used. pPChaspresent
invention may contain dry strength chem cal agents, preferably at |evels
up to 3% by weight, nore preferably at |east 0.1% by weight, on a dryfiber
15 weight basis. A highly preferred dry strength chem cal agent is

car boxynmet hyl cellulose. Other suitable dry strength chem cal agents

nccost ren GHIP RS e S FGRITRS' P8 Teling R QNN YUBTPpset o i

(such as inpemticgt.arch or potato starch); polyvinyl alcohol (such as
Airvol TM 540 produced by Air Products Inc. of 20 Allentown, PA); guar or
| ocust bean guns; and pol yacrylate | atexes. Suitable starch nmaterials my

al so inclpde ”B&hhie?@' eag'bmio%ﬁst@r @ﬁ@sawéﬁeﬂﬁohsgswatﬂpgéupm@d rbSingave

nitrogen contarni hg groups such as am no groups and net hyl ol groups
at t achted inoluding tgéemmaauiadtarel eahrienfaiad onHAPSI Memogragh Chasieischib. 28pnpany

Brid ... 25 Chem f ' it : i S hemi cal
debond ng ‘gLATENGIGR RRATcHE PRGHISHE LoaTeA A seauuish e MBS, A 5
821 068, pg§ Addsing (NS Ytkmogs}74 teaches that chem cal debonding agents

can be used to reduce the stiffness, and thus enhance the softness, of a
paper tissue web. US-A-3 554 7 WD 02/066240 PCT/US02/ 04615 862, issued on

chem ol HEBBRRTHIISHAR0 Ad SR PP SRR Bl PP S S
cheni gal sQid. WOMBIrRABAS It perAfarePIRIndSEMgdaraket strength %gémsaﬂhaytbe 5 3.0%
of a quaternary amoni um conpound, preferably a biodegradable quaternary

amoni um @88ehound; and from about 0.01%to about 3.0%of a pol yhydroxy
conpound; preferably selected fromthe group consisting of

The present invention may contain dry strength chemical agents, preferably at
levels up to 3% by weight, more preferably at least 0.1% by weight, on a dry fiber

15  weight basis. A highly preferred dry strength chemical agent is carboxymethyl
cellulose. Other suitable dry strength chemical agents include polyacrylamide
(such as combinations of Cypro™ 514 and Accostrength™ 711 produced by
American Cyanamid of Wayne, N.J.); starch (such as corn starch or potato
starch); polyvinyl alcohol (such as Airvol™ 540 produced by Air Products Inc. of

20  Allentown, PA); guar or locust bean gums; and polyacrylate latexes. Suitable
starch materials may also include modified cationic starches such as those
modified to have nitrogen containing groups such as amino groups and methylol
groups attached to nitrogen, available from National Starch and Chemical
Company (Bridgewater, NJ).

25

Chemical softening compositions, comprising chemical debonding agents are
optional components of the present invention. US-A-3 821 068, issued June
30 28M 1974 teaches that chemical debonding agents can be used to reduce the

stiffness, and thus enhance the softness, of a paper tissue web. US-A-3 554

7



gl ycerol, sorbitols, polyglycerols having an average nol ecul ar wei ght of
from about 150 to about 800 and pol yoxyet hyl ene gl ycol s and

pol yoxyprwpykeee4d 0 gl ycol s having a wei ght average nol ecwicarusomoght from
about 200 to 4000. Preferably the weight ratio of the quaternary anmoni um
conpound to the pol yhydroxy conmpound ranges fromabout 1.0:0.1 to 0.1:1.0.
It has been discovered that the chem cal softening conposition is nore
effecti\ée when the pol yhydroxy conpound and the quaternary ammoni um
conmpoun g ) X9t ; of at
oast a0cBfdridt g RaBUER) 125 157PpistRisesuRaRATIohEn) GBS 2bERE.

addi t i onaThgse oheraldatdebdndiay ageoteinciuale quadéman amnoampossadlisons may be
applied to the substantially dry paper tissue web, for exanple by neans of
a printing process (N.B. all percentages herein are by weight of dry
fibres, “ﬁkeﬁéﬁeg%@w}bﬁ%d’?@ﬁmq %&ﬂgosiagnﬁééﬁ?r@é fRIm G D&Y 18 THHRH UM
conpounds sulrtable tTor use in e present 1nvention 1Include either

unnodig i e8,0%r ofromoquaterrdiry astreonivar | Gimpownd)f prefaedhly &nbiadegradable

el ude. REAGIIARTIRARTR: SURBOGIS of [ Ao oLt ST (bR T T
anmoni um g@&ﬁz@g{,peéﬁﬁoanﬁi BrofshBly \$8ldctdd omsmoftndi Ry camiRating of

tal | ow) di moni um chl oride. Wthout w shing to be bound b?/ t heory,
it is begiyeort, stritotshepadyglyceraisi hgyingsyn layesrgeimeliegulad aeight of fi9n hese

Chontoal - eBaianyd. fhabolt eRA BelfPiiethae “bietkr and RIS
V35121 DgryabllsShQ&iné%m Wt iavatagt thdl&sdlan dvdigic fBHT eboat 20D Ve 1000,
W05/ 11343, publ i shed on 27th Agm, 1995. 8 02/066240 PCT/ US02/ 04615

Ex?rrpl est Ef?fﬁtﬂw?ﬁb%wigi‘énﬁﬁﬂgna the equaternary reMpIaEnt comperndole ithe | ude
(0] oxye .
Pbous Y SoBel B GieRy: S@RoURY  AhoBs) ToRl @BlF LR e T | dn."R a6 Bbedom

discovered that the chemical softening composition is more effective when the

polyhydroxy compound and the quaternary ammonium compound are first
15  premixed together, preferably at a temperature of at least 40°C, before being
added to the papermaking furnish. Either additionally, or alternatively, chemical
softening compositions may be applied to the substantially dry paper tissue web,
for example by means of a printing process (N.B. all percentages herein are by
weight of dry fibres, unless otherwise specified).
20
Examples of quaternary ammonium compounds suitable for use in the present
invention include either unmodified, or mono- or di- ester variations of : well-
known dialkyldimethylammonium salts and alkyltrimethyl ammonium salts.
Examples include the di-ester variations of di(hydrogenated tallow)dimethyl
25 ammonium methylsulphate and di-ester variations of di(hydrogenated
tallow)dimethyl ammonium chloride. Without wishing to be bound by theory, it is
believed that the ester moity(ies) lends biodegradability to these compounds.
Commercially available materials are available from Witco Chemical Company
Inc. of Dublin, Ohio, under the tradename “Rewoquat V3512". Details of
30 analytical and testing procedures are given in WO95/11343, published on 27"
April, 1995.



5 Wiile the addition of particular chem cal agents |isted above as
preferred agents, can have very beneficial effects on the paper products
obt ai ned, woanmbaz40 t hei r soft ness, paper tissue webs usef ulpcirarsot/usipr esent
i nvention may be- made by any common net hod wel | -known to the person
skilled in the art. 10 Such papernmaki ng processes conrprise the dewatering
of suitable pulp using, for exanple, one or nore papernakers felts and/or
belts. For the present invention conventional papermaki ng processes are
preferred. Any process referred to herein as conventional is a
paper - maki ng process whi ch does not 15 conprise a step of

t hr ough- aiBxagiplés ®f ﬁélywm@k%Wnypomeuw&l Y the Opres&as invedliph i intiidea
through-air-drying step can be utilised. Stretch enbossing step The present
i nvent i on PPyoxpelbyaneglygols bavingnt weight Rverages melramMar ‘He'lg%éofafrft)"h%bmﬂo

converti n%oﬁ.t’(?%%pH%SO,i é;%cﬁé}&ﬁprg%??éﬁigi“pgéhéﬁ’.tO be carried out in

accordance W e pre vention i s an enbossing step in which a very
fine pattern is enbossed using a |ow pressure. 25 Enbossing of a paper

tissue web is generally achi eved by passing the b .through the nip forned
between t WEMEBESRAGIPRI Ok Pagicua shomial crarits | ijed oPOVE G PTRIPHEY
embossi ng agkaﬁfé‘?%ﬁ-ha% genbticlal é’f:récté oyl tﬁé'rdabe? dcﬁ@%b?ainéd‘,wé?ﬁelxbm
ot herwi se tl'at 'surface. ossing el ements are protrusions raising 30 above
t hi s surf duar aofindss; ipapea tissué aiabsheiedhlt foasherpeasent dnventiandnay diel made

perpendicylar to the axis of t enbossing roll fromthe curved flat roll
e Pace + By Brompogaolio el roan 63 Beishn SkBdD toAR: of t he
protrygi on. Enbossing el ements have a certain width, to be neasured in the

pl ane of the essentially flat roll surface. The termw dth as
Such papermaking processes comrprise the dewatering of suitable pulp using,

for example, one or more papermakers felts and/or belts. For the present
invention conventional papermaking processes are preferred. Any process
referred to herein as conventional is a paper-making process which does not
15 comprise a step of through-air-drying. Alternatively, papermaking processes

comprising a through-air-drying step can be utilised.

Stretch embossing step

The present invention is specifically concerned with steps known in the art as

20 converting steps.

~ One important converting step to be carried out in accordance with the present
invention is an embossing step in which a very fine pattern is embossed using a
low pressure.
25 .
Embossing of a paper tissue web is generally achieved by passing the web
through the nip formed between two embossing rolls, at least one embossing roll
comprising embossing elements. An embossing roll typically comprises a
curved, but otherwise flat surface. Embossing elements are protrusions raising
30 above this surface and having a certain height as measured in a direction

perpendicular to the axis of the embossing roll from the curved flat roll surface to

9



used herein refers to the dianeter of a round enbossing el enent neasured
the plane specified above (ie. at the bottom of the enbossing el enent) or
to the 5 wearogeed24mi dt h measured in said plane, when the emooasongices ement
is not round. According to the present invention the enbossing el enents
can have any shape, such as pyram dal or half spherical, and the cross
section of the enbossing elenents can be circular, oval or square. The
enbossing elements may forma |o continuous pattern, but preferably are

distinct fof mdﬁagﬁpahw mégro%gidag érﬁbéég?nn@@%?ﬁéﬁtsing‘wé BRafFicdRIgSsi ng
el enents are di sposed over at east  one enbossing roll” 1Tn a very fine
pattern, Genpeasureg atthieeplahe 30 thetessentiglly fhterotindusfacer dher ebinywilth lasast

50, nore preferab) t | east 60, yet nore pref bl 5 at. | t 70 t
or of or abl oaf NGB oS dntIBe ROl GhaeunBembesting slamen measuel here.

area of ! BeRRscHiod difvi (CAOIHE BBbM bt ERRRsiNg RRMGAN 1B the

enbossing e ts are no I g preterably they have a helght of |ess
t han 15nmlargeskewidtle frevasiokgd Iresad phane, vien the embossing etemeenirienet edung. | ess
than 0.6 mm vyet even nore preferably less than 0.5 mmor less than 0.4
mm and nost preferably less than 0.3 mm Preferably the stretch enbossing

provi des %c%@Fdiﬁg@cﬁtk@ﬁp?’r‘é‘ééﬁfjin%ﬁﬁén iHe emBBIHIAG TREMBR RS RAVB &) shds8s nore
preferably 20%t0 80% and nost 25 preferably 40% - 60% i.e. for the nost

pr ef er r ed suab eastPysamiglabwnfhalhephencal, asdrthaceroas eectiontofethei embospimger web

uch ol T e BERIoLRE 8ol IR SThR e m R SR SBR[ B a7 o
embodigenicoffintid\es patesBnbut pleféravRreisting? févad dackbeder. eg. steel ,
enbossing rolls are used, wherein a first roll conprises protruding

enbossing elenents, referred to as the male roll, and a 10 WD 02/ 066240

T U072 04 By R EPERA 8 SR ERR s, BB TRE,

female ro e mrror i I'ng enbossi ng
el ement s (sasteynelsmbesking edll inca henysfingpattierns sempeisirnigha@neasie®ld embossing
| mges, eg. due to a slight
elements, preferably at least 50, more preferably at least 60, yet more preferably
15 at least 70, most preferably at least 80 embossing elements per

squarecentimetre surface area of the embossing roll.

According to the present invention the embossing elements are not high,
preferably they have a height of less than 1 mm, more preferably less than 0.8

20 mm, yet more preferably less than 0.6 mm, yet even more preferably less than
0.5 mm or less than 0.4 mm, and most preferably less than 0.3 mm.

Preferably the stretch embossing provides a ratio of embossed areas to
unembossed areas from 5% - 95%, more preferably 20% to 80% and most
25  preferably 40% - 60%, i.e. for the most preferred case 40% - 60% of the total

surface area of the tissue paper web are embossed.

Any known type of embossing roll and mode of operation of such roll is within
the scope of the present invention. In one preferred embodiment of the present
30 invention two hard metal, eg. steel, embossing rolls are used, wherein a first roll

comprises protruding embossing elements, referred to as the male roll, and a

10



difference in size or shape (eg. slope) of those recesses in the fenmale
roll. 5 In another highly preferred enbossing step according to the present
i nvent i orwea 02064286 enbossing roll conprises a web cont act iPog/usoz/éace
provided froma hard netal conprising protrudi ng enbossing elenents and a
second roll conprises a web contacting surface conprising a softer
material, eg. rubber, preferably a lo material of Shore A hardness 40-70,
in which recesses are formed upon sufficiently close contact with the

br ot rudi N o@BRAS) by b AN RatcRinGYldikBed ketGHERSS] AANBI Rrfdl8 M. Hed

metal roll in conbination w ber radll has nunerous advantages, such
as cheapenrecestesanay bepnodudmiagas ahthepmtadirghembossiog dlémeaty arsinagive of

the rolls j h less critical than f |e and a 15 fenmale hard netal
rort | sur ePeleibg, 58 Sighly swler Jif st TREY A Eai iR S Rl ol oo
provi des gjf&bhedin éi’%élﬂrtsﬁaggsg%.aslbﬁé)doﬁﬁb% récds4BE 9 tHPldmale@Blp! Nation is

used. The size of the nip f bet ween the two enbossing rolls is to be
adaptef 20 depending eg. on the tissue paper web to be processed and

dependi i used, Al i hose..
consi der ot ooV HOREGTPE s bBhEs B Ren ASRe O HistPieBant B%5fuer e
first enbopsti 8Gbbesihgadl ddirprgeoadvets EoARMIAY Sutdcet PASAIRS froRP aVh@d t wo

hard nmetal rolls are enployed in the process, a nale and a fenale role,
the rol | s reefelicampesiogarratredingeerabossing eiaraentsanita se6pnd plbAAMPEGSe a60%

to 140% preferahly 80% 209 .t he call.li f ot 0 .ssue
paper (E)et e%oﬁ%@){'B o%qrt?cﬁ%ng({@ﬁhg'i@l %gsaog{eéﬁﬁﬁeil%fQf’h}éuﬂl')ﬁg?’esfegg@tbﬁ t he
bot t onpof mateeiar efeShere K HdranéssTed(e700lie. wiith 1AecéEs82/ &eb6%stthed upon

PCT/ US02/ 04615 When a hard netal roll is used in conbination with a rubber

roll, the SHH?Qi%ntb/h@QSQI coptagi ets e Brpdiusing eatbossingeelefantis.oPvidiRg@8 of 10
N'squar ecephb SESiS i 7% hard metal roll in combination with a rubber roll has

numerous advantages, such as cheaper and easier production and operation,
since the adjustment of the rolls in much less critical than for a male and a
15  female hard metal roll. Surprisingly, it has been found that the method claimed
herein also provides excellent results when a hard metal / rubber roll

combination is used.

The size of the nip formed between the two embossing rolls is to be adapted
20 depending eg. on the tissue paper web to be processed and depending on the
embossing pattern used. Also depending on those considerations no pressure or
some pressure may be applied to urge the first embossing roll and the second

embossing roll together.

25 When two hard metal rolls are employed in the process, a male and a female
role, the rolls should be operated so as to leave a space corresponding to 60%
to 140%, preferably 80% - 120% of the calliper of the unembossed tissue paper
between the protruding embossing elements of the male role and the bottom of
the recesses of the female role.

30
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N squarecentinetre, preferably 20 N squarecentinetre to 200

N squarecentinetre and nost preferably 50 N squarecentinetre to 100 5

N squar ece@otozioei2ee. Known nodes of operation are suitabl eparusohetsps esent
invention, preferably the enbossing rolls are not heated and run at the
sanme speed, but in alternative nodes of operation at |east one roll may be
heated and the rolls may run at | o unequal speed. The above descri bed
enbossing with a fine pattern, in one inportant aspect serves to increase

Ther of or e iDEn & wgHnsprel B e REuatbielhe WP ERTe ol ERae 3P MY e web
15 or a sib@qér@sgéaagéin@aéséh bitRs wEth & prassues of NONIgHuareeeAtiPeERItod 000p. | N
alternative nodes of operation a multitude of plies of paper may btezﬁgassed

t hrough t Nds@aregentimetreane Rrefarabblone?dr | dNgauptaeentima@tiehi ndot o

limted b : appli c bel | t hat miion si ng
descri bed*ﬁé‘ﬁ‘gﬁe@wg&'ﬁ?ﬁ%%ﬁ é" s't%rBéE cﬁ'ilér];gr\égﬁ/ t he W%@ﬁ%’%@é@&@eé@?ﬁ%@ o]
def or ngt i piisqimrecemtimetreany 20 substantial densification of the tissue
paper and hence the applicant does not consider the above descri bed
enbossi ng nethod highly suitable for the joining of juxtaposed plies. It

I's rather %%W&Fﬁd%%e& SerSiBh Qe gugﬁggﬁ {,"heflﬁl%sjghﬂd‘v@gﬁon,j %je'flérﬁﬁ gp as

to provide a nu y ti'ssue paper ol ning ste preferably
conpri si ngneossirigp salisngres hep heatechand rlatdtabbnsare espleesls ibug'in ak&rudiver | bed

herei nafter. Cal endering st Any known net hod of cal endering can be
enpl oyed i”ﬂp‘?ﬂ%ogé’i?@@ttq?hét %r%(% , rocflhﬁ\ﬂé{vlé? ?‘qage%@@grﬁ‘gn@ys 8K HReA
prese in j gyyysual Iy high calendering 30 pressures are used. 12 WO
02/ 062%40 “é%%’ﬂsgz/ 04615 A calendering step in accordance with the present

i nvention conprises passing one or several tissue paper webs through a
cal enderl q‘?‘nenia o&é)rcg%griggé \Aéerr?gos%ing with a fine pattern, in one important aspect
serves to increase the calliper, or in other words the bulk of the paper tissue
web. Therefore, in a highly preferred mode of the present invention a single web
15 or a single ply of paper tissue is passed through the embossing nip. In
alternative modes of operation a multitude of plies of paper may be passed
through the nib at the same time. However, and without wishing to the limited by
theory, the applicant believes that the deformation embossing described herein
achieved a stretching of the tissue paper, leading to deformation, but not to any
20 substantial densification of the tissue paper and hence the applicant does not
consider the above described embossing method highly suitable for the joining
of juxtaposed plies. It is rather contemplated to employ a separate and distinct
joining step as to provide a multiply tissue paper product, the joining step
preferably comprising an embossing step, such as “attachment embossing”

25 described hereinafter.

Calendering step

Any known method of calendering can be employed in the converting process,
however, in accordance with the present invention unusually high calendering

30 pressures are used.
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first and a second calendering roll. Typically both calendering rolls
contact the web over a certain length, herein referred to a contact
| engt h, weanet4sparal lel 5 to the direction of the axis @CTamozofeis st

calendering roll. The calendering rolls exert a pressure onto the web of
at least 30 N per centinetre of said contact Ilength and in order to do so
w Il be pressed against each other with such a pressure. Mre preferably

the pressure per centinmetre of said contact length is from50 Nto 300 N,

o ot EAbNoS ol Pk TSR LA gl Beg e

pr ef er abl ynasormssveralaissuet p@serazvmmraugh Ca’iballedaeﬂdg adp tfdsmqanpetweersaue
product wi |l comprise plies, for exagple two, three or four webs ca

j uxt aposeﬂfsérﬁﬂdcélmﬂe%ﬁ@’r‘ﬂ%m gl yPalikhisth cagndssing: rols# nfé‘mdes
of oper atifp ardt 2ULHAN IBnG] nblsin RERTRI! 1o 4 BUARE RibgttR! RESSABWb el
0 eat sane” speed, but 1n

cal endering r s are no and run at t
al terngt i we thediectibn agfethat axis aitsdieédsst calendetihg mal. Bbe Mr&ibr'mgdrollshe

[ 1 t | d. 20 t
| oduce { hEXERIe PHISIE onto RES stk ah el e 30 BEpef ghtmel’e Wlsaid fonad ' °
ensure th?ergﬁﬁgldrﬂiefn Q)frdérhﬁ) BBPSS Will B ngre%rs@@ alﬁ?teééch toMger ﬁ/ﬁH'étﬁfﬂ\ a

speci ficatl to the pressure enpl oyed eading to a densification of
t he paper predsure. 2Mocalpeefembly|ghe présaons peo ceatimetret dlespidrannitactdesgihtisess of

t Cal t | ' f
hyr ene pipat S0ML SR HOD N 4pBHe Prelhiabty BRNLIEEED N et Bosaiatersily RN T gn”
pressyg es pobWidrd mbst 9refafatﬂ>ﬁb2@a¢do 158PQ! AsEErdlty N eB proseht Mvamtiane
sel ected. 30 When conceiving the present invention it has been surprisingly

found t haprefaablﬁ;@:mnam,y @apes dissyesweps cargi palgndareshidsi g ipapenitissuehe

2 Tather DAY G BarkfisRnaNoe: Ta: eremipls o (et 1007 uffR BEH bE%S T

juxtaposed and calendered in one step.

15 Known equipment and known modes of operation are suitable for the present
invention, preferably the calendering rolls are not heated and run at the same
speed, but in alternative modes of operation at least one roll may be heated and

the rolls may run at unequal speed.

20 Calendering is well known in the art to reduce the calliper of a tissue paper web,
and typically employed to ensure the calliper of the paper tissue product meets

the required specifications.

Due to the pressure employed, leading to a densification of the paper web,
25 calendering is known to reduce the perceived softness of a paper tissue product.
Calendering is therefore, at least in the area of hygiene papers, such a paper
handkerchiefs, carried out at not too high pressures, typically for an embossed

paper web 10 N/cm to 20 N/cm are selected.

30 When conceiving the present invention it has been surprisingly found that the
specific embossing step claimed in combination with the specific calendering

13



More particularly, it has been found that the paper tissue web after
undergoing a 5 stretch enbossing step and a cal endering step is of

i ncr easedwoaklosqres as conpared to the untreated web. (VWeaTdgo2/bdsnee webs
are calendered in one step the conparison is to be nade between three

| ayers of untreated web versus three |ayers of enbossed and cal endered
web.) This effect is particularly surprising, a calendering with a high
pressure is known to reduce the calliper of 1lo a paper web considerably, as

for exanpl : i r thitR PAAE Bt 4 T t hod
clainmed i r?ﬁipﬁe p'!r?%genm}aﬁl%n%% ?%hsﬂasl Eeend:?ou dan)EYén}c%gggﬁlt %gﬂ FB(;ﬁfﬁqieper
of a papeprodwstue web by 10% sonetines even 30% and even up to 15 40%
60% 80% or 100% when conparing the calliper of the untreated web with the

calliper of the treated web. The stretch enbossing step al one achi eves

cal li per i éu|9F|y,H¥Hh§%%bM fé@tggﬂn trat 300 Yaplbr BERRY wbb e uﬁaefgd#ﬁ@a to

the present invention has a first d a second 20 surface, the surfaces
bei ng sut sieioch @pplosssing steacdndtehealeraleding  stepc knof sincreaskdgoaltipett @st he

first and second, surface. The thic ss is also referred to al i per of
he 1 seugOMHRESR 3P B artenctad ittt (WIS pG, MuB8ovehs ate calihcbred Ty o0Bt ne
present | %vegﬁtth@rbdrﬁp@mﬁrﬁnsa%ybé RAAd -bbtWERH QhrdBNlayEts CofP URfréall webr om

0.2 mmto 0.5 mm 25 Moreover, a paper tissue according to the present

i nvfent i gln vawmhheeeeiaﬁ/@m oéemosswfgd calendejed witehT bis eff%qg isparticotark
b of or ani Su GRS beRAgE8e HyrPARIEH BResburd I RAR 18 e dieR el

cl ai mag her paperd WaBcdr@icerains hddonbk@mpleestatdd i Geirmiahepateyt hpplddtion
strength of the paper tissue without seriously 14 WO 02/ 066240

PCT/ US02/ 69544 4A12382ng the wet tensile strength of the paper tissue.
Paper tissues treated with the clained nethod typically achieve a dry
tensile strength from 1000g to 25009

The method claimed in the present invention has been found to increase the

calliper of a paper tissue web by 10%, sometimes even 30% and even up to
15  40%, 60%, 80% or 100% when comparing the calliper of the untreated web with
the calliper of the treated web. The stretch embossing step alone achieves

calliper increases of typically 50% to 200%.

A paper tissue according to the present invention has a first and a second
20 surface, the surfaces being mutually opposed to each other, and a thickness
orthogonal to the first and second surface. The thickness is also referred to a
calliper of the tissue. The calliper of a 3-ply paper tissue product according to the
present invention is preferably from 0.1 mm to1 mm, more preferably from 0.2
mm to 0.5 mm.
25
Moreover, a paper tissue according to the present invention has preferably a wet
burst strength greater than 50g, more preferably greater than 100 g, preferably
from 150 g to 500 g, more preferably from 250 g to 400 g.

30 It has been found that the method claimed herein leads to a considerable

reduction of the dry tensile strength of the paper tissue without seriously
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and a wet burst strength of 100 g to 300 g and preferably achieve a dry
tensile strength to wet burst strength ratio of 0.1 to 0.3, preferably
0.125 to Wo2B/0es2d0 5 nost preferably 0.15 to 0.2. In a furcCharsoasest, a
paper tissue product according to the present invention preferably has a
physi ol ogi cal surface snoot hness paraneter of |ess than 1000 m crons,
preferably from 650 mcrons to 50 mcrons, nore preferably from650 10

m crons to 300 mcrons. In one preferred enbodi ment of the present

i nvention i 0 i i || nplies,
three pli ggfeggﬁﬁéhém@q%?ﬁkegﬁ{&tﬁ %rf é}?ée?égﬁgqséﬁ)r%%%ggggrsr%rt{e%é&gu@ retch
enbossi ng tipaclatmpdexéthodi tpgicalyeaclaieveé eadry t808ie Stuendth fromef1d0ayity 250%gof t he

whol e surface area of the paper tissu roduct and nost  preferably . the
whol o sur PASEA AYekbugtt strRndsh sk o0 g &0 80fe a0 trotepepi ashidhesa £k feisdBs 20
The net ho@téﬂgtmw&e@gﬂnﬁﬁ@mg@ﬁ? dir .‘i'%to.é?g%fgke{tﬂy (001341 B£8Rk

i nvention may-conpris urther optional steps: Alotion may be
appl i ed bynaestpreieralplOe1sremOL. such as printing or spraying. The |lotion
can either be applied to the paper web or a paper tissue product, either to
25 the whole surface of the web or product or only to a portion thereof.

For a nmul §4 ] fuler RRRRK, A1 pepd? tREQEYSTbdudCatUriing 1PhePBradsent ipgéntional |

i
plies or only selected plies and to only one or po bot h" surfaces of the
plies. |npoeferablyhasraphysinlogitiatsntatesmaothnessppirasietenoblsish than 4000

surfaces of. the paper_.tissue product. 30 | otion has been found

cont 11 but e EnBTSRERRHIRLE BP MEbps 2 0 rEued HRte PRERANAERLBS 1 (s
PSS papanghiefonsNBr¥eVsicrohde | otion has skin care benefits. 15 WO

02/ 066240 PCT/ US02/ 04615 The lotion may conprise softening/ debondi ng
agents, enollients, immobilizing agents and m xtures thereof. Suitable

sof t eni ng/, j I q r nj C :
oo ol SRR BB Y R o AT D HE R e
propyl ene pgbviged froth Wee pliesto tour gliby) tarse pliecbéing most preferred. Preferably
all plies comprise a stretch embossing pattern extending over at least 50%, but
15  preferably 80% of the whole surface area of the paper tissue product and most

preferably the whole surface area of the paper tissue product.

Optional process steps

20 The method for making a tissue paper product according to the present

invention may comprise a number of further optional steps:

A lotion may be applied by any suitable means, such as printing or spraying. The
lotion can either be applied to the paper web or a paper tissue product, either to
25 the whole surface of the web or product or only to a portion thereof. For a
multiple ply paper tissue product the lotion may be applied to all plies or only
selected plies and to only one or to both surfaces of the plies. In one preferred

embodiment lotion is applied to both outer surfaces of the paper tissue product.

30 A lotion has been found to contribute to the smoothness of the paper tissue, and
hence decrease its PSS parameter. Moreover, the lotion has skin care benefits.
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spermaceti or other waxes, petrolatum fatty acids, fatty al cohols and
fatty alcohol ethers having from 12 to 28 carbon atons in their fatty acid
chain, nwoerabé2ad |, nanely silicone oil e.g. dinethiconeramdiSozondpyl

pal mtate, and m xtures thereof. Suitable inmobilizing agents include
ceresin, stearyl alcohol 1o and paraffins, polyhydroxy fatty acid esters,
pol yhydroxy fatty acid am des, and m xtures thereof. O her optional
conponent s i nclude perfunmes, antibacterial actives, antiviral actives,

di sinfectants, pharnaceutical actives, filmfornmers, deodorants, 15
opacifiers, astringents, solvents and the like. Particul ar exanpl es of

| oti on compenkiibA ag! cotheprisTBbiteningltetohdingeagdiets, eoiienits einembbiizing al oe
vera, calendula officinalis. Particularly Ereferred | otions according to

the prese@@enivead dRixieshingiegl. Soitabla,spHenipociabandig agsmts i BEiget he

conponent ' ; t NN RYY %re u ' Sk re and
phar maceuﬁuégéhggln?'ﬁ@m%xt%@é@{%?i ég)}y%*lot e ba%gra ?ﬁfs)%tﬁgsmgﬂg&ﬁg‘ be

j oi neﬁsas SLﬂxre:gra)vérdellientwlihCIﬁdéy pre@ypene ”{)glyecnle glyoehirod, , tr;inéteKlenablgyydwy,f
attachnment enbossing. "Attachnent 5 e sssing', use rein, refers
to an enb&BEIMBCH AnPEIRT AVRXGH:i @gtrépt%n,mtfy -aﬁgqﬁ’tﬁ%iWu@'CQEe@r anﬁgfaéfé! t he

present i ny&eio) caihérsegsvﬂ:\aSﬁsﬁ hB R P8REABEA SatoRi i tﬁéa?ffsfetgbéard tdhin

attachnment enbossing does not or at [east not to a | arge tent affect the
snoot hnessnioéradmyil, cwmeljesibebns pil apedehethigonsr ahdriadpppyhealmitaiepyandas an

unenbossed surfage over_a. naj or ri_.of the surface area of, th Q tissue,
pr ef er abl W'Eswrﬁlgh?rierogt S%@%HE"E@&'@HBQW‘&%@C' el??é%s'ﬂeﬂﬁaﬁﬁ FHPROT reans
that the tngispbalifs Hrdi" Rty i@ BSteMS! pSIPARIrosy Rty Bcil ddRidEeahd 16 WO
02/ 06%?40 P /UgOZIO G?g@emssi zg f!md, opt?oglgﬂy,yone@or nore regi ons
conpri si ngnixiures thettokent enbossing, and that the region not conprising an

attachnment enbossing is at |east 50% preferably at |east 80% and in sone
preferred enbodi nents as nuch as 99% of the surface area of the tissue.

Most  commgmthyr tdifioh@dicmsponents include perfumes, antibacterial actives, antiviral
actives, disinfectants, pharmaceutical actives, film formers, deodorants,

15  opacifiers, astringents, solvents and the like. Particular examples of lotion
components include camphor, thymol, menthol, camomile extract, aloe vera,

calendula officinalis.

'Particularly preferred lotions according to the present invention are highly
20 transferable lotions comprising the components listed above, as transferability

ensures superior skin care and pharmaceutical benefits.

Juxtaposed plies of the paper tissue web may be joined as to provide a multi ply
paper tissue product, preferably by attachment embossing. “Attachment
25 embosssing”, as used herein, refers to an embossing by which all plies of a
multi-ply tissue according to the present invention are embossed in one process
step. Preferably the attachment embossing does not or at least not to a large
extent affect the smoothness of any calendered ply. Therefore, preferably the
tissue has an unembossed surface over a major part of the surface area of the
30 tissue, preferably on the first and the second surface. As used herein, this

means that the tissue has one or more regions not comprising an attachment
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5 conprising an attachnment enbossing lie close to the edge of the tissue
(for exanple along two or four edges); and a regions conprising an

att achmerwo oenbssi ng may al so be used for decorative purpazasot/bswis exanpl e
to create a pattern or to spell out a logo or brand nane). The region not
conprising an attachnent enbossing is the continuous regi on between and/ or
around the 1o region conprising an attachnent enbossing. Attachnent
enbossing is preferably done by steel-to-steel pin-to-pin enbossing and

with 10 t i n p [y=To ri . ayjin I ght

F'r om 0. o1 s TE 2Rt "GpRrEIg oheRBh. ek rEGERS "Lotfblifn Ul th (kb

at t achnmenentydssigg dindatte thé aegivanbeissadpising i are attatioseatl eatbessingf ist dte
total surface area of er _tissue product is preferably 0.01%@0 5%

15
A_ttachrrenﬂe%srﬁ@@%iﬁféfqrgp'ﬂﬁiga st80% @petin sPMAPENERT PRIqQAIMeBts RhBUSAper
tissue prgdughs ,a%ftl‘i’le:%gh:é%fg L& G e hER0b: M{?ﬁ;%%ﬁ]r@owetﬁé)%ﬁio%t ween

and enbossing el'enent counterpart, eg ere pin-to-pin
enbosskng compeispig padattachrhests etmb@ssinghlée ciddel e thefedgeeopdipetissus i t o be
enbossed, t%/i i?aII%/FS%to 50% gref _rabldy 20 10%to 20% of the, calliper of
t he paper & 3G EWEBO LAY SIGER)c RN 8dEHY'S SRBIRESINGG 2Pr %%Q?P'é of 10

000 to 50 e@%é&@%ﬁ&l@ﬂ%éﬁéé@-forTG@chﬁiixf@ﬁuﬂiqs’e'@e(lf&r 8x&nple foV&RhtoR My
further conprise™a step of providing sheets suitable for paper tissue
product s, patietn as tpagrell bahdkgohdrebeandsname) 28 het regiary piot slomprisingpanses

cutting of .portions of the paper tissue web. .1f desired e paper tissue
roducts 2LBGRTeRD &rBbRHG RecER: ComTbAborPaiRy HrveRRoanddh AIPERY the
funct iygnalre@bnaeeitising | BAI GtRichiiant | BAHEYsBINGRY AvRicARRINt e@nibbseirddels  or
both of the surfaces of the paper tissue products. The indicia may cover

al | or 30ppeieratly dore paipesteeriossieehpintiepin ambaessing@nedvith 10 dentOnuous
o, 9 soont g BRLAGHD ol b0 GRLRAREAS BT ERIAGm FBT NS T
such as spiiray phgferaiy 006 Mg tenol.2pmet. eTld pgrdentade of atfachhi®int embossed
areas to unembossed or fine embossed areas of the total surface area of a
15  paper tissue product is preferably 0.01% to 5%. Attachment embossing involves
as substantive densification of the paper tissue products as to achieve the
attachment. Therefore the space between and embossing element and its
counterpart, eg. two pins where pin-to-pin embossing is employed, is less that
the calliper of the paper tissue to be embossed, typically 5% to 50%, preferably
20 10% to 20% of the calliper of the paper tissue to be embossed, which leads to

embossing pressures of 10 000 to 50 000 N/squarecentimetre.

The method of the present invention may further comprise a step of providing
sheets suitable for paper tissue products, such as paper handkerchiefs. Such

25  step typically comprises cutting of portions of the paper tissue web.

If desired, the paper tissue products according to the present invention may be
provided with functional or aesthetic indicia. The indicia may be applied to either
or both of the surfaces of the paper tissue products. The indicia may cover all or
30 part of the paper tissue products and be applied in a continuous or discontinuous

pattern.
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gravure or flexographic printing may be utilized. If printing is selected
as the 5 neans for applying the indicia, the printing apparatus my be
const ructwd ;amecrdi ng to the teachings of commonly assi gnedTss2/oqwas ent
5,213,037 issued May 25, 1993 to Leopardi, Il. If desired, the apparatus
may have reservoir baffles, as disclosed in commonly assigned U.S. patent
5, 255,603 issued October 26, 1993 Sonneville et al. If desired, the
indicia may be requested with |lo perforations or drop off cuts as disclosed
in commonly assigned U S. patent 5,802,974 issued Sept. 8, 1998 to McNeil.
The di scl osures of the aforenentioned patents are incorporated herein by

reference. 15 Tt inkRiidodsy Gal hppliRid tc tee papeedisses prodngs ty hhg rheahow ng
procedure: The tissue paper is preconditi oned at 21 to 24C and 48 to 52

percent r &edtknawmiming ay, sush ansPrayns ey dig éndiryetarablyaprintipgr Either
20
Choet s ar Jravre, o BefSrabRE i) i, ok dfided! 1 Bihiita TERRKAL i 0

i's beipg mmemy dor atplpaym@rthbemdﬁclaam mrmmgnappatdmfns ceay ebe oforistricted
package. The sanple is sel ected and trﬁg condlég_ﬁge for an additional 15

m nut es. ﬁgc@éﬂ”l'g e theyteachings, ok SOmMPNY, AesIgne Paten a1 HEREI IFSUSS t he
t hi ckness l\lﬂ{yC 19540%6 IV rgull eRt Gekitedy, E\hﬁoﬁg é"?n%;?"’}%bv%f résbn/oif/ CNe.

Pref erabl vy, Ii per i'S sur‘ed using a
ni cr omet ebaffidsdeds 8disdbsedviai icabineonlyr assighed TUe.ngarive 512550803 uasu&d

Co f Phila h | ] 0 Ly i h
of The” mufaiohey 26 RS Sondiuleies et By e Rumelid ardy bs Touedratlino”
PCT/ USg2/ gé%ﬁanows' 88 o?&mef Sy analsao%@ghecd?hmohuysagggﬁabI URESr pAeht pl y

and calliper are i1denti cal Decorated regions, perforations, edge effects,
etc., of BiR029E4issusdBent. 8199k ti Mebleilf The sisoidserres of the aforementioned

patents are incorporated herein by reference.

15

Test Methods

Calliper is measured according to the following procedure: The tissue paper is

preconditioned at 21° to 24°C and 48 to 52 percent relative humidity for two
20 hours prior to the calliper measurement. If the calliper of toilet tissue is being
measured, 15 to 20 sheets are first removed and discarded. If the calliper of
facial tissue is being measured, the sample is taken from near the center of the
package. The sample is selected and then conditioned for an additional 15
minutes.
25
Calliper of the multi-ply paper tissue, as used herein, is the thickness of the
paper when subjected to a compressive load of 14.7 g/cm?2. Preferably, calliper is
measured using a low load Thwing-Albert micrometer, Model 89-11, available
from the Thwing-Albert Instrument Company of Philadelphia, Pa. The calliper
30 per ply is the total calliper of the multi-ply paper tissue divided by the number of
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5 The wet burst strength is neasured using an electronic burst tester and
the followng test conditions. The burst tester is a Thw ng- Al bert Bur st
Tester Cawo 02Me62477 equi pped with a 2000 g | oad cell. Thechursstodester is
supplied by Thw ng-Al bert Instrument Conpany, Philadel phia, PA 19154, USA.
| o Take ei ght paper tissues and stack themin pairs of two. Using scissors,
cut the sanples so that they are approximately 228 mmin the machi ne
direction and approximately 114 mmin the cross-nachine direction, each

two finis L 1S d Dl : | r; o two
hours by gﬁ?%ghﬁ%gg{eﬂeﬁggrgm '@é@cﬁéﬁ{ég%%%ee%vél?%ng% e{)rgacé@ﬂga?p and
"fan" t heDeicbheatednbgidng, hpedoragibes,stdgk ¢ftectseptr. atod thbetishueetshipuldhbe
allows circul ation of air between them Suspend each sanple stack by a
clanp in 8vagee itPa’ybleor ced draft oven for 5 minutes (10 seconds). After
t he heating period, renove the sanple stack fromthe oven 20 and cool for
a mninmumof three mnutes before testing. Take one sanple strip, holding

t he sasmpl @hbywehdunsir stoengthoissmeasered osingdae sslectdinppimgst lesteeandethef t he

I [ . fill LWt bout .25 f distill ter...L h
camol & i nidieRif fedt eeriftiahs. orrtoBiist Z8E it 2 EBriecRBea 8L Tt Bl by ce
(3.0 0. SNaserpndsmuigled tnt Be2B60™) 90a0 delle THA BUrtUBSIA s SOppidee by 05

direction. Proceed with the test inmediately after the drain step. ace

t he wet sahpling-dtbarhinstromeantGomgpany,tRdladalpbia RANE1H4, dSA.ce with the
outer surface of the product facing up, so that the wet part of the sanple
conpletely covers the open surface of the sanple holding ring. If winkles

are prgserrake ¥giit satrdisslies smarsdtaciafisbrm e palrs Wf thoa URRIY Sas8drs; cifther the

sanple is properly in place on the lower ring, turn the switch that | owers

t he upper Sempgs $ﬁéh§hﬂﬁyeat€bapm@xil\}?i'}%l 888 mm PCieustEghias dgectien aadt ed i s
¥ ; ! e
ed at e oPiBpRREY 1R b BTG NeE B o bt vheiflaRHplipsdey |

begi n to yhitsehickt the point when the sanple tears or ruptures, report the
maxi mum
15  First age the samples for one to two hours by attaching the sample stack
| together with a small paper clip and "fan" the other end of the sample stack to
separate the sheets, this allows circulation of air between them. Suspend each
sample stack by a clamp in a 107°C (x 3°C) forced draft oven for 5 minutes (+
10 seconds). After the heating period, remove the sample stack from the oven

20 and cool for a minimum of three minutes before testing.

Take one sample strip, holding the sample by the narrow cross direction edges,
dipping the centre of the sample into a pan filled with about 25mm of distilled
water. Leave the sample in the water four (4.0 £ 0.5) seconds. Remove and
25 drain for three (3.0 + 0.5) seconds holding the sample so the water runs off in
the cross direction. Proceed with the test immediately after the drain step. Place
the wet sample on the lower ring of the sample holding device with the outer
surface of the product facing up, so that the wet part of the sample completely
covers the open surface of the sample holding ring. If wrinkles are present,
30 discard the sample and repeat with a new sample. After the sample is properly in
place on the lower ring, turn the switch that lowers the upper ring. The sample to
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readi ng. The plunger will automatically reverse and return to its original
starting 5 position. Repeat this procedure on three nore sanples for a
total of wour/ns@sts, i.e., 4 replicates. Report the resulPCI/USA%04Mms aver age
of the four replicates, to the nearest gram The dry tensile strength is
measured according to the follow ng procedure: The 1o test is perfornmed on
one inch by five inch (about 2.5 cm X 12.7 cn) strips of paper (including
handsheets as descri bed bel ow, as well as other paper sheets) in a

condi tion «g/qu' | 3 [
hum dity ?% %gg/:ra % g@ree}i egt'ri é:\cl} yl?\gn%rﬁ@gthe%@gg%{ﬁ{n?%rqllz ?éltrtle\é'{étqr on
Cor p. Camnm:l:atMysat phns pous dyy predsingethat ddrtdiuttonc ﬂ'd;@spleageswdetlegih 2.0

h d th of 4.0
1oheS Dotk AbThS Sk Shen i SRR 45 by PR et 2 B
sanpl e beirggqihgstTRE Sm@ngé}r\ﬁmaméneuéén 3; Fé@bréé’ﬁné remrmasﬂsocshgmreﬁﬁm@ds to
that direction” Thu for a machine direction (MD) dry tensile strefngth,

t he stbi ppositionc ikepeat this procedire o tmeeﬁnerleommplepatpalal tottaltaf fohetesdghi ne
direction,of nyf act ure of 20 product . . Eor acros machi ne
i rect i oni-Ped TalsRfes ot INACIBRRE! afBnBBrE of IR 1 ERIGFRR BB &

di mensi on fegrédigpamel to the cross-nmachine direction of manufacture of the

paper product. chine-direction and cross-machine directions of
manuf acture are well known ternms in the art of paper-naking. The MDD and CD

ensi | e SUERNGBrgie e ST U5/t LS AR BRIBIRY prIdBR: T

cal cul ati on | onal” nanner i C average of at

| east 10Si Xesttisi pfdraggcednf @e amhbgdlfwechcnr(aboat psgirnX Th@ ciny strigssof e
strength, as used herein, is the arithnetic average of the average MD and

the aver af@Pen Iﬂ@lwgmgehae@sfmg@ n§ desgribeq belw, a5 welasypthar paner sbeets)

oot s RO b OO e BPSs 2TCR P Al et

PCT/ US02/ bru6rillity jeb0% at10% s Anceslectrarsis telesiieateistersMadehirt@ey drsstam Corp.,
monopl anard tnyon Mass%ngluseidsand operated at a crosshead speed of 2.0 inches per
15  minute (about 5.1 cm per min.) and a gauge length of 4.0 inches (about 10.2

cm). Reference to a machine direction means that the sample being tested is

prepared such that the 5" dimension corresponds to that direction. Thus, for a

machine direction (MD) dry tensile strength, the strips are cut such that the 5"

dimension is parallel to the machine direction of manufacture of the paper

20 product. For a cross machine direction (CD) dry tensile strength, the strips are

cut such that the 5" dimension is parallel to the cross-machine direction of
manufacture of the paper product. Machine-direction and cross-machine

directions of manufacture are well known terms in the art of paper-making. The

MD and CD tensile strengths are determined using the above equipment and

25 calculations in the conventional manner taking the arithmetic average of at least

six strips tested for each directional strength. The dry tensile strength, as used

herein, is the arithmetic average of the average MD and the average CD tensile

strengths.

30 For the physiological surface smoothness measurement, which reports the PSS
parameter, a sample of the paper tissue is selected which avoids wrinkles, tears,
20



conditioned at 22 to 24C and 48 to 52%rel ative humdity for at |east two
hours prior to testing. The sanple is placed on a notorised table and
magnet i cawby?2/oe@eured in place. Either face of the sanpl epPeaysShmoses ect ed
for the 5 neasurenent, provided all traces are taken fromthe sane face.
Physi ol ogi cal surface snoot hness is obtained by scanning the paper tissue
sanple in any direction with a profiloneter to obtain the Z-direction

di spl acenent as a function of distance. The Z-direction displacenent is

convert ed bg}ﬁgé}iomtpgydsg%ﬁgmqm TRRHBICDIS RNty SritaimBle is

Transf or mP Spé mis en a uman e respohse using
a series ebndiitibhed st 2Phie PE@andtdBgbt 52%fretatiee fhiunidity foraatpdbastude howguency
curve are summed fromQ to 10 rr mlljnetre i)gﬂsgbvethe r.eﬁlult. 15

| ]
The paper PIPEdo.desting Bhe Samnie it ilased PnieonalansercebRs 2ad 1madhelsalie: r es

in size unt e a rihsgd e. 'enﬁ.ﬂy [ t 1]
suffice, gag"tjﬂaégl gﬁv\ﬂaﬁréé UI’EFE%Q ftbggt 8F amn%dg’law&ié%- FB- 4N§<&E8%eg%:@gvzéi9': Z[Q}Me from
Kat o Tech mezsupement,iproviddd @il tikoestade tdkerafiomdhesa0rs{are. 01 DCI M ni
Precision table wusing a NuStep 2C NuLogic Two Axi s Stepper Mbtor

Controller in the closed 20 | oop control node have been found suitable. The

tabl e has pjeRIsgicdlt siHtaces sniBdtRhedd i hbt4iae! By AlcahRg #e paipet tislil metre
per second. "The sanple is scanned 30 mllinmetres in the forward direction
t r ansver sehgpleirearyl doaetiomwith ianprofiometaeto elkiair thedZ-digction displasiemented

fromthe centrg 26 mlJlinetres of he scan j.n ,both f arwar d

di recti on&S q’h@nf:ﬁ?@toaﬁg‘%rg'ser ghe Zé'dWﬁ'?'}réJt'?pégc%PeéQi% Cg)@\g%rtg? Zt%i 8 g\r/g(rjse
and neg Useshlititd Derstrl feedrdricyspeciiaen b?Q’f Fbanst Trafsdema Phelkpedirim ig tip
radius of 2.54 mcrons and an applied orce of 0.20 grans. The gauge range

i s cal i br heni adiysted tfor Alunzaniitacitie irgRPonFes peingeAesRriast of fiers. | Thenpeaks.
2" recti DS e es: AR, frabifoniNears SFhGRIFETESE TS ¢ age
fromthe gwggg?@minimétﬁgtdgivditm tassltd at a rate of at l|east 20 points 21
WO 02/ 066240 PCT/ US02/ 04615
15  The paper tissue sample is approximately 100 millimetres x 100 millimetres in
size and mounted on a motorised table. While any suitable table will suffice, a
table with surface tester model KES-FB-4NKES-SE, available from Kato Tech
Company Limited of Koyota, Japan, or a CP3-22-01 DCI Mini Precision table
using a NuStep 2C NuLogic Two Axis Stepper Motor Controller in the closed
20 loop control mode have been found suitable. The table has a constant drive
motor which travels at the rate of 1 millimetre per second. The sample is
scanned 30 millimetres in the forward direction transversely indexed one
millimetre, then reversed. Data are collected from the centre 26 millimetres of
the scan in both the forward and reverse directions. The first and last 2

25  millimetres of each scan are ignored and not used in the calculations.

The profilometer has a probe with a tip radius of 2.54 microns and an applied
force of 0.20 grams. The gauge range is calibrated for a total Z-direction
displacement of 3.5 millimetres. Over the scan distance of the sample, the
30 profilometer senses the Z-direction displacement of the stylus in millimetres. The
output voltage from the gauge controller is digitised at a rate of at least 20 points

21



per second. Over the entire 26 mllinmetre scan range, 512 pairs of tine
surface height data points are obtained for both the forward and reverse
di recti onwook/oes246can. The profiloneter is nounted above traa/sareast abl e
such that the surface topography can be neasured. A suitable profiloneter
Is a EMD 4320 W Vertical 5 D splacenent Transducer, having an EPT 010409
stylus tip, and an EAS 2351 Analog Anplifier. This equi pnment is obtainable
from Federal Products of Providence, Rhode Island. The digitised data

For ther aRet yeped PbOIR SR S iftdhielicarPlandRaed s e e sufier oy
Nort h Car dkigr datapointsoee abtaintd i B3t thet forwantt arid reverke Sirettioms oBal

avai l abl e from National Instrunents of Austin, Texas. Wen using the
LabVl EW §6awﬂa%pr¢f5am&éﬁrdsww§e¢iatb@wﬂéh%ﬁaml%téﬁi@@Ht:hémrt PrM@CEm t he

I ndi vi dua a : I g4 1§ '\@?2@)'\% Sis
tool in th@@gﬁﬁ%qg%ﬁ%?%g %ta@[%p@ﬂn%%{%g rlc:))m eacwlof t éél 16

t r acessar ®isglaventatl Transtiiceg avingida BRE@10400sstylgsttipe atvdphn tHARR 286d Phase
Spectrumvi tool, Each ectrumis then, snoot hed usi th t ho

descri bed Aﬁ}aﬁ‘?%eA'ﬁR@ﬁ?rSpig'tsr squm%d'%fobiwaa@%sq%‘h Eg?%fa?LgEMl@% of

snoot hi ng ﬁébbiﬁ@ﬁcé/qi%ﬁ’&?e @?&_000246, 0. 000485, 0.00756, 0.062997, 0.00756,

0. 000485, 000246 are utilized. The 20 output fromthis tool is taken as
the Anmp Spectrum Mag (vrnms). The anplitude data are then adjusted for hunman

Verri 11 o SHRAIENSHT iate Brls ars Impfited P FStatugd oiEliSuseS anaPet: eddkios.
frequgpcy f@ﬁfmterfa%}yéié. rsditf%lel Q%ﬁ\ﬁélle Qﬁalf}geqﬁéckﬁgé& i@y SAIS 3bCAREr i ca,

in the article entitl’'ed "Effect Cont act or Area The Vibrotactil'e

Thr eshol d'NortholCargtina,1g6@ (prefEsably Thab¥iEW e hrstturoerid CGhnteol abeftwapprddd in a

cycl s pavane st NABRREFESNORTLE of ABbo T WiEe I e W o ing
Icg the pr eefdure raﬁﬁcﬂatb?diﬂé nnlkirtd@rﬂa%_lhéi?mmmaﬁm@rwdmH’ﬁ@aﬁdiﬂhyan seans
nference, TAPPI Book 1, 30 nore particularly the article entjtled

"Met hods R6® CERtrREaahautbatMeRn TRing e Maarcdl analvtisteeleld e FARVEW ssue-
by ARl skispu@te 2he 5339443UBGN R trBR9Each of the 16 traces are converted to 16
amplitude spectra using the Amplitude and Phase Spectrum.vi tool. Each
spectrum is then smoothed using the method described by the PROC Spectra
Method of the SAS software. LabVIEW smoothing filter values of 0.000246,
0.000485, 0.00756, 0.062997, 0.00756, 0.000485, 0.000246 are utilized. The
20 output from this tool is taken as the Amp Spectrum Mag (vrms).

The amplitude data are then adjusted for human tactile response using a series
of frequency filters designed from Verrillo’s data on vibrotactile thresholds as a
function of vibration frequency as set forth in the Journal of Acoustical Society of
25 America, in the article entitled “Effect Of Contactor Area On The Vibrotactile
Threshold”, Vol. 35, 1962 (1963). The aforementioned data are reported in a
time domain as cycles per second and converted to the spatial domain in cycles
per millimetre. The conversion factor and filter values are found in the procedure
set forth in the 1991 International Paper Physics Conference, TAPPI Book 1,
30 more particularly the article entitted “Methods For The Measurement Of The
Mechanical Properties Of Paper tissue” by Ampulski, et al., and found at page

22



22 WO 02/ 066240 PCT/ US02/ 04615 19, utilizing the specific procedure set
forth at page 22 entitled "Physiological Surface Snoothness". The response
fromthe woliees@4@re set at 0 bel ow the m ninum threshol @candoabmie t he
maxi mum r esponse frequencies and varies fromO to 1 therebetween as

descri bed by the aforenmenti oned Anmpul ski et al. 5 article. The

physi ol ogi cal |y adjusted frequency anplitude data are obtai ned by

mul ti pl yi ng the anplitude spectra descri bed above by the appropri ate filter

2ol 1 t ude 18paBEFn 15 Sheeil priefle SF Ik 5T rRREr2E HRARE  ErEidHe
Ampul ski - gurfake smd&hreessThefhyerrersgbhge fminumteeﬂnérseatee@ey aarplbelaweheur ve
I's summed poi nt b?; poi nt bet ween and 10 cycles per mllinmetre. This

sunmmat i on MiBiMWAshersheid ﬁﬁdb%)QVﬁethﬁhW@‘mLH@l £R8PONSEr raauensiv AR s@Ees The
elant | of YRE 0Pl ShdMndhGYER 98 BEYGHAAL) G awfeh?é‘rﬁ.onaavgﬁqggySI e gl.ues

t hus obt ai verage rep I'n" M crons ogi cal
surface samfgidlness neasurenents u5| ng the SAS software is described in
commonly assigned U.S. Pat Nos. 4,959, 125, issued Sept. 25, 1990 to
Spendel ; 5,059, 282, issued Cct. 22, 1991 to Ampul ski et al.; 5,855,738,

I ssued Ja i t nd 9 | 91,1999

to 20 V\éﬁ-?r?a ré/tg ?dleﬂ&ehe gge fI(a)éf uengytassp?g.%r{egy&%tg ?Ziéectb%%ﬁ?d the

is ][mo_t h Ees $r]3um1aym]gethﬁ rdmplitpde spdetra alekcribet aboee by thé @ppfomiate fitesvatwef ace.
either face the tissue neet of, t he spmot hness t t

forth her & ﬁaCl‘[‘ %@qHﬁPFYGA‘W@WI%W&%gﬁ%ﬁW@ f\é’nﬂkefe{i {'(Ié)e géﬁg‘l" r‘iﬂ%t hin

that ggitg rE{e“J .ﬁrrﬂgl ¥ oPid Fo@@,%n%nédlmm%%t aﬂ%ﬁ’ficlé hehalveyailo-

criterra. ueous s urry conprising 3% by wei ght of Nothern

Sof t wood Ialdafsltec( NSB[yJenQOamplhtwie awrse i spameat poinkby @oidiateaan &angilper .

The NSK sl urrg ﬁ‘ ed

le per mifimetré. This summation is considered to be the physiological
surface smoothness. The eight forward and eight reverse physiological surface
smoothness values thus obtained are then averaged and reported in microns.

15
Physiological surface smoothness measurements using the SAS software is
described in commonly assigned U.S. Pat Nos. 4,959,125, issued Sept. 25,
1990 to Spendel; 5,059,282, issued Oct. 22, 1991 to Ampulski et al.; 5,855,738,
issued Jan. 5, 1999 to Weisman et al., and 5,980,691, issued Nov. 9, 1999 to

20 Weisman et al.

Either face of the tissue may be selected for the smoothness measurement,
provided all traces are taken from the same face. If either face of the tissue
meets any of the smoothness criteria set forth herein, the entire sample of the
25 tissue is deemed to fall within that criterion. Preferably both faces of the tissue

meet the above criteria.

Example
An aqueous slurry comprising 3% by weight of Nothern Softwood Kraft (NSK)

30 fibres was prepared in a conventional re-pulper. The NSK slurry was refined

gently and a 2% solution of the permanent wet strength resin (Kymene™ 617)

23



gently and a 2% sol ution of the permanent wet strength resin (KyneneTM 617)
23 WD 02/ 066240 PCT/ US02/ 04615 was added to the NSK stock pipe at a rate

of 0. 9% byoweiogdzto of the total dry fibres. The absorpti orcafuSotresoper manent
wet strength resin onto the NSK fibres is enhanced by an in-line mxer. A
1% sol ution of the dry strength resin (carboxynethyl cellulose) is added

to the NSK stock before the fan punp at a 5 rate of 0.14% by wei ght of the
total dry fibres. The NSK slurry was diluted to about 0.2% consistency at

the f . i | f j it iS4
e fan pym. 5 dﬁf&;mﬁ@ NSR stt&g% E&eﬁé{*ﬁ%ké P10, §ASHP WRAGHE waz& 9

di -hard tallow ester guat ernary anmoni um c
pol yoxyet fliptend hgl slusairption of thavperghanenhwet atrengihl resin amtovbie K dibrekDis

PEG 400). The P 400 .heated t t C d.th di ssol d
(T 00 eobatibs a0 oMK Tas fyhgecobion, B il sl et Tesi” *°
agueous S'éarbtsxﬁﬁmrwg! Sb[wo% RYadRd R 1 NBIC 3tooRt bsfofd e Sarvpeiny Pared in

15 a conventi ona ul'per.” A 1% solution of the chem cal softening
conposbt i oate ofaB.14d6dy weighhef Bhe dbtigbtdry fibres kT pSKtslurry avas dilutedd99% by

wei ght of _the tal dry fibres. The Eucal yptus slurry was diluted to about
0. 2% consiabpﬂh@% @Pof‘ﬁ@%nﬂﬁt&ﬁﬁ” RYZP19% sol ution of the chenical
softeni ng conposition was also added to the NSK slurry after post CMC

addition and prior to dilution of the slurry 20 to about 0.2% at the stock
punp. The A olersical soféening cemposiiionaras prapsaed caeprigindodidiaridadlavs dieiedl ypt us

fibres was_, 40; | 11 r 0S| a a
single | a%g}er H&ﬁ%@gg %{%ﬁ%ﬂ’ng?)go%fbﬁ%nﬂrﬂr Emc@at gﬁp o?h\fyg)%y%wlreymgn@c;%b.
Dewat g n@aQipguaAdavérabbr metstuldre weightdsfi n0er (FEGeGD)d Tes REG490edaby a
defl ector and vacuum boxoes. The enbryonic web was transferred fromthe
Four dri ni &eaigd i9 akeut:68iGhrand Henguat was dissolvasbinto HemalttenREGofOR sef
transfer, | : i The web was then transfered to
t he surfaé@£o£h§m$é§ﬁé%8%%Xetgr%\nwalgl féﬁ@%dr'ayed 30 crepi ng adhesive conpri sing
0. 25% aqueous sol ution of Polyvinyl Al cohol (PVA).

An aqueous slurry comprising 3% by weight of eucalyptus fibres was prepared in

15 a conventional re-pulper. A 1% solution of the chemical softening composition

was added to the Eucalyptus stock pipe at a rate of 0.09% by weight of the total

dry fibres. The Eucalyptus slurry was diluted to about 0.2% consistency at the

fan pump. The 1% solution of the chemical softening composition was also

added to the NSK slurry after post CMC addition and prior to dilution of the slurry

20 to about 0.2% at the stock pump.

The two slurries were combined so that the ratio of NSK to eucalyptus fibres was
40:60 and the resulting slurry was deposited, by means of a single layer
headbox onto a Fourdrinier wire to form an embryonic web. Dewatering occured

25 through the Fourdrinier wire and was assisted by a deflector and vacuum boxes.

The embryonic web was transferred from the Fourdrinier wire, at a fibre
consistency of about 20% at the point of transfer, to a conventional drying felt.
The web was then transfered to the surface of a Yankee dryer with a sprayed
30 creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol (PVA).
The fibre consistency was increased to an estimated 96% before dry creping the

24



The fibre consistency was increased to an estimated 96% before dry creping
the 24 WO 02/ 066240 PCT/ US02/ 04615 web with a doctor blade. The doctor

bl ade hadwe obeeeho angl e of about 25 and is positioned w PoTEspewisto the
Yankee dryer to provide an inpact angle of about 81 . The Yankee dryer was
operated at about 4 mis and the dried, uncal endared paper was formed into
1 ply rolls at areel. 5 Three of these 1-ply rolls were taken to an
off-line rewi nding operation to form3- ply rolls that were subsequently

converted,jmt.Q.@a -3 LSS U 51@@ v Ig¥B e i@ of
about Zlowr?rriﬁ @gﬁ%%&t%g&%ﬁé' Ehg?§eF06W%ég apr 0 dc%gg%bg%é#ﬁ% aneouigl y
unwi ndi ng pdsitibnedevith mspecobtd the Yahkdeedyenitogrongde lae ipgpzet angkesolealvelis of

hard T ooben (B VanRon Ao el ot Bafib I g8 he el LaralEgpet e °
CO”p”Si“g)gggr%@'foﬁﬁ@@ﬁﬁbﬁggﬁﬂo‘ﬁ%ﬁ‘h%ep- 26 mm high. Subsequently the

paper tis webs are Juxtapodsed by a set of rolls, so 15 that three
j uxt appsed webs were passed through a cal endering nip formed between two

| cal enderi | ich ' each oth ]
oressure. Tl fhesar-Bin B ket Saerbl AT B RE B8 Ehera s e elPedy
of 13440 ral Hit Werd xubgédué@g Soveedentd Ya gg@yetists%@ papér prottuet,y

ti ssue product. The three pl.?/ was unwound and subjected to an

enmbossi ng haviey averall dinensiomgl alipet 21himgh gavdret he ti ssue paper product,
extendi ng about 15mmin fromthe edge was enbossed follow ng the process
descri bed in W95/27429, published on 19th COCctober 1995. The major part of

the sypfaqeeadpdy AdlistWerd pasueefanesinuliefdolsiyurwingingas lof ahe tihglysolid.ace
area within the "15mm margi n) was unenbossed. The tissue was further

decor at ed VBhilemoudrding thRePapeintissitnwedsep! hadaply wilsavere earR RASSEAous! y
unenbosse%r%[jgﬁ a?xngméfﬂgéing%\?‘gf@rwe\ﬁebét%fegpéﬂﬁéﬁf b 88 Fore A PAFGRSs! 6b)t he
previ ousl y ‘unénbossSed are s also added.
and a steel roll, the steel roll comprising 80 oval embossing elements, 0.26 mm
high. Subsequently the paper tissue webs are juxtaposed by a set of rolls, so
15  that three juxfaposed webs were passed through a calendering nip formed
between two steel calendering rolls, which were pressed against each other with
a pressure of 160 N per cm contact length corresponding to a total pressure of

13440 N.

20 The 3-ply roll was subsequently converted into a 3-ply tissue product. The three
ply web was unwound and subjected to an embossing step before folding. The
margin of the tissue paper product, extending about 15mm in from the edge was
embossed following the process described in WO95/27429, published on 19"
October 1995. The major part of the surface area of the tissue paper product

25 (i.e. all of the surface area within the 15mm margin) was unembossed. The
tissue was further decorated by embossing the brand name over a small area of
the previously unembossed area and four decorative leaf patterns where

embossed in the previously unembossed area was also added.

30 Lotion was printed on each of the outer surfaces of the 3-ply web via a two step
application process before folding. The lotion was an aqueous solution of di-hard
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30 Lotion was printed on each of the outer surfaces of the 3-ply web via a
two step application process before folding. The |otion was an aqueous

sol uti on wb odioedzar d 25 WO 02/ 066240 PCT/ US02/ 04615 t al | eaTdiset/ushs est er

di mret hyl quaternary ammoni um chloride. The printing was acconplished by
running the 3-ply web through two consecutive printing stations each

consi sting of an engraved anilox roll and a rubber backing roll pair. 5 The
anilox roll was engraved to a cell volunme of about 3 m per square neter,

and with [ ' | Qf: i r y j o fill
the "engr S BRNYL bgter ir il o B SR Rt e P B een
the ani | accomplished bpaakning thel3-plyaveb thieugh pvy coasecwdiverprintingrstatginst hi s
gap, transferring lotion to the surface touchi the anilox roll. The web
was then raasheONsHtBa anRNAraveshaniex @iathﬁJJ%f‘éq PaFNG Dl Rafent i cal

ani | ox/ rubber roll pair at a 0.35nm gap. The pairs were arranged such that
the second anilox roll contacted the as yet unlotioned surface,

t r ansf er i nichd anilmnrdlowas .enfghawedita ancaimesiumet ofaalsdwdr3 enl BerdSgwaae tmeterquat

" bbb D B8 el R U
y ,
cal | i per Cé‘ng@a\;’efd WBlunde SAHH 1dtRh. wgap!cyf 0f35Pnrh2wa estatiRheBUbstiveeht RNt h

of 250 g and a PSS paraneter of 620 micron. Any co-assigned patents and
pat ent apm@niloat icinandebackieg nod, iamd iee i Grplyamebp aasnrun 2breydgh itkist gap, ar e

15 1PN R Shdik i S s s Rt SRR S B e,
said 1 ”ﬂhf&@hcm_@péécﬁjﬁw?ﬁiM%E‘,%énQMth anPidehticy) Hlos/rubbeumlnedEeat \web

t hrough an enbossing_nip forne between a first and a second enbossi ng
rol I, wher®e3pmat gapakhe paiss yiere gir@ngeisoshithgt thelsesond mmlpx sell gentpetesk 30

enbossi ng tﬁée%”%t Ritllotioned surface, transfering lotion to it. This arrangement
transferred 0.45% active quat per dry weight of the finished 3- ply tissue.

15  The paper tissue obtained by the above described process had a basis weight of
54 g/m2, a total calliper of 0.35 mm, a calliper per ply of 0.12 mm, a wet burst

strength of 250 g and a PSS parameter of 620 micron.

Any co-assigned patents and patent applications referred to in the instant patent

20  application are incorporated by reference.
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squarecentinmetre. 10 - passing said tissue paper web through a cal endering
nip formed between a first and a second cal endering roll, wherein said
first andweanmés2second cal endering roll are in contact w thTasodo4eiSsue
paper web over a contact |length nmeasured parallel to the direction of the
axis of said first calendering roll and said first and said second
calendering roll exert a 15 pressure onto said paper web of at |least 50 N
per centinetre of said contact length. 2. The nethod according to claiml,
characterised in that said first and said second calendering roll exert a
pressure onto said paper web of at least 75 N per 20 centinetre of said
contact | aWgAT. ISSCLAIMERI®0d according to claim 1l or 2, characterised in
that at | east one of said enbossing rolls conprises at |east 50 enbossing
el ements per square- centinetre. 25 4. The nethod of any one of the

R B S R ol

characseri smbthodtcbatpr'sa’xigjthfeisteps oBo errb035| ng roll has a Web contacti ng
surface conpri si n %%g(ﬁ: mat eri al a 27 WO 02/ 066240 S02/ 04615
sai d second enb<9§ ?"ﬁ‘& IS$HEPAPGAYER Pﬁgli‘laﬁ‘ge@ PISIRe Ny 'Fnie ing a hard

metal . 6. The rfﬁ%mé’éh ﬁcfﬁQtr SHd8 skBoRMEnIMR sy rolewRBRGSEL st bAk BF said

characterised in at said step of passing said tissue paper web through
a cal enderi ng mnpbosmg:mﬂmoemmlsesaﬂlﬁstwlednbomjn@felme@ﬁsr@rsal d tissue

paper web throuah an ﬁﬂ'%%?ss' ng nip. 7. The method according to any one of
the precedi ng CHYRIRCENUNY ! Rct erised in 10 that the nethod further

conprijges a st e@a@éin@%@i&h@@@pé@éméb tiroli§e al dBsnderirdPeip formed
between a first and a second calendering roll, wherein said first and said
second calendering roll are in contact with said tissue paper web over a
contact length measured parallel to the direction of the axis of said first
calendering roll and said first and said second calendering roll exert a
15 pressure onto said paper web of at least 50 N per centimetre of said

contact length.

2. The method according to claim 1, characterised in that said first and said
second calendering roll exert a pressure onto said paper web of at least 75 N per

20  centimetre of said contact length.

3. The method according to claim 1 or 2, characterised in that at least one of said
embossing rolls comprises at least 50 embossing elements per square-
centimetre.

25
4. The method of any one of the preceding claims, characterised in that said

embossing elements have a height of less than 0.5 mm.

5. The method any one of the preceding claims, characterised in that said first

30 embossing roll has a web contacting surface comprising a rubber material and
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web. 8. The nmethod according to any one of the preceding clains,
characterised in that the nethod further conprises a step of joining plies
of tissuewpapmss2web, 15 preferably by enbossing, as to fecmwsozdets ply

ti ssue paper product. 9. The nethod according to any one of the preceding
clainms, characterised in that the nmethod further conprises a step of
cutting sheets as to provide paper tissue products. 20 10. A tissue paper
product made according to a nmethod of any one of the preceding clains. 11.

A ti ssue RaReL. B ARk oRERG"EN s Lb BbMabing SURGES LB rRIRFa Rhkfs 25 28

metal.

6. The method according to any one of the preceding claims, characterised in
5 that said step of passing said tissue paper web through a calendering nip is
carried out after said step of passing said tissue paper web through an

embossing nip.

7. The method according to any one of the preceding claims, characterised in
10  that the method further comprises a step of applying a lotion to the tissue paper

web.

8. The method according to any one of the preceding claims, characterised in
that the method further comprises a step of joining plies of tissue paper web,

15  preferably by embossing, as to form a multi ply tissue paper product.

9. The method according to any one of the preceding claims, characterised in
that the method further comprises a step of cutting sheets as to provide paper

tissue products.

20
10. A tissue paper product made according to a method of any one of the
preceding claims.
11. A tissue paper product according to claim 10 comprising three plies.
25
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