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METHOD FOR WRRFRHPPAPER WEB HAVI NG BOTH BULK AND SMOOTHNESS RCE(US9##1063E

| N\VENTI ON The present invention relates to a paper structure, and nore
particularly, to a tissue paper web having both bul k and snoot hness, and to

a nmet hod for makin C | I b H

Paper st r uct urde FERB I R MAKPSH TR v e NG B alE f A MR O Ess
are widely used throughout the home and industry. Many attenpts have been
made to make such tissue products nore consuner preferred. One approach to

provi di ng consunmer preferred tissu Zﬁéﬁyﬂ, k and flexibility is
illustrated in U S. Patent 3,994, 7?&&”@% ven@g}- , 1976 to Morgan et

al, which pat em-g,:e rbAGP {xﬂgﬁ@éﬁ%i{lﬁ £ ?p%&éf Fﬂ&ﬁx‘én?@ mb@%%ﬁgugmgg,l 5 2Afue

flexibility may 0 De provi oug at er al sta ressed
and unconpr @eperdwelp hawing doths hwlkrand smecthnesyandito 4 lzlstﬂpddgr makingosuch aclissue
1980 to Troli,%g%wggji ch patent is incorporated herein by reference. Another
approach to ing tissue products nore consuner preferred is to dry the
paper structure to inpart greater bulk, tensile strength, and burst
strength to the tissue products. Exanples of paper structures made in this
manner are illustrated in U BACKGROUMDEE THEINEEN®IONManuary 20, 1987 to-
Trokhan, which patent is incorporated herein by reference. U.S. patent
4,637, 859 shows Pdpacstatoturdsnsuch apeiletptisste;hpapan taselsli andefagiall tissuep arghwideln
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cont i nuous Hé e strengt e relatively thicker dones
can provi detﬁsfqmeé@t&mrﬁm#@éhEerfG% di sadvant age of the papernaki ng

nmet hod disclosed in U S. Patent 4,637,859 is that,dryin uch,a we an be
rel atively ener gyOneRATRANCIOPRYViding: AARsymer B "'F%iné%/\el @'05%#‘9@3 t B‘ 6%‘£
gf t Ihr oug h qie%iung@ gg@g&dgr‘m rLI.s.b Pitrx{itdi_j?%,m_, issued NayzaibenBON1P76etoddrgan et
i scl osed in, U,S. can L.t e r t
whi ch t he wéb Wb pate Tﬁdpfvpaﬁtcéﬁhe&ﬁtheg&%é%’e i yg‘r%ddélglr‘n tﬁﬂﬁﬁy%ay
linmtation iakotbeopmkidetcthinmghhblatexally etaggered cpmpressadoandhungempressad izapess eed
to the web ' . t fer : t e4 YOk(E I td ,
e diser ot Shh OIS P 4 051,608 MGRY BalchC, AN fo rtiian, TSR (patedt 36

ef fi ci ent | y innorpdratey hatein by geferenee.as i s the conti nuous network described in

U S. WO 98/ 21407 . .
PCT/ US97/ 21062 Znother approach to making tissue products more consumer preferred is to dry the

paper structure to impart greater bulk, tensile strength, and burst strength to the tissue
products. Examples of paper structures made in this manner are illustrated in U.S. Patent
4,637,859 issued January 20, 1987 to Trokhan, which patent is incorporated herein by
reference. U.S. patent 4,637,859 shows discrete dome shaped protuberances dispersed
throughout a continuous network, and is incorporated herein by reference. The
continuous network can provide strength, while the relatively thicker domes can provide

softness and absorbency.

‘One disadvantage of the papermaking method disclosed in U.S. Patent 4,637,859 is
that drying such a web can be relatively energy intensive and expensive, and typically
involves the use of through air drying equipment. In addition, the papermaking method
disclosed in U.S. 4,637,859 can be limited with respect to the speed at which the web can
be finally dried on the Yankee dryer drum. This limitation is thought to be due, at least in
part, to the pattern imparted to the web prior to transfer of the web to the Yankee drum.
In particular, the discrete domes described in U.S. 4,637,859 may not be dried as

~  efficiently on the Yankee surface 2s is the continuousnetwork described in U.S.'

- . . \




4,637,859. Accordingly, for a given consistency |level and basis wei ghf, tHe
speed at whweresehes7yankee drum can be operated is |imted. Therieddzeydsdd
publications show additional nethods for making a paper web and are

i ncorporated herein by reference: WO 95/17548 published June 29, 1995 in
the nane of Anmpul ski et al. and having a Decenber 20, 1993 US priority

date, YO S0UGBODUL St PRy o bR 1 HRE BTy ThokhaR 1 -
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date; U. S. Paten 6 509 | ssued Septenher 17, 1996 to Trokhan et al.
and U.S. Patent ?hsi'@l %’@glpé@%%lonaglwz additionad grsthaeslsfarmakiog 8. papertmtmd
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enbossi ng pfavaws 3ipe materalsconnecting syrtaces af she %Sﬁ teether inmmattemnce to
the paper sSuaicd methodthas the disadeasegeothapippiicationgfahé b&ﬁh@é niaﬁ%a&téaﬂ%ur e. In
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f ormed and Hastompra b@n#magmténalhmmcﬂugedhe absortznoyef tewwey. After drying

t he paper structure, noving fibers normal to the plane of the paper
structure by errbgg%‘feﬁa%ﬂé&ﬁ%e Ppapsemade by mﬁéslnb@rvm with eag& onmoboprtss feitsdn t S
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result is Because pattern inproves the softness and
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absor bent  tth& PERETHPIUIGAL the (%Fiefl?é ofrother properties of | the structuthic dul paxtmatse.
embossing a dried paper web disrupts bonds between fibers in the cellulosic structure.
This disruption occurs because the bonds are formed and set upon drying of the
embryonic fibrous slurry. After drying the paper structure, moving fibers normal to the
plane of the paper structure by embossing breaks fiber to fiber bonds. Breaking bonds
results in reduced tensile strength of the dried paper web. In addition, embossing is
typically done after creping of the dried paper web from the drying drum. Embossing
after creping can disrupt the creping pattern imparted to the web. For instance,
embossing can eliminate the creping pattern in some portions of the web by compacting
or stretching the creping pattern. Such a result is undesirable because the creping pattern
improves the softness and flexibility of the dried web.
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Scientists and engineers in the papermaking arts continue to search for improved
methods of making soft, strong, and absorbent tissue paper which can be dried efﬁcxently
‘at reduced.expense.
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3 Accordi ngivp,esamd7obj ect of the present invention is to proRCHAUSYIRHEES
web and method for making a multi-region paper web which allow rel.atively
faster drying with relatively | ower energy and expense. Another object of
the present invention is to provide a nethod for making a nmulti- region
paper which can 3 e Sit r | v elg ar

t hrough air dryi%%c%g{)_ |’Id|?ltgy_ v(\:n?;ém%ﬁ?ﬁée}ﬁﬁgveegﬁ?g:}é %B&ggdrﬁiggﬁé} @Jeb and
nodi fi cat i o@eﬁllodtﬂ%é prailidegian aper. web ovtiely alimyy selativdly tfhssemduyingnwith

i nvention igldiveB/ 19Wes enddgPamPéxpeaife.and met hod for naking a paper web where
the web has at |least two different, nonenbossed regions distinguishable by

one or nore of tRAaofhel byectid tiy sresdnt iBentibhisal PEsEde £hRURID BP malBipS hiii- and
basi s wei ght.. - Anot he 0 provi.de a web, and net

.pbject .is t aper od of
maki g & he T5RIsErbAREL s h B orijet SRR SR AR RO B YaRal o thpugh
density, analr diying tapabilitgpavithoyt the heedfor shimstantiel modifichismetthe papermalling
relatively l?lgag;”p opposite face, thereby providing both the properties of
bul k and softhesS desired by consuners of paper products. Another object of

the present invegt.j ' | : 3 f | he
papelro web where g@@\{a gjfést%sf%%%ﬁtg}v{ggﬂﬁ g‘éﬁ@?{tﬂ@%ﬁ?@g&?ﬁg@ & gg!Fést?&s{%h as
el ast oner i cmpkingiamgperavel Whets thevwel hasieleass wo diffesent, nonembbssediregions _
SUMVARY  OF dibtingul¥EDIEInE 2 ki€ 8 tHe foll¥®iHg! (RBpedtie | tHRRn&s s BEPARNOfedsfiy, M NI
a wetl a d paper web. The nethod conprises the steps of: formng an

enbr yoni ¢ ¥ RIS Fsighthaki ng fibers on a foraninous forning nenber, wherein
the web has a firgst,surf.ace and a.gecond surface; trapsferring.the web to a
wob support appaiartEr RGFris ™0 PrSaSe BarRe” YPhanE snashetl Ph el e Pagb web
cont act i ng whert slsewab Hasars entancediniik caliperc bulk gleasity], ané absuveeraicapddity with a
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surfaces is Pless t ness ryoni ¢’ web;

pattern to Rrapertiey efbullsaed saftnepedesingd by cansumers efeaper prodycts; bet ween about
10 and about 60 percent; transferring the web to a _heated drying surface
wher ei n subst ant fB0ther ehigct §f thepreseat ByantQn 1s40Preyvide A papgsvebsanddsethpd ok d
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enbodi nent , t he step of WO 98/ 21407
PCT/ US97/ 21062

SUMMARY OF THE INVENTION

The present invention provides a method of forming a wetlaid paper web. The
method comprises the steps of: forming an embryonic web of papermaking fibers on a
foraminous forming member, wherein the web has a first surface and a second surface;
transferring the web to a web support apparatus having a web facing side comprising a
first web contacting surface and a second web contacting surface, wherein the difference
in elevation between the first and second web contacting surfaces is less than the
thickness of the embryonic web; imparting a pattern to the first face of the web at a web
consistency of between about 10 and about 60 percent; transferring the web to a heated
drying surface wherein substantially all of the second surface of the web is positioned
adjacent the heated drying surface; and creping the web from the heated drying surface.

The step of forming the embryonic web preferably comprises forming an
€mbryonic web comprising a fiber debonding ager?t. 'In one émbodimeiit,the step of



4 formng the enbryonic web conprises formng a multiple | ayer web, wherein
an |nterrre er of the enbryonic web conprises the flb

agent . g;kgt’g'ﬁ%@%l ment, the web support apparatus conpri ses&aﬂ’gewaﬂerl ng
felt Iayer, and the difference in el evati én between the first and second
web contacting surfaces is |less than about 6.0 mls, and nore preferably

| ess than about 2.0 mls. DESCRI PTION OF THE DRAW NGS Wil e the
Speci fi cat i dprmeipgdherabryanicived comnsispaforming amuitipholayet web,ovitereinan

distinct|y chigiidiste Al BF EREQhbBHR M bmrIEs 18 7R hHontirllaghf. DOt t €1

understood fromthe follow ng de crlptlont en 1 n conjunctromr wth the

associ ated draw Mgsne bﬂxbwh'lniéﬂt |thé<ﬁre8bﬁ§ﬁé%a§;p§iaﬁm%ﬁip€i@@§ @S’ev@éﬁex?ﬁ?ﬁﬁ%?fe

ref erence nuner.al ﬁa l_haura "'JE Vi ew | ation r'st
surface of ng EFePRR 5"%‘883%\'91?@ ﬁ%“deﬁ?ﬁ WE gonjpctingsupfagasdnt

i nvention, ﬂdseﬂmmhousﬁ Ounils, ard hove pigferalily lest thanabeid 2/ milst hi nner
continuous network region and a plurality of relatively thicker, discrete
regi ons di spersed throughout the continuous network region. Figure 2 is a
cross-sectional illustration of the paper structure of Figure 1 taken al ong
lines 2-2 in Figure 1 and sh&BHRIPAIONOETHEDRAWINGSr, discrete regions
di sposed in the plane of the continuous network region. Figure 3 is a g
phot omi crogr aph V&lﬂ% the oipecidisation copeludesp yith claime cpartieulary t printingoeut and

| | 1 ustr at ed disfinéthPelaRsing tﬁ@ﬁe:?em 'ﬁi\ﬂ:ﬁﬁéh ‘lhé ﬁw@ntliﬁ‘rp&ﬁ%@ﬁéhe?funaélﬁtoﬁli i the

surface of er, structure of strated 1 n Figures

Figure 5 |s?%{l°SHg$ &g?cmﬁwaffa‘f%ms 1§E r"f"éh: 30?53%‘%‘515&“‘%’8%@&?"@0&1*9 he
type il ust eletretts ave Hegigriated By thedaie réfe@ncenmerdl, and:r 0ss- sect i onal
illustration of "prior art paper of the type shown in US patent 4,637, 859.
Figure 7A is a plawroiiica pnapdw diustratioroefSthe dirstisorface ofaa peestrvweire atcdriing

2 baper web of the. (o éﬂ@ﬁ“ﬁmﬁﬁ? 5t Bty ienio ofi Bibet sGelle e A5,
PCT/ US97/ 21062 5 Fi ElatévepC thigner mxamuou%wemork tregionhand si plurality ofierelatipely

web of Figure 7B Fi ﬂ'liél&r8&isdr§te@eg%ﬁtlﬂ;be%’&d'thxloﬂﬁﬁdtﬁttﬁéj&nﬂﬁu@t% fHRaAEgn! OF
use in making a paper web

Figure 2 is a cross-sectional illustration of the paper structure of Figure 1 taken
along lines 2-2 in Figure 1 and showing the relatively thicker, discrete regions
disposed in the plane of the continuous network region.

Figure 3 is a photomicrograph of a cross-section of a paper structure
of the type illustrated in Figures 1 and 2.

-Figure 4 is a photograph- of the first surface of a paper structure of the type
illustrated in Figures 1 and 2.

Figure 5 is a photograph of the second surface of a paper structure of the type
illustrated in Figures 1 and 2.

Figure 6 is a cross-sectional illustration of prior art paper of the type shown in US
patent 4,637,859.

Figure 7A is a photomicrograph of a cross-section of a paper web of the type
shown in US patent 4,637,859.

Figure 7B is a plan view of one side of a paper web of the type shown in US patent
- - 4,637,859. : . .



of the‘typeillustrated in Figures 1 and 2, the apparatus conprising a
dewat er i ng welsnzisyer and a web patterning |ayer joined to tlpeviEssakst Ng
felt layer and having a continuous network web contacting top surface.
Figure 8B is a cross-sectional illustration of the apparatus of Figure 8A
taken along lines 8B in Figure 8A. Figure 8Cis a plan view illustration of
an apparat us COPRifSId g% fpBRWEwHI (A mgid%m{ebea@gr@e%?pgﬁ}é ning layer,
the web patterning |ayer gonpr|3| ng 3| screte web contacting surfaces.
Figure 9A is an illustration of a papermachine for maki ng a paper web with
t he apparatus of Figures 8A and 8B. Figure 9B is an illustration showi ng a

paEeL web trap_sfignfm]gi@arpm \aapf ammd ﬁoﬁbﬁﬁ@aﬂ:ﬁhr&hﬁl%rﬂlsggn hﬁkfngrd%@epaesr
Substantial 'y smootff LB e ivefraftdcin Bigus 1 RAt 14 The! Fopsesns copwpisiosan
on the apparatus shdewatering-fejriager&iidaewety pattarning dayee tjvined tathéadewaeringefsRur e
roll and a Yankee ' to ippart a patternn t he first surface of
the paper web and %y%l{;%,gﬂg%}{” ea%oéiggﬂ%ffssr{ﬁ&%%ew fe aectuﬂﬁbc_éprs ®to the
Tosue compri o e84 ety ol Aol of M RARNRG Hige b Rt RoReY
rel atively smoot herlings@hin Kgueddes of the webs facing outwardly. Figure 10
is a cross-sectional illustration of a paper web made according to an
alternative enbodi nent of the present invention and showi ng relatively

t hi cker,, discrefLe regions dis osgp i n.the, pl ane of the continous network
regi on, and whef &MF ¥adh? Bi28 1Y WE&%O%WH%@H@‘HF’W@%?@&M

densi fied regi onfeltfayraad hwdbspasteninng lagtrs thegnelppateiniag tyescompedingn of a
paper structure- | l.lustrated in Figure 10. WO 98/ 21407

PCT/ US97/ 21062 ﬁ%rét'&ﬁgél{%%ga%ﬁgt%ﬁéegh of the first surface of a paper
structure of the type illustrated in Figure 10. Figure 13 is a photograph
of the second surface of a paper structure of the type illustrated in
Figure 10. Fi 9urigurb4a ii§ aft iBhsthtibhSOF 4 bapéthh@iihe forhaliflg APPaeR WD With e

i n maki ng a paper web
! 'n9 pap apparatus of Figures 8A and 8B.

Figure 9B is an illustration showing a paper web transferred to the apparatus shown
in Figure 8B to form a paper web having a first surface conformed to the
apparatus and a second substantially smooth surface.

Figure 9C is an illustration of a paper web on the apparatus shown in Figure 8B
being carried between a vacuum pressure roll and a Yankee drying drum to
impart a pattern to the first surface of the paper web and to adhere the second
surface of the paper web to the Yankee drum.

Figure 9D is an illustration of a cross-section of a two ply tissue comprising two
webs of the type shown in Figure 2, with the relatively smoother second
surfaces of the webs facing outwardly.

Figure 10 is a cross-sectional illustration of a paper web made according to an
alternative embodiment of the present invention and showing relatively
thicker, discrete regions disposed in the plane of the continous network
region, and wherein each discrete region encircles one or more discete
densified region.

Figure 11 is a photomicrograph of a cross-section of a paper structure
of the fype illustrated in Figure 10. "



of the type illustrated in Figure 10, the apparatus conprising a web -

patterni ng (4.8%ghe4opi N€M to foram nous el ement formed of vvovegc,glpg%ﬁ%zz 1;-

Figure 14B 1s"a cross-sectional illustration of the apparatu
Figure 15A is an illustration of a paperrréchi ne for maki ng a paper web with
the - apparatus of Figures 1 4A and 14B. Figure 15B is an illustration

showi ng a paper web transferred to the apparatus shown in Figure 14B to
forma paper weBi@Vasyildga photagsaphs of fbe dirgontrfacersd 2 0 paper stppauratofsthengpa
second substanti al | yhafRRlEM Pigutafe. Figure 15Cis an illustration of a
paper web on the apparatus -shown in Figure 14B being carried between a
pressure rol | aPRipuge Y3rikaephdtogrash Of tHe de@ohdBtic "
surface of the p%perI web e%d ?goﬁg‘ ere the Secong%fﬁ?%%é%g?%%Sggﬂgeﬁs\eb
to the Yankee dr umlﬁsfjﬁtteg“ig’giuée ‘cross-sectional illustration of a paper
web made according to one enbodi ment of the present invention, wherein the
web conprises multiple fiber layers including a debonding |ayer. DETAILED

DESCRI PTI ON OF | « 2] ral e .a paper b 20 nade
according to ongggrrgo%gz{n%? ie?ﬁ%ﬁ%t{%nsoénc{fl #%@éﬁ%ﬁ?réﬁd"ﬁ HHePapeBwep o
phot ographs of a papleithssttype illustrated ithdigyrpel,| thes apperatds icompiriginges lwetnd
2. For conparison ol AREhdE weh,of the type
described in U S g%h;tfeé%tﬁﬁ ,iag%‘%o?%e paogz)jegregv@ ?#ﬁr@geg’?%rva?ﬁw?tﬁane
enbodi ment of thFpuR RIFLRta drodsesRtbi QRRRAEGESE | =Ll ner region
and a rel ativel y@t hi cker ar égi on, lﬂhﬁérgjigg ﬂtlhe rt&f%ﬁa@é&ﬁ’ﬁ{%ﬁgé el?"regi on is
di-sposed in t heFighenES5Afis a@llusehién Ve b\pabbiniieRine 1B hidking 4 BatR R&db '

wet | ai d, and can be_sub tar}Ié._i.aI Iéb{‘&ee Qlé‘ dry enbossnent’s. Referr‘}oﬁgthfo
Figures 1-5, the paperangPilosysyl42A8d 4By second oppositely facing

surface 22 and g /3 . .

PCT/ US97/ 21062 @é'r’rgsb%%\?? 3“% ‘?/1 ion showing 2 paper weh praasferred fo. the: appargfus

t hi nner, conti nuous‘hﬁéﬂvmﬁkgmeéﬁbﬁofmn & papen ved Halinglenfist sutésk goafoatledto The

portion of the surftg@gpl?gatgpaﬁhaékéwna%sgﬁgg@nségghsmgg&gnat ed 32, and the
I's de

portion of the surface 24 bordering region signated 34. ‘The web 20

al so includes Fighreriai0 fs)andilustetivhiofl papbihivetk 8k thesiaRtuSGhoWrSiRaT
t hr oughout the cgdrllr'?i nuous n(flg r k roe i%&rq 30 q‘ll;pe %ative%f%@?ﬁ%@quggi ons
50 have a t hi cknes<SHEsFAHES en 3 pessyrell edfying cumtosmpar

cont i nuous net wor k patterinoto the first surface of the paper web and to adhere the second surface
of the paper web to the Yankee drum.

Figure 16 is a cross-sectional illustration of a paper web ‘made according to one
embodiment of the present invention, wherein the web comprises multiple
fiber layers including a debonding layer.

DETAILED DESCRIPTION OF THE INVENTION

Figures 1-2 illustrate a paper web 20 made according to one embodiment of the
present invention, and Figures 3-5 are photographs of a paper structure of the type
illustrated in Figures 1 and 2. For comparison purposes, Figures 6 and 7A-C show a
paper web of the type described in U.S. Patent 4,637,859.

The paper web made according to one embodiment of the present invention
comprises a relatively thinner region and a relatively thicker region, wherein the
relatively thicker region is disposed in the plane of the relatively thinner region. The
paper web is wetlaid, and can be substantially free of dry embossments. Referring to
Figures 1-5, the paper web 20 has first and second oppositely facing surface 22 and 24,



30. The portion of the surface 22 bordering the regions 50 is designated 52

and t he porg,J the surface 24 bordering the regions 50 i ' d
54. The thﬁ%?%gggka is greater than the tchkness K. Preferdgfﬁaﬁ%ﬂgﬂ$§tio'
of PPKis at |least about 1.5. Referring tb0 Figure 3, P can be at | east
about 0.3 nmm and preferably at |east about 0.40 mm K can be | ess than
about 0.25 mm and nore preferably | ess than about 0.20 nm The conti nuous
networ k r egedRec¥eldng Thepagerswebt &) cp@prsesy @ rplatively khinnepgeaniinugas oamwonbot h

e Cor sgERal, S ssiblpes @il . TR aseh o uf Spces mpiidipe
i nuou . I | u ) X |

general |y gpg@g_f%ﬁ?ﬂ%nagﬁq?g& ansh thegp '1P8r‘%y, \ét%‘\‘éfgg‘? ?(‘frl?-ﬂr@e,"%e}'e&‘?ﬂ/épys

t hi cker regiesiphated 3dan al so be foreshortened to have crepe ridges 55. The

continuous network region 30 can be a relatively high density,
macr oscopi cal | y Timnwpb 20 alsodmitdesamplsratint ofxelativelgithiockafregibas 5¢ pRpérsed| osed
in U S Pat : | [ C . L.pNs 50 .can
relatively tﬁx(%\x/gﬁ%u%ﬁﬁ? gérﬂgxr‘%n%%%s)gg {?érée{%%eoﬁ Z{L *F&%P%‘%éﬁ%@?’ T5glogy gﬁ%‘éee in
U. S. pat entthitkads designated Reansk extenddrom|the surfice 32 lof theaontipupusmetvidrkaegiomot
donmes of t t—p}%ep ' : el . ' I cker
regi ons SOIB?f e di sﬁ%ﬂihg Sﬁgep, andgﬂ%?rfgttﬁg?%%%ﬁ ?r?ulgﬁgglg}éét%%\%?,{jgr{%g{éon 30.
The el evat iRSt¥ of e spraseel rordaring1ae irginas s dnsignated 54 c Raerbickagss Bis
i || ustrat ecyréntershad BeahitRnéss KD EPreferatily Athk kAR ofIP/Ki iguﬂeas%)abo&qr.s.a%fe’rﬁn%s
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can be bilaterally staggered, as disclosed in U.S. patent 4,637,859. However, the

relatively thicker regions 50 are not domes of the type shown in U.S. Patent 4,637,859.

The relatively thicker regions 50 are disposed in the plane of the continuous
network region 30. The elevation of the plane of the network region 30 is schematically.
illustrated by surface 23 (appears as a line in Figure 2). Surface 23 is positioned midway

between the surfaces 32 and 34. While the plane of the network 30 is illustrated as being
flat in Figure 2, it will be understood that the "plane of the network 30" can comprise a
surface 23 having curvature.

By the phrase "disposed in the plane of the continuous network region 30", it is
meant that a relatively thicker region 50 includes a portion extending both above and
below the surface 23. As shown in Figure 2, a portion of a thicker region 50 extends
along an imaginary lipe 25. The portion of the region 50 extending along the imaginary
line 25 is disposed both above and below the surface 23, such that the intersection of the



In contrast to the paper web illustrated in Figures 1-2, the paper web 80-
illustrated in re which is disclosed in US Patent 4,

not have r&é??%ie“% th| cker regi ons di sposed in the plane ofgéwgg%ﬁlﬂﬁous
network. U.S. Patent 4,637,859 discloses 8onmes 84 di spersed in a continuous
network 83. In Figure 6 the donmes 84 are not disposed in the plane of the
network 83. Instead, as shown in Figure 6, the | ower surface of the dones
84 is di spoduri2petithe serfangrRds abovs th@gpr&cga&aﬁdphgmt@sqgtmn;xfthe line 25 with

phot om cr ogfheRlrfRée 54 RHeRIw Welughcdd®e type disclosed in U S. 4,637,859 is
shown in Figure 7A, and the oppositely facing surfaces of such a paper web
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the relatively thicker gleons 50 for providing relatively high bulk and
absor bency, and Ipariaiaatheagreroveh 2 eanhaye surface smosthessiatig grgater than

about about 1.15, more preferably greater than about 1.20, even more preferably greater

than about 1.25, still more preferably greater than about 1.30, and most preferably greater
than about 1.40, where the surface smoothness ratio is the value of the surface
smoothness of surface 22 divided by the value of the smoothness value of surface 24.

In one embodiment, the surface 24 of the web 20 can have a surface smoothness
value of less than about 900, and more preferably less than about 850. The opposite
surface 22 can have a surface smoothness value of at least about 900, and more‘preferably
at least about 1000.

The method for measuring the value of the surface smoothness of a surface is
described below under "Surface Smoothness.” The value of surface smoothness for a
surface increases as the surface becomes more textured and less smooth. Accordingly, a
relatively low value of surface smoothness indicates a relatively smooth surface.



density net'work region 30 for strength. Additionally, the paper web 20 can
be fornmed WQi9sR14ed rel atively quickly and efficiently, as JeCSEPSHEI0&e| ow.
The paper web 20 having the relatively s®ooth surface 24 can be useful in
making a nmultiple ply tissue having snmooth outwardly facing surfaces. For
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The web suf¥B ﬂogségpg{l@g ngfyge ta;face relationship i many sultable manner, mcludmg ut
limited to adhesively, mechanically, and ultrasonically, and combinations of those

methods.

The paper web 20 can have a basis weight of about 7 to about 70 grams per square
meter. The paper web 20 can have a macro-caliper of at least about 0.1 mm, and more
preferably at least about 0.2 millimeter and a bulk density of less than about 0.12 gram
per cubic centimeter (basis weight divided by macro-caliper). The procedures for
measuring the basis weight, macro-calipef, and bulk density of a web are described
below.

The paper web 20 of the type shown in Figures 1-2 can also have an absorbent
capacity of at least about 20 grams per gram. The method for measuring the absorbent
capacity is described below. Accordingly, the paper web 20 exhibits the absorbency
benefits of high bulk paper webs, in combination with the benefits of a relatively smooth
surface usually associated with conventional felt pressed tissue paper.



viewed wth the first web facing side 202 toward the viewer in Figure:8A. .
The first | g side 202 conprises a first web contacti surface-and
a second V\evggc?gﬁﬂa??tl ng surface. In Figure 8A and 8B, the fi'Pg{rﬁ&éBzm&
contacting surface is a first felt surfack) 230 of the felt |ayer 220. The
first felt surface 230 disposed at a first elevation 231. The first felt
surface 230 is a web contacting felt surface. The felt |ayer 220 al so has
oppositely. facing second felt surface 232. In Figure 8A and 8B the second
web contacting surface is provided by the web patterning | ayer 250. The web
patterning |ayer 250, whi chWelsSpeparedppasatupe felt |ayer 220, has a web

contacting top surface 260 at a second el evation 261. The difference
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per meabl e agif¥facs. capabl e of receiving and containing water pressed froma
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di sconti nuous Top surtace I's illustrated in Figure 8C. The web

patterning | ayem BielreP8 &1 ' hd bV ' ' an
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Phi ckness dhe PRk <Fitich ZoERRDIE s2BiR (RerBEaBL R i BaP e ofiiSess of T paper
web when the paper web is transferred to the web support apparatus 200. The surfaces
260 and 230 can be disposed at the same elevation, so that the elevations 231 and 261 are
the same. Alternatively, surface 260 can be slightly above surface 230, or surface 230
can be slighﬂy above surface 260. ;

The difference in elevation is greater than or equal to 0.0 mils and less than about
8.0 mils. In one embodiment, the difference in elevation is less than about 6.0 mils (0.15
mm), more preferably less than about 4.0 mils (0.10 mm), and most preferably less than
about 2.0 mil (0.05 mm), in order to maintain a relatively smooth surface 24, as
described below.

The dewatering felt layer 220 is water permeable and is capable of receiving and
containing water pressed from a wet web of papermaking fibers. The web patterning
layer 250 is water impervious, and does not receive or contain water pressed from a web -
of papermaking fibers. The web patterning layer 250 can have a continuous web
contacting top surface 260, as shown in Figure 8A. Alternatively, the web patterning



about half the thickness of the felt layer 220 to maintain the flexibili
and conpr eswd b8/21i40y of the web support apparatus 200, and paPE€TUEYRIPEZ t h
flexibility and conpressibility of the feélt |ayer 220. A suitable;
dewatering felt layer 220 conprises a nonwoven batt 240 of natural or
synthetic fibers joined, such as by needling, to a support structure forned
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one enbodi nent the dewatering felt |ayer 220 can have a thickness of
bet ween about 2 nm and about 5 nm PCT Publications WD 96/ 00812 published
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where the glgm RESWEGRvhY B6nd the SizftTekt SuFad¥eBBUNA toward the second felt surface 232.
The felt layer 220 can have finer, relatively densely packed fibers disposed adjacent the
first felt surface 230. The felt layer 220 preferably has a relatively high density and
relatively small pore size adjacent the first felt surface 230 as .compared to the density and
pore size of the felt layer 220 adjacent the second felt surface 232, such that water
entering the first surface 230 is carried away from the first surface 230.

y
e

The dewatering felt layer 220 can have a thickness greater than about 2,mm. In one
embodiment the dewatering felt layer 220 can bave a thickness of between about 2 mm
and about 5 mm. |

PCT Publications WO 96/00812 published January 11, 1996, WO 96/25555
published August 22, 1996, WO 96/25547 published August 22, 1996, all in the name
of Trokhan et al.; U.S. patent application 08/701,600 "Method for Applying a Resin to a
Substrate for Use in Papermaking” filed August 22, 1996;



of the nunber of cubic feet of air per minute that pass through a one J
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dewat eri ng kness of about 0.5 inf{ou1 of water. In one €
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| ayer support structure having a 3 ply multifilanment top and bottom warp
and a 4 ply cabl ed nonofil anent cross-machi ne direction weave. The batt 240

can conprise polyester f.ibers. havj a denier of about 3 at the first
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about 75 peiboaniO®écfinie projected area of the web support apparatus 200 as
viewed in Figure 8A and is preferably between about 25 percent and about

50 percent of tTie dewdteridgfeltalager 200 ¢dehavepabaisiveRho of betrv]%& WBOYtL1 86D and
PCT/ US97/ 2 j.pen hown_in Figure 8a, the contj.nuo
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di screte op%@H? g dhepesmeabilieofihe fltlaxen220st aggered in the machine direction
(MD) and cross-4machi.n | recti D), asg d ri in LS Patent 4,6 637,859
i ssued January 20, suf@@‘f?elf fﬁ%ﬁ%f%”ﬂﬂgﬁ’f Sﬁ)&?ﬁﬁ%ﬁ‘éﬁﬂ#@“%@ 04 éﬂe pepleton
over - | appi MillsrCbnpanytof Agiplston, Wisconsin. The felt layer 220 can have a thickness of about
3 millimeter, a basis weight of about 1400 gm/square meter, an air permeability of about
30 scfm, and have a double layer support structure having a 3 ply multifilament top and
bottom warp and a 4 ply cabled monofilament cross-machine direction weave. The batt
240 can comprise polyester fibers having a denier of about 3 at the first surface 230, and a
denier of between about 10-15 in the batt substrate underlying the first surface 230.

‘The web support apparatus 200 shown in Figure 8A has a web patterning layer 250
having a continuous network web contacting top surface 260 having a plurality of
discrete openings 270 therein. Suitable shapes for the openings 270 include, but are not
limited to circles, ovals elongated in the machine direction (MD in Figure 8A), polygons,
irregular shapes, or mixtures of these. The projected surface area of the continuous
network top surface 260 can be between about 5 and about 75 percent of the projected
area of the web support apparatus 200 as viewed in Figure 8A, and is preferably between
about 25 percent and about 50 percent of the projected area of the dpparatus 200.



staggered, Wwth the openings sized and spaced such that in both the machine
and cross-wopgspigey directions the edges of the openings 270 Ber/esel/peat one
anot her, and such that any |ine drawn paL fllel to either t he machtne or
cross- machi ne direction will pass through at |east some openings 270.

Paper maki ng Met hod Description A paper structure 20 according to the
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belt 542 is shown as a single, continuous Fourdrinier wire. It will be understood that -
any of the various twin wire formers known in the art can be used. '

It is anticipated that wood pulp in all its varieties will normally comprise the paper
making fibers used in this invention. However, other cellulose fibrous pulps, such as
cotton liners, bagasse, rayon, etc., can be used and none are disclaimed. Wood pulps
useful herein include chemical pulps such as Kraft, sulfite and sulfate pulps as well as
mechanical pulps including for example, ground wood, thermomechanical pulps and
Chemi-ThermoMechanical Pulp (CTMP). Pulps derived from both deciduous and
coniferous trees can be used.

Both hardwood pulps and softwood pulps as well as blends of the two may be
employed. The terms hardwood pulps as used herein refers to fibrous pulp derived from
the woody substance of deciduous trees (angiosperms): wherein softwood pulps are
fibrous pulps derived from the woody substance of coniferous trees (gymnosperms).
Hardwood pulps such as eucalyptus having an average fiber length of about 1.00
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U S. Patenty %,n’élﬁ ewersegsued May 17, 1994 to Phan et al. U S. Patents
5,279,767 and 5,312,522° are |ncorporated herein by reference. Such

chemi cal soft enlm&'efdblmoﬂiet ﬁﬁ'ﬁlsﬁedbtﬁﬁﬂecﬁson thé/\Qoaﬂ 14fire com nses a
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for provi diThg dtbbudidg ragemt if corebmation ovith the emergy lbmymlleé tofthe web by the dry
creping process, results in a portion of the web being debulked. In one embodiment, the
debonding agent can be applied to fibers forming an intermediate fiber layer positioned
between two. or more layers. The intermediate layer acts as a debonding layer between
outer layers of fibers. The creping energy can therefore debulk a portion of the web along
the debonding layer. Debulking of the web can result in voids 310 ( Figure 16).

As a result, the web can be formed to have a relatively smooth surface for efficient .
drying on the Yankee. Yet, because of the rebulking at the creping blade, the dried web
can also have differential density regions, including a continuous network relatively high
density region, and discrete relatively low density regions which are created by the
creping process.

Suitable debonding agents include chemical softening compositions such as those
disclosed in U.S. Patent 5,279,767 issued January 18, 1994 to Phan et al. Suitable
biodegradable chemical softening compositions are disclosed in U.S. Patent 5,312,522
issued May 17, 1994 to Phan et al. U.S. Patents 5,279,767 and 5,312,522 are
incorporated herein by reference. Such chemical softening compositions can be used as
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t he surface 230 of the web
Vacuum boxes, forming boards, hydrofoils, and the like are useful in effecting

water removal from the dispersion. The embryonic web 543 travels with the forming belt

542 about a return roll 502 and is brought into the proximity of the web support apparatus
200. '

The next step in making the paper structure 20 comprises transferring the
embryonic web 543 from the forming belt 542 to the apparatus 200 and supporting the
transferred web (designated by numeral 545 in Figure 9B) on the first side 202 of the
apparatus 200. The embryonic web preferably has a consistency of between about 5 and
about 20 percent at the point of transfer to the apparatus 200.

The web is transferred to the apparatus 200 such that the first face 547 of the
transferred web 545 is supported on and conformed to the surface 202 of the apparatus
200, with parts of the web 545 supported on the surface 260 and parts of the web
supported on the felt surface 230. The second face 549 of the web is maintained in a
substantially smooth, macroscopically monoplanar configuration. Referrring to Figure
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portion 920. The vacuum providing portion 920 draws the steam into the web 545 and
the felt layer 220. The steam provided by steam hood 2800 heats the water in the paper
web 545 and the felt layer 220, thereby reducing the viscosity of the water in the web and
the felt layer 220. Accordingly, the water in the web and the felt layer 220 can be more
readily removed by the vacuum provided by roll 900. '

The steam hood 2800 can provide about 0.3 pound of saturated steam per pound
of dry fiber at a pressure of less than about 15 psi. The vacuum providing portion 920
provides a vacuum of between about 1 and about 15 inches of Mercury, and preferably
between about 3 and about 12 inches of Mercury at the surface 204. A suitable
vacuum pressure roll 900 is a suction pressure roll manufactured by Winchester Roll
Products. A suitable steam hood 2800 is a model DSA manufactured by Measurex-
Devron Company of North Vancouver, British Columbia, Canada.

The vacuum providing portion 920 is in communication with a source of vacuum
(not shown). The vacuum providing portion 920 is stationary relative to the rotating



surface 910 of the roll 900. The surface 910 can be a drilled or grooved
surface thrwogszMorch vacuumis applied to the surface 204. Tcexrssorkase 910
rotates in the direction shown in Figure §£ The vacuum providing iportion
920 provides a vacuum at the surface 204 of the web support apparatus 200
as the web and apparatus 200 are carried through t he steam hood 2800 and
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furnish at the wet end of the papermachine, such as by adding the adhesive to the paper
furnish in the headbox 500. From about 2 pounds to about 4 pounds of adhesive can be
applied per ton pf paper fibers dried on the Yankee drum 880.

As the web is carried on the apparatus 200 through the nip 800, the vacuum
providing portion 920 of the roll 900 provides a vacuum at the surface 204 of the web
support apparatus 200. Also, as the web is carried on the apparatus 200 through the nip
800, between the vaccuum pressure roll 900 and the dryer surface 800, the web
patterning layer 250 of the web support apparatus 200 imparts the pattern corresponding
to the surface 260 to the first face 547 of the web 545. Because the second face 549 is a
substantially smooth, macroscopically monoplanar face, substantially all of the of the
second surface 549 is positioned against, and adhered to, the dryer surface 875 as the web
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permts a web.54 asi.s ,we t of at |.east u sper 3000
square feet> urgfﬁﬁ%%atg gﬁ%@éﬁﬁmwdﬁ &d papgy Ymﬁg @Hﬁ& ‘g séﬂ are
feet, to behajmng:aibdsmwezght ef &ttlcas'eal;put S\I\bs:pﬂn§oemeq1mye feet, and pfeﬁrahlglayldastgh
consi stenc sf about
4500 f eet %’%b(r?)ﬁ%iggosﬁi)?@@o &HJ_FQCU% %{a@?%&?ﬁrﬁn ﬁ]o hﬁ dsent

i nvent i on pengistecy ofiless mah@#ﬁﬁgnemst abémrba@f@rablﬁ|l@§hﬁhmﬁzoat3%p¢rscntcs
to be driedofy edsas@st@xﬁwfat RAKMbOL 9095e?cetnﬂ%d@ﬁ&h'br§&a 2% Rkt ARGt 9P €.

preferably | ess t about 25 percent (when is"transferred to the
drum 880), ReEceRb ‘{S&Hgﬁ oY e Wit 5#%%{5&“&1&861{“?@"}%@ e@v’é‘rﬁﬁmu hltoms pg water
preferabl y per hbawatta adtospeed of ptlease about W00 fdeb/initb, dnd nictaPyeferablyodtlédse drum

by creping) dﬁelg of at |east about 4500 feet per mnute, nore
preferably aalt)t%hf goast 5%%&%9%000

In particular, it is believed that the present invention permits a web 545 having a
basis weight of at least about 8 pounds per 3000 square feet, and more preferably at least
about 10 pounds per 3000 square feet, to be dried from a relatively low consistency to a
relatively high consistency on the Yankee drum at a Yankee drum speed of at least about
4500 feet per minute. In particular, it is believed that the present invention permits a
web 545 haying the above basis weight characteristics to be dried from a consistency of

less than about 30 percent and more preferably less than about 25 percent (when the web
is transferred to the drum 880), to a consistency of at least about 90 percent, and more

preferably at least about 95 percent (when the web is removed from the drum by creping)
at a web speed of at least about 4500 feet per minu}_e, more preferably at least about 5000
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19 feet perwoigswi®7 and nost preferably at | east about 6000 Ppegfiussfsier nNute
on the Yankee drum In conparison, it isjgelieved that the Yankee .dryer
speed for drying paper having.a continuous network and di screte donmes as
disclosed in U S. Patent 4,637,859 and a basis weight of at |east about 10

d | ft/mn i
e T o trioed T P CerdBos FRREIol o 151 i o et shinleitshe YaBkdser cent

on the YankBBMdrum Typically, paper of the type shown in U S. Patent
4,637,859 is predried upstieam of the Yankee drumto have a consi stency

upon transfer tdMOREPREANbA igpekisved thas the Yeukeg dryssspeaddon doying paperdaviapt .

Without belagntintusasteworididaistrett Homes Reditayed ik RS, Paher 3087 836 bt L YPe
r rrer, en

h in US Patent, . 4.637,859 is drie t t the e of a

: hgw\}alnEee%aﬁgé\‘ee?%}ﬁé’gaaeéglag 10 PGy Bero30D N satats G46F camot be Rokighian 350

]Ei nal ﬁt ep ft/mid ifithe p@d_rﬁmtoﬂmnbfedﬁdnuabgﬂiﬁsltg&ymhbﬁnﬁ$o<‘;{e?d§hﬂg, ébléﬁtg %@b 545
romthe s ctOr: e as shown, i igure 9A

W t hout be:ﬁﬁiéﬁf%?%%%g(g? ﬁ%‘g@y,%lfﬁl)@pﬁ%ﬁr ioggbeatyi’ﬁ%f“%’é‘ ﬁng M parted by
the doct or 4kﬁq38a3959118 predried npsresshofihe Yanksesjruor todmvel e consisterscy wiont@sfer HOTE
por {1 0ns O d PEMBIRIAEHA 60 pkbaiR%o BRYK 10 MRrclle. RARSEb GRiR8 6, 0!

i mprinted by the web patterning surface ccordi ngly, f

crepi ng t hendoep, if FsVRIEVAL tha'if BEfr %E‘éx_e%ﬁsl{o% Q94 Phret 2697 4800 6&%@‘” des a

web having a.first, coppacted, relative hi nner regl ol corres ing to
the patter Pivth?ﬂh&‘f’é’ae PEEPWIFF'F]!&“ adankse dryer speed isdimmited todessithan abioat | vel y
t hi cker re@DoMhfeet/migieneral , the doctor bl ade has a bevel angle of about 25
degrees and is positioned with respect to the Yankee dryer to provide an

i rrﬁa(t:)_t t an]gl eﬁﬁé%(ﬁ_ml 8&p ﬂe@mﬁgth&bepqvamm&tfior:ﬂﬂmﬁrﬁte?&egh@me 'w_@blfhggr e 3
exhibits . e. cant i NUOUS.[,eqi On an
the di sorefo eeﬁﬁﬁ%%%‘%?é’%%? bi3de 1003k Suo i TR il fehng
di fferent limdtgdppahearsit inpelisvgdthat the energy émparted Wyothe Goetor blaly 1000 the epi ng
frequency iwgbtshs buBQi &fde- T | I ln the
conti nuous ne.tworF 30. .1 négiéﬂgf’t gﬁﬁt%%gghgg)ggkgm% g%@“&@pﬁgnti ng
appar at us E%‘)E?lﬂ the Wb which apeggt HmBERtEE bty Web paiferping skrfaes2alef i nes a
gl ur ?I ity At:cmfdmlgi;etﬂee ymeﬂgoﬁaapia%&hm_eﬁ ﬁ?nﬁm&]ﬁﬁﬁ‘&%_@@@v@gﬁ%?{g gléiaelxgoo

ewat eri ng r shown jin vi ew of Figu .
Figure 8CP {oﬁéa&eﬁ/gﬁy%o}hat%g%?ﬁ%t’fcgwagﬁﬁg’frﬁggvgﬁmeﬁ TREIOR SOmEsRAndne o the
cont i nuouspatiermimpartedrto shenfishfpce bfthdivesty, enda seoohd celstivihPthickes begion. alppar at us
can be usegerfefalfRE bétor blade has a bevel angle of about 25 degrees and is positioned with

respect to the Yankee dryer to provide an impact angle of about 81 degrees.

The paper structure 20 shown in Figure 2 exhibits forshortening due to creping in
both the continuous region 30 and the discrete regions 50. The creping frequency in the
region 30 is different than the creping region in the regions 50. Generally, the creping

frequency in the regions 50 is lower than the creping frequency in the continuous network
30.

In an alternative embodiment, the web imprinting apparatus 200 can comprise a
resin patterning layer 250 which defines a plurality of discrete web contacting top
surfaces 260 joined to the dewatering felt layer 220, as shown in the plan view of Figure
8C. In Figure 8C, the web contacting felt surface 230 is in the form of a continuous
network surrounding the discrete surfaces 260. Such an apparatus can be used to form a
paper web according to the present invention, wherein the paper structure comprises a



paper web according to the present invention, wherein the paper structure:
conprises a WO 98/ 21407 :

PCT/ US97/ 2W@382040%| urality of relatively thinner, discrete 'fSB’i“&?fém‘z

di spersed throughout a relatively thicker2Gonti nuous network region. In
anot her alternative enbodi nent of the present invention, the web support
appar atus 200 can conprise a resin |ayer disposed on a foram nous

backgr ound elumlnytof celativelp thignes, disdoete cegidns/dispenseflithoginig a rélefiesly ithicker o

Figures 14A-1 C 200 can conprise a resin |ayer 250 di sposed
on a woven 3B fnuoui]gi[% Eili?f%&rem n |ayer 250 has a continuous network web

contact | ng surf 298 i8R tfhing ofbSEhRheoPRERAGT AiofSe IRYubiE! OUI €

14A. The woven f rises machine direction arrents 2 and
cross nachi nppazameaof) &#n mmmmrgmmmr qsaowgmraefoaamma%bafmoum\elemenst

web contact hg ﬁhihg%%ﬁ’é oiawéwernqnm%ﬁyake%xagwlgﬁrepnmxncbed tRY app

knuckl e surfac ocate SS-over points | aments 12

and 1242. TRE0 & CAUNPHSEALESHf axqaégf drpassacn 4wa enafqgmiﬁ@ rseniafﬁaagol or
ot hfer W s elgg@u@ goﬁtmubwm%rk %ﬁtomedtmgfsluﬁfhce 280 duti gﬂ_mg/dxwgﬂz Ao@bmﬁﬁdz‘fm as klje
sur f aces et oV shapes, no own_i.n_FEi qur e _secon
web cont act FY %@Bﬁe{ 4A-Ths gy %9“? f‘.%f‘a%"d“%féﬁef é’}agﬁlﬁg df’&%‘f" ’:irlgﬁlemfhe web
patterning Ilﬁlﬂ@andzaﬁssmmtuhediseqtiohrféainermﬂw woven fabric 1220, has a web

contacting top surface 260 at a second el evation 261. The difference
bet ween: t he fir in Figuse 24 Acnd 1281 thenfirst web seutactingesusiaag plonfipss elevationnt23ltisan

about t hi CKRESFd by Bﬁcxe?ooe{ucmbsME& 1230 18eRed aMaJasg @verr ﬁﬁsf. Sf ﬂeommeﬁﬁae
web support agﬁar at'us _200. The canti %zéﬁ% face cret‘g
surfaces 1238%kand24d; S-BB%&P sgrfacss ﬁi@‘%‘?fﬁ?l tcaf‘ 3064 (9T ons
1ﬁ31 ang 26 bttiwisk pPoumdn® . prévitie rdlaivele flt, génh"ril@CBvél&ﬂa;ﬁbﬂﬂuheklﬁsuﬂ’ﬁédsymabove
t he surface

or urfa s,123Q n b t a ce 2

di fference ‘th@E gl a¥3l fhapes DRt SHOWP lPﬁﬁagflrSel‘é‘aUgF P%COB ‘f°§1Ea§ﬁ8gl g&o lﬁan
about 5.0 rrpfcmdddnbprlhe evdbophttmnng layee 290f f@henmbmatteﬂrmgalayon 266, whish ishan
about 4.0 g}'g o b e S

, and rmnﬁlﬁ%c{re erab ?es g%é' :%%u% B%Aboé&t{'&?lg %Q?‘!&m%ge 260 %radé?co? g
rral ntain a ekevaion2fly sm)oth surface 24, as descri bed bel ow. The web
support apparatus 200 shown in Fj g es 14A a an be.u ed to.formthe
paper web shown Ififd ﬁ%‘?j’ Gebetyeendt @W?‘?ﬁf‘ F‘g; I'—‘f"a.fﬁ%s?@ndf %él WT 520
conpri ses atiaanibont dhiskmess Wwirthe papdrawely e¥hentthe paper welyiiorafferred rteshm)mtbng
to the surf aC;?port apparatus 200. The continuous surface 260 and the discrete surfaces 1230 can be
disposed at the same elevation, so that the elevations 1231 and 261 are the same. -
Alternatively, surface 260 can be slightly above the surfaces 1230, or surfaces 1230 can

be slightly above surface 260.

The difference in elevation is greater than or equal to 0.0 mils and less than about
5.0 mils. In one embodiment, the difference in elevation is less than about 4.0 mils (0._10
mm), more preferably less than about 2.0 mils (0.05 mm), and most preferably less than
about 1.0 mil (0.025 mm), in order to maintain a relatively smooth surface 24, as

described below.

The web support apparatus 200 shown in Figures 14A and 14B can be used to
form the paper web shown in Figures 10-13. Referring to Figure 10, the paper web 20
comprises a continuous network, relatively thinner region 30 corresponding to the surface
260 and a plurality of discrete, relatively thicker regions 50 dispersed throughout the
continuous network region 30. The regions 50 correspond to the openings 270 in the
surface 260. Each of the relatively thicker regions 50 encircles at least one densified



260 and a plurality of discrete, relatively thicker regions 50 dispersed

t hroughout Jyaagmeshi Nnuous network region 30. The regions 50 GRE, BifE, t o

t he openings 270 in the surface 260. Ea&%lof the relatively thicker regions
50 encircles at | east one densified 98/ 21407

PCT/ US97/ 21062 21 region 70. The densified reglons 70 correspond to the

surfaces 1 th bric 20. Ref ri,ng to Figqure 11, P can be at
| east about% §%°§g0mn?h§ﬁ %‘F%‘fé’ﬁwgﬁ P"F%Pzgg B’(?%‘P’fg 4% of the wiovandabrics s
t han about 18200 nm and nore preferably | ess than about 0.10mm Fi gures

15A- 15C illustrate formation of the web 20 shown in Figure 10 using the
web support appdtefeaingzoFigyse 1468 eani breat ledsbatounid3n mmsmszref@atﬂy atileag

9A-9C, an eBbiyRM mnteRk addehay SR ces
formed on formng wire 545 an H?lr%ﬂr?gfgrzrge tot gref@%g;aﬁéfp‘é &1’ B‘?‘it us
200. The 1&ma. 5 vacuum transferred to the apparatus 200, to prow de a

web 545 supported on the apparatus 200. As shown in Figure 15B, the first
surface 547 is conforned to the surface 260 and the surfaces 1230, and the

second surface 9 1is ned . a ubs nti al snoot h, macroscopi cal |y
monopl anar sur f dceTo} hﬁ&ﬁﬁ}gﬁ“ﬁ@%@ﬁpgg ‘@%id/ﬂ"é’“We‘B Figuye dQasipgtihe
support appebasuppore Spazates 2@kt As describeld Alvuveugith &spémtwg uﬂs@ﬁdm{sﬂg\/\h | e
appar at us dinected throu e web 54 il]e the
nob a5 < CRODYERED 34 HARE cBlanl 3ectyl 3RS ABBHES foied @ szt o
enter the §62ﬁaé§m5sfm@dm tbws suppart appgratus200.cThe54éh $43distvaeumunh hr ough t he
appar at us &Qﬁ?sfeﬁ&?tottﬁéﬁb‘ﬁﬁiaﬁk D06ty ! Hﬂzx&’@%%ﬁ%@s rt%&'an?ﬁ élirg)ed SOy the

web 545 to .a consi.s enc g& rom a ercent"'to abo uU. S.

Patent 3, 30%S g?‘@“t“b ét‘) af figstsuriage a4t 1553021?911119@@3 ﬂlsssud'dCEtZﬁ(Easdgle et

al. are i newfyes 2230) ah& tied secoid siefa0e 549 & hatataila dalarsaeﬁﬁnpiug%ﬂ%n{'g

sui tabl e tH{FgHﬁpo %Il for se in the practice of the present’

i nvention ﬁé’lrflén ?f 545 and the apparatus 200 are directed

to pass through sure roll 900 and . a Yankee

drum 880. The cé‘ﬁ%‘fﬂrﬁgﬁt@%é E‘su’r 8"3%8 ‘i&’e REPRpr.apPafaty ag gext1 230

are i npres&aHed Htr@ugh@&gwgmedﬁmg Qﬁpata‘w Gﬁ@b“ﬁd&mbemt&demmtdmestedalmuﬁlﬂ

t hr ough thmeru,&,m q;;g;,sg %tﬁ%‘rﬂe 5@%5{} t o adhere

substantlall ade hﬂ]th% stlﬁasﬁfl§ gggfﬂi[ ur ac%)%gigﬁt feﬁeamﬁrface

875 of the 15%;5& t&ﬁ?’gﬁmﬂé%s frégand to pass through the web 545 and then through the
apparatus 200.

The through air drying apparatus 650 can be used to dry the web 545 to a-
consistency of from about 30 percent to about 70 percent. U.S. Patent 3,303,576 to
Sisson and U.S. patent 5,247,930 issued to Ensign et al. are incorporated herein by
reference for the purpose of showing suitable through air dryers for use in the practice of
the present invention.

The partially dried web 545 and the apparatus 200 are directed to pass through a
nip 800 formed between a pressure roll 900 and 2 Yankee drum 880. The continuous
network surface 260 and the discrete surfaces 1230 are impressed into the surface 547 of
the web 545 as the web is carried through the nip 800. An adhesive supplied by nozzle
890 is used to adhere substantially all of the substantially smooth surface 549 to the
surface 875 of the heated Yankee drum 880.

Figure 16 is a cross-sectional illustration of a paper web 20 showing a paper web
according to an embodiment of the invention, wherein the paper web has three fiber
_ layers designated 301,302, and 303. A paper web haying a layered structure can be



Figure 16 is a cross-sectional illustration of a paper web 20 showi ng a
paper web accordi ng to an enbodi nent of the invention, wherein:the ?a

web has t hEXI¥2I4¥: | ayers designated 301, 302, and 303. A paﬁ%rrm gw ng
a |layered structure can be WO 98/214072

PCT/ US97/ 21062 22 made using the papermaki ng equi pnent and net hods
illustrated in Figures 8A B and 9A-C, or alternatively, those illustrated
in Figures mA(deBusingitheSPA;@rmWﬁngeeqai;sn&rglandhmlhu@gllwstmted&ﬂﬁgmeﬁﬂﬁmdn

Figure 9A bi r%,"clrat@ﬁxaﬂ%l?tﬁ&&%ﬂu&tpﬁéd %tﬁigﬁxgé‘i’!iﬁ‘ CCO”f | gurations can

be used in co h one or nore h oxe eac headbox having a a

capability of pr%{ymnge in 11%5‘4§¥§§}§> lgfggfl faU iy efk‘i&%rth% N

prowdearmltl ayer we . Pat ent 3, ssue rgan e
and U.S. Paftl omnmwysfom figuratipne Gache Ysediin cembmauoamthm Mere assi gned

U S. Pat enthe%ﬂbbié%aéacﬁmeaMQfaeﬁl W aeusabiiny Iolirgrdvmh 686l oF 10 1Ia9a§-bf fiber

Properti es" flledOcobe t he na Iro
di scl ose | aERishgn 2FAEr0 arq‘fﬁﬂ&ﬂraa‘?@#e@ayw? a8 %5%? A Siecda Margans
of form ng stial.eanddNBi Pateatt4,3005981i issued do Qgrstensiat bl aed émmanly%ﬂgbai 0s8d.

web havi ng DieRtoriiuty et (RRE Y phARTe A hchpd Boliif i o) o

headboxes c@mobalﬁsda% in tenames Ofl’lh@eanldé@reklmmfdi!.omsmlam:ncglanéamnd| ng to

ﬁ%e£3£?}s es%ﬁrﬁ{tpb er S lgeeqwg%g gh{'lggw ﬁ%‘eﬂﬁagsvﬁpf&%{?ggaﬁnbr yonl ‘

conpri se r engluding twip wivg foumencanb Fh‘gﬁ Additogal pﬁmsmqa'@éh@adh% designg
surface 22 G Helnplbyed thiRoviae é‘WeBQJanb%SoPﬁﬁﬁé fiBdi tagkré | bers in the first

| ayer 301 can conprise softwood fibers such as Northern Softwood fibers
havi ng an aver agReférkiag td Eiggtdﬂl@fonabﬁmbre?hembbxmhﬁbs ussd taDdcﬂweir theessecond

nd) acent -t HAverE 8o spie@ondfgto Fgr 3080, BBy 3PS phlodf Forhigd B 54 raki ng
fibers in tsueh that thederhbryenic36h comprisesthe ilayers 30 1dR02,¢nti308 §"hsdﬁt:$t lapeer 301

|
or Tesh. | TranRRmprp Yé‘”“?“??‘@?’é’swos’@? . nt%eegdﬁwﬁéhﬁé%fﬂidﬁéﬁgéﬁéﬁ
| ayers 301 thﬁaveboiﬂleméht'ﬂy long nepesmaking fikers infbs disstilangr PAY en eqmaprise: er i zed

i n having asoﬁwédsmﬁfseﬁmﬁaQNa&hexﬁssmuaﬁbérahananav&e ﬁbéﬁéx@gtﬁ ofSuch
voi d spaces ar e shgwn

f F 1.
bar t1 cul ar 2bPHES Gufiiese ot BiosE n T hesaeond BB 107 Sanorat P Fiiker
regi ons 50.papbendkimg fibéra desposedradiacentrths secandlewlud:‘auﬁ%g:f@i;pawéb The telative BDOGEN

brand addi tS!hF&fpaP &%ﬁbéxﬁ Qxe!?)e %%COBP li’%fer B O é&nﬁrﬁ% naftividbd FBERS sl 3s

t her eby faci
Eucalyptus 1bers havmg an average fiber length of about 1.5 millimeters or less.

The third layer 303 is disposed intermediate the first and second layers 301 and
302. The third layer can be a debonding layer characterized in having a void spaces 310
having substantially no fibers therein. Such void spaces are shown in the '
photomicrograph of Figures 3 and 11.

In particular, the void spaces can be located in the relatively thicker regions 50.
The third layer can comprise a debonding agent, such as ADOGEN® brand additive, to
reduce fiber to fiber bonds in the third layer 303, thereby facilitating opening of the fiber
structure in layer 303 to provide the void spaces 310. The third layer 303 can comprise
softwood fibers, hardwood fibers, or a combination of hardwood and softwood fibers.

In yet another embodiment, the layers 301 and 302 can each comprise relatively
short hardwood fibers, and the third layer 303 can comprise relatively long softwood
fibers. For instance, the layers 301 and 302 can each be predoniinately formed of



structure i'n layer 303 to provide the void spaces 310. The third | ayer 303
can conpri %goﬁ%ﬁw()d fibers, hardwood fibers, or a conbinat 8? Rb7AgEdwood
0 ers '

and softwo . In yet another enbodj,ment, the layers 301 and 302 can
each conprise relatively short hardwood f3bers, and the third | ayer 303 can
conprise relatively long softwood fibers. For instance, the layers 301 and
302 can each be predom nate]y formed of WO 98/ 214Q7 .

PCT/ US97/ 2| W?M%Fﬁéd@ thingdayer 393 qan he prederinately dprmed pielativaly long

pr edom nat eNygrthérh 'SottwodfBlesst | vel y | ong Northern Sof twood fi bers.

Al ternatively, other nethods can be enployed to facilitate debul king of the
web or debondi ngAttrmktibely sothertraetieds aincbecanisioyddpahcilitate ddbalkispof e Sveb

the pur poseisieeiib of BtR RieFhosftie chFe I SRRAhE RSP, DR ValfdcSioina.
| ayers sepakKearacy ttyalda inqorparated hemireby refetandel fofthel purpese of disalpsinganwitiplei ght
DT o9 1aPa36¢bsWnfiited LPFEN YohAEN 12440k SSRAALIEY A BReddi iRl o0 EXATD €

1. This exa S provides a ayer tirssue‘we ‘paper maki ng
apparatus shown in Figures 14A B and 15A-C. A 3% by wei ght aqueous slurry
of NSK is nmade up in a conventional re- pulper. A 2% by weight aqueous
solution of the tenporary wet strepxAMpesEsn (i.e., National starch 78-0080
mar ket ed by National Starch and Chem cal corporation of New York, NY) is
added to the NSK stock pipe at a rate of 0.2% by weight of the dry fibers
(Rati o:of weight of wet strength resin to dry fiber weight is 0.002). The
NSK sl urry AH peicentages dre weliight pefteRUgesthased be doyfibdr wdightfualespothiprwisecond, a
3% by wei gl} dRgugous slurry of Eucal yptus fibers is made up in a
conventional re-pul per. A 2% by wei ght aqueous solution of the debonder
(i.e., ADOGEN 442 ) is added to the Eucal yptus stock pipe at a rate of 0.1%
by weight of the dry fibers. The Eucal yptus slurry is diluted to about 0.2%
consi st encyg@imdi®e: fan punp. Three individually treated furnish streans
(stream 1 = 100% NSK; stream 2 = 100% Eucal yptus; stream 3 = 100%

Eucal yptus) are Rgpexanples piovided aBugheritivsud@abl ke itk tHe paserinakingnt 0 a
Fourdrinier wr ts f or.n t‘?rleﬁsba r rf&r yoni ¢ web containing two outer
Eucal ypt us qug@ﬁgs gﬂ?{ndmrﬁa% Se %‘g)}é?‘ Dewat er i ng
A 3% by weight aqueous slurry of NSK is made up in a conventional re-
pulper. A 2% by weight aqueous solution of the temporary wet strength resin
(i.e., National starch 78-0080 marketed by National Starch and Chemical
corporation of New-York, NY) is added to the NSK stock pipe at a rate of 0.2%
by weight of the dry fibers (Ratio of weight of wet strength resin to dry fiber
weight is 0.002). The NSK slurry is diluted to about 0.2% consistency at the fan
pump. Second, a 3% by weight aqueous slurry of Eucalyptus fibers is made up in
a conventional re-pulper. A 2% by weight aqueous solution of the debonder (i.e.,
ADOGEN® 442 ) is added to the Eucalyptus stock pipe at a rate of 0.1% by
weight of the dry fibers. The Eucalyptus slurry is diluted to about 0.2%
consistency at the fan pump. |

Three individually treated furnish streams (stream 1 = 100% NSK; stream 2
= 100% Eucalyptus; stream 3 = 100% Eucalyptus) are kept separate through the
headbox and deposited onto a Fourdrinier wire to form a three layer embryonic
web containing two outer Eucalyptus layers and a middle NSK layer. Dewatering
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 110



occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave .

conf i gur at iR %A g 110 WD 98/ 21407 _ ‘PCT/USI7/21062
PCT/ US97/ 21062 24 machi ne-direction and 94 cross-machi ne-direction

nmonofi |l aments per inch, respectively. The enbryonic wet web is vacuum
transferred fromthe Fourdrinier wire, at a fiber consistency of about 8%

at the poi ninaefiné-daB&Hc and0 95 NErosemashiRRRirkctiRP #heiditamfs har E&Q:h?
f oram nous ba&l;?lrvound el enent conprising a woven fabric 1220 an web

patterni ng T€l 880 made of phot osensitive resin. A pressure differenti al
of about 16 inc nercury i.s, used to transfer t 1o the web

S 0 ty e vveB
support appar at 48 FBETYORIfVEtFYEhiS YBEHIm, B theEpyrdrigiep pirg , 8t shed,
sat i n weavea dibef icgnsisteheyn ofi abomy 8%S antiwhpoinat df neatfenntoathd Wb Guppst
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el enent is ; I I ' in. The
web patternﬁﬁigggé&%ggpﬁg%éﬁtkﬂﬁﬁﬁﬁs"ﬂ?&?ﬁ%ﬁ@%ﬁoﬁ%@fiﬂ.;r%aggr ace 260
with a proj'@stwsb smpartappartyss20fet hae foramineus dackgreund,elgmenvispefrant of t he
p][ ojt ﬁct edbash@a,t gatti:; heeaaepfdxﬂiguﬁafn’égghav]jﬁ@ a3 lfxfa@hiﬁ@%eﬁﬁ‘éﬂ"@ﬁg §i| %Y@sfs{ on 523%
0 e web cont.act,i ng. surface. o e farani|l nous backgroun enent an e
el evation Z@E&B?e‘gﬁﬁg’@&nﬂq{’ﬁgk’?% B5F km%ébﬁt?oma&&qengﬂgﬁma%@%w i s about
. 001 inch (havaigandameitareofvabout0.22 ans faed thel cioss-hiaehinp (direatior filfert9 provi de
a web 545 t t ving, a,substantiall.y snooth
econd sur ARG Blanfiler HRRPR28 R, SURAR IR e Ructilnl Al &Y

acconpl i shedamsfactured by Appléton direl Campagy Appdetoy, Wisconsin ai r dryi ng, as

represented by devices 600, 620, and 650, until the web has a fiber
consi stency of Hiotebspayermingnlayer 26Q hasecopsinneus aetyork aveh ifentating300 i s

ef fected wnt subfade DEESAHYL @pﬂt‘dj’édtedfg&@a wiSi&ﬁ i§b’ét§w6€:€ab%§x@ 333&3&9&@0%&%@ 1230
are | rmn on I TS urtace 0 we O provi
Cntterhed <SibS Pided areg bt b appRn 200 i e ered shvatien 538 | <
adher ed t o dfhtheswel zontabiftig sfrfadseofatheafokamindns ackproumdS&lement agd ahepol yvi nyl
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inch (.0254mm).

The web is transferred to the apparatus 200 to provide a web 545 supported
on the apparatus 200 and having a substantially smooth second surface 549, as
shown in Figure 15B. Further de-watering is accomplished by vacuum assisted
drainage and by through air drying, as represented by devices 600, 620, and 650,
until the web has a fiber consistency of about 65%.

Transfer to the Yankee dryer at the nip 800 is effected with a pressure roll
900. The surface 250 and the surfaces 1230 are imprinted on the first surface 547
of the web 545 to provide a patterned surface 547. Substantially all of the second
surface 549 is adhered to the surface 875 of the a Yankee dryer drum 880 using a
polyvinyl alcohol based creping adhesive. The nip pressure in nip 800 is at least
about 400 pli.

The web consistency is increased to between about 90% and 100% before
dry creping the web from the surface 875 with a doctor blade 1000. The doctor
blade has a bevel angle of about 25 degrees and is positioned with respect to the
Yankee dryer to provide an impact angle of about 81 degrees; the Yankee dryer is



The web consistency is increased to between about 90% and 100% before dry
crepi ng thegwedy ,zlf 1h¢¥m the surface 875 with a doctor bl ade 100GcTit$y789ss20r
bl ade has a bevel angle of about 25 degregi and is positioned with respect
to the Yankee dryer to provide an inpact gl e of about 81 degrees; the
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(200 net er s dpewelvigfotmsd intd bl mpﬁwefmfpndmgmaeﬂsfpermw&)pr ocedure is
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toilet tissue pj %@agg% oir m%vz? Qh%/ab&e (iffiuff °8 %%gsmf?e? ﬂgﬁﬁo square
f eet, cont aiayer, a@mply&oﬂﬁp/mhguempght Tofe oneeply ctojlet tisspe vpapers hae aghdsisr esi n,
and about O wRonto dBY el G fﬁt)mtx g&eg S4uard 'Tpé?rt:gr?}&%¥ abtoUFOr(ﬁs/“ é{' ng

one-ply tissue paper 1s so ent nd s se as t
tissue. Thewsightpifythe temperagiewehszengtheresis, landiahgutchal %tbyrwerghtgf ﬂBaS| s
Wi ght : debonder.17- 5 1 b/ 3000 sq ft. (28.5 gnisq. neter) Macro-Caliper:
13.6 mls (O. 0136 ‘inches) Bulk Density: 0. 08 gram cubic

centinmeter Surfaﬁﬁ &mzhnﬁ&&e@mn&grd y&?ssue paper is so$t90 a&HrBé}ﬁeand
face

Snmoot hness of t hness Rati 0:

Bxanpl o 2 TGS 85riGUtissus: 2 TSR bYoLcue (hip basicheiTHOViG

paper maki ngchgqrpetedsties: shown in Figures 14A B and 15A-C. A 3% by wei ght
aqueous: slurry of NSK is nade up in a conventional re- pulper. A 2%
solution of a teBasisdWeightt strength Fe3ibi3Q09. sy ft.R2REZnVSD meterdet ed by
American Cyanam d Company of Stanford, Ct.) is added to the NSK stock pipe
at a rate of 0.2%asyo-aaligen: of the dri3.6 milsr ©.01BRdncheR) slurry is diluted to
about 0. 2% consistency at the fan pu 5 Second,, a 3% by wei ght aqueous
slurry of Eucal yBalkDepsibts i s made 08 grazn/euhic esntimsten 1 e- pul per. A 2%
solution of the debond .e., ADOGEN err] 442 marketed by Wtco

Cor por ati on of DSHfg?F §m°$’th“ess

of surface 22: 890

Surface Smoothness

of surface 24: 1070

Smoothness Ratio: 1.20
Example 2:

This example provides a 2 layer tissue web made with the papermaking
apparatus shown in Figures 14A,B and 15A-C.

A 3% by weight aqueous slury of NSK is made up in a conventional re-
pulper. A 2% solution of a temporary wet strength resin (e.g. PAREZ® 750
marketed by American Cyanamid Company of Stanford, Ct.) is added to the NSK
stock pipe at a rate of 0.2% by weight of the dry fibers. The NSK slurry is diluted
to about 0.2% consistency at the fan pump. Second, a 3% by weight aqueous
slurry of Eucalyptus fibers is made up in a conventional re-pulper. A 2% solution
of the debonder (i.e., ADOGEN® 442 marketed by Witco Corporation of Dublin,
OH) is added to the Eucalyptus stock pipe at a rate of 0.1% by weight of the dry .



OH) is added to the Eucal yptus stock pipe at a rate of 0.1% by wei ght: of
the dry WO 98/ 21407

PCT/ US97/ 2 WB 820 i hers. The Eucal yptus slurry is diluted t%¢"g{8§ﬂ{21?f22%
consi stency at the fan punp. The two fur#dsh streans (stream 1 = 100% NSK /
stream 2 = 100% Eucal yptus) are m xed in the headbox and deposited onto a
Fourdrinier wre 542 to form an enbryonic web containing NSK and Eucal yptus
fibers. Dewdbess.i nheoEucalyptos slpmmyhist qhéltabm abouti Q2%nkonsistandy a8 the farst ed by a
deflector afigyyacuum boxes. The Fourdrinier wire is of a 5-shed, satin
weave confi‘guration having-110 machi ne-direction and 95

cross- nmachi ne- dfﬁ@%boﬁnﬂm%ﬁbérﬂﬁ%&npqr = 1% NSKp%EﬂeMﬁly Titgegnbr yoni ¢
wet web is trapsferred frqm the rdri r wre, at_a fjber con3|stency of

about 8% at¥ S B 4 hradbpp and dEposenisia & EOpERAT VDD oA
conpri sing ta foasein érabryonicIwe) containing WEKpaid Eﬁmy;gué apes. Dévdretingdg

conti nuous netwogk sur Q.. The e oRLC tra sferred from
t he Fourdri9ficey W?lg t&Fc}eoch?ng?r YGRA™ t%r?é?s Sﬁgb%%ﬂﬁégra?n nt of
transfer, tbmheleplﬁalTMmsrﬁ/ﬂﬁ is bHa Prshed,catin wealse Bdﬂigmaklmghaavusgjbm antially
snooth, ma 4 _ I ch
conf or s tgxﬁ' ggésjgl? aces g&§§s ﬁgmslgtfg égéﬁ’%g%r%ﬁ#éésn?ure dlrﬁygrentlal
of about 1eespestedyof rrercury is used to-transfer the web to the 200. The
woven fabric 1220 is, of a 3-shed, satjn weave configuration having 79
machi ne- di r ect | i @Rbrygnicove seeh s drnsiermad fiom ﬂ\?rf"@é‘?fﬂm ‘H%n?%aﬁé’ﬁ i nch,

t he nmachi neodisRaty aﬂaﬁddtawmmefpemtmmﬁbﬁnﬁtﬁvesfsu parabs 200 and t he
cross- machine direction fi

hay,i n nmet er . of Q.21 mm Such
o Por ant o TR SuNGVe GHEN: 1220 Ha.f ek, Ba ew&\ﬂfmeéf?%?? BFEE Gompany
Appl et on, \bomtinmsismetwark suefbceZ80t er ni ng | ayer 250 has web contacting top
surface 260 having a projected area which is between about 30 and about 40

percent of the Theotmbryeticawesavelf isttranstepred rframy sheoBourdrihier wiifef at 2 fiber bet ween
the el evat 'c%ﬂsét%ﬁ%y of aﬁoﬂ?S‘Vﬂeﬁ tl‘fé)ﬁﬁxﬁ%ﬂ thfhsfel! rtBQH@apé:%g%u@n%gl‘) Wﬁro"vkdaevﬁt lon 261

of the surface_? IS about 01 inch, Q t her

de- wat er i ng¥Sx %hama@wtar&m&zémm aasErseoPically maneriasas sueaes Mhage and
by though aind #lsufaee 54asvhiclpcesforhet the Aefabecs2X0shd B Qurfagi26R0A

pressure differential of about 16 inches of mercury is used to transfer the web to

the 200. The woven fabric 1220 is of a 3-shed, satin weave configuration having
79 machine-direction and 67 cross-machine-direction monofilaments per inch, the
machine direction filaments having a diameter of about 0.18 mm and the cross-
machine direction filaments having a diameter of about 0.21 mm. Such a
foraminous background element is manufactured by Appleton Wire Company,
Appleton, Wisconsin.

The web patterning layer 250 has web contacting top surface 260 having a
projected area which is between about 30 and about 40 percent of the projected
area of the apparatus 200. The difference between the elevation 1231 of the web
contacting surface 1230 and the elevation 261 of the surface 260 is about 1 mil
(0.001 inch, 0.0254 mm).

Further de-watering of the web 545 is accomplished by vacuum assisted
drainage and by though air drying, as represented by devices 600, 620, and 650,
until the web has a fiber consistency of about 65%. Transfer to the Yankee dryer
is effected at the nip 800 formed between a pressure roll 900 and the Yankee
dryer drum 880- : ‘



until the web has a fiber consistency of about 65% Transfer to the Yankee
dryer is efwewssridoat the nip 800 forned between a pressure rdﬂm/mmmm t he
Yankee dryer drum 880; WO 98/ 21407 27

PCT/ US97/ 21062 27 The surface 250 and the surfaces 1230 are inpri nt ed on
the first surface 547 of the web 545 to provide a patterned surface 547.

Substantial l'y alﬁhe%rﬂa@@zs@caﬁmhé%mee1§§@aresuﬁ&mé@enttaemﬁ stvfab@ce 875
of the a Ya_ﬂéeetg g{#m 880, ysi n%@e gdos[ﬁ/ Inaé‘ al ¢cqhol e)Igysed crepi ng
adhesi ve. of io prpvifle? gaiterned sHriace t7 liof thre web
;:gnsi SL enc%fsr?c@nddmfaeasesl ig mﬂeﬁ(%m&p}eh ahgmtsge%mma mﬁ% @rlxﬁl{ xsclw ep:c ng
e web w a doct or £ Qr eve e o
about 25 ot S YL 2BRBe b AP aR eI TG R RESTERieatP A0S t o
provi de an atigaacdboand0@phf about 81 degr ees the Yankee dryer is operated

at about 800 fpm (feet per minute) (about 244 neters per mnute). The dry
web is formed i iThe webl ¢onaisteacy prindreaseda®betwenn( 400t ReYocamst 100% before es) . The

web is convgy K 5@, bas a
basi s wei gh féﬁa ougﬁy‘gﬁ’gf}% s Bfa)ie 28%% ?igﬁoﬁg{\é%ﬁ con{)al_gns about
0.02% of t abewpzﬂ@ﬁs}ew s)ﬁ p%g@wdr%h FESRPRY ta b, ¥ ankeg Apyesito pRevidebondi ng
?gent . The a§1€it§dﬂat5ﬂ aplé vPabdut 8‘1'c!é§1r=]&s,pﬁhe1¥?hlﬁe&§§'ér is @E.fa&rd?&trﬂboamo@w table”
or use as a | as e 10l10 rli AS| S

Vel ghts - fhin (et pes pgute fabolidd ariers s el oL dhu {08, per
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Smoot hness of surface 22: 850 Surface Snoot hness of surface 24:
1006 Snoot hnessTheavétois converted td pidvidixatwpod-plySbatiT tissiegeperp| Eachpbywhates a 2 ply

tissue papgi 15‘%2& t@f%bﬁ@t"fi‘@g&gld@?%? §O%@§1gxafeafégt BldVediBAEs Mduboleapsr maki ng

appar at us own |
the temporary wet strength resm and about 0.01% of the debonding agent.

The resulting two-ply tissue paper is soft , absorbent and suitable for use as bath
tissue. Each ply has the following properties:

Basis Weight: 12.8 1b/3000 sq ft (20.8 gm/sq. meter).
Macro-Caliper: 11.4 mils
Bulk Density: 0.07 gram/cubic centimeter

" Surface Smoothness

of surface 22: 850

Surface Smoothness

of surface 24: 1006

Smoothness Ratio: 1.18
Example 3:

This example provides a 2 ply tissue paper, each ply having 3 layers, and each ply
made with papermaking apparatus of the type shown in Figures 8A,B
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28 and 9A-C. A 3% by wei ght aqueous slurry of Northern Soft ft _(NSK)
fibers i s WE®2149g a conventional re-pul per. A 2% sol utloﬁj(%?u%gmﬁ
tenporary wet strength resin (i.e., Nati@8al Starch 78-0080 narketed by
Nat i onal Starch and Chem cal corporation of New York, New York) is added to
the NSK stock pipe at a rate of 0.2% by weight of the dry fibers. The NSK
slurry is daddu®AdCt o about 0.2% consistency at the fan punp. Second, a 3%
by wei ght aqueous slurry of Eucal yptus fibers is nade up using a

conventi onal re- A% dy. weigiaquedust shamy of NottherdSudiwbmd Krafte(NSKYFMSN 442

k db f th
Fucal ypt us St Bag wHig Rokaive ol sPRIokE, A SRS e fforkly WeE
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a three | ay@n%ecmfssswncy anelie f@ﬂptﬁhﬂl rsac@m qus%rb)EWéagwahu@ub%mfy

debonded E tus {) er and an I:i)g ur thro gh the

ourdrinier g
Fourar t ni or CORAPHn DG S uBAE uB o & KRR e RHPachiarh BN She

Four dri ni ertheidebonder ¢f.c.a ADQGEN® 442 inmarketed by cWitto glurpdimtidm o \Dubdin1 10

Teapect vel P 1 2o bhe S BEERIUL O bBE o BRI I GPRERRESE | 07"
wire, at a ei{xeldex fibergsi lyptusatharmy issdiuted tonaboyd 0:2% eensistenvyfatthe to a web

support app@{lg 200 having a dewatering felt |ayer 220 and a
phot osensitive resin web patterning |layer 250. The dewatering felt 220 is a

Ant | ex 2 g’rz SSS Fié VIl tesesh AfnidpBAATsbd =oioo%m¢tsta¢ %catWﬁCO][B' n.

e fe i ses_a batt, a ster fibher as .a surface
denier of 3 1 YRS c@éﬁfiéﬁmba%{iﬁ%?t‘% fe efqogg’-}s'@%a@ HEXERt basi s
wei ght of béﬁﬁamﬁswmeﬁmaébox and dkpgsited ohtoab Haurdrinted Wiregtbeformand an air
per meabi | i tt)ﬁr af 15 O%b%ng va@ O%%Bﬁr%n Cafn utl-nh%u ggR@t Bg%n' n@ebcﬁ&eed' 250

COI'TpI’I Ses contr nuous “ne sur avi ng

proj ect ed aEl@alyMuSalbmnax@mrt USKbl@MGr mew@pnwpc@ﬁrs threugh tl]eelfﬁllédl'ltaFIEa of the
web suppor twR@ R Rladsisted By aldeeletiof hed %ﬁm%x\é@%etm&hrﬁé@&dré’% c?f631 of the

surface 260 the elevatio of the felt rf bout 0. 005
i nch (0. 127 %q%r |S?F§i (g\fef://e clontr| guratjfon Lavmg 118 l‘Ine-%re:ctxon and 9? crouss-
machine-direction monofilaments per inch, respectxvely.

The embryonic wet web is transferred from the Fourdrinier wire, at a ﬁbgr
consistency of about 8% at the point of transfer, to a web support apparatus 200
having a dewatering felt layer 220 and a photosensitive resin web patterning layer
250.

The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton
Mills of Appleton, Wisconsin. The felt 220 comprises a batt of polyester fibers.
The batt has a surface denier of 3, a substrate denier of 10-15. The felt layer 220
has a basis weight of 1436 gm/square meter, a caliper of about 3 millimeter, and
an air permeability of about 30 to about 40 scfm.

The web patterning layer 250 comprises a continuous network web
contacting surface 260 having an projected area of about 30 to about 40 percent of
the projected area of the web support apparatus 200. The difference between the
elevation 261 of the surface 260 and the elevation 231 of the felt surface 230 is

" about 0.005 inch (0.127 millimeter).
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29 The enbrygRgeideeb is transferred to the apparatus 200 to ponsyzzReneb
545 supported on the apparatus 200 and hayg ng a macroscopical |y menopl anar,
substantially snmooth surface 549. Transfer is provided at the vacuum
transfer point with a pressure differential of about 20 inches of Mercury.
Furt her de-wat | v [ ra ch as by
apparat us 620, %%IQP&S’H %ggﬂﬁ%é?&%oﬁgkgﬁg%@@?%P%v de efgégéayThe web
545 is thersuqaaomdawnad}m@gmramhem)t @and haying 288@croscopicalky mtmoplqnaeoo

The sur{ 22?‘3’8‘&“‘.‘”3‘:9”%‘??‘2{ Rl paor D 208 %demﬁevagﬁ%ﬁs‘ﬁ%ﬁﬁ?" the ni p

800 by pr eskdinigwitha pressursifferaptial |of abrus 20 inhss of Mesest us 200 between the
vacuum presure roll 900 and.the Yankee dr)éer dr um 830 nip pressure of
about 400 pli. AWHepaRyvaEHngs'S pecqmplished wamaw%t drainsee cSUhas vankee

dryer. The By Bsjarst06 626, &itit Yhe web has aditrd comsiqéndyesfdboab2s%. 9Pk hebore dry

Sbout 95 de %ﬁ%s A i el o
provi de an bememtaamgthpx‘éssam)mﬂlQ})Daﬂxdghe&fankaehhyét‘aimkmesmr yer is operated

at about 800 fpm (feet per mnute) (about 244 neters per mnute). The dry -
web is forned | Theosurfick 260 iimprinsed uito gx0surfage 54hef thebwels Sédatthetrspl i nto a

two-ply batdy e,f @Jesstlﬁ MEWLEBEE an@ARE wRlbY: B! b@%%%?tﬁg@%efvbééﬁr thkaYers.

The twe- pIyto t1ssue paper. contains a e tenporary wet
strength r eSCHUBRICHINDIRL Y0pdshe Maakescdipersimm 380k apin pressire REaBAt | owi ng

properties:4 i SAV&bﬂiINg adhesive is used t&a&hér@ tiewvel €9 theSPankek drie. ?hgrﬂ squar e
nmeter) Macr 10 grans/

cubi ¢ cent |fﬁ§l’ %ﬁtf"f‘%ycés @ﬁf?&f%‘@s%‘ IS?St §§P‘l“a%® }Zwm dry creping %WSﬁr face
Snoot hness with adoétac bladd. The doctor bladOhdl Svavel dpdssf dBdut 25 degrees andlis 30

positioned with respect to the Yankee dryer to provide an impact angle of about
81 degrees; the Yankee dryer is operated at about 800 fpm (feet per minute)
(about 244 meters per minute). The dry web is formed into roll at a speed of 650
fpm .

The web is converted into a two-ply bath facial tissue paper, each ply
comprising three fiber layers. The two-ply toilet tissue paper contains about
1.0% of the temporary wet strength resin and about 0.1% of the debonder.

Each ply has the following properties:

Basis Weight: 9.8 Ib per 3000 sq. ft (15.9 gm/square meter)
Macro-Caliper: 6 mils
Bulk Density: 0.10 grams/ cubic centimeter

Surface Smoothness

of surface 22: 740
Surface Smoothness
of surface 24: 960

Smoothness Ratio: 1.30
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Exanpl e 4: ' canpl e provides a tissue web nade with the Pals)
appar at us 3{8?%% ?pe shown in Figures 8A B and 9A-C. A 3% bl?/éﬁ@ﬁ%b&
aqueous slurry of Northern Softwood Kraf t30i s made up in a conventional
re-pul per. A 2% solution of the tenporary wet strength resin ( PAREZ[ err]
750) is added to the NSK stock pipe at a rate of 0.2% by weight of the dry
fibers. The NSK slurry is diluted to about 0.2% consistency at the fan
punp. Second, a 3% by wei ght aqueous slurry of Eucal yptus fibers is nade up
usi ng a conventional re-pul per. A 2% solution of the debonder (ADOGEN err ]
442) is adgé? t(i the Eucal yptus stock pipe at a rate of 0.1% by wei ght of
the dry fi amplefe Eycal yptus slurry is diluted to about 0.2% consi stency

at the fan purrb. The t i ndi.yidually treated furnish streans (stream1 =
100% NSK; st rea@sgxﬁ'\éﬁﬁopﬁﬁvdéqsfpg&?% %bén?ff&‘gﬁhf}}?rﬁﬁaﬁ‘ﬂ‘% headbox and
deposi t ed apparatusfedithaitypaiskowmin Bighres BasBraad 9AxG. e- | ayer web of NSK fi bers
and coat ed Eucal yptus fibers, the Eucal yptus fibers being coated with

debonder. Dewatering occurs through the Fourdrinier wire and is assisted
by a deflector and vacuum boxes. The Fourdrinier wire is of a 5-shed, satin

weave conf i gur atAdie hxveight aqueavs shiryeof Nigriheen Sefiwapd Kot is made up in .
Cr 0ss- MaChi Ngsrlieh@6rdl 38p pf i4 292418t AE bf HRCRm o?ﬁ'?e\gét:cs;ﬁ%égm rbBi Qﬂbr yoni ¢

t web i j d t he Four d i : r i st f
about . 8% atPAREZBTIN i pddeian die SRt Sock High ot s pF O 250y elaht 98 Senai ny o
gg\gat $ L i ng cfr?![ﬂbei.'saﬂ‘ﬁ? Nsaol t gmm} i8 dﬂb&ua? absﬁtto'ﬁ)m doﬁsi'sﬂla?aye& tafatﬁr%apmhg.gbl ayer

. e el e 1S a e ess e . man aCt ur e
op ton WRORG Ry Bubsbft kol e ol AR R Bl
conpri ses .C a ns r ris ng | ayer
250 h i t t i d f
as a RuAkPd &l mfcsggﬁ%g@cxﬁ;ﬂg@g%gmé%f LY %péyée?%xgtﬁgp]@ ggt figl,gd area o

t he web support appar at 20C erence I n ween the top
web cont actibsFusalypiissluraoisdilytediie about H:2% epesisendy-at thef3n phmpabout 0. 005

inch (0.127 m | Lineter).. The enbrygnic web is transferred to the web
support appar at %en%}mﬁua F@%‘F% igh streams;(straan et 1 90p Nekestieams or m a
general | y 2osopd03e adEucabiptis) Sare mix¥D thidigh 4B’ headbox and deposited onto a

PCT/ US97/ zjf:%ggdrinier wire to form a single-layer web of NSK fibers and coated Eucalyptus
fibers, the Eucalyptus fibers being coated with debonder. Dewatering 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 110 machine-
direction and 95 cross-machine-direction monofilaments per inch, respectively.

The exﬂbryonic wet web is transferred from the Fourdrinier wire, at a fiber
consistency of about 8% at the point of transfer, to a web support apparatus 200
having a dewatering felt layer 220 and a photosensitive resin web patterning layer
250.

The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton
Mills of Appleton, Wisconsin. The web patterning layer 250 comprises a
continuous web contacting surface 260. The web patterning layer 250 has a
projected area equal to about 35 percent of the projected area of the web support
apparatus 200. The difference in elevation between the top web contacting
surface 260 and the first felt surface 230 is about 0.005 inch (0.127 millimeter).

‘ The embryonic web is transferred to the web support apparatus 200 and
deflected in a first deflection step to form a generally monoplanar web 545.



31 Transfer' is provided at the vacuumtransfer point wwth a pressure

di fferenti gyoodz@bput 20 inches of mercury. Further de-water PAE/US37/21062
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The web is converted to provide a single-layer, two-ply bath tissue paper.

Each ply of the two-ply bath tissue paper has a basis weight about 12.6 pounds
per 3000 square feet, and contains about 0.2% by weight of the temporary wet
strength resin and about 0.1% by weight of the debonder.

The resulting two-ply tissue paper is soft, absorbent, and is suitable for use as a
bath tissue.

~ The tissue web has the following properties:

Basis Weight: 12.6 1b/3000 sq ft (20.5 gm/sq meter)
Macro-Caliper: 8.8 mils .

Bulk Density: 0.092 gram/cubic centimeter

Surface Smoothness

of surface 22: 890

Surface Smoothness
of surface 24: 1050
Smoothness Ratio: 1.18



The follow ng prophetic exanple illustrates a method of nmeking 2 ply-tissue
paper using a comrercial size paperneking equipment of the t '
Fi gures 8A, WA Cc. A 3% by wei ght aqueous slurry of Nortl?\g&“§9g§¥\4]%od
Kraft is made up in a conventional re-pulder. A 2% solution of the
tenporary wet strength resin (i.e., PAREZ[ err] 750 marketed by American
Cyanam d corporation of Stanford, CT) is added to the NSK stock pipe at a
rate of 0. PROBHEBEIQEXAMPLEe dry fibers. The NSK slurry is diluted to
about 0. 2% consistency at the fan punp. Second, a 3% by wei ght aqueous
slurry of Eucal yptus fibers is made up using a conventional re- pulper. A
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surface 22 i.ng layer 250 has a projected area equal to
about 35 pg?nsy?n Q%PF% ﬁmgct ed area of the web support appar atus 200.

The differencery,p J)ﬁi‘iﬂ'& H‘R tﬁ&?ﬂln! 260 and
the first feItTgur ace : ngpﬁéa bout E}ggg |nc 27 m méte WO
98/ 21407 2 = 100% Eucalyptus) are mtxed through the headbox and deposxt@tpptgsw / 21062
33 Fourdrinier wire to form a single-layer web of NSK ﬁbers and Eucalyptus fibers,

the Eucalyptus fibers being coated with debonder. Dewatering 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 110 machine-
direction and 95 cross-machine-direction monofilaments per inch, respectively.

The embryonic wet web is transferred from the Fourdrinier wire, at a fiber
consistency of about 10% at the point of transfer, to a web support apparatus 200
having a dewatering felt layer 220 and a photosensitive resin web patterning layer
250.

The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton
Mills of Appleton, Wisconsin. The web patterning layer 250 comprises
continuous web patterning layer 250 having about 69 bilaterally staggered, oval
shaped openings 270 per square inch of the web contacting surface 220. The web
patterning layer 250 has a projected area equal to about 35 percent of the
projected area of the web support apparatus 200. The difference in elevation
between the top web contacting surface 260 and the first felt surface 230 is about
0.005 inch (0.127 millimeter).
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Ten sanpl es, each neasuring about 2.54 by 5.1 centineters (I inch by 2

The web is converted to provide a two-ply bath tissue paper. Each ply of

the two-ply bath tissue paper can have a basis weight about 12.5 pounds per 3000
square feet, and contains about 0.2% by weight of the temporary wet strength
resin and about 0.1% by weight of the debonder. The resulting two-ply tissue
paper is soft, absorbent, and is suitable for use as a bath tissue.

ANALYTICAL PROCEDURES

Measurement of Thickness and Elevation of Paper Features:

The location of the plane 23 of the region 30, the thickness of the region 30
and the thickness of the region 50 are determined using photomicrographs of
microtomed cross-sections of the paper web. An example of such a
photomircrograph is shown in Figure 3, where the location of plane 23 is
indicated, along with the thickness P of region 50 and the thickness K of region
30.



i nch) are choosen randomy froma sheet or roll of tissue paper. If ten
sanpl es cannot be obtained froma single sheet, then additional: sheets made
under the S¥R282WA%itions (preferably the same parent roll) REHUS¥/218@.

M crotones for each sanple are made by st¥3pling each sanple onto a rigid
cardboard hol der. The cardboard holder is placed in a silicon nold. The
paper sanple is imrersed in a resin such as Merigraph phot opol yner

manuf act ur ed by Telersembles, edchcmeaSuging abpihte2.54 byus.¢ dehtmbrisd@Nidchey 2si n
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sufficient simglels pimedsed &b a déstn s Merigiaph phGtopelFRIeE maddfabhfdd “)he

vari ous regij,ons ofI t he paper web (e.g. 30 and 50) nay be accurate{/
reconst ruct ﬁr.cu}fﬁ’r "he enbodi nent described herein, slices havi ng a

t hi ckness of a Q i.cr i r.e t.aken om the snmoot h surface.
Miltiple sli cets}ﬂrxrgas. lg]rlgd:gll%rﬁet q{saéﬂtnhtglg r?% W’Hﬁ%ni@é‘?”ﬁ%ﬁoﬁ@" be
ascert ai nedfrom tbm%r:en mald.ePrier tedmmersionin photopolysenthe sahipiteisusarked oi | and
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m croscope an served at about 40X na _nl?l.ca i on. otom crographs are
taken al ongﬁ'ﬁgﬁa Y e,sa@ﬁdef?ﬁ‘@w REAnY isctHized i both tbe plpnayiew (ageFigurainged in
series to remdsafives séctiond vidwd .20 Figufe3)Sd1 th€ sandple of tHeGhdbeses and

el evati ons may be ascertained fromthe reconstructed profile, as

i | lustrated in Fhegsamepld, isvilaced insa anqued 8601 micoparonrRhsoM by GieOAfresieat i on of a
paper stru ] t ' f I n, Fi_gyr 1 and_. 2. The .t hi cknesses
are establ f%ﬁ%‘%l %Fwéﬁﬁe%%f{ahéﬁﬁﬁtgﬁg%ﬂkgfgﬁ The B ofl%éet P Sinner to
scan the pHemoned fiom aeh samples iro skicesh by phe mikiotorng uagh ai smeotpisatface fil e
format on gppesrgonal conputer. The Hewl ett Packard Scanning software is
DeskScan Il "version 1.6 . The scanner settings type is black and white

photo. The pat I\ isaffici&Rr bl ofN\HliceiNhe rethsvedr it heSanfél oOfifaf #d setting
i's WO 98/ 21407 .
PCT/ US97/ 2 13E9us regions of the paper web (e.g. 30 and 50) may be accurately reconstructed.

For the embodiment described herein, slices having a thickness of about 60

microns per slice are taken from the smooth surface. Multiple slices may be

required so that the thicknesses P and K may be ascertained.

A sample slice is mounted on a microscope slide using oil and a cover slip.
The slide and the sample are mounted in a light transmission microscope and
observed at about 40X magnification. Photomicrographs are taken along the
slice, and the individual photomicrographs are arranged in series to reconstruct
the profile of the slice. The thicknesses and elevations may be ascertained from
the reconstructed profile, as illustrated in Figure 3, which is a photomicrograph of
a cross-section of a paper structure of the type illustrated in Figures 1 and 2.

The thicknesses are established using Hewlett Packard ScanJet IIC color
flatbed scanner to scan the photomicrograph and store the photomicrograph in a
picture file format on a personal computer. The Hewlett Packard Scanning
software is DeskScan II version 1.6 . The scanner settings type is black and white
photo. The path is LaserWriter NT, NTX. The brightness and contrast setting is



35 125.- The'scaling is 100% The file is scanned and saved in a picture
file format gaiegnlyei Ntosh 11 G conputer. The picture file i SpepRReigth a
sui t abl e photo- i mgi ng software package ?5 CAD program such as Power Draw
version 6.0, available from Engi neered Software of North Carolina.
Referring to Figure 3, the thicknesses of the region 30 and 50 are

I ndicated b i : | {Hho | Feadi S, | d K .and espectively.
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30 adj acent tl]g ﬁ,ng:i on 50 ii %hethaver.a e ﬁ)f.th.e two di amaters mult 1 plied by
the above mEHTiEhatF28 bgmscriked ft °fﬁ%¥°§|8 Sing: Iyesugated is Arasn usmgithent ¢ he
regi on 50 i PowerRrawtsotftwage.aThediameter o€ thiocinde is labeledP. hettkicknek Ptdfe t wo
circl es havj ' : S ' ' . or_each of the ten -
sanpl es, eagﬁg%egizlﬁlr g%?%‘faﬁaﬁete?aﬁfis@feﬁmr?ﬁ |n('l::"ng$lrl e(redeg}' 5&3 ABPTPERS K8 het ween
rel atively fastarnéFheseale fastords the magnification af thei photdemicyegragh midtiplizdch case
where a rel By iheshigdiflbatifoftRdi on 30 is identified on each side of a
relfatively thicker region 50, the line representing plane 23 is drawn. If
this line igdadhékihdge).ne region 50 in at |east 25 percent of the
occurances, then the paper fromwhich the sanples where taken is said to
have rel ativel yNekt, akesmabesit oirsleslitmp e@ebe inscribd iplthe portions bEtHeskgiohvel Y

t hi cker regi el 0 e esent 1nvwention. For.instance, if the
ten sanpl esBG)pglegtﬁg'gglg%%g%en?ggnoﬁ ﬁrea&?‘g}’at iFeiamety S9! e?%ﬂf‘g?f’ 48 on

ei ther si delaéeled K.eThe thiekngss Kiof ity regiogi ¥hadjakent therregibe 5044 eei avetaget hi cker
regions 50 @ffe 8wb didntetéls nﬂllﬁ]{i’lﬁ‘ﬂ% th abb\e MbAiMnedsc égga[cfo?! ativel y thinner

region 30 if and only 1f the Tine“drawn representin ane 23 intersects

the the thi ckerTn@giga?e 0#Ghé Fegiin 5@ adfacdn? tRE rdgiéh 50 19 ficfea P drawetlg hace

Snoot hness: .. WD 21407
PCT/ US9 7/82 116%ezconnectmg tjhe centers of the two circles having the diameter K, as shown in

Figure 3.

For each of the ten samples, each occurance of a relatively thicker region 50
disposed between relatively thinner portions of a region 30 are investigated. For -
each case where a relatively thinner region 30 is identified on each side of a
relatively thicker region 50, the line representing plane 23 is drawn. If this line
intersects the region 50 in at least 25 percent of the occurances, then the paper
from which the samples where taken is said to have relatively thicker regions
disposed in the plane of the relatively thicker region, according to the present
invention. For instance, if the ten samples yield 50 occurances of a a relatively
thinner region 30 on either side of a relatively thicker region 50, then the
relatively thicker regions 50 are said to be disposed in the plane of the relatively
thinner region 30 if and only if the line drawn representing plane 23 intersects the
the thicker region 50 in at least 13 of the 50 occurances.

Surface Smoothness:



36 The surface snoot hness of a side of a paper web is rreaSt(Jred basedfupoE .
the nmethod fo ring physiol ogi cal surface snoothness (PSS): set fort

in the 1991“(‘51?@52@% onal Paper Physics Conference, TAPPI HUSYRA962
entitled "Methods for the Measurenent of 8fhe Mechani cal Propertles of

Ti ssue Paper” by Ampul ski et al. found at page 19, which article is

I ncorporated herein by reference. The PSS neasurenent as used herein is the
poi nt by point sthe serfzoepimdotitesy af asileas alpaper webds imeaﬁlhedébbwdeu;ﬁfnt i C| e.
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package, Wi ﬂmmeébémnmﬂf@gnwrrrs sel ected as the output spectrum An

out put 'spectrumis obtained for each of the 10 sanples. Each output
spectrumis therF¥npEpoies Astesting the paner samnles\afi thtpresent dnvention, thBYI EW

0. 000246, OnfR@B%or thedORhf, p@soﬁzaﬁubaweeaemwesgh&edf % tRESuR' eurg&kect ed to
imtate the srm t hin th Vglp the, facto 0039, 0.0077, 0
speci fied i PR gﬁog'é &&Efo g‘?%?"’??ﬂé“%@‘{iﬁ%’r"&ﬁﬂ After snoot hi ng,b each
f

Pl el o The val TRER) SR iotidt dipRORE Molh pains, GruRRE and fine) oAl ou i
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web. Si i | aPTogessinigedata fop the $9rt¥émlﬁ s@ﬂlﬂ‘ WEM@M@S@UM@C@V&W& paper
web can be freas NAidnall MestamieaishBeSAudtil i Texa§. OBhai muded's tGhRY i

hi gher val ue_of Surface SnoQ corr n re { ex ured side

of the papefRfEHe éjb “Pgle%F V\é‘p‘\igfd&e gﬁ%ﬁ*a% %H‘BBtvhne‘Qgg ule o1y 88 ondi ng

to the snDoLABrVIEinesoﬁWatd]mcbmgme mmetBAmp Spectrum Mag Vrms" selected as the
output spectrum. An output spectrum is obtained for each of the 10 samples.

- Each output spectrum is then smoothed using the following weight factors
in LABVIEW: 0.000246, 0.000485, 0.00756, 0.062997. These weight factors are
selected to imitate the smoothing provided by the factors 0.0039, 0.0077, .120, 1.0
specified in the above article for the SAS program.

After smoothing, each spectrum is filtered using the frequency filters
specified in the above article. The value of PSS, in microns, is then calculated as
described in the above mentioned article, for each individually filtered spectrum.
The Surface Smoothness of the side of a paper web is the average of the 10 PSS
values measured from the 10 samples taken from the same side of the paper web.
Similarly, the Surface Smoothness of the opposite side of the paper web can be
measured. The smoothness ratio is obtained by dividing the higher value of
Surface Smoothness, corresponding to the more textured side of the paper web, by
the lower value of Surface Smoothness, corresponding to the smoother side of the
paper web.
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37 Basis Weight: Basis weight is neasured according to the fqll.ow
procedure. WRBMIZ, to be neasured is conditioned at 71-75”85%ﬁ§%2€umz
Fahrenheit at 48 to 52 percent relative Hﬁhidity for a m ninmumof 2 hours.
The conditioned paper is cut to provide twelve sanples neasuring 3.5 inch
by 3.5 inch. The sanples are cut, six sanples at atinme, wth a suitable
pressure plate cutter, such as a Thwing- Al bert Al fa Hydraulic Pressure
Sanmpl e Cutter, Mdel 240-10. The two six sanple stacks are then conbi ned
into a 12 pB?“%Fﬁ@%“and conditioned for at |east 15 additional mnutes at

71 to 75 F and 48_tq 52tg§rcent hym di ty ﬁ stack is then wei ghed
on a calibrated aﬁ%ﬂ@‘("F f 1sBeasHLe acq‘HQmBéPgﬁ'cé P?‘Wrﬁﬁ‘?ﬂ%d in the sane

roomin which th werec di ti Qned. u bl e e.is eb
Sartorius Instru n‘%ﬁﬁ‘bg ?’ea% 1S CRB dl'ﬁ'izl Zi? sib@hf eWé‘lt d
grans of ahtbzsqueﬁceﬂt aelktivef irhiditp dorea mlmanim pf 2 hbansi rinxeaianditxeﬁe@baﬂe?

square inc The i t uni t area
o5 S not oSt gV VG sBbleR e RS kO 3-SR Sanfids 1€ o
using the fait] swisagplegata tiow, Wibiaghuitable pIstptqplatBamttexg gucins)a TheHpe x 144
sg i nch era X en:. pl or -
iy Bach E’gwklfﬁ(ﬁ?ﬁﬁ%?‘é‘g%%ﬁ%“ Sirhle p““@% Nﬁx‘e‘?“??  The ool V)

6. 48 Macr o-%83f @éﬁaclﬁarsrt ercedmbia ¢ inth@ Whp ndruom foatilgast | s

measur ed US1swddiﬂ1&1an>hﬁﬁa€yate71f@r75rremstagszd;sefc&%umdnﬂl scl osed in US.
Pat ent 4,469, 735, issued Sept. 4, 1984 to Trokhan, which patent is

I ncor por at ed her he 1D yly Etfiﬁ{ Bnhen “Btgﬂedlamstél;brated aimyﬁé’a{l bathdde. The

Fﬁ-er/ \9\337{52 g 38& 5’?&{1%& € m e sa%net po%mb?nsl ?llc\“\led'lg samp{es were condlgar\{édc.ied by

A suitable balance is made by Sartorius Instrument Company, Model A200S.
This weight is the weight in grams of a 12 ply stack of the paper, each ply having
an area of 12.25 square inches.

The basis weight of the paper web (the weight per unit area of a single
ply) is calculated in units of pounds per 3,000 square feet, using the following
equation:

Weight of 12 ply stack (grams) x 3000 x 144 sq inch per sq ft.
(453.6 gm/lb) x (12 plies) x (12.25 sq. in. per ply)

or simply: Basis Weight (1b/3,000 ft2) =
Weight of 12 ply stack (gm) x 6.48
Macro-Caliper or Dry Caliper:

The Macro-Caliper or dry caliper is measured using the procedure for
measuring dry caliper disclosed in U.S. Patent 4,469,735, issued Sept. 4, 1984 to
Trokhan, which patent is incorporated herein by reference.

Bulk Density:



Absor bent Capacity: The absorbent capacity of a web is neasured using- the.
Hori zontal Absorbative Capacity Test disclosed in above referenced U. S
Pat ent 4, 46%0988140%kasur enent of Wb support apparatus El evab¢HHS? :

el evation difference between the elevati 88 231 of the first felt surface
and the elevation 261 of the web contacting surface 260 i-s neasured using
the foll owi ng procedure. The web support apparatus is supported on a fl at
hori zontal sur fBaR Denbify isithe basis weighesfithegeb djrdded tycihe gvebfsvwmacko- A st yl us
having a circular contact surface of about 1.3 square mllinmeters and a
verti cal Ie“r?&?ﬁ“of about 3 mllineters is nounted on a Federal Products

di mensi oni ng gauge (nodel 432B-81 anplifier nodified for use with an

EMD- 4320 WL bre’akavvay probe) manufactured by the Federal Products Conpany
of Providengg., @h hand. The instrunent is calibrated by determ ning
the vol tage d?'fr renge etween two precision shinms of known thickness which

provide a kno a%yalbbmaga&ﬂ‘yemr\f;@o is MRsurad Lsid Hbﬁz&woed at an
el evation slight | ower

unrestrict etib W@Rﬁéﬂe CapagipeT %Stt9*58@“%&’9%’?@5%‘%#%‘13?Scéﬂe 3?75133 gl evation

of interest and | owered to nmake the neasurenent. The styl us exerts a

pressure of about 0.24 grans/square mllineter at the point of neasurenent.-
At | east t e maaesrg g made aﬁe el evation. The neasurenents at
each el evat FPUSFRERPE Y %e%‘pp & et ween the average val ues is

th | cul at ed
used to measur el Weﬁoﬂ&fg@r}%@%&égﬁ%ﬁd@% lon ¥, ﬁgfﬁ%?%g%%? Hde 2
in Figure lelevation 26 ofahaswab cantaeting gurfacer 360 i gmaasyrgsle usingbthe t followinghod
conpri si ng grBgedhtd PEhe Web RBupydrtlhpifarans ﬁ%gg&&ddééﬂﬂaﬁ h&ﬁhd?xftal ReARWRith it

fibers; prowdln a fqQram nqQus formn ., deppsi.ting
di spersi on ¥$b B 198 laysg i ?Q%PEWB‘?? ‘%égﬁ‘éﬁr%ﬁﬁ‘%ﬁguF@W‘?”éa%H%&e %U%PH% ng
an rne)rrbr yoni g3 angbax@fmilhﬁleﬁaﬁdﬂ&kv&ﬂ?éll length sfhaticue ﬁﬁnmmslas frmunteng ona.
menber [ avi.ng a fi
o ovi di ng. FRER Lpberdinenaiie sl (g CARELET aRPB REARA 5 Uk
first web cEiV(Dié}ZngVbbra‘akma)apmm) mfmnms:bby:dhc é’@dcmbl’mac@ompmefn a
difTerence gy e RifiacPRIaHAC N ThO Gndd tqg‘iaﬁﬁﬁ%dbgtggt&ﬁ%ﬂétth@gmltage

s les an t

surfaces i kness o nbryoni c ferrj ng t he

enbr yoni ¢ mffemenmbmeeeflmmsﬁm lms Rf kRave thickness whigh P&Vp%ﬁt own

appar at us elevation difference. The instrument is zeroed at an elevation slightly lower than the first
felt surface 230 to insure unrestricted travel of the stylus. The stylus is placed over the
elevation of interest and lowered to make the measurement. The stylus exerts a pressure
of about 0.24 grams/square millimeter at the point of measurement. At least three
measurements are made at each elevation. The measurements at each elevation are
averaged. The difference between the average values is the calculated to provide the
elevation difference. '

The same procedure is use& to measure the difference between elevations 1231
- and 261 illustrated in Figure 14B.



wherein the first surface of the web is supported on the first and second
web contacting surfaces of the web support apparatus; inparti
pr edet er m n@ﬂg?ﬁ%ﬁ“@:"rn to the first surface%é)f the web at a mﬁ&rlﬁswm %

consi st ency
of between about 10 and about 60 percent; ovi ding a heated drying

surface; transferring the web to the heated dryi ng sy{: a
consi stency of between about 20 and about 60 percent fﬂhﬁ & e ndy el?a

all the secoWhatas ¢labmeedis: t he web is positioned adj acﬁ ﬂﬂﬂmH% dryi ng
surface; and creeping the web fromthe heated drying LR} met hod
recited in claiml wherein the step of form ng an enbryonic web conprises

f ' nb ' i Si fib debondi. t. Th t hod
rocited n claiAmEtRIdtdPRERRS RPE e BORAHA] CHPERBENARwRlD compr | ses
the enbryoni ¢ veBrRUTHEEEENaS HPERIORRBRA RN 4 A mothod of

e enbryonic we [ ' 4. met hod o
formng a paper web.conprd.si ... provdi ng an aqueous di spersion
of papermaki ng fi %Vfélflg%r%gang'lg%%ﬂgrﬁﬁgﬁn?ﬁ%ﬁé form ng nenber; 40

depositing the a ) i i: f ' Lher : G MO
form ng nenber; gﬁhﬂgéﬂgﬁweg]ﬁ%fﬁﬁﬁﬂgﬂ%gﬁ?@gﬁ5&?@%@% on tge
f or ami nous forni ng namdmber, @nsn&m%mbhmgnéintﬁgrfacqmdﬁ senond sudacghd a
substantially snooth, macroscopically nmongpl anar second surface;, providing
a web support apPsViding H¥web SYPROThAPPATaEs V@E&eWE'brcfﬁ“i‘%F § comprisinges, first
g_o?]g acting _surfftce a_rwbba%cﬁmng suffcec it a&&édgﬂ wels Egmiﬁctigigfmﬂﬁbe, wherein the
ifference in elevation between the first and.secan ontactin
surfaces is |ess thafl ?fgn‘fﬂfl(?i\}w@g%n %?Wfﬁréﬁgn%ﬁ@ﬁisgcéﬁbvgq Yoﬁ%%ggyﬁaceg he
enbryoni ¢ web from t ielesothanitrecthickhessroif te emebriyenictwebt he web support
apparatus wherein the first surface of the web is supported on the first

and second web cpmvddingrachestedidnsng swfacehe web support apparatus; inparting
a predetermned pattern to the first surfa&g of the b while maintainipg

the second surf ad@ngferringthaembryenic web Soanihe {praminoysommingsperaher 4o the,
nonopl anar confi gur atsh?%brt Rppavatis Rderbid Gl Bt Sirficebfhe ebds spppsortedash the

the substantially s , ,qacrascopi cal l.y nonopl apar second face the web

adj acent the heat edngﬁ%aﬁ&sg‘fﬂnga‘fegfc%%‘fpﬁés %C%Mg Wﬁ%ﬁé’pﬂ%ﬁf%"g‘&fﬁi ng

surface; and imparting a predetermined pattern to the first surface of the web at a web
consistency of between about 10 and about 60 percent;

Bially

transferring the web to a heated drying surface at a web consistency of between
about 20 and about 60 percent, wherein substantially all the second surface
of the web is positioned adjacent the heated drying surface; and

creping the the web from the heated drying surface.

2. The method recited in Claim 1 wherein the step of forming an embryonic web
comprises forming an embryonic web comprising a fiber debonding agent.

3. The method recited in Claim 2 wherein the step of forming an embryonic web
comprises forming a multiple layer embryonic web, wherein an intermediate layer of the
embryonic web comprises the fiber debonding agent.

4. A method of forming a paper web comprising the steps of:
providing an aqueous dispersion of papermaking fibers;

providing a foraminous forming member;
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creping the web fromthe drying surface. 5. The nethod recited in claim4
wherein the step of TS asdige §8ni ¢ web conprises form ng an embryonic
web conpr iWPAS2E07| be l‘ B ﬂ ent. 6. The nethod recit BEFIUS¥3462m 5
wherein the step of f oni c 4eb conprises formng a nultiple

| ayer enbryonic web, wherein an internediate | ayer of the enmbryonic web

conpri ses the debonding agent. 7. A nethod of form ng a paper web
conprising the sfoerpingain enghrgonidiwet oftheapapennaking Sbers shahe framiioas foininyg

fibers; providing a fQqQramno f ] | I.tng .the aqueou

di spersi on of paperrra(lg?%é%#’l g%regl%ggb@gﬁ%ﬁ%gﬁfg’%%ﬁcg&nwﬁmualyﬂ
form ng an enbryoni c \seteotl, mapeseepicallyahonnpldnab secondrsutfaee; f or ami nous

form ng nmenber, the enbryonic web having a first surface_and a

substantial |y srigevidingnéarebsuippew apparatus hepingnmwebdaeing sider amaprising disstli ng
a web support apparat yeehhahdtting swihkcd @sd BSesdridewen Bhiastidld sidrdca! whEflin

contacting surface and a,second,wep contacting sufface, erein a

difference in el evati &b 7 in glevationshetwpen the Lystiandesscendh web coplgeting
surfaces is |ess than stufsces iy lesothars thefthickgess Gbthe@riteyB®weby Ovi di ng a
vacuum pressure roll; transferring the enbryonic web fromthe foram nous

form ng nenber tpovidmgrevacauppoessureyply at us; provi ding a heated drying
surface; directing the web and the web support apparatus between the vacuum
pressure rol | armovidingeheated diyingsyrfaass f ace, wherein the first web face is
posi tioned agai nst the web support apparatus and the substantially snpoth,
macr oscopi cal | y trAssteping she embryeaicr wele fiam tthe foraminepspfeemingomembar 40 thet t he

heat ed drying surfacqve@MPMQb?gImg;he web support apparatus is positioned
adj acent the vacuum pressure roll; adhering the second face of the web to

the heated dryi nijrestitig dteewelbslaid i wels suggorDapgahtudbétiveen tiey vatgumUpressess  and
2 m 7ot urther _conpriebid MEHsata drhing durtile GhGeirting R ARG 1s pPARAS, o
directing the steam iagainst tbe wobb bappor apparatuspand thier ewbstantially esmedsh,
betheen the vacuum praasuicBpioalty mdifpiafie AL thE Webiis baGifioned aghfiS

nmethod recited in clalm.g@8 | ppor.t apparatu corrpri .
dewatering felt the heated drying surface, and wherein the web support apparauts is

positioned adjacent the vacuum pressure roll;
adhering the second face of the web to the drying surface;
drying the web on the heated drying surface; and
creping the web from the drying surface.
5. The method recited in Claim 4 further comprising the steps of:
providing a source of steam; and

directing the steam into the web before the step of directing the web between
the vacuum pressure roll and the heated drying surface.

6.  The method recited in Claim 1, 2, 3, 4 or 5 wherein the web support apparatus
comprises a dewatering felt layer, and wherein the difference in elevation between
the first and second web contacting surfaces of the web support apparatus is less
than about 6.0 mils.

7. The method recited in Claim 6 wherein the difference in elevation between the
first and second web contacting surfaces is less than about 2.0 mils.

8. A web support apparatus for us in méking a paper web, the web support
apparatus comprising a dewatering felt layer and a photosensitive resin layer disposed on
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| ayer, -and wherein the difference in elevation between the first and second
web cont act"ylaggﬁﬁfﬁaces of the web support apparatus is |esspthagonpgsd 6.0
mls. 10. The nethod recited in claim9 wh Eei n the difference in:elevation
between the first and second web contacti ng surfaces is | ess than about 2.0
mls. 42 11. The method recited in claim9 wherein the step of formng
an enbryonic web conprises formng.a enbr%/o_ni c. web conprising a fiber
debondi ng agethe dewstering deltlayers whetsin the dewateging felt lnyer gammprises 8 festayedy of
form ng an endynygfing sifices SRl ®e theoplivtoxensitive/tesindhPer cOMPrs@DECORd FebeD,
\g;::]f I nan néo%%a%%glg %ﬁ&acle?Xr?J wgére{nhtﬁe a{}?errgr%glig e%gﬁo%%%legne e?’u&%gg Qgclog

' web contacting surfaces is less than about 6.0 mils.

9. The web support apparatus of Claim 8 wherein the difference in elevation
between the first and second web contacting surfaces is less than about 2.0 mils.
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