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PAPER WEB HAVI NG BOTH BULK AND SMOOTHNESS FI ELD OF THE | NVENTI ON The
present iwpeskisap relates to a paper structure, and nore pEREET/WSTA0Y to a
ti ssue paper web having both bul k and shoot hness, and to a nethod for
maki ng such a tissue paper web. BACKGROUND OF THE | NVENTI ON Paper
structures, such as toilet tissue, paper towels, and facial tissue, are

wi dely used t hr oughARER WIEB hH#®/ IAIGI BOTHI BULK AMDISMOOTHPIESShave been nade
to make such tissue products nore consuner preferred. One approach to
provi di ng consuner preferred tissue products having bulk and flexibility is
illustrated in U S. Patent 3,994,771 issued Novenber 30, 1976 to Morgan et
al, which patent is incorpor AIELDQFIHE BYyVERTEOMhce. | nproved bul k and
flexibility may al so be provided through bilaterally staggered conpressed
and unconpr ededressabinventionsiglales tork Paper stpaateng: angd more reodculartyy ol aNtsswsh 4,
1980 to Bﬁg&%ﬁb hi$ihg BolPbEIR anl SMdYHRO AHAE 1REERLA f&ymaghg G %Jis@t’i@t her
approach”t©o naking trssue products nore consuner preferred I's to dry the
paper st PABIW@-t o i npart greater bulk, tensile strength, and burst

strength to the tissue pr f ructures made in this

manner are illustrated mB%%@éaﬁngﬁ%%@@ﬁ@ﬁd January 20, 1987 to

Tr okhan, whi atent is incorporated herein by.reference. U S. patent

o 657 850" snoAREERrurS i8S SRS G H Ghapet 1ot Al BREF tasrer HeCRBe

cont i nuousechtirowghiont thechdme amt drdustrit ddarjeattsnmpth haveebeenemade to fHake such

conti nuokﬁgsd%?r?@clfsﬁﬁfbﬁ{ngﬁrh refefeRot h, while the relatively thicker dones
e softness and absor

can provi ency. One di sadvantage of the papermaki ng

et hod di Scl Tl fpebhch tof3bRlng eSS BrétEm D ileud UG SHE I DIRDERAD e

rel atively energy_ 1 ntensi, nd "expensi ve, an p I VO use
of t hr oudBxiRility ds Hlustyated in Pheriatent 3, 3¢l i wedtwemseﬁ@él?ﬁﬁ 0 MMqrgawy et
di scl osed], ivhith Patedt BIdcoipSratedheléin by ef@éhod! tThpreeaatlk hid fBLIbARS ehhyat

whi ch t he b can. i nal | ri.ed on the Yankee ,dryer drum_ This

T tat 1 BRI SRBGRA ¢ °8ggté”ﬁa@éa}ﬁ'affa$%ea§f R K O A M SR
to the wshova iinrUsSo Ratents4,£91,609 tissecdviVMatch 4,hE)80atk deokdan,mwhich patent cul ar

t he disc [ in US 4,637,859 nmay not be dried as

ef fici en?ﬁ%ﬁoogagﬁge%ﬁ%lé&%? eré:ce as is the continuous network described in
u S WO 9

PCT/ US97/ 210 ) ) o
paper structure to impart greater bulk, tensile strength, and burst strength to the tissue

%Z@%ﬁé@ %pproach to making tissue products more consumer preferred is to dry the

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 as is the continuous network described in U.S.



2 4,637,859. Accordingly, for a given consistency |evel and basis weight,
the speed at which the Yankee drum can be operated is limted. The

f ol | owi ngygpeiseat i ons show addi tional methods for maki ng rcmesserioseb and
are incorporated herein by reference: W 95/17548 published June 29, 1995
in the nane of Anmpul ski et al. and having a Decenber 20, 1993 US priority
date; WD 96/00812 published January 11, 1996 in the name of Trokhan et al.

and havi 4193713 5}91 ngc(%‘,:ldmé@fgrq g?venoé dn@fstehy %%Fand%s@ AR Lfte %{% shed

January 11, han an aving a June 29, prlorlty
dat e; U\slncbéheemrﬂ@esiwn@e@bmgmfe selmiaber 17, 1996 to Trokhan et al.

P L8 R T e R LRGN
el ast omedré mé:qulata@hef&treby felfaemnnh'awwmrpfuanﬁ?ddﬁném lsgsﬁtthbagfxﬁger in
Bondt ne. dh P JE g ReiR ariGeBbenst 3060 0% Aty BB) WLEMDSE 116

pr oduct i publisieselsuargddj 1 9¥nialthenaméef ékddtamcball. andhaviigg Juret29; 19294 nay

d f |
i, 55 SRR O s A e A R
rel at i velaying glune 28e 194 mm’ltltdhﬁ@eﬁts datent §,5p6.89% muqskﬁwrcemhmdé #96¢d, can

then be BERRSSQAL! ShdoBld. Pattnt 584950 m@ﬁeamgﬂs@ﬁm@@sté PRagracr o-cal i per of
the web. For exanple, enbossed patterns forned i’n fissue paper products

abossi g, or ﬁé‘f Seatyare s;mh”;w"bf?? e A B e (0

t he papéi? r?gl‘%? aié)?ﬁ Ling surf %ﬁépk%’lﬁﬁéﬁtt‘?@g‘e&n ?H@P%Pr ucture. In
parti cuISnt:h aemttbed; haxgthe dikadeahtggzpbat applicatios off tesbdadingsmdtetialeean e bers in
the celly éél& e§%§n‘§s} Lﬁrnﬁ dxfﬁl#.nﬁ tﬁbéﬂt@ta{ gﬂadﬁ&f 'ﬁbsiye?cﬁc "&%?tmtngﬂ%ﬁwds are

f or med zfn upon ous s urty er drying

t he papelastameris pedmmtwgal maﬂép@lmdhmsothﬁncmef theaveb. of the paper

structure by enbossing breaks fiber to fiber bonds. Breaking bonds results

in reduced tdrenveatiensl Lissyierpaper made by Pressingpayebavit onger, mere pressi feltoin

enbossi NGpieSs hitPLAPbé Ynddien® rolfatifély Ofi g0 ispede.f Tﬁéecdilﬁlbzﬁﬂ)nﬁﬂj?%es\éétb dpepm t he

dryi ng drum my E‘gboss ng, aft ﬁr %eplrtltg % de:t? t the cr aEwpa'iﬁpern

i mpar t e 1AL GRBAPCIRRS SR ST ORA LS Y F?IBFTF?HB s 3UPELT g

pattern thmwsbnﬁquamplesembostsbdapmdmmmedmmssue\gam pmduelscalfuengnettismecr epi ng
attern. iJabl & because the crepin attern inproves

i e e 'sts & ce

the sof P i ed web. Scienti sts and engi neers in

the paper makifge R (entddShk P& Eé& %ﬁﬁééi B%n alB&d9
soft, styong, and absor beft tlessﬁe ig % dr| ed fgll'm ent ly at
r educed 8% paPRIestructure at the expense of other properties of the structure. In part1cu ar,

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 sofiness and flexibility of the dried web. '

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 efficiently
at reduced expense.
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3 Accordingly, one object of the present invention is to provide a paper
web and nwioesrei40er neking a nmulti-regi on paper web whi ch alplcayggeehidshve! v
faster drying with relatively | ower eneggy and expense. Anot her object of
the present inventionis to provide a nethod for making a nulti- region
paper which can be forned on an existing paper machi ne (conventional or

t hrough air dryi L hout the need for substanti al :

nodi fi-cation o °?‘%‘e‘ﬁ’§§§t§’?‘ﬁaﬂt§3’%@%ﬁ1?fﬁ§9m M‘(ﬁ“ﬁ&‘ 151 BOVIdsra PRREr pivek end

i nvent i ormethod dopmalungea myjtrpegionwpepemetetredhicicaliow refatively fast@redi9ingfith wher e

the web hagd ly'lﬁ@éx%erfe}“% QlJé)%ESé}t , honenbossed regi ons distingui shabl e by
the fol[Bw ng pro

one or nore o pérties: thickness, elevation, density, and
basi s wei ght. ARehbesbieiot®e prosenfineRds hod of, .maki ng
t he paper web where ,t{je vt\)gb ehIsasS anlen a‘?\,cgsée‘baﬁﬁg -c%*igg’é’??gﬁ'ﬁ%“gé‘ﬁ%‘?%, and
absor bentc819p £aPerWhich ganybe formed 0Bjap existing paper machined penvestional we throsgtpot h
opposi t e airedr§ingt dapalsilivy) Pwithdtithenddd for SRtaREPAbAiRE S F?e% gLt ness
desired b cgl?nsgfmgrs gyt) paper products. Anotlher olblj eg{hoofméﬁa prgglgt

i nvent i of%&M% provi de a paper web and nmethod of maki ng the paper web

wh th b j . ral |y f f . bi.ndi terials, h

ol st orer i o bi SN SRERPF epreseh BENiRR S oy Eatharer en et msang for
SUMVARY @RekitgEa papeeeborhert the wetehas atieasbivar differeng nonembosted sqpgsnsneb havi ng
first : ' ' aerei.n, th f. Dot h
ratio 3?%%%%2‘%3%@2 B9 pht Bt ookt e OSNRE Hope i ThBACHE AVatchcoentRy
wher ei n @n@ bagis Weight.ur f aces of the web is relativel y snoot h and unt ext ured

with a surface snpothness val ue_é)f | ess than about 900. Accordingly, the
web has suffi EIRatheripRisctipfo prayide g papadwel apd methodeef making the papérwely

snmoot h, whiefxthervesh kdsrdncenbandddrimlip E:ﬂg;ibi',aﬁillk/ denhdit, and ﬁ&ﬁﬁae‘ﬁﬂgﬂamf Mt AL1 0
2 ater than

of the weh is.greater,than _abouf. 1. ven nor referably gre

about 1. Ft P pRfGeRr i3 nd Felively Sminoll Spaeie dysutherty prowRipa bn the

pr ef er abpsopgrtiestof bulkand soffivess desitéd by comsomeendfqapereprbdudthie paper web has a
bul k density of |ess than about 0.12 grans per cubic neter, and nore
preferably | edsnothesebiesboef the presentriaventionr is¢o pravideet paper Web apd pesthotsdf can

have an laRRIHBE basRRAD Jaﬂgreftheawkleﬁ Raabstadily £ FiEASHARals, such as

elastomeric binding materials, which adversly affect the absorbency.

SUMMARY OF THE INVENTION

The invention comprises a wetlaid paper web having first and second oppositely
facing surfaces, wherein the surface smoothness ratio of opposite surfaces of the web is
greater than about 1.15, and wherein one of the surfaces of the web is relatively smooth
and untextured with a surface smoothness value of less than about 900. Accordingly, the

web has sufficient bulk for its intended purpose, yet has a relatively smooth, untextured
surface.

More preferably, the surface smoothness ratio of the web is 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.

In one embodiment, the paper web has a bulk density of less than about 0.12 grams
per cubic meter, and more preferably less than about 0.10 grams per cubic meter. The
paper web can have an absorbent capacity of at least about 20 grams/gram.

Ld
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4 One surface of the web can have a surface snoot hness val ue of |ess than
about 850woBse14mpositely facing surface of the web can hai‘&'rﬁ.‘)s J,)hfo?&e
snoot hness val ue of at | east about 900, and nore preferably at Teast about
1000. Accordingly, the paper web can have a relatively snooth surface

w t hout sacrificing bulk and absorbency. In one enbodi nent, the paper web
conprises a relatively thinner, continuous network regi on_whi ch can have a

rel ativel y hipe sfeseof theneberap havala supfage smoothoesseyajug pf ieethas 2haubt e

regi ons ghes Uﬁﬁ&@pbofsgélsufgétiﬁg&uﬂme df@?ﬁ ?ﬁwwh&ta’mcé %b&ﬂﬁes-g@ﬁhﬂ'o?caf eé e
regions are dis ed | n-the plane c nyous .networ k regi on, and can
have a dlé?r‘éiagwl%ﬁlac?f“* @ofe(ﬁ%ﬁrﬁ%ﬁtolf?ﬁtag%‘ft%hg' %‘t?ﬁ?rfj' dhe pa Y"EQ F&%Yi on.
Each r el v \satlatively ckootidsisface ithbetsaonificiag tark andhlsoffentyrast one di screte
densified region. The paper web can have a basis wei ght of between about 7
and about 70 Dr ams epdbodiupndr thenpaper webnebmpnisgs rao rejativiepye thimfer atontidmstis about
0.1 mMm a t ; . e . uring
the 1 el Seftf WhterPlar B3 SRl nia Bengliys ol B IRAIAE of PRRTLY ' O
a web, tthiskpu|discerse segipns fdispersed, thapughont the) contieuonsoestwarks segion.i oThe e
descri befshgl Q¥pioh¥atdidpbséd \nthe plabe BROE dinyiis xﬁ:t\]'vzg}‘ﬁ re?S&,' {.rid%fx 'Have

concl udes wth cl,aflms articul ar q)i_nﬁm nting out an Istinctly clarmng the
present 4 ARSHY; WRch i, JOWer ABaR ithat ofithe cpRUnIoNs etwaTk drgipo d Epeth pslatinely

f ol | owi nHicHesdisdrpeiregioh sk endirtlecatigasnond discréfetdensified agpssaci at ed drawi ngs, in
which |like elenents are designated by the sanme reference nuneral, and:
Figure 1 is Eheppaper webwan hhvesd basis weight of betrween shous (rahd abowtf 70egrame per
structur ' ' 'S ' [ aper

St uot ur RIS B s BT Maptiboll 613050 B plefikally o Thost AlECPET
a pl ural0.2 ymf procgdsirgs fomimsasyringiths dhickress of p aegionlithpmaswdcalipeneighout
the contydy Qs bakgs Weidht GFG Wb, th BUlkdehsity of aCWES SndGRE bRl dnldodgfesat i on

of the paper sjrugture of Figure 1 taken along lines 2-2 in Figure 1 and
showi ng fafR estribr8 BElIOW cker, discrete regions disposed in the plane of
the continuous network region. Figure 3 is a photom crograph of a
cross-section of a paper structure of the type illustrated in Figures 1 and

2. Figure 4 is a photogr gﬁﬁséhﬁ@%ﬁyﬁnﬁlﬁiﬁﬁﬂﬁsa paper structure of
| and 2. o

the type illustrated in gures _
While the Specification concludes with claims particularly pointing out and

distinctly claiming the present invention, the invention will be better understood from the
following description taken in conjunction with the associated drawings, in which like
elements are designated by the same reference numeral, and:

Figure 1 is a plan view illustration of the first surface of a paper structure according
to one embodiment of the present invention, the paper structure having a first,
relatively thinner continuous network regidn and a plurality of relatively
thicker, discrete regions dispersed throughout the continuous network region.

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 | and 2.

Figure 4 is a photograph of the first surface of a paper structure of the type
illustrated in Figures 1 and 2.
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5 Figure 5 i.s a photograph of the second surface of a paper structure of
the typewdbssisgsted in Figures 1 and 2. Figure 6 i s a croBCSFUSEVI1060a
illustration of prior art paper of thestype shown in US patent 4,637, 859.
Figure 7A is a photornicrograph 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 VAT [ n , R | pl an
vi ew of the g{gr%?gsl%ddgs %(?th?’\ﬁgh pdantgfg s\%%n%o%ur%cgS)Eeaégg%elr:isgg%%é\ﬁitﬁséSaﬁ’gI an

view il ustrati oHlustated iy Flgdrestlad%r use in naking a paper web of the type

illustrated | .n Figyres 1 and, 2, e apparatus conprisjng a dewateryi felt
| ayer and a r‘bgt“i 8 Crssgeqtiopal ’Ili?’é‘irﬁ ‘B@W%ﬁ&%%ﬁh%dyvfe? OWr'a%ﬁ and
having a conti nupatent¥;63M839.web contacting top surface. Figure 8B is a
cross-sectional 1llustration of the apparatus of Figure 8A taken al ong
lines 8B in Figure 8A. Figure 8Cis a plan view illustration of an
apparatus conprising a dewatering felt layer and a web patterning |ayer,
the web pat t FigiragAliagphotomipnogephgf dicsessetetionsdf aqmpermweb of tuypaces.

Figure 9A is an ilgmzﬁgﬁrbggg tgggq{ggg_machi ne for making a paper web with

t he apparatus of Figure gure 9B is an illustration showi ng a

paper web ”Pﬁgﬁ@?ﬁ‘?@a?&n@&n%eﬂé gheor ahays 'ébdiitﬂygﬁe% &eimrsggdaerﬁaper

web having a st _surface confornmed to the apparatus and a seco
substantial ly snt&8h838 f ace. Fi gure 9Cis an illustration of a paper web

on t he appar gt us own in Figu 8B bej arried between vacuum pressure
roll and a Ygﬁgﬁéfe? F%ﬁﬂ@ﬁ?ﬁ?fﬁei%ﬂ&g’f&ﬁR@FEWF‘E)O%I?’@“W%%t surface of
t he paper web and to adhere the second surface of the paper web to the
Yankee drum WD 98/ 21409
PCT/ Us97/ Zloﬁl%upe 8A is a plan view illustration of an apparatus for use in making a paper web
of the type illustrated in Figures 1 and 2, the apparatus comprising a’
dewatering felt layer and a web patterning layer joined to the dewatering felt
layer and having a continuous network web contacting top surface,

Figure 8B is a cross-sectional illustration of the épparams of Figure 8A taken along
lines 8B in Figure 8A.

Figure 8C is a plan view illustration of an apparatus comprising a dewatering
felt layer and a web pattemning layer, the web patterning layer comprising
discrete web contacting surfaces. '

Figure 9A is an illustration of a papermachine for making a paper web with the
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
1mpart a pattern to the first surface of the paper web and to adhere the second
surface of the paper webto the Yankee drum.

[



Figure 9D is an illustration of a cross-section of a two ply tissue
conprising two webs of the type shown in Figure 2, with the relatively
snmoot her \ypegRgsur f aces of the webs facing outwardly. Fi gpegusdriteecd
cross-sectional 1llustration of a papeg web nmade according to an
alternative enbodi nent of the present invention and showi ng relatively

t hi cker, discrete regions disposed in the plane of the continous network
regi on, and ' el t Lo | &Gl : re.dj e
Gensi 1 cd ol et OB, EIRNLRELR ¢t  SOCRcRRE of 5 6%, M) tsble BREHERRT
paper structure ®fbs of the tepe shaver imFigire 2, Prituths mwiativelygsmeother second
phot ogr aph of th§u§f&c@§5f§x@ﬂ§e¥§?a&ﬁ%§utﬂéﬂﬁ§. structure of the type

illustrated in Figure 10. Figure 13 1s a photograph of the second surface

of a paper s¥igued Y0Ss QY clobfsdcyiBall filubtedtiont 80a ipdpdr Gb% aki: acEbi@itCtol 4 IS a

plan view illustration of %n %P%ﬁra}l s for use 1n, nmaking,a paper \(\@S of the
type ill ustrat ed2iemaivs, RO PlaBisa Pt E’Hﬁ‘ﬂﬂqns?ﬂg showng pelativeini ng

|l ayer joined to fhicier distte regitmmt disposeddinothewplaad Jfi thareonatifious-netwoek 14B i s

- ' | il ion of th f._ Fi 14. Fi 15A
an’ i [Tustrati on B A St ach s B, Veliol pibyies ls” of o 8% ar ot us

of Figures 14A adehsifidd regiogure 15B is an illustrati on showi ng a paper web
transferred to the apparatus shown in Figure 14B to form a paper web having
a first sur fBigurecHnis arphetbmigrogrmphafparesserectiomiofa papensiticudst anti al | y
snoot h surface. oﬁlﬂg?ﬁeﬂﬁgritédgﬂ:ii ldeUgj. ration of a paper web on the

el r%g

apparatus shown in gure 14B carried between a pressure roll and a
Yankee dryi npigfitdiNpt £ photatdphdoPdid Firdt iRfabd ffd I PhpUsthRefe Aff thBeypaper

web and to adherﬁ t he éecgn smface of the paper web to the Yankeé& drum
Figure 16 is a chiysated g 10 | ustration of a paper web nade accordi ng

to one enbodinent .of. th resent.j.nvention, .wherein the h copri ses
Ul tipl o i bR S s 2 Rhotgihl, of, the Seond RFTACE A Paper GEgRrS Qs yPe
PCTI US97/ 21060 7ilbsfFated BDFiRESCH. PTI ON OF THE | NVENTI ON

Figure 14A is a plan view illustration of an apparatus for use in making a paper web
of the type illustrated in Figure 10, the apparatus comprising a web
patterning layer joined to foraminous element formed of woven filaments.

Figure 14B is a cross-sectional illustration of the apparatus of Figure 14.

Figure 15A is an illustration of a papermachine for making a paper web with the
apparatus of Figures 14A and 14B.

Figure 15B is an illustration showing a paper web transferred to the apparatus
shown in Figure 14B to form a paper web having a first surface conformed to
the apparatus and a second substantially smooth surface.

Figure 15C is an illustration of a paper web on the apparatus shown in Figure 14B
being carried between a 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 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.



Figures 1-2 illustrate a paper web 20 made according to one enbodi nent of
the present -invention, and Figures 3-5 are photographs of a paper structure
of the tyWe9osRI4strated in Figures 1 and 2. For conpari sonrﬁﬁpg 60
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 enbodi nent of the present

I nvention conprises a relatively thinner region and a relatively thicker .
regi on, wherein the r BETAILEDYDESCREKRTION GFORHEINVENTION! i n the plane of °
the relatively thinner region. The paper web is wetlaid, and can be

subst anti al | YFigurese 1 €f ilbisirate rrbpapenovebs20 nRéeaceordipg tooorf eubedimentef thee

el ) . f g ,
Febpect | grront fiyehtirs el FigRRRCTE ARRAGEuhy B b oheSt SricEreer Bl |
net wor k ildupiigted3p Figuses dgand 2.hi Erheemsparisongvapases, Eigomee Spand: 7A1C sltow e

surface gapé}%i%ﬂtﬂaqlp%eg&mk@ﬁh@Os.iﬁté;@ajsav,%tsgﬂ 32, and the portion of the
surface 24 bordering fegion 30 is designated 34. The web 20 al so includes a

plu { ality of 'ITth€| ﬁef(ﬂeyabeb Trﬁﬁggkéti_’lgﬁfcﬁﬂé lctatsmﬁofﬂiblsﬁm@edaft ﬂh@@p&ﬁE@igB in‘ﬁ&ﬁion |
continuous networKk regi pn 30. The.relative cker, regi ons ave a
t hi cknes SORBEFEn At ?&m‘%f’g’aﬁlﬁmé?& L5 At ?h@ya%’lYP#yaﬁ'@d?E 1oy, VREIED; H§ous

net wor k elgtively Stickerhregioaris idisposdd irh ¢éhesplaha of ti2rebmiveiyr thivghet regiogiThes 50

i s designated 52 th t. O : borderin he regions 50
< doei gRarEads Milald i Pl e SandalS SO oy (i Releand °

Pr ef er abFjgureshk-5y thei papef web R0j kas first anwkssecamb appositely fReihg sniface 2baid 2dire 3,

P can be u a&gn : t BHI%HIG . K
can be | é%@“%‘ﬁ%?‘a?ﬁ%t b%ﬁé”éngnmf)an %S?ée?{)?%%%e bl lﬁ?e;tésc t han ugb%g\?ﬁ%‘- 20
nm The tegien Addavinga thicknessedgsignatrd kindherporiipnsef é@ surface) 24 bordexing thecker

regi ons RQiGRBobRtdesiRated 325 hat A gRrtis 6D taS si¥ace ! 2P boMerih® rEgion®Sisl- 2,
t he crepa I dge‘f ff the conti nuous network regi on are desi gnated by nuneral
35, and &% Ha generally cross- machine direction. Simlarly, the

di , | ati vel | ck ' .50 . ). f . d,t.o h

crope 1 dges. a8e SRR2G A HRhOEE RBRRIT R PR AY Girke R B IO AR oy "hl o

densi ty, thraughesit tisi coatihyousmetypdrinegion 3t iThacelstively thicker regipnsrfOdfave he t ype

i scl oSehibihekt Sesidrledl¥, aid 83tind Bdm HRSHBLAL SahY oS ndiGRHORBIGN0 Can
ow te e bl at

be rel atlvelfa}% /densit'y, and_can_b erally staggered, as scl osed
in U S p8tdhe partoppighnsurfass ey bprdering thetegions 80ys desigarie SXagddhe 50 are

not dorm?oﬁifontdf%é tRfice DA BBrdefin/tie refRne 5D idtddighaftdS4. The\hicRE¥ss P499

PCT/ US97 grze:%l?e:fx§ (t)ha% the thickness K. Preferably, the ratio of P/K is at least about 1.5. Referring

to Figure 3, P can be at least about 0.3 mm, and preferably' at least about 0.40 mm. K can

be less than about 0.25 mm, and more preferably less than about 0.20 mm.

The continuous network region 30 and the discrete, relatively thicker regions 50
can both be foreshortened, such as by creping. In Figures 1-2, the crepe ridges of the
continuous network region are designated by numeral 35, and extend in a generally cross-
machine direction. Similarly, the discrete, relatively thicker regions 50 can also be
foreshortened to have crepe ridges 55.

The continuous network region 30 can be a relatively high density,

" macroscopically monoplanar continuous network region of the type disclosed in U.S.
Patent 4,637,859. The relatively thicker regions 50 can be relatively low density, and
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 rel atively thicker regions 50 are disposed in the plane of the

conti nuous network region 30. The el evation of the plane of the network
regi on 3Qudhogprtenatically illustrated by surface 23 (appe@Tsussszaoebi ne in
Figure 2). Surface 23 is positioned m gway between the surfaces 32 and 34.

Wil e the plane of the network 30 Is illustrated as being flat in Figure 2,
it wll be understood that the "plane of the network 30" can conprise a
surface 23 hemery@}( wrez\yammer rﬁgmw%opé}rea&leposqasla%sdqm Bh%@' lm‘ the
cont i nuous netvvor region ativel er regi on

50 i ncl u@ekvosk segien 8f- th elﬁmtw@ ofghe planewé t@maetweﬂbwgtone?%\srsph%atz:s Y As

shown i n jiiserdted b3 sufabO23 (PPedt ada lid TEEFRSY] Sirfa& Bk poslomlanmwsy
i magi nary line 2 The portion of the region 50 extending along the

| magi nar ‘be’dvdvd&ﬁ ﬂi’eﬁsur&c@b 3pasiess. biWHileabo prnabd tHealeaworki30 isiluk@gred 2sbeiagch

that the | sect o} h .t he LS above .t he
surface §l§ g‘gf‘“ﬁ?e’ ﬂtwéfl%)g&nfl' 5%8#%5’%31’1 ?1‘8“328?%6 ‘C"(‘P{g%&%esm@ﬂs‘?e bel ow
the surf sudac2@3 hevingureaaker e for neasuring the thicknesses P and K, and
the procedure for determning the location of the surface 23 to deternine

if the regi oBySmelmuztﬁs'}dmesbdl in thbelgieasfethofcontinuous gieomork regior s itrisbed
bel ow un I r tgqt he
paper we %‘%??;*%eﬁgak @4‘:55{‘2%“}’926 lﬁ‘ﬂgdé £ PO et O ol e
Figure 6! elméxn agR o4 0A8 ghown Us Fignre tazpoeson g6y thigkss segior SApxtends

[J elsat ; vtehbbng%qﬁe m&%ﬁlhﬁ’é\% dfrﬁegsﬁﬁnldfth@egmxﬂmeﬁémﬁng 81dh{; MO ghRirpO
a

di,scl oses’,do conti nuous etmnrk
I'n F 1% ispose a’BFhe Rt aﬁflg ﬂ?g*f‘ba. E&B%‘ggilsﬁ Aptersgetiqnof tﬂét wor k
3_3. |nséI ﬁﬁdzs a\ﬁtlﬂhe\mfacm i igabevetthe hingadeWnF dstie iraaee6 cxbnﬁﬂﬁxedﬁm ﬁrﬁhlh S f
| spose ove t epicted in Figure ot om crogra of a
papgr vve Sf’r@e?f ﬁﬁkﬁsﬁ?g&ﬁﬁ Uus. 4, 63% 859 is shgwn in Fi ggrep7A
and the Oppo%éeﬂd&édlﬂfé ’?Qr %Q&&ﬁxﬁsm%f thgcgﬁlg?]s@sﬁﬁ g&ﬂ%@ﬁ& E g&éﬂ eNgdrl gur es

7B and 7C. Accor ures 1 can have

the stref gpmmﬂempgecaapnpﬁ&wﬁﬁacm%t&dﬁm¢ K thegqgm Hpis dlwe%mk e

density, prRerst &Rl heBfin 300807 R8EMEdAPEloWOTARR SMERERNhE of eTHIMERsS 26 t he
relative t hi cker regions 50, yet have a relatively snmooth surface 24 as

conpar ed "’G’B er of the type illustrated in US 4,637,859. In particul ar,

t he paper we ve surf S ngss I L &r about
1.15, nore p?xé VhtgFgg?%’rW%n@HStg%S‘ijf El Salt g’e‘ﬁgﬁé%@e ﬂ%ﬁg%reater
t han aboint Figugs6, whichlis disclosgd of UStatent g;@at&é@ tlbesmnad thewt relatd@ly thckempst
pref er ablapi H&flfsed in the plane of a continuous network. U.S. Patent 4,637,859 discloses

domes 84 dispersed in a continuous network 83. In Figure 6, the domes 84 are not

disposed in the plane of the network 83. Instead, as shown in Figure 6, the lower surface
of the domes 84 is disposed above the surface 23 depicted in Figure 6. A
photomicrograph of a paper web of the type disclosed in U.S. 4,637,859 is shown in
Figure 7A, and the oppositely facing surfaces of such a paper web are shown in Figures
7B and 7C.

Accordingly, the paper web 20 shown in Figures 1 and 2 can have the strength
_ benefits of the continuous network region 30, the bulk density, macro-caliper, absorbency
and softness benefits derived from the relatively thicker regions 50, yet have a relatively
smooth surface 24 as compared to paper of the type illustrated in US 4,637,859.

In particular, the paper web 20 can have surface smoothness ratio greater 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

P2 -
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9 than about' 140, where the surface snoothness ratio is the va of the
surface SWOMBRHOSs of surface 22 divided by the value of tRETHR TL%H%%SS

val ue of surface 24. In one enbodinent,%t he surface 24 of the web 20 can
have a surface snmoothness val ue of |ess than about 900, and nore preferably
| ess than about 850. The opposite surface 22 can have a surface snoot hness
val ue of than kbasgtl.40)ouler® @@, suafade smoathpess taticaibithe wilud afthe sat'fac:t 1000. The

ggtsgfldbggg %ﬁ%\?\, Ehg%}r%‘;&%&! a‘(}:ige‘g{) ok{%hneerﬁﬁerﬁ%gg&}'h%Q%ﬁl sur afgaégisfrggt Ih?\ess
for a surface mﬁ{ %ﬁfoﬁuﬂ@t {8 s§+ﬁ§@§@oﬂ§ VB0 ga&e%wa%é ABGhESS
| rel af ue of sur

snoot h. Accord Ive ow va ace snoot ness I ndi cat es

a relati v‘@l}e%frﬂﬁ%fttﬁa%éh%gg qﬂﬁ‘%@fﬁtpfﬁcsitabb’o‘eiféb@ aboup 85 0Thy opnesiter esent

i nventi Onsurﬁc§ P BAthae RPREe %oéﬂaﬁegswamewfaﬂeaﬁ%om@ou and Baieegﬂéfeﬂab@ﬁ? 859
can exhi bltl urfg&? snoot hness rati o of about 1.07, and surface

smoot hnes¥ 1§Ast Q%bout 993 and 1065 on opp05| te surfaces One advant age

f onbi f t f 24
or "provi di ng Dot PRbed 167 RERPEREIROTRIGE o} BE pisfacl sppopibeBP LRI BRO d ng
rel at i veldestrilggd bzlow undet "ShefacciBmogthnessd Tlmvaimmﬁsmﬁde siabethnessifyr 4 hi nner,

| ati vel | d h
baper wetr SRt BeERS Al GBE boddifits ord ek a3t E0Ghooh e RIBILYY || " o
descr i bedelstiveiy: lowwelqsaafénrfmmtth nghqam arrelaavcly smpotinaufae.sur f ace 24

can be useful in making a nmultiple f§ y tissuye having snpoth outwardly
facing surfaced c@ﬁ‘fasﬁﬁqs}?taﬁﬁfc‘é‘ebst%o he prssentipYeation acsmmplrolrapsr oket o f orm

a nul tipl HMcleéiﬁﬁQJ sspazbmtfnew SfmcirxV!ithf\ﬁfrﬂEb’sﬁ@Sﬂlﬂébs%ﬁJ amﬁmpf the
multiple ply tiss rset he webs 20, . and the

24 of
sur f aces 12 (Slfldts t]me[s%g %r‘"}bﬁb\%ﬁg(ﬁ a;"d 1@19% QR QPREFIE; SH'Ff@C‘Er y tissue
can have the strengt h and bul k benef its associated with relatively thicker
regi ons di spersed throughout a continuous network reglon yet present a

| ati vel
(ragaﬁp: \éem}/ :m‘t’@a tagﬁfo???ﬂéue 'S Slﬁl?;és:‘?o l?n%} Eggt%%vts%ﬁg&t wo webs
20 can béuffew%fqr@g@ﬂﬁ@g spfingsge the rGlafaareler thl@kmrﬁgmgwgfqrrprmghngu| tabl e
manner, 'r@l&h‘v‘éiy'hig}pbﬁlk lahdabReibdre aq{?&ﬁie‘ﬁ%hﬁﬁact@@?élﬁtw u)‘ner ar@ﬁtwely high

| trason al .| afions of t hose ods.
lFJ,CT/ U897I B etwor regxon ﬂ) }olr strength. Aggltlongﬁy, € paper we‘t\vl\go can ge ?ormed

and dried relatively quickly and efficiently, as described below.

The paper web 20 having the relatively smooth surface 24 can be useful in
making a multiple ply tissue having smooth outwardly facing surfaces. For instance, two
or more webs 20 can be combined to form a multiple ply tissue, such that the two
outwardly facing surfaces of the multiple ply tissue comprise the surfaces 24 of the webs
20, and the surfaces 22 of the outer plies face inwardly. Sucha multiple ply tissue can
have the strength and bulk benefits associated with relatively thicker regions dispersed
throughout a continuous network region, yet present a relatxvely smooth and soft outward
surface to the consumer's touch.

An example of such a two ply tissue is illustrated in Figﬁre 9D. The two webs 20
can be joined together in face to face relationship in any suitable manner, including but
limited to adhesively, mechanically, and ultrasonically, and combinations of those
methods.



10 The paper web 20 can have a basis weight of about 7 to-about 70 grans
per square neter. The paper web 20 can have a nacro-caliper of at |east
about 0.‘% r;g}é @gd nore preferably at |east about 0.2 m || papUsy7/240660 a bul k
density P &Y% han about 0. 12 gram pgy cubic centinmeter (basis weight

di vi ded by macro-caliper). The procedures for neasuring the basis weight,
nmacr o-cal i per, and bul k density of a web are descri bed bel ow. The paper web

20 of the typqhé%aww&ﬁaunﬁse 4 bdsi§ MRight SPaHMY P tUbARPIOERAMN per spare t y Of
at | east about gé%ms p)@\rﬁghgm The matl,hod%tfo rreatl\sé‘tgrb ngm_tg::?e-n bsor bent
capaci t yMeETgedBF PERAY W5EI40\62m Revs? Mefiep-SRLiper, aﬁi"ﬁé‘ra 105 P t he

ngs o) ][ ben pgeffétehlgfait na_stcrfblobi @b n’ﬁuirketaaq:ﬂrf a Mﬂhﬂeﬁiﬂy of tusb ttaatabout ().Ml;lbratrhe
enefits_o .relatively smo r e _usual I,y associ at ed w

convent i B?faCFU%fce‘fetn%B}eg% gﬁ“ﬁ?‘?é&ﬁ%&ﬁ%ﬁy %B"'ﬁl%’ﬁ@r tﬁﬂﬂﬁb%Fg'frﬁ %qfi gures 8A
and 8B i heastringtthe hasieweighty practo-cgliper,and bullOdenfity of web arendekéritgda paper web
of the tX@lSvJ | lustrated in Figures 1 and 2. The web support apparatus 200
conprises a dewatering felt |layer 220 and a web patterning |ayer 250. The

web support aﬁﬂ@?lﬁﬁéﬁve%% &Fale e sRow th FRUMASAL2 BarCR RV AHSbEhdntf O

drying and ipparting a pat hern 0 a paper web on_a paper nachine. The web

p

suppor t ﬁ?ﬂ?ﬁ%f’ﬁ%t 12@@;&52 BFAmSpeT\gEdNs d e mpthqdfer Eﬁﬂsuﬂﬁéﬂéﬁ %télethﬁfﬂt .
oppos t ebapabitg %gw;ssﬂiwa_ %%Oxb?rmgl ,tu{a%yph kr WEP20 8kHibits 80 ag%rﬂérrﬁyeg_ wi E h .

e firs Gih i de oward.the viewer .in Figure : e first we
faci ng séﬁ%%?ﬁ@égﬂaﬂ Sr iy © n?lﬂ’?t‘ﬁ'&mﬁﬁd’eg?ﬂ:‘? gg%r%ﬂﬂ’ey YREVRd web
cont act i figfaee ubaally. askacidiedywith cBAvemtidnalBelt pressdd tisshe papr.cont act i ng surf ace
is a first felt surface 230 of the felt layer 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 232WenSunpgtirAPmiatuhd 8B the second web contacting

surface is prgvided by th b patterping | ayer 250. The web, patterning
| ayer 250, mﬂﬂ\quss&f&&nﬁ@ stk 3 &y JURPEH appayatup 200 fon8se HHMEKING g t op
surface gfiRer atebloSteane dhauateidn Fifdres Thendi2f fEieenels shigioregpatdies D00 St
el evation 231 and tha%éqse?gﬁ el g&&t | ﬁn 261 i I.esza t hggb/‘;ﬁlﬁ t hi cknesx% of
the papeforibseAdlswafrmng f6t Jaxze g2y and aw ga}tfegb\ng Yth %&fﬁ’bcﬂ’?l’"
appar at usppaedus J0k caubd pcthe f@G0 ofiacoRtdthona beh doddryimgseed iedpatting spatern
el evati on, Js I | vely,
ur f ace DePibeh Veb bk Al i Wel? Abpbf hoBiul 280 BAIP Grf VoG ks
sl i ght | ysid® @02 andrg secong @ppositely facing side 204. The web support apparatus 200 is
viewed with the first web facing side 202 toward the viewer in Figure 8A. The first web
facing side 202 comprises a first web contacting surface and a second web contacting

surface.

In Figure 8A and 8B, the first web contacting surface is a first felt surface 230 of
the felt layer 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 layer 220 also has oppositely
facing second felt surface 232. ' '

In Figure 8A and 8B the second web contacting surface is provided ‘by the web

. patterning layer 250. The web patterning Iayer 250, which is joined to the felt layer 220,

has a web contacting top surface 260 at a second elevation 261. The difference between

the first elevation 231 and the second elevation 261 is less than the thickness of the 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 slightly above surface 260. , .
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PCT/ US97/ 21060 11 The difference in elevation is greater than or

0.0 m|s WA@I8REWS t han about 8.0 mils. |In one enbodinent, Fﬁ@"ﬁ?w’gf%nce in
elevation is less than about 6.0 mls (d15 M), nore preferably | ess than
about 4.0 mls (0.10 nm, and nost preferably less than about 2.0 ml (0.05
nm, in order to maintain . a relatively snooth surface 24, as descri bed

bel ow. The de%’ediffmgnéeairtelb\saﬁ@n i@ 2frates thvat e equel toediDIneilsard jess thapabbet of
rece! v g s OB G URGMRER! o GEBEH:d iU ARE TS WEPuah BERT OTISR 15
fibers. The we ernin ervi ous
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pat terni n%&m% 315105\0951 BRYe & 61 't@qﬁéﬁﬁt la bR s-ﬁae fhORrRHE ,gasZGO

as shown in |gure Al'tefnatively, th patter in ayer can
di scont i nde%&ibed belomi. cont i nuous. A di scontl nuous top surface 260 S

illustrated i F| ure 38C. . The pat t er ni | gyer ,250 ferably. conprises
a phot osensi ti @’@F%‘W{fﬂaﬁwgé (Y@;B‘Hsl?et“g’ﬂa@% apgds ¢ q%l% ejing 2 as a
l'iquid andoﬂﬁh&@gﬁg&lmessad dibnby wetdhvel bﬁﬁaﬁﬁrﬂab kiiig ﬁb&?lﬂr rlgﬁnwaf patieningh
patternin 50, _penet 3 t herehy s re on

First fel BYELEIGisNaspim ‘°\Eﬁ§bi“8 e b tegelye oY posel %‘f%F&fﬁﬁ?gm&béé"eﬁot
extend t hnf)lpgperm&mg]tf' bezs. t ihekweb patitmitg layer t230ayar hawo a tnxttmunsst wub

ext ends tp@&&‘gpgxﬁgsﬁmeg 28008 sl id g?%&‘? 'sgknﬁ.[sﬁnfa&vgpetﬂe%& np20 to

mai nt ai n and’ conpr essi appar us

200, and }ryer icaw|ber dgscgmlwuéwbaeqummqus:on@rcbwnbnuqusytomswfage 280t is| ayer
220. A sujihakhRd¥erRieé ey felt layer 220 conprises a nonwoven batt 240 of
natural or synthetic fibers joined, such as by needling, to a support

structure formadweb Eﬁﬁhéla eﬁ%ly &mpﬁd&bepnafoeénsﬁiv%réﬁﬂmhwn@da t he
non\/vovenwgat'g2 c Q be‘;? tima,( t% gs]ﬁ to,natural. fibers
such as wBoAcRIRed PR thedirst surings

d
@ % R sl mtedbenfill iRy esion e <
f r om whi cthat heottidrt o2t%he web patterninlg bayar RS0/ permtrdtes; ard mﬁhdrebw\mnrdgbbmdea and

about 206 I 508 1o WEPE5 S T8 it ARBink S Bso TREEhBlY pbaish &ac"

have a | ayéred construct types and

si zes. Thtrpugh thegngire fhrickness pﬁrhmf@lttléyqsrza%tb@t instead sutendythropgheless thagi ved
;r Iotm t hef H&dut gg@y {hﬁo 'il:cut:il&fbsé' 68 tthé efelt %We&aﬁﬁ) f2t§0 n?dﬁﬁafho‘ﬂ?é didxmsilife Céﬁlﬂd

elt surface can have finer ativ gnse
packed fi PERBIEEH tg%l JVE([? PPPﬁeaPPP‘fag‘ls &, tanéuP%@gar&%@‘e %ﬁébﬂgytmﬁayer
220 pref ec@hbmsdihslt)aofmb&éltlaglnyzm.gh density and relatively small pore size
adj acent the first felt surface 230 as conpared to the density and

A suitable dewatering felt layer 220 comprises a nonwoven batt 240 of natural or
synthetic fibers joined, such as by needling, to a support structure formed of woven
filaments 244. Suitable materials from which the nonwoven batt can be formed include
but are not limited to natural fibers such as wool and synthetic fibers such as polyester
and nylon. The fibers from which the batt 240 is formed can have a denier of between
about 3 and about 20 grams per 9000 meters of filament length.

The felt layer 220 can have a layered construction, and can comprise a mixture of
ﬁber types and sizes. The felt layer 220 is formed to promote transport of water received
from the web away from the first felt surface 230 and 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
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12 pore size of the felt layer 220 adjacent the second felt surface 232,

such t hat wepdgaryggnt ering the first surface 230 is carried aa¥sot/Rived he
first surface 230. The dewatering felt jhayer 220 can have a thickness

greater than about 2 mm In one enbodinent the dewatering felt |ayer 220
can have a thickness of between about 2 nm and about 5 nm PCT Publications

1906, 3%8%‘%’725544}*5pubf".*§ﬁ‘2§" 120, ek "vng SR i B o N e R

al .; U. S.enseringth aﬁeiMIaemmdamfmmmhdmstfsmfaoemDy. ng a Resin to a
Substrate for |n Papernakl n filed August 22, 1996; U.S. Patent
Appl i cation 051}%%”34?}2@ fsltya %b&%%d@éﬂ@ ickegss graatardharrahiaue 2vmmh Im one

Pattern Leayssdimbit e depatdringOfelt 107G 220n¢h 293
"Met hod of I\%glnpg et P?e?sngde'lt'l g%ﬁe Papgthﬁetd;a{ﬁg&&%{)ﬁtﬁgéﬂs ect egﬂ:?

Perneabuqqg M8y June 28, 1996 are I ncorporated herein by reference
for the purpose of disclosing applying a photosensitive resin to a
dewatering felt and for t he purpose of disclosing suitable dewatering

han: anour 200 L euliRatsts WO 0detd. bR ey 1. T80T WO 98 iss °°
per meabi |published August 23 9% W Ox %6/85547nplbimhtbeugﬁstmb 1896, et inpthe aiameper
1S, TS KLU, MBS SRS G70) SUT b il

pressure di ffergntlal Cross .t 1'C
i nch of Whbgiate ndspermaking ﬁlechéugma 919%9 felt layer 220 can have an

[ i et 200 f d f bl
55"t haib Snoatehs pelcriin DRIRdS2 teeh ferkentalyen Boeeiane e with & o
batsi .S[ er Pattemni Ipdyter'ofiled eApril 30, aﬂmtan_aamsaﬂgteﬂgﬂ 11&&99 08672 BIP eMeBfbidod e
meter, a S WG | Vi S) . ween
About 0. %M%%g%ef‘ﬁg%ﬁt)%“‘é@??teﬁe‘t@t Pk a5 s B
centi nmet &8, 99fe are; mcwmhd:rcnyb)ofefemacwvﬁdr thel pacpose aﬁ ﬂmbhismg aplying al ess
th f t felt
| ayer 2 3’“?‘?5%,’%“‘@&3*3‘35““%?5%‘??‘?? et 8" b PiEost S aSBBHR, bE, ©
Corrpany WA&?HP& . Wsconsin. The felt | ayer 220 can have a thickness of

about 3 mllineter, a basis weight of about 1400 gm square neter, an air
perneability of about 30 scfm and have a double | ayer support structure

having a 3 plﬁerﬂé%{JHngW rfayer 3&0%23 have an air permeability of less than about 200
standard cubic feet per minute (scfm), where the air permeability in scfm is a measure
of the number of cubic feet of air per minute that pass through a one square foot area
of a felt layer, at a pressure differential across the dewatering felt thickness of about
0.5 inch of water. In one embodiment, the dewatering felt layer 220 can have an air

permeability of between about 5 and about 200 scfm, and more preferably less than
about 100 scfm.

The dewatering felt layer 220 can have a basis' weight of between about 800 and
about 2000 grams per square meter, an average density (basis weight divided by
thickness) of between about 0.35 gram per cubic centimeter and about 0.45 gram per
cubic centimeter. The air permeability of the web support apparatus 200 is less than or
equal to the permeability of the felt layer 220.

One suitable felt layer 220 is an Amflex 2 Press Felt manufactured by the Appleton

Milis Compapy of Appleton, 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
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13 bottomwarp and a 4 ply cabl ed nonofil anent cross-nmachi ne direction
weave. TNeO BBRRIMOLA0 can conprise pol yester fibers having EEEHEE21060 about
3 at the first surface 230, and a deni 83 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 | ayer 250 having a conti nuous
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Papermaking Method Description

A paper structure 20 according to the present invention can be made with the
papermaking apparatus shown in Figures 9A, 9B, and 9C. Referring to Figure. 9A, the
method of making the paper structure 20 of the present invention is initiated by providing
an aqueous dispersion of papermaking fibers in the form of a shury, and depositing the

‘ slurry of papermaking fibers from a headbox 500 onto a foraminous, liquid pervious
forming member, such as a forming belt 542, followed by forming an embryonic web of
papermaking fibers 543 supported by the forming belt 542. For simplicity the forming
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.
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fiber boRgs @tdePemitehalsS sBiH &8 wet strength binder materials, dry strength binder
materials, and chemical softening compositions. Suitable wet strength binders include,

l-

but are not limited to, materials such as polyamide-epichlorohydrin resins sold under the
trade name of KYMENE® 557H by Hercules Inc., Wilmington, Delaware. Suitable
temporary wet strength binders include but are not limited to modified starch binders
such as NATIONAL STARCH® 78-0080 marketed by National Starch Chemical
Corporation, New York, New York. Suitable dry strength binders include materials such
as carboxymethyl cellulose and cationic polymers such as ACCO® 711. The ACCO®
family of dry strength materials are available from American Cyanamid Company of
. Wayne, New Jersey.

Preferably, the paper furnish deposited on the forming wire comprises a
debonding agent to inhibit formation of some fiber to fiber bonds as the web is dried.
The debonding agent, in combination with the energy provided to the 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
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al ternativel ¥I‘ a batch process, such as a handsheet naking process
he embryonic web 543 is preferably prepared from an aqueous dispersion of

papermaking fibers, though dispersions in liquids other than water can be used. The
fibers are dispersed in the carrier liquid to have a consistency of from about 0.1 to about
0.3 percent. The percent consistency of a dispersion, slurry, web, or other system is
defined as 100 times the quotient obtained when the weight of dry fiber in the system -
under consideration is divided by the total weight of the system. Fiber weight is always
expressed on the basis of bone dry fibers.

The embryonic web 543 can be formed in a continuous papermaking process, as
shown in Figure 9A, or alternatively, a batch process, such as a handsheet making process
can be used. After the dispersion of papermaking fibers is deposited onto the forming
belt 542, the embryonic web 543 is formed by removal of a portion of the aqueous
dispersing medium by techniques well known to those skilled in the art. The embryonic
web is generally monoplanar, and is formed to have substantially smooth,
macroscopically monoplanar first and second faces using any snitable forming belt 542.

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
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transferred fromgt ormn e appar at us y a vacuum
source oW ¥dhe peiatof ransfefure 9A, such as a vacuum shoe or a vacuumrol | .

One or nore .additional vacuum sources 620 ¢ | so .be provid downst r eam
ST ihe oo in SOt S EHIE Bt HEODENT: Beb 4 B IR 200 jrgn b
provided, at least in part, by applying a differential fluid pressure to the embryonic web

543. For instance, the embryonic web 543 can be vacuum transferred from the forming
belt 542 to the apparatus 200 by a vacuum source 600 depicted in Figure 9A, such as a
vacuum shoe or a vacuum roll. One or more additional vacuum sources 620 can also be -
provided downstream of the embryonic web transfer point to provide further dewatering.

The web 545 is carried on the apparatus 200 in the machine direction (MD in

Figure 9A) to a nip 800 provided between a vacuum pressure roll 900 and a hard surface

. 875 of a heated Yankee dryer drum 880. Referring to Figure 9C, a steam hood 2800 is

positioned just upstream of the nip 800. The steam hood 2800 directs steam onto the

surface 549 of the web 545 as the surface 547 of the web 545 is carried over a vacuum
providing portion 920 of the vacuum pressure roll 900.

The steam hood 2800 is mounted opposite a section of the vacuum providing
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



The web 545 is carried on the apparatus 200 in the machine direction (MDin
Figure 9A) to a nip 800 provided between a vacuum pressure roll 900 and a
hard sur s eg/84be of a heated Yankee dryer drum 880. Refer rRCEHUSY/HD@ure 9C,
a steam hood 2800 is positioned just upstreamof the nip 800. The steam
hood 2800 directs steamonto the surface 549 of the web 545 as the surface
547 of the web 545 is carried over a vacuum providing portion 920 of the
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The Yankee dryer typically comprises a steam heated steel or iron drum. Referring
to Figure 9C, the web 545 is carried into the nip 800 supported on the apparatus 200,
such that the substantially smooth second face 549 of the web can be transferred to the -
surface 875. Upstream of the nip, prior to the point where the web is transferred to the
surface 875, anozzle 890 applies an adhesive to the surface 875. .

The adhesive can be a polyvinyl alchohol based adhesive. Alternatively, the
- adhesive can be CREPTROL® brand adhesive manufactured by Hercules Company of
Wilmington Delaware. Other adhesives can also be used. Generally, for embodiments
" where the web is transferred to the Yankee drum 880 at a consistency greater than about
45 percent, a polyvinyl alchohol based creping adhesive can be used. At consistencies
lower than about 40 percent, an adhesive such as the CREPTROL® adhesive can be used.

The adhesive can be applied to the web directly, or indirectly (such as by
application to the Yankee surface 875), in a number of ways. For instance, the adhesive
can be sprayed in micro-droplet form onto the web, or onto the Yankee surface 875.

-



such that the substantially snooth second face 549 of the web can be
transferred to the surface 875. Upstream of the nip, prior to the point
where the weh i§ transferred to the surface 875, a nozzl eP€¥WSAPHOsEs an
adhesi veWPP & sur f ace 875. The adhesi%e can be a pol yvi nyl al chohol based
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subst ant P9 ogﬁ‘ﬂ'&"ﬁ%dﬁse‘%ﬁeg&%ﬂ’ﬁr‘ﬁ rably has a consistency of between
about 20 percegnt, and, about e nt. n. t web, 545 i s transferred to-
the surface 8% hyep Fﬁecaﬁa?‘ftgf‘ﬁ’gb&ﬁ%ﬂﬁp},@@e“ é%hgelﬁeg eq ﬁ’ﬁ%ﬁhf’ iaat[:@s €web.
~ 875 can boil the water in the web 545. It is believed that the vacuum provided by the
vacuum pressure roll 900 draws the boiling water from the web through the portions of
the felt layer 220 which are not covered by the web imprinting layer 250.

Without being limited by theory, it is believed that, as a result of having
substantially all of the second face 549 positioned against the Yankee surface 875, drying
of the web 545 on the Yankee is more efficient than would be possibie with a web which

_has only selective portions of the second face against the Yankee. In particular, it is
believed that by positioning substanially all of the second face 549 against the Yankee
surface 875, the above described patterned paper having both bulk and smoothness and
having a basis weight of at least about 8 1bs per 3000 square feet, and preferably at least
about 10 1bs per 3000 square feet, can be dried on the Yankee drum 880 from a
consistency of less than about 50 percent, and more preferably less than about 30 percent,
toa consistency of at least about 90 percent, and more preferably at least about 95



As the web is carried through the nip 800, it is believed that the heated
surface 875 can boil the water in the web 545. It is beli eﬁgﬁntsﬁ 0%@
vacuum pr¥@i%82%%8y t he vacuum pressure roll 900 draws the §£ er
fromthe web through the portions of th8 felt layer 220 which are not
covered by the web inprinting |layer 250. Wthout being limted by theory,
it is believed that, as a result of having substantially all of the second
face 549 pstsht, ivdnledemguingsvatertad amméemgugfra@@f gyBast@bgutrld tors efjwaterb 545

on the Y?%l‘ﬁ@ur'a’i aREspREd bdtgeist ARAD 430 ey RERO IR Rlore éfe?&aﬁy‘ﬁ?ﬁa%' ch has

only sel tlveoﬁortlons of the second face agali nst t ankee? In
parti cul apout 3000degsaningteed t hat by positioning subst anl ally all of the
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| n parti deetper minute, antehose preferabiziat tdast aboasE00 feet\penmlmne pntha Yaml@eweb 545

havi ng t bove basis weight characteristics to be dried froma
consi stency of |ess than about 30 percent and nore preferably |ess than

about 25 per CeRofplGidbnt f19s ¥ERVES tHat ﬁﬁs‘f’;ﬁﬂééﬁrﬁei‘s e'ES f@l" HHj rhé\n

consi stency Qf at as agout 90, percen and Hg 9 g I east
about 95%@%@%&115 R4 dysersts domp 160568 i DHS 63 8 %ﬁmﬁe) at a
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discrete 4%7,%39@? pl%ldﬁgb 9§§f£aHbM§YaE@éeed}hmAto %:ﬂe § égns?st&%c? upon transfer to

the Yankee drum of about 60 percent to about 70 percent. Without being limited by

"‘W

theory, it is believed that if paper of the type shown in US Patent 4,637,859 is dried
without the use of a predrier, then the Yankee dryer speed is limited to less than about
3000 feet/min.

The final step in forming the paper structure 20 comprises creping the web 545
from the surface 875 with a doctor blade 1000, as shown in Figure SA. Without being
limited by theory, it is believed that the energy imparted by the doctor blade 1000 to the

- web 545 bulks, or de-densifies, at least some portions of the web, especially those
portions of the web which are not imprinted by the web patterning surface 260.
Accordingly, the step of creping the web from the surface 875 with the doctor blade 1000
provides a web having a first, compacted, relatively thinner region corresponding to the
pattern imparted to the first face of the web, and a second relatively thicker region. In
general, 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.



basi s wei'ght of at- | east about 10 pounds per 3000 square feet cannot be as
high as 3500 ft/mn if the paper is to be dried froma consistency from
about 30 wengeiget o about 90 percent on the Yankee drum TRQI/GSA7I24¢60paper
of the type shown in U 'S. Patent 4,63%0859 is predried upstream of the
Yankee drumto have a consistency upon transfer to the Yankee drum of about
60 percent to about 70 percent. Wthout bei ng limted by theory, it is
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t hose portions of the web which are not inprinted by the web patterning
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with respéc e _yankee ovi de an I npact an out 81
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t han t hecamtimpowgnetegrkoregion. t he regi ons 50. General ly, the creping frequency
in the regions 50 is |ower than the creping frequency in the continuous
network 30. ILn an alternative enbodi ment, the web inprinting apparatus 200
can conprise a resin Ratternl ng |ayer 250 whi ch defines a plurality of

di screte web Boanother iakigmatye erabgdiment ofghe prssent inveptiem shejwolnsunpprg f el t

layer 224, 6D/ 6hn! dndpiRe 9|r@s'ih}é Ex"ﬂx@ﬁosgd 8h'h Fordfaindul bhéigYsthd@iemédie - web
contactln felt S rf,a 230 | géetr i__aco&t}hg u net wor k
sur r ound? ‘?Wégﬁl é"’%"ﬁ? e@H’&P U Yt PBéraf}?ed to

forma pmﬂadsammhame arrekin mytemsmSwses GﬂTa woven fiabrierl 220h The rasid lagen2fder
structur hi n egi ons
di sper se stanr ou ﬁ&ﬁtn%“g? SIS \?éf%‘f'{lp% &gh#f 3‘? scﬁet%\bfg%&eésgg Pb%
shown in Figure 14A. The woven fabric 1220 comprises machine direction filaments
1242 and cross machine direction filaments 1241,

In Figure 14A and 14B, the first web contacting surface at a first elevation 1231 is
provided by discrete knuckle surfaces 1230 located at cross-over points of the filaments
1241 and 1242. The top surfaces of the filaments 1241 and 1242 can be sanded or
otherwise ground to provide relatively flat, generally oval shaped knuckle surfaces 1230
(detail of oval shapes not shown in Figure 14A). The second web contacting surface is
provided by the web patterning layer 250. The web patterning layer 250, which is
joined to the woven fabric 1220, has a web contacting top surface 260 at a second

" elevation 261.

The difference between the first elevation 1231 and the second elevation 261 is less
than about thickness of the paper web when the paper web is transferred to the web
support 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.



In anot her alternative enbodi nent of the present invention, the web support
appar at-us 200 can conprise a resin |ayer disposed on a foram nous
backgr ouVO 88Nt conprising a fabric of woven filaments. PREVEIYIIRY t o

Fi gures 14A-15C, the apparatus 200 can2konprise a resin |ayer 250 disposed
on a woven fabric 1220. The resin | ayer 250 has a conti nuous network web
contacting surface 260 defining discrete openings 270, as shown in Figure
14A. The Alewsrivehbh surdace 280 aaorbersligbtly mbov the sdifaces t1230, dri suafaeest E2302%62 and
Cross naghi ' i | nts 1241. In Figure 14A and 14B, the first
web cont ggts?%gws%b%&%c%pfgt&% ‘irst elevation 1231 is provided by discrete
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sur f aces migB0 md#e priferablly 1686aharbaE 2.0NAtls $105Vhnh)) akd Sd5epréfefibly Tdig tipgcond
web contacting,.sutface s provided by the web tterning layer’ 250 The web
pat t er ni AgPHa Qrm§5®;oez\%{"€ﬁ’ i &0 "ﬁe‘é mantHR %‘W3¥ya pthy surface 2ds a3 \eb
cont act i dgsciibpd beloivace 260 at a second el evation 261. The difference
between the first elevation 1231 and the second el evation 261 is |ess than
about t hi ckneJheoWweh supppet@pparasls 280 showh én Pipess 1MAland< 4Br candearsedtb t 0 t he

b t : | t
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surfaces 1230, or surfaces 12’3&! can, tge slightly abo ] 260. The
di f f er eneQntinyops peorloreeian Y cbhicdiesiona A0 Gprrespend ta Hhe openings 27%iRdh¢ ess t han

agout 2. (%hrﬂ:clb&6?l r%agh%fﬁiﬁl@ﬁitiﬁellytth%ck&erg iohk 0 enciftldsit Basivatiel dgﬁsiﬁlsdl eg sog han
about 4.0 m nor.e era ess _than ut. 2.0 nm 0.

- andtR0 T oFe derdnen SRS e HirdRpria o e piriees B aEe Wt BUEF (o
mai nt ai n1220.el ati vel y snoboth surface 24, as described bel ow. The web
support apparatus 200 shown in Fi %ures 14A and 14B can be used to formthe
paper web shoRefarringiqbigars 1o Pran brat leastiabgut b3 Fmyurand poeferahly gidgast web 20
conpr i seghct DA hit G Sal'bé 188 than RBORI0.XFPintn, ll RMRE pfefGhRY 19 thRY dWeaPondi ng
to the surface 260 and a plurality of discrete, relatively thicker regions

50 dispe?é@dehroughout t he continuous network region 30. The regions 50
correspond to the openings 270 in the

Figures 15A-15C illustrate formation of the web 20 shown in Figure 10 using the
web support apparatus 200. As described above with respect to Figures 9A-9C, an
embryonic web 543 having first and second smooth surfaces is formed on a forming wire
542 and transferred to the web support apparatus 200. The web 543 is vacuum
transferred to the apparatus 200, to provide a web 545 supported on the apparatus 200.
As shown in Figure 15B, the first surface 547 is conformed to the surface 260 and the
surfaces 1230, and the second surface 549 is maintained as a substantially smooth,
macroscopically monoplanar surface.

In contrast to Figures 9A-9C, the web 545 and web support apparatus 200 are next
carried through a through air drying apparatus 650, wherein heated air is directed through
the web 545 while the web 545 is supported on the apparatus 200. The heated air is
directed to enter the surface 549 and 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_



surface 260. Each of the relatively thicker regions 50 encircles at |east
one densified region 70. The densified regions 70 correspond to the

surf aceswi2adhiade t he woven fabric 1220. Referring to Fi gur€TIUSS7RI068N be at
| east about 0.35 mm and preferably ap,l east about 0.44 nm K can be |ess
than about 0.20 mm and nore preferably |l ess than about 0.10 nm Figures 1
5A-15C illustrate formati on of the web 20 shown in Figure 10 using the web

support S%Eb%ﬁraﬁgggs cnt@szfﬁ%%@rxésﬁ @l AR Sm)ghtr% hxtéc?hé: tigpyes 9A-9C, an

enbryoni c_web i'st secon aces s formed on a

f or mi ng reference for thﬁaumomﬁ@pwextg guitablgghsgugh gmﬁw& foa ppringheiBragies ofthe web
543 is vtﬁgﬁﬂ,géﬂtrimflgﬁf ed to the apparatus 200, to provide a web 545
supported on the apparatus 200. As shown in Figure 1 5B, the first surface
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enter trBQOSSJnSPdde aﬁh@eaﬁhﬁtﬁmja ﬁQE of ﬂ)edugﬂamti&lymommﬁ?}mhc hrough t he
appar at ys.#200s 75T He et WAl Mg@ apparatus 650 can be used to dry the

web 545 to a consistency of fromabout 30 percent to about 70 percent. U. S

Pat ent 3, 303,1540e11@ is a cMfes-3&AAARustration of a paper | web 20 showm paper web
PCT/ US97/ 21Q60™ 22 Si ss pat ent . 5 sign et al.

are i ncGFERSARER ap 5P ’B‘ﬁmrq;f%é?’é‘ﬁ @%WhFWé“ rPﬁB%‘é” CEui t abl e
t hr ough 1ayeis desjiated 301,302cand B30 e Apsapeit welﬁhaimg Qﬁyﬁfeﬁ&&ﬁétutd’b&ﬁrﬁel on. The

partial | ed b 545 nd the a t us are dir t hr ough
BN b sgedap & FaCeRRECHR Poued Wik eSS bR REE T
cont i nu&&Cnetaumkatwlyf,dmeﬂwtramdlmﬁfgumssldu%BenédﬁAe@es 1230 are inpressed
into the surface 547 of the web 545 as the web is carried through the nip

800. An adhesWhie agingla foeming wsy 34 %issbown dn Higaee 94, ihwildbbe uadpsstpedhthiahi |y al |
of the %ﬂ{eitf&mlhgwlbem {ifatiShY daAGR R4®id ébxﬁﬁlﬁatﬁiﬁrm&ne&?ﬁn@xfe the heat ed
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furnish, in order to provide a multiple layer web. U.S. Patent 3,994,771 issued to Morgan
et al. and U.S. Patent 4,300,981 issued to Carstens et al. and commonly assigned U.S.
Patent Application "Layered Tissue Having Improved Functional Properties" filed
October 24, 1996 in the names of Phan and Trokhan disclose layering and are
incorporated by reference herein. Various types of forming wire configurations,
including twin wire former can be used. Additionally, various types of headbox designs

can be employed to provide a web having one or more fiber layers

Referring to Figure 16, one or more headboxes can be used to deliver three
layers of furnish corresponding to layers 301, 302, and 303 onto the forming wire 542,
such that the embryonic web comprises the layers 301, 302, and 303. The first layer 301
can comprise relatively long papermaking fibers disposed adjacent the first surface 22 of
" the web. The relatively long papermaking fibers in the first layer 301 can comprise
'softwood fibers such as Northern Softwood fibers having an average fiber length of
about 3 millimeters or more. The second layer 302 can comprise relétively short
papermaking fibers disposed adjacent the second surface 24 of the web. The relatively
short papermaking fibers in the second layer 302 can comprise hardwood fibers such as
Eucalyptus fibers having an average fiber length of about 1.5 millimeters or less.



according to an enbodi nent of the invention, wherein the paper web has
three f. ber | ayers designated 301, 302, and 303. A paper web having a

| ayer ed SWO@BR1A0® can be nmade using the papermaki ng equi pnBRT/USA hods
illustrated in Figures 8A B and 9A-C, @3 alternatively, those illustrated
in Figures 14A B and 15A-C. Wile a single formng wire 542 is shown in
Firgure 9A it wll be understood that other form ng wire configurations can
be used i n confihedtirdlayey 303 is disposedrinteemédiate higerst arebsebortclagiérs 30hand ng a a
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All percentages are weight percentages based on dry fiber weight unless otherwise
indicated.

Example 1:

This examples provides a 3 layer tissue web made with the papermaking
- apparatus shown in Figures 14A,B and 15A-C.

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., Natiopal 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



structure in layer 303 to provide the void spaces 310. The third | ayer 303
can conprise softwood fibers, hardwood fibers, or a conbination of hardwood
and sof t yp9dshiers. I n yet another enbodinent, the |ayersecifidssanthe802 can
each corrprl se relatively short hardwgg fibers, and the third | ayer 303 can
conprise relatively long softwood fibers. For instance, the layers 301 and
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apparatus 200 having a foraminous background element comprising a woven
fabric 1220 and a web patterning layer 250 made of photosensitive resin. A
pressure differential of about 16 inches of mercury is used to transfer the web to

the web support apparatus 200. The foraminous background element is of a 5-
shed, satin weave configuration having 68 machine-direction and 51 cross-
machine-direction monofilaments per inch, the machine direction filaments
having a diameter of about 0.22 mm and the cross-machine direction filaments
having a diameter of about 0.29 mm. Such a foraminous background element is
manufactured by Appleton Wire Company, Appleton, Wisconsin.

The web patterning layer 250 has continuous ,network web contacting
surface 260 with a projected area which is between about 30 and about 40 percent
of the projected area of the apparatus 200. The difference between elevation 1231

- of the web contacting surface of the foraminous background element and the
elevation 261 of the continuous network web contacting surface 260 is about .001
inch (.0254mm).

The web is transferred to the apparatus 200 to provide a web 545 supported
on the apparatas 200 and having a substantially smooth second surface 549, as
shown in Figure 15B. Further de-watering is accomplished by vacuum assisted



web containing two outer Eucal yptus |layers and a m ddl e NSK | ayer.
Dewat eri ng occurs through the Fourdrinier wire and is assisted b_y a
def | ect orW@®21488 uum boxes. The Fourdrinier wire i s of a SPSHU§I72I46] n
weave configuration having 110 nmachi ne2fli recti on and 95

cross-machi ne-directi on nonofil anents per inch, respectively. The enbryonic .
wet web is vacuumtransferred fromthe Fourdrinier wire, at a fiber
consi st eni¢sinade aroobyt thBSaght ait ey ingyias teprésehtedrtsf davices 600,h620vahd §6@por t

apparatu gpg‘ﬁ' \§§e%o§B§%I°%mi&§§§% g@acblsggwd el enment conprising a woven

fabric 1 erni ayer imade of photosensitive resin. A
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PCT/ US97/.21060. 25 drai na and t ugh r. drying, as.represented by
devi ces é@bfvegi’bf,%“&ﬁ "ﬁ%gﬁlﬁﬁﬁqﬂeg‘i ﬂgéﬁg&n}]@méﬂﬁéﬁ@% BYWETSet ency of about
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of the ayXatest (HE Yahpdthy WoBdreh3t s, and about 0.01 % by weight of the

debonder. :

Importantly, the resulting one-ply tissue paper is soft , absorbent and
suitable for use as toilet tissue. The one ply tissue web has the following

characteristics:
Basis Weight: 17.5 1b/3000 sq ft. (28.5 gm/sq. meter)
Macro-Caliper: 13.6 mils (0.0136 inches)
Bulk Density: 0.08 gram/cubic centimeter
Surface Smoothness
of surface 22: | 890
Surface Smoothness

of surface 24: 1070

Smoothness Ratio: _ 1.20



pol yvi nyl al cohol based creping adhesive. The nip pressure in nip 800.is at
| east about 400 pli. The web consistency is increased to between about 90%
and 100%wasd®moegry creping the web fromthe surface 875 WQIUSI7TAHAH00r

bl ade 1000. The doctor blade has a beygl angle of about 25 degrees and is
positioned with respect to the Yankee dryer to provide an inpact angle of
about 81 degrees; the Yankee dryer is operated at about 800 fpm (feet per

m nute) (about 244 meters per mnute). The dry web is forned into roll at a
speed of 650 fpm (200 neters per mnutes). The web nmade according to the
above pr yre. i s converted into a three- layer, one-ply toilet tissue
paper. e one-ply toilet tissue paper has a basis weight of about 17.5

pounds per 308Qs éﬁeﬁﬁ{»l@ pt&&des a@tawtrb%u@@ey&nafae%ﬁ@tﬁy piRbdtingf the

tenporary wet str resi 0.01 % by weight of the debonder.
IrrportarﬂPP?a“%sﬁg P%&“FFQ lgﬁbgﬁPQ???‘s ue paper is soft , absorbent and
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1.20 stokqpedtanete of 0.2% by weight of the dry fibers. The NSK slurry is diluted
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di | ut ed fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan
pump.
The two furnish streams (stream 1 = 100% NSK / stream 2 = 100%
Eucalyptus) are mixed in the headbox and deposited onto a Fourdrinier wire 542

to form an embryonic web containing NSK and Eucalyptus fibers. 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 8% at the point of transfer, to a web support apparatus 200
comprising a woven fabric 1220 and a web patterning layer 250 having a
continuous network surface 260. '

The embryonic wet web is transferred from the Fourdrinier wire, at a fiber
consistency of about 8% at the point of transfer, to the apparatus 200, to provide a

~ web 545 having a substantially smooth, macroscopically monoplanar surface 549
and a surface 547 which conforms to the surfaces 1230 and the surface 260. A
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



to about 0.2% consistency at the fan punp. Second, a 3% by wei ght aqueous’
slurry of Eucal yptus fibers is nmade up in a conventional re-pulper. A 2%
sol uti onwob ss/kmosiebonder (i.e., ADOGEN err] 442 marketed DRCTUEYE1060
Corporation of Dublin, OH is added to27he 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 stency at the fan punp. The two furnish streans (stream 1 =
100% NSK foragiih&@Tbackgroud@%el&rem! i hafifacied "By< Applcfort Ward €Reipayand
deposi ted, onto —ourdrinier wire 542 to form an enbryoni c web cont ai ni ng
NSK and E@%pg? Bt 0$5PPBBrs. Dewatering occurs through the Fourdrinier wire

and is assistged by, a deflector vacuum boxes, The.Fo kinier wire i s of
a 5-shed, sat‘ﬁ? ‘O(g%eﬁtgeéﬁlﬂﬁﬁ@(‘ffispgﬁs icﬁﬁgﬁﬁg FP&?W*F?&?#G&EY‘PS& and 95
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conpri si wgntactipg swrfacabk236 andtbe gleyationdb!l phthecsunfang 2§8y33pb<35d milvi ng a
conti ”UOEQ.OO?QMB.OQ%HE&)? 260. The enbryonic wet web is transferred from
the Fourdrinier wre, at a fiber consistency of about 8% at the point of

transfer, to fuf@ePBENatritg i0Be Weéb s49vis%c&n8ﬁ§1eé%‘§ YavuurDasdisiedost ant i al |y
smnoot h, rggcrosco icall égﬁﬂ%go | anar surface, 54 ace whi ch

and usf
conf or ms FFN#EFATE by Hho gy 2% FrreseRied by dexises go@r s&?‘%gg&f ferential
of abo]tht uhfil theoketshasfa ?Mwnﬁs&mwamohoss%ariﬁﬁﬁf?ﬂtb&hM@dm 200. The
woven fabyi 2 S ) , | n_weave cornfiourat i,on ving 79
machi ne- 2{ F gg%‘f’%%t élhed%g%fg%rgu%gﬁ%%%%@ ﬁiprrgséﬁeo'f?% o?‘?‘i Q}ﬁsxh eﬁer i nch,
t he machidneerdirum@80on fil aments having a di aneter of about 0.18 nm and the

cross- nmachine direction fi|lanments having a diameter of about 0.21 nmm Such
a WO 98/ 214be surface 250 and the surfaces 1230 are imprinted on the first surface
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The di ffg{ﬁ%eabggtt ep i.t he el evation 1231 of the web

The web consistency is increased to between about 90% and 100% before
dry creping the web 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 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 (200 meters per minutes).

The web is converted to provide a two-ply bath tissue paper. Each ply has a
basis weight of about 12.8 pounds per 3000 square feet and contains about 0.02%
of the temporary wet strength resin 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



contacting surface 1230 and the el evation 261 of the surface 260 is about 1
ml (0.001 inch, 0.0254 nm. Further de-watering of the web 545 is '
acconpl i sheds/bpmovacuum assi sted drai nage and by though ai reQi/g$915G1068s
represented by devices 600, 620, and 680, until the web has a fiber

consi stency of about 65% Transfer to the Yankee dryer is effected at the
ni-p 800 formed between a pressure roll 900 and the Yankee dryer drum 880.
The surface 2 ; Shsddg faces 1230 are inprinted on the first surface
547 of the we gﬁé%dstx% provide a patterned surface 547. Substantially all of
the second sugf@eeodd i s adheredgs® the surface 875 of the a Yankee dryer
drum 880 using a pol yvinyl al cohol based creping adhesive. The nip pressure
in nip 800 isSafadeSasdothka@sit 400 pli. The web consistency is increased to
bet ween about 90% and 100% before dry creping the web with a doctor bl ade
1000. The docofsurfat@de has a'bevell0Gghgl e of about 25 degrees and is _
positioned with respect to the Yankee dryer to provide an inpact angle of
about 81 degr$&meothness Ratiokee dryed.18s operated at about 800 fpm (feet per
mnute) (about 244 meters per minute). The dry web is formed into roll at a
speed of 650 fpm (200 nmeters per mnutes). The web is converted to provide
a two-ply bath tissue paper. Each ply has a basis weight of about 12.8
pounds per 3000 square feet and contai ns about 0.02% of the tenporary wet
strength_ resin_and about 0.0 1% of the debondi ng agent. The resulting

t wo- pi y EXample3paper is soft, absorbent and suitable for use as bath

S o Bt R ot BB 3 8ok Wl ma sty 1«
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PCT/ US97/ 21060 28 Surface Snoot hness of surface 22: 850 Surface
Snoot hnewd 9A-Gur face 24: 1006 Snoot hness Rati o: 1.18
A 3% by weight aqueous slurry of Northern Softwood Kraft (NSK) fibers

is made using a conventional re-pulper. A 2% solution of the temporary wet

strength resin (i.e., National Starch 78-0080 marketed by National Starch and

Chemical 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 diluted to about

0.2% consistency at the fan pump. Second, a 3% by weight aqueous slurry of

Eucalyptus fibers is made up using a conventional re-pulper. A 2% solution of

the debonder (i.e., ADOGEN® 442 marketed by Witco Corporation of Dublin,

OH) is added to one of 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 coated with debonder; stream 3 = 100% Eucalyptus) are kept
separate through the headbox and deposited onto a Fourdrinier wire to form a

_ three layer embryonic web containing an outer Eucalyptus layer, a debonded
Eucalyptus layer and an 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 machine-direction and 95 cross-
machine-direct:ion monofilaments per inch, respectively.

The embryonic 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



Exanpl e 3: This exanple provides a 2 ply tissue paper, each ply having 3
| ayers, +and each ply nade w th papernaki ng apparatus of the type shown in
Fi gures SWODSII9A-C. A 3% by wei ght aqueous slurry of Nof 72960 wood
Kraft (NSK) fibers is nade using a convZnhtional re-pul per. A 2% solution of
the tenporary wet strength resin (i.e., National Starch 78-0080 marketed by
Nat i onal Starch and Chem cal corporation of New York, New York) is added to

t he NSK shavilig pidevarting felalayep22Marla photoszngifive edsid Web ganerhinpdayer The NSK
slurry iszg' |l uted to about 0.2% consistency at the fan punp. Second, a 3%
by wei ght Q{ueous slurry of Eucal yptus fibers is nmade up using a

conventi onal - . lufi f Iy 1.6. N err
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Three indjvi . treated furnish streans (stream 1l = 10( stream 2 =
100% EucahgsHr basiz Waieky oful #36 amfisauars metst, er of ahoutd miblinsten @89 are kept

separ at e hiaR pefindbHithoRdbst 3016 abARADIstRA. onto a Fourdrinier wire to form
a three | ayer enbryonic web containing an outer Eucal yptus |ayer, a

gebogded_ Euca!rh@twsblmmiﬂgldlayafjr 56( b(gﬂgﬂlises Devesntihhog (ﬁeﬁttgﬁ wabo$ﬁh t he
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Further de-watering is accomplished by vacuum assisted drainage, such as
by apparatus 620, until the web has a fiber consistency of about 25%. The web
545 is then carried adjacent the steam hood 2880 and into the nip 800 formed
between a vacuum pressure roll 900 and the Yankee dryer drum 880. |

The surface 260 is imprinted into the surface 547 of the web 545 at the nip
800 by pressing the web 545 and the web support apparatus 200 between the
vacuum presure roll 900 and the Yankee dryer drum 880 at a nip pressure of about
400 pli. A creping adhesive is used to adhere the web to the Yankee dryer. The
fiber consistency is increased to at least about 90% before dry creping the web
with a doctor blade. 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 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.



an air perneability of about 30 to about -40 scfm The web patterning | ayer
250 conprises a continuous network web contacting surface 260 having an
proj ect edvews21409 about 30 to about 40 percent of the projral/esp724@68 of t he
web support apparatus 200. The differapce between the el evation 261 of the
surface 260 and the elevation 231 of the felt surface 230 is about 0.005
inch (0.127 mllinmeter). The enbryonic web is transferred to the apparatus

200 ‘'t o provi dga@lwbh{g/{ﬁe%wé p%eg:he apparatus 200 and having a
macr oscopi cal | y nonopl anar, substantially snmooth surface 549. Transfer is

D0 nches of Novearye Fir ther de. sarei g 1 o heconml ahad by vacaum
assi sted drai ngm-Caﬁiqsdﬂ: as by app8mailsis 620, until the web has a fiber
consi stency of about 25% The web 545 is then carried adjacent the steam
hood 2880 andBulkexsitg: ni p 800 f ofriddgrirasivabic centhmetetim pressure roll 900
and the Yankee dryer drum 880. The surface 260 is inprinted into the
surface 547 oSunfars SedothBuEBs at the nip 800 by pressing the web 545 and the
web support ap &;‘at u§2200 bet vveengtgge vacuum presure roll 900 and the
Yankee dryer ag8e~at a nip pr ure of about 400 pli. A creping
adhesive is used tq adhere the web to the Yankee dryer. The fi ber

consi st ency i Qurtaee &% at | east about 90% before dry creping the web
wi th a doct or%‘ﬁl%lgple. ‘he doctor bbgﬁe has a bevel angle of about 25 degrees
and is positi a2 respect to e Yankee dryer to provide an inpact
angl e of abouf_81l.degrges; the Ya e dryer is operated at about 800 fpm
(feet per m n%qng %3%&%?‘0244 mate?§%per mnute). The dry web is fornmed into
roll at a speed of 650 fpm The web is converted into a two-ply bath facial
ti ssue paper, each ply conprising three fiber layers. The two-ply toilet

ti ssue paper contains about 1.0% of the tenporary wet strength resin and

about 0.1 % of the debonder. WO 98/ 21409 _
PCT/ US9 7§ 0430 Each ply has the follow ng properties: Basis Wight:
9.8 I'b per 3000 sg. ft (15.9 gm square neter) Macro-Cali per: 6

'm |'s Bul k DenFhis¥kample provides 4 tidshegvebmadecwhh theqripérinvakingy
apparatus of the type shown in Figures 8A,B and 9A-C.

A 3% by weight aqueous slurr)} of Northern Softwood Kraft is made up in
a conventional re-pulper. A 2% solution of the temporary wet strength resin (
PAREZ® 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 pump.
Second, a 3% by weight aqueous slurry of Eucalyptus fibers is made up using a
conventional re-pulper. A 2% solution of the debonder (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% consistehcy at the fan pump.

The two individually treated furnish streams (stream 1 = 100% NSK; stream

~ 2 = 100% Eucalyptus) are mixed through the headbox and deposited onto a

Fourdrinier 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.



Surface Snoothness of surface 22: 740 Surface Snoot hness of
surface' 24: - 960 Snoot hness Rati o: 1.30 Exanple 4. This
exanpl e fWOMBAE%a ti ssue web made with the paper maki ng apﬁgﬁ'ﬁ{ Z’z’d’ﬁothe
type shown in Figures 8A B and 9A-C. A33% by wei ght aqueous slurry of

Nort hern Softwood Kraft is nmade up in a conventional re-pul per. A 2%
solution of the tenporary wet strength resin ( PAREZ[err] 750) is added to
t he NSK st ocklhei gmebrybnia wettwebois ttanRfried froem gliet Foredtihier shing, &6 &@ber  The NSK
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added to_ﬁ?b.e Eucal yptus stock pipe at a rate of 0.1% by weight of the dry
fibers e Eucal yptus slurry is diluted to about 0.2% consistency at the
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appar at usesiegied, an ja, §r Tt“éﬂf |Sr?Q foefarm aygsnerally mapoplangk oves @fdi tive resin
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Proj ect ed,85e8, kg tbp%hé!\%b JUPRH Iapparatus 200 adjacent to the steam hood 2800 '

and into the nip 800 formed between the vacuum pressure roll 900 and the

Yankee drum 880. The web 545 is then compacted against the compaction surface

875 of the Yankee dryer drum 880 at a compression pressure of at least about 400

pli. A polyvinyl alcohol based creping adhesive is used to adhere the compacted

web to the Yankee dryer. The fiber consistency is increased to at least about 90%

before dry creping the web from the surface of the dryer drum 880 with a doctor

blade. 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 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 (200 meters

per minutes). '

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.



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

m | |imet p¢ og3i¥ge €nMbryonic web is transferred to the web sequussr2z@spar at us
200 and deflected in a first deflectiogp step to forma generally nonopl anar
web 545. Transfer is provided at the vacuumtransfer point with a pressure
di-fferential of about 20 inches of nercury. Further de-watering is

acconpl i shed ags| fil the web has a fiber

consi stency o gbloé ut!%}ﬂlﬁé?@& @ggﬁg’?n%g'rri ed by the web support
apparatus 200pgadi .to the ste J nip 800 forned
bet ween t he vacuu?ilgggfétés'ure roll 3?0@@@%@%22%55%‘?5%1&?80 The web 545
is then conpagifeb-29fpést the compaginiien surface 875 of the Yankee dryer
drum 880 at a conpression pressure of at |east about 400 pli. A polyvinyl

al cohol basedputieDefgtyadhesi ve i s ouRdraf/cabitekstihbRer conpacted web to the
Yankee dryer. The fiber consistency is increased to at | east about 90%

before dry cr Spifage Sheothedssf rom t he surface of the dryer drum 880 with a
doctor bl ade. The doctor blade has a bevel angle of about 25 degrees and is
positi oned w ofisurfeep@2t to the YaBR8e dryer to provide an inpact angle of
about 81 degrees; the Yankee dryer is operated at about 800 fpm (feet per

m nut e) (abouButface Smoethgesper m nute). The dry web is formed into roll at a
speed of 650 me 200 nmeters per mnutes). The web is converted to provide
a singl e-1ayeptsurfasegfty bath ti ssd@5@aper. Each ply of the two-ply bath

ti ssue paper has a basis, weight about 12.6 pounds per ‘3000 square feet, and
cont ai ns abouSmeotmesiRafia: ght of WS tenporary 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. WO 98/ 21409
PCT/ US97/ 21060 32 The tissue web has the foll owi ng properties: Basis

Wi ght : 12.6 1 b/3000 sq ft (20.5 gn'sq neter) Macro-Caliper:

8.8 mils E% X 9, . 0.092 gram cubic centineter Surface
-Snoot hneglgbyhl ésagp%ce :E' 890

The following prophetic example illustrates a method of making 2 ply
tissue paper using a commercial size papermaking equipment of the type shown in
Figures 8A,B and 9A-C.

A 3% by weight aqueous slurry of Northern Softwood Kraft is made up in
a conventional re-pulper. A 2% solution of the temporary wet strength resin (i.e.,
PAREZ® 750 marketed by American Cyanamid corporation 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 using 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 fibers. The Eucalyptus slurry is diluted to about 0.2%
consistency at the fan pump.

The two individually treated furnish streams (stream 1 = 100% NSK; stream
2 = 100% Eucalyptus) are mixed through the headbox and deposited onto a
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
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1.18 PROPHETI C EXAMPLE: The follow ng prophetic exanple illustrates a
met hod oW@B%2Hgs 2 ply tissue paper using a comrercial si ZBCHHBEYZEES ng
equi pnent of the type shown in Figures 83 B and 9A-C. A 3% by wei ght
aqueous slurry of Northern Softwood Kraft is nade up in a conventi onal
re-pul per. A 2% solution of the tenporary wet strength resin (i.e.,
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The Eucal ypt urry i uted to abou consi stency a e fan punp.
The two i @@0vidually treated furnish streans (stream 1 = 100% NSK; stream 2
= 100% Eucal yptus) are, m xed through the headbox and deposited onto a
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occurs through the Fourdri.nier w r8 and i % asgb%ted tﬁy a def| ectglr and
vacuum bosfeatinugus web Wge%xpg%p@g 250 having about 1laterally staggered, ov

PCT/ US97/ 3h&ed opanings 2A0 iper syuamt inch ofthefweb dontdetifly strfidce 1220 THe web
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220 and a photosensitive resin-web patterning layer wat er i ng
felt 220 0003 ipgh (Gel2omplimeterke| t nmanufactured by Appleton MIls of
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a generally monoplanar web 545. Transfer is provided at the vacuum transfer
point with a pressure differential of about 20 inches of mercury. Further de-
watering is accomplished by vacuum assisted drainage until the web has a fiber
consistency of about 30%. The web 545 is carried by the web support apparatus
200 to the nip 800. The vacuum pressure roll 900 has a compression surface 910
having a hardness of about 60 P&J. The web 545 is then compacted against the
compaction surface 875 of the Yankee dryer drum 880 by pressing the web 545
and the web support apparatus 200 between the compression surface 910 and the
Yankee dryer drum 880 surface at a compression pressure of at least about 400
pli. A polyvinyl alcohol based creping adhesive is used to adhere the compacted
web to the Yankee dryer. The fiber consistency is increased to at least about 90%
before dry creping the web from the surface of the dryer drum 880 with a dotctor
blade. The doctor blade has a bevel angle of about 20 degrees and is positioned
with respect to the Yankee dryer to provide an impact angle of about 76 degrees;
the Yankee dryer is operated at about 4500 fpm (feet per minute) (about 1372
meters per minute). The dry web is formed into roll at a speed of 3690 fpm (1125

meters per minute).

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



shaped openi ngs 270 per square inch of the web contacting surface 220. The
web patterning | ayer 250 has a projected area equal to about 35 ‘percent  of
t he proj egdeskmpea of the web support apparatus 200. The ®CTIESALSOI N

el evation between the top web contacti surface 260 and the first felt
surface 230 is about 0.005 inch (0.127 mllimeter). The enbryonic web is
transferred to the web support apparatus 200 to form a generally nonopl anar
web 545. i i at a pressure
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acconpl i papet ibyof, absarhentsandss eldtabiaafonagzea&mbath tissse. web has a fi ber

consi stency of about 30% The web 545 is carried by the web support
apparatus 200 to the nip 800. The vacuum pressure roll 900 has a_
conpression surface 910 having a hardness of about 60 P&. The web 545 is

t hen conpacted agai nst the conpaction surface 875 of the Yankee dryer drum’

880 by pressing the web 5 mﬁ appar atus 200 between the
corrpre55| on surface 910 a%glﬁa[hn@mgg{ R@&um 880 surface at a
conpression pressure of at |east about 400 pli. A polyvinyl alcohol based
crepi ng adhesive is used to adhere the corrpact ed web to the Yankee dryer.

The fi be &Q Sl St e 1&ﬁne§¥§r{aﬁ@1§§§mtnof? e%%ﬁ" out 90% before dry creping

the web fromthe surface ryer Wth a doctor blade. The
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0. 2% by i ght of the tenporary wet strength WO 98/ 21409
PCT/ US977 21060 34 resin and about 0.1% by wei ght of the debonder. The

resulting t | ¥mbleS S ] t | e for use
as a bath t@ﬂehaﬁlﬁPW%@MSﬁgg{?gﬁéﬁj%g q EE s and

El evat i ofich) arghopseuerndemly: fromea shrehor soll of tiswe PﬁP%FneIf’ég‘ samplge regi on 30,
the thi ckimes befobtdifed &8hOR sBijle sheet, then additional sheets made under the

same conditions (preferably the same parent roll) can be used.

Microtomes for each sample are made by stapling each sample onto a rigid
cardboard holder. The cardboard holder is placed in a silicon mold. The paper
sample is immersed in a resin such as Merigraph photopolymer manufactured by
Hercules, Inc.

The sample is cured to harden the resin mixture. The sample is removed
from the silicon mold. Prior to immersion in photopolymer the sample is marked
with a reference point to accurately determine where microtome slices are made.
Preferably, the same reference point is utilized in both the plan view (e.g. Figure
4) and various sectional views (e.g. Figure 3) of the sample of the web 20.

The sample is placed in a model 860 microtome sold by the American
Optical Company of Buffalo, New York and leveled. The edge of the sample is
removed from the sample, in slices, by the microtome untii 2 smooth surface
appears.

A sufficient number of slices are removed from the sample, so that the
various regions of the paper web (e.g. 30 and 50) may be accurately reconstructed.



and the thickness of the region 50 are determ ned using photon1crographs of
m crot omed cross-sections of the paper web. An exanple of such a

phot omi r ov0@s/2p#di s shown in Figure 3, where the |ocation BETHSEHE0G3 | s

i ndi cated, along with the thickness P df5 region 50 and the thickness K of
region 30. Ten sanples, each neasuring about 2.54 by 5.1 centineters (1

i mch by 2 inch) are choosen randomly froma sheet or roll of tissue paper.
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m cr oscop, obser ve 40X ma i cati.on.. Pho mcro raphs are
t aken al Oﬁ&a&ﬂgsgqiﬁngés ?001% fﬁeeyfeﬁa??ﬁnﬁ F‘“ PROE Fﬁ%?ﬁ&l’ﬁ%ﬁ% tq % ranged in
series ta Macintesh [k computer. The picture file is opened with a suitable photo-

imaging software package or CAD program, such as PowerDraw version 6.0,

available from Engineered Software of North Carolina.

Referring to Figure 3, the thicknesses of the region 30 and 50 are indicated
- by circles having their diameters labeled K and P, respectively. First, the Jargest
circle that can be inscribed in the region 50 being investigated is drawn using the -
PowerDraw software. The diameter of this circle is labeled P. The thickness P of
the region 50 is the diameter of this circle multiplied by the appropriate scale
factors (The scale factor is the magnification of the photomicrograph multiplied
by the magnification of the

scanned image).

Next, the smallest circles that can be inscribed in the portions of the region
30 on either side of the region 50 are drawn. The diameters of these circles are
labeled K. The thickness K of the region 30 adjacent the region 50 is the average
of the two diameters multiplied by the above mentioned scale factor.

The plane of the region 30 adjacent the region 50 is located by drawing a
line connecting the centers of the two circles having the diameter K, as shown in
Figure 3. '



the profile of the slice. The thicknesses and el evati ons may be ascert ai ned
fromthe reconstructed profile, as illustrated in Figure 3, whichis a -
phot om c{yqpéspiilesof a cross-section of a paper structure ofpctiiEsst/gweo
illustrated in Figures 1 and 2. The thkhgknesses are established using

Hewl ett Packard ScanJet 11C color flatbed scanner to scan the

phot om crograph and store the photom crograph in a picture file format on a
personal co Scan |1
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"Methods for the Measurement of the Mechamcal Propertles of Tissue Paper” by

Ampulski et al. found at page 19, which article is incorporated herein by
reference. The PSS measurement as used herein is the point by point sum of
amplitude values as described in the above article. The measurement procedures
set forth in the article are also generally described in U.S. ‘Patents’ 4,959,125
issued to Spendel and 5,059,282 issued to Ampulski et al, which patents are
incorporated herein by reference.

For purposes of testing the paper samples of the present invention, the
method for measuring PSS in the above article i$ used to measure surface
smoothness, with the following procedural modifications:

Instead of importing digitized data pairs (amplitude and time) into SAS
software for 10 samples, as described in the above article, the Surface
Smoothness measurement is made by acquiring, digitizing, and statistically
processing data for the 10 samples using LABVIEW brand software available
from National Instruments of Austin, Texas. Each amplitude spectrum is
generated uéing the "Amplitude and Phase Spectrum.vi" module in the



intersects the region 50 in at |east 25 percent of the occurances, then the
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the 10 sanples. Each output spectrumis then snoothed using the follow ng
wei ght factors

Basis Weight:

Basis weight is measured according to the following procedure.

The paper to be measured is conditioned at 71-75 degrees Fahrenheit at 48
1o 52 percent relative humidity for a minimum of 2 hours. The conditioned paper
is cut to provide twelve samples measuring 3.5 inch by 3.5 inch. The samples are
cut, six samples at a time, with a suitable pressure plate cutter, such as a Thwing-
Albert Alfa Hydraulic Pressure Sample Cutter, Model 240-10. The two six
sample stacks are then combined into a 12 ply stack and conditioned for at least
15 additional minutes at 71 to 75 F and 48 to 52 percent humidity.

The 12 ply stack is then weighed on a calibrated analytical balance. The
balance is maintained in the same room in which the samples were conditioned.
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.



in LABVIEW 0.000246, 0.000485, 0.00756, 0.062997. These weight factors are
selected to imtate the snoothing provided by the factors 0.0039, 0.0077,

. 120, 1. Owepseidwed in the above article for the SAS progreor/uséiaoso

snmoot hi ng, each spectrumis filtered uggng the frequency filters specified
in the above article. The value of PSS, in mcrons, is then calculated as
described in the above nentioned article, for each individually filtered

spectrum The -§.a¢ ; ol de.: aper i.s the average
of the 10 PSS %E%gseqegsﬁgggﬁgigﬁgrt&h%e@é ggerl‘%{té’gr ﬁ%‘@éﬁﬁvﬁgﬁﬁ‘f‘ﬂé sane side
of the pdP¥}isgalculatedin gpits of ppends per F:000Ssmetenfeet using thhdolppingi t e si de of
the paperegugfiozan be neasured. The snoothness ratio is obtained by dividing
t he hi gher val ue of Surface Snoot hness, corresponding to the nore textured
side of the paper web, by the |ower value of Surface Snoot hness,
corresponding to the snoot her side of the paper web. Basis Wight: Basis
wei ght i sWeigig of é F hélpdes@gedur e. The paper to be
renheit at 48 to 52 percent

greins Sd
nmeasured is conditioned at 71-75 degrees Fa
rel ati ve (A% gnt/ip) kil 2 plies) xi(F2.25 of. id. peeplyy. The conditi oned paper is cut to
provi de twel ve sanples neasuring 3.5 inch by 3.5 inch. The sanples are cut,
Six sanples at a tinme, with a suitable pressure plate cutter, such as a
Thwi ng- Al bert Al fa Hydraulic Pressure Sanple Cutter, Mdel 240-10. The two
si x sanploE Simpyk Bagis Qlébstr(lbz’%ﬁﬁ@ﬂzgﬁ nto a 12 ply stack and conditioned for
at least 15 additjopal niputes at 71 to 75 F and 48 to 52 percent humdity.
The 12 ply stack V@l&%eg]lﬂelygqﬁ@i(sw)aw i brated anal ytical bal ance. The
bal ance is nmaintained in the sane roomin which the sanples were
conditioned. A suitable balance is made by Sartorius Instrunment Conpany,

Model A2 Hi: bt~ hs the weight in grans of a 12 ply stack of the
paper, egg r%@lﬁg&?%y&ghg%a of 12.25 square inches. WO 98/ 21409

PCT/ US97/ 210 1 i i f aper .web (the i ght per unit
area of a m?ﬁ?g’ﬁgﬁ;g @_é)gfﬁgﬁ}_fag?éﬁgi%éaﬁfﬁggf}gﬂbeo‘lfﬂ%eéﬂbee&?& 000 square
feet, usPIFgSUmE drpe dipclogediin U8 Patenth46%735 dssped/Septa K984 tanms) x 3000 x
144 sq i Medkhaf! whithfpatent is incorporated herein by reference.

Bulk Density:

Bulk Density is the basis weight of the web divided by the web's macro-
caliper.

Absorbent Capacity:

The absorbent capacity of a web is measured using the Horizontal
Absorbative Capacity Test disclosed in above referenced U.S. Patent 4,469,735,

. Measurement of Web support apparatus Elevationé:

The elevation difference between the elevation 231 of the first felt surface and the
elevation 261 of the web contacting surface 260 is measured using the following
procedure. The web support apparatus is supported on a flat horizontal surface with the
web patterning layer facing upward. A stylus having a circular contact surface of about
1.3 square millimeters and a vertical length of about 3 millimeters is mounted on a
Federal Products dimensioning gauge (model 432B-81 amplifier modified for use With an



(453.6 gm ) x (12 pIies) x (12.25 sq. in. per ply) or sirrply Basis .
Vi ght (| b/ 3, 000 ft2) Wei ght of 12 ply stack (gm x 6. 4 per or
Dry Cali H%? U0 \ncr o- Cal i per or dry §§I iper is neasured usi ng {2&@&0’
procedure for neasuring dry caliper disc¢losed in U S. Patent 4,469, 735,

i ssued Sept. 4, 1984 to Trokhan, whi ch patent i's incorporated herei n by
referenc ul Bul k Sit t basi ht, of fhe web

di vi ded M@W @’Fé&? ay Baq[%eg ?ngﬁttﬁef%é@? gmdlﬂﬁ@ PRBANeAf
capaCijt y Rrbvﬂgmb Rlﬁ)d&ehwged’fhsuﬂgnﬁﬂi&t He roalibratedl téygbﬁwﬂnatmg&hmaﬁgé yf
Test disc ed i ove reference A 4 ment o
Veb. supp RS PeRYIEh i, BEFIG: Shitls 0 KO HekieY Shicl MOt acka:

el evat i orel@afiondifférendel e ifisthimestiisf mdaat dntelevatidresigghtigrio®erlthafh thelﬁ-sweb
contacti c 0. | C web
suppor 2*%%%#%%& EEH e ESHIGA b Ry el BEAGASovel e 20
pat t er ni relevatipn of inteiesianddomered to make|the meastirergent. dhestilus examstagpressare f ace
of about Aerdaty SRS bo '
mllimet e&s%@g%ﬁgméﬁ%dwee lr al Ig?to uc?ﬁﬁglogrenm %ﬁ?{ﬁs@ i lé‘z mt)hée y
432B- 81 dngaAsprementsaLe made af @acfwtevmrh athe megyyrepents abgac e evation are

PCT/ US97/534/4504 3orHeNBfAeade Bervieeaalieourapé Gliks WAty aibulired (9 privige dler al

¥ra,
Pr oductsrﬁfio any I‘OVI dence, Rhode Is?fand The instrunent is calibrated
by det er iR tage di fference between t wo preC| sion shinms of known -

t hi ckness whi I‘OVI d | evat | o The, instr

zeroed at an Zﬁ'éep S%q%u ‘?Wge‘f \/tB?ast‘t? H’éer?r}cp egplelegi ﬁ'i’?‘éfulég%o to
i nsur e urand26i ilustrdtedriaFagurei4Bhe stylus. The stylus is placed over the
el evation of interest and |l owered to nmake the nmeasurenment. The styl us
exerts a pressure of about 0.24 grans/square mllineter at the point of
measurenment. At |east three neasurenents are nade at each el evation. The
measurenents at each el evation are averaged. The difference between the
average values is the calculated to provide the elevation difference. The
sanme procedure is used to neasure the difference between el evations 1231




and 261 illustrated in Figure 14B. WO 98/ 21409 ' -

PCT/ US97/ 21060 40 1. A wetl aid paper web having first and second :
opposi t elwofosri4spg surfaces, wherein the surface snoot hnesspeptseabsot he web
is greater than about 1.15, and whereingphe second surface of the web has a

surface snoot hness val ue of |ess than about 900. 2.  The paper Wweb of -
Claim1l wherein the surface snobothness ratio of the vvet”n ‘

about 1.20what RicBiARLYs:Oreater than 1.25, and nore pref mﬁﬂﬁ"‘muma ﬂ han
1.30. 3.. The paper web of daim1l or 2 wherein the weéb €onprikes: a
relatively thinner, continuous network region; and a plurality of discrete,
relatively thicker regions dispersed throughout the relatively thinner,

cont i nuousl.net Waretlaghfabed webliviligSrsein §e€&i@5ﬁo§ﬁ<§l{¥| rﬁ&ﬁg‘ﬂn?acei,%ﬁé?%fl ance
ext endi ng romrtl he fi rt?‘tﬁ sur f.ac tgf t he. web. 4. e pasfer wep of aim3
wher ei n eath SHF& nae Fsét‘ia%l‘\?[ F et 1 gueater thay ghoubdelds @pdsvhareincthst one
di screte deowid suefice efjiherwebthas a surfiee spaqottinesaetalod ofdesy thard abolt 960. or 4
conprising at |east two |ayers. 6. The paper web of daiml1, 2, 3, 4, or
5 conprising at least three layers including a first outer |ayer, a second

outer layer, and a third Ia%ér.di sposed internediate the first and second
outer |ayers, athe papsravab efh@laimil whersirethecomface smoothness| mtio owfltle skebdsded

fiber struygédtrthad about 1106, HERAbIYeRaR: iy Bl Chgh " the
paper \Aeblg?%bsubstan(tnilal 'y l1l‘;i'raee 0 dﬁayre%gggsr@%@s&m 6@5@&??5%% thith

PCT/ Us97/ 21850 41 8. A multiple ply paper product conprising two paper
webs according to Claiml, 2, 3, 4, 5, 6 or 7 wherein the second surface of
each web is relatively snoother than the first surface of the web, and
wherein the secnd. surface f the.webs face outwardly. 9. The paper web
of d ai msgl', Zf;ﬁ’f,pag,g”gfa’b%f,scgugﬁ%Wﬁ?ﬁlpﬁﬁ?w&gﬁ%‘ﬁ@s b has an absor bent

capacity of at |east about 20 grans/gram

a relatively thinner, continuous network region; and

a plurality of discrete, relatively thicker regions dispersed throughout the relatively
thinner, continuous network, each of the discrete regions comprising a
protuberance extending from the first surface of the web.

4, The paper web of Claim 3 wherein each discrete relatively: thicker region
encircles at least one discrete densified region.

5. The paper web of Claim 1, 2, 3, or 4 comprising at least two layers.

6. The paper web of Claim 1, 2, 3, 4, or 5 comprising at least three layers including
a first outer layer, a second outer layer, and a third layer disposed intermediate the first
and second outer layers, and wherein the third layer comprises 2 relatively debonded
fiber structure.

7. The paper web of Claim 1,2, 3, 4, 5 or 6 wherein the paper web is substantially
free of dry embossments.



10.  The paper webmlllmlmlu;wuaup 4, 57 6, 7, 8 or 9 wherein the paper
web hasa bul k densid O s IR about 0.12 grans per cubic centineter.
WO 98/21409 PCT/US97/21060
41

8. A multiple ply paper product comprising two paper webs according to Claim 1,
2, 3,4, 5, 6 or 7 wherein the second surface of each web is relatively smoother than the
first surface of the web, and wherein the second surfaces of the webs face outwardly.

9. The paper web of Claims 1, 2, 3, 4, 5, 6, 7 or 8 wherein the paper web has an
absorbent capacity of at least about 20 grams/gram.

10.  The paper web of Claims 1, 2, 3, 4, 5, 6, 7, 8 or 9 wherein the paper web hasa
bulk density of less than about 0.12 grams per cubic centimeter.



