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PCT/ US97/ 20814 PAPER WEB HAVI NG A RELATI VELY THI NNER CONTI NUOUS
NETWORK WO $824#08N & DI SCRETE RELATI VELY THI CKER REG ONS | RCTRISSTARIRANE OF
THE CONTI NUOUS NETWORK REGQ ON 1 FI ELD OF THE
| NVENTI ON The present invention relates to a paper structure, and
nore particularly, to a tissue paper web having both bul k and snoot hness,

AAGKGRO NG AR BB RV ERE, £ HEL AVEL S TRRER CBRIINUQUS NETWORE: 11 ssue.

paper towdREGIGN& DISCRETEIRELATIVEEY iHICKER REGIONSIMNITKEPLIANE bRe and
i ndustry. Many attenpt STH@V@%QWU% %kﬁﬁggm I ssue products nore
€ approach t o provi IS

consuner preferred. consuner preferred
ti ssue products having bulk and flexibility is illustrated in U S. Patent
3,994,771 issued Novenber 30, 1976 to Mdrgan et al, which patent is

i ncorporated herein by refermre® oFrUENeYERNaNd flexibility may al so be
provi ded through bilaterally staggered conpressed and unconpressed zones,

ast sh ;)W!’l i n TheSpreseat ﬁﬁ/t:nﬁlori&latf)@t% d ?@éﬁ&nﬁ&ﬁx@h&ﬂ miﬂ%tﬁﬁﬁdﬁlaﬁy(? W@ﬁzﬁsdtéhi ch
atent is | el n ref erence. ot her, approach to
ki ng 126t 888 ARl Bl BHE g Medelineht 3R o aqmtod Brmgkinalparue

st ruct urrapeowebipart greater bulk, tensile strength, and burst strength to
the tissue products. Exanples of paper structures made in this manner are
illustrated in U S. Pat eBACKGROIBH) OBETHEINMENEION 20, 1987 to Trokhan,
whi ch patent_is incorporated herein by reference. U S. patent 4,637, 859
shows di scr APEHEMCtWRS fugh 95 deilactisaus apen toyesls add tfheidutigsoetara vadelyi nuous

net wor K,usad ehrbBghoné SelRdré asd ﬂﬁfuﬂé?atﬁilaﬂ)ﬁitﬁe{nﬁlﬁ Eave Jdaf rﬁéﬂ?:ttjor}ﬂﬂ":éssv.ﬁgt wor k

can provide strength, while the_r vel er donmes can provi

sof t nesglsaﬁprggg%?g@h%ggnsmerprefea;g. di sadvant age of the paper maki ng net hod
di sclosed in S t 4. 637 859 is that. dryi.ng such a web c be
relatively e_n%#?g?pﬁﬁ%cz’&g i RIQVISHIE ERATUmer pre efé‘?ﬁ’éuﬁsgﬁ iPraduets haxing 6@5 e use
of t hr odtgpitility islaustrgted du UpSaeRatent 3,094kl tissmed Novembper3o, 1aké rgMoegdnc

di scl os ' ; |13 Wi t Sspeed at

o oh ¢ i iRch patent icorporatcRlbcl vy Bl i R B b AGyRPRSS
limtat iag"‘r? & proisled rthrough hilaterally steggesedseomprepsed tand tuncompressedtaones, iaspar t ed
to the whbwhrinoy.s. Paengier,c0¥ idshad macm,tmo\%n*rf‘&hﬂ% 'ch“pda?ggtikcul ar,

the discrete dones described in U S. 4,637,859 may not be drie
incorporated herein by reference.

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

~ One disadvantage of the papermaking method disclosed in U.S. Patent 4,637,859 is
that drying such a web can be relatively energy intensive and expensive, and typically
' involves the use of through air drying equipment. In addition, the papermaking method
disclosed in U.S. 4,637,859 can be limited with respect to the speed at which the web can
be finally dried on the Yankee dryer drum. This limitation is thought to be due, at least in
part, to the pattern imparted to the web prior to transfer of the web to the Yankee drum.
In particular, the discrete domes described in U.S. 4,637,859 may not be dried as
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ef fici emdys/naaod he Yankee surface as is the continuous netowoserdesigri bed in
u. S 4,637,859. Accordingly, for a giyven consistency |evel and basis

wei ght, the speed at whi ch”t he Yankee? drum can be operated is limted.

The follow ng publications show additional nethods for naking a paper web
and are incorporated herein by reference: WO 95/17548 published June 29,
1995 in tefficisats on thy Y apkse suttaceas igthe capiinyeny negvosk fescehesbin B®: 1993 US
priority 4g8eg5d0AB&Ir@RSH? for atitdn considteday l6¥eYantlbasib WiftitNethe BFeedae of

Tr okhan et ah. d ha\%@g a ﬁune 29 r.t's::‘1994 US priority date; W 96/ 00814
publ i shed™h% 6%6?9%8 &2 Re PRt intimitebhan and  having a June 29, 1994
priority date; U Sy Patent, 5, 556 509 i.ssued Sept er 17, 1996 t JTrokhan
bt ol and U B Rloe BlalRaTo sOY iR mEBbaTRP ok o e b and

U. S. Pat eat snopr@ed bereimbyoeerase; WedPs53] a8 dblistkddJund 28 1968 @ thewhmei al s
havi ng | ' L i i sheet
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felts in Trokh@t &, amdpUSPateat 51542,790 issaddoAumest 27,1996 tePhatls. The

conventional ly pressed paper, once dried, can then be enbossed to pattern
t he web, and tU.S. Retestsse33G:R0004£00,237) andet,9@%,342 ddseribucdheetrnatesala hpviag

enbossed A : ' [ : t 3 ' e aper
r ot o SRR borfitE fraleals BRHEARRRATadR, BEYE thed vl Bihet iFa puditl> | DADC

typi cal | ySuchsamethad has the disedyansgeithatapplicasion of fieconding matpgals sarebe st r uct ur e
at the expRfivelykpeisigs and' iRkt té Sortfol bhSrodhictithl spedis, |Afddi3t%xiail? Wha ,

enbossing.a dri ed, paper b. di srupts nds hetween. fibers in the cellulosic
st ruct ur eSlastoReRc bgp&pg&%?g@gdgéucsgﬁed%ggr R BHE¥eRr & formed and set
upon drying of~the .. e Qni ' Sk f drving t

structure, movi VBPPB%%{S%%&#@FJ#%&%P e :{’%%é” eﬁf&ﬁgneparprggresqqr SDS(F}? ﬁs(ra%l by
enmbossi nep pressikip tarbbe maglefat relatively digh Bpeedi.i ridheepnyentionaliy (pressed papeaduced

tensile sifcenged Qh thetbdimbehs@fiSsardPhe Mtbatih o ifbreaRTHO ARLAGCAlPer of
typically done after crepi ng of .t he dr %gefgaper web fromthe d;ﬁ’léggfdrum

Enbossi nghe Webt iorexapplegerabpssed Ratisms HERISHe PRRer PRIyt afis ¥ t he
web. - For ﬁ?ﬁﬁaa&tshawmﬁaﬁe@m@nﬁmﬁn nate the creping pattern in sone
portions of the web by conpacting or stretching the creping pattern. Such
a result is Udowsveradrhisoshing pusoesdel éypicadlyi impartat pazticular desthetio/ gppettaecesiof t ness

and fl eXitg%gjfhgr Shudnii€ aqrthg%xfgﬁ‘ge of other M@pgﬁ{eg B#9Be structure. én particular,
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embossing a dried paper web disrupts bonds between fibers in the cellulosic structure.

This disruption occurs because the bonds are formed and set upon drying of the
embryonic fibrous slurry. After drying the paper structure, moving fibers normal to the
plane of the paper structure by embossing breaks fiber to fiber bonds. Breaking bonds
results in reduced tensile strength of the dried paper web. In addition, embossing is
typically done after creping of the dried paper web from the drying drum. Embossing
after creping can disrupt the creping pattern imparted to the web. For instance,

embossing can eliminate the creping pattern in some portions of the web by compacting
or stretching the creping pattern. Such a result is undesirable because the creping pattern
improves the softness and flexibility of the dried web.



Scientists and engi neers in the papermeking arts eontinue-to search for

| mpr oved nmet hods of maki ng soft, strong, and absorbent tissue paper which
can be woissdie6ficiently- at reduced expense. PAXOINOWR0SYL y, one
obj ect of the present invention is to grovide a paper web and nmet hod for
making a nulti-regi on paper web ‘which allowrelatively faster drying with
relatively | ower energy and expense Anot her object of the

t Ki | t.i
P oh can be Fobis sh? REREf & ggp%g’é‘gl“&graﬁ‘gﬁ Shiile o St frnimBB%dy ohgh
ai r dryi mpteedsfmaking soff;, stieng, athﬁé swelwtt tlsﬂuegiaapm’tvdnthednbtuﬂieﬂlechmly of the

paper mekiafgduceBaesphiR. Anot her obj ect of the present invention is
to provide a papef web and nethod for making a paper web where the web has

at least two obic‘cbﬁli@gmy,, oﬂ%%lﬁéﬁi%?%ﬁ@pfe@&h%@emi@h% wngﬂeazpbfp YwEheng? MMore

of the follo ert| t hi ckness, . el evatlon ensi asl s

wei ght . mettiod fo7 rhay ‘%Hb‘]e@(?f’ paper yep vdyehyallow salatvel ﬁ@.’rﬁﬂ’@ét‘ﬁ% of
maki ng tk'dam&ﬂ;erowmbnerg&lan@eiﬁmmeb has an enhanced bul k cal i per, bulk
density, and absorbent capacity with a relatively patterned face and

rel atively sméabtheophjesi afghé pmee;ntﬁﬂ!mﬁbg{iqab@rdnddé\@nbdidd formakipg @pmiltii es of

bul k d duct Anot h
obj ect noP’Sg?‘f{{eﬁ%éiﬁgﬁ?" cafl be RS LISl ;AR Rl Gl B tiona) o hrmed o
neki ng t A dp4Epe Fapabith afithoutihe need fos sgbmrahmodiﬂcyucm efthe pagermaking

mat eri al gackineh as el astoneric binding materials, which adversly affect
the absorbency. SUM\/ARY OF THE | NVENTI ON

The inventi onA@oﬂief bb_]est (fftlwpﬂead:xﬂ iPRAR6N B pRevdd S phder ﬁ%b%ﬁi&inﬁtﬁfﬁ%&

opposi t e cin r es a relatively i nner

regi on aﬂ%hgg?é?aggf Véll? W%ﬁ&gg hgig’ie%?f‘%g%%rﬂ“ﬂ%‘e P3sed RBISNSt hi cker

regi on i disingpshable bynonemr morerné thef follbwinpeirapérties: ythickhéss wévatiog) density|he

rati o of o4 ;Sru,giéﬂtess P of the relatively thicker region to the thickness

K of the relative y thinner region can be at |east about 1.5 In one
enbodi ment, t
i Jaaoﬁ@pss cBER 16 FBViks Epepet %ﬂ%ﬁ}{ gﬁéig%&"n bf gﬁjmg%ggtapagﬁp% ity of
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Another object of the present invention is to provide a paper web and method of
~ making the paper web where the web is substantially free of binding materials, 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. The paper comprises a relatively thinner region and a relatively thicker
region, wherein the relatively thicker region is disposed in the plane of the relatively

. thinner region. The ratio of the thickness P of the relatively thicker region to the
thickness K of the relatively thinner region can be at least about 1.5

In one: embodiment, the paper web comprises a relatively thinner, continuous
network region which can have a relatively high density, and a plurality of relatively
thicker discrete regions dispersed throughout the continuous network region. The
discrete regions are disposed in the plane of the continuous network region, and can have



4 a density which is |lower than that of the continuous network region. In
one enbodi nent, each relatively thicker discrete region can encircle at

| east onéV@i982r48é e densified region. The paper web pcavuseaeesie basi s
wei ght of between about 7 and about 70 grans per square nmeter, a macro
caliper of at |east about 0.1 nmm and %ror e preferably at |east about 0.2
mm and a bul k density of |ess than or equal to about 0.12 gram per cubic

centineter,. The p ‘gwgr web can al so have an absorbent capacity of at | east
about 207 §F0sHE MEHcihs lower than thetof tha eantipponsaetworkvegion:s I pac embedimentnes s

rati o grmheﬂaﬁi\l‘eﬂlﬁt}ﬁtﬂ@ﬂ&s&eﬁé%?ﬁﬁ t&n SRR ARy «ﬂx@‘?l?stcf‘e&e EQRHAOH %ﬁ’ 1. 20,

even nore preferably greater than about 1.25, still nore preferably greater
t han about 1Tkm)papand'ebmanhmaﬂﬁsﬁbbeigmrcﬁ'@bmeehE%ht@bﬁidtabbul‘m) x%@péwface

f th | f |l 900, d
mor e pr orRefHis el Kt IR A TRGANE R 1 B e oery Festerily cRligiey
web can (h&mn,aansim bulk density of lnse M\mleqmldé aladut 0e2sgramlper tulsl Qentiamedernor e
or €1 er abit e 25 Lkl URbscFien RERRAPHE SelP A M 11 ckress

of a region, "'the macro ca I per o e basis t he

bul k densi tmfpa%eﬂ\@bb cﬁpﬂaﬁe@s&%&%ﬁﬁ)oﬁﬂ@%&ﬂ@ I ttbﬁ};%‘ﬁf{;g%c Hopgd

bel ow

the SpedPicERY grFates than ehout 120, cxemmese praferably) greatsr fisnrabony 1361 stelhd

di : ti ntctdagregbraferatbﬂw g{gdalelr ks ﬂfﬁéxt 110305 ralthu Gflost tﬂlg&efaawegﬂeh@fl thn! AboRE 1 ?ﬁt { ﬁr
unders rem ol,| owi.ng des i on, taken in nct i on, ui e
associ at e'be %‘Kf g@ wep Wfl R&r%qp hness, y “ﬁ@gf {allaé FopYt W0eand; ne

r ef er enguonspneferably lassdhan about 850 glkesoripositeln fqmlm’glswfaeu\bf the twbroah have f t he
fFirst suptEclatdoindd@RSlhe 3F EHQBH abo G S0d glkdqglor%%referabl% a fe?gt MGufHgd! ment

of the present | nvention, er structure
rel ati veliig Rrpcaduess @b@@?ﬁ#ﬂ@&éhm@%ﬁ% ofegytegivna the xaaq:b wakipartof aoweb, dheat i vel y

t hi cker baslk W%ﬁt%ﬂaeﬁb@ )Nhe BUBPGNIRY of A0ty r&ﬁﬁ'fﬂixé Beese @Inloe WSS 1305 YR K

regi on ure is a cross-sectional ustration o t he paper

st r uct urdESEtoeg; 5@% 1 taken along lines 2-2 in Figure 1 and
‘showi ng the relatively thicker, discrete regions di sposed in the
pl ane of the continuous net wor k regl on. Figure 3 is a photom crograph

' Figures 1 and 2. - PESERIPIIGNOFTHEDRAWINGS Of tne i1Fet surface of
a paper strowhi fhéTSpebificAtid® concludes with blatrhS pafcBfiry" pbingHE S5ut LaNd 2-
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 region 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 1 and 2.

Figure 4 is a photograph of the first surface of a paper structure of the type
illustrated in Figures 1 and 2.
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Fi gur e Wwoisszmophot ogr aph of the second surface of a papePCITUSITEWIE of t he
type illustrated in Figurgs 1 and 2. Figure 6 is a
cross-sectional illustration of prior art paper of the type shown in US
patent 4,637, 859. Figure 7A is a photom' crograph of a cross-section
of a paper b of _the t n US patent 4,637, 859.

i guro 76 | SRR 1% BICTGeraBh of dheeesmd supREe L kRt TG PEEHRA | Us
pat ent illustrdte® XY Fighfes I1and2. ~ Figure 7Cis a plan view of the

ot her side of the paper.web of Figure 7B Figure 8A is a plan view

i | | ustrati onFighrea6 inpprosaisestional illusteation ofgition grtepaperpefi thewtype shown in US  of
t he type iIIustrﬁégﬁlt gsFagpres 1 and 2, the apparatus conprising a
dewatering felt Tayer ‘and a web patternr ng layer joined to the dewatering

felt Figure mery%haraﬁna—%graes oeae%ys@e{%%fraepra Web B P ﬁ@ct' ng top
surf ace. gur e 5 % 835 sectional il'ltustration o
appar at us of Fi gur éh%’ﬂ‘ i §rPa%ﬂn6 §37 lines 8B in Fi gure 8A

Figure 8Cis view illusgrati an _apparat us conpri s

dewat eri ng Fxguﬁe @éﬁ%l’i’avayé“rw 8%8“%513%89?)8?3%”#{?%9'8? g‘?‘ﬁé“i‘/\@g B er ni ng
| ayer conpri si ng4,637,859. di screte web contacting surfaces. Fi gure 9A
is an illustration of a papermachine for making a paper web with the

appar at us of FigurpuT@ és Bplan neeveef the other side Bf thermap@Bvetsofrigiel 1Bt r at i on

showi ng a paper web transferred to the apparatus shown

Fi gure 8B t oFigurenA ipaplan viesy illusination af an ppparatug fogase inomakingwcpaper wnb

apparatus and a gegngypsl lilﬁs?fﬂfeﬂaid Y’lﬁﬁ‘@so'[lhaﬁd”z‘ aH€ - apparatus cofmpfisig #C IS
an |Ilustrat|on$ ?F%éé)&it(,l\,\Bb 0 tF)arat S shqwn I n qu!gure 8B

bei ng carried betSWa ke é‘s‘é’ B agr demed iodbe dEyaterng felh ¢ o
i npart a patt er nlayer dridehalvings continfiasmedworkhectpsineicting topasngfate adhere t he
second surface of the paper web to the Yankee drum

Fi gure 9D i sFignrei 8B issa crass-sactiohal dllustration o€ tei appamfusaf Fignre B takesaiong

conprising tWo jines 8B in Fipure¥®Ps of the type shown in Figure 2, with the
relatively sm)ot]her secongur ) surfaces of the webs facing

outwardly.  Figure 8CF§Qﬂraﬁvl&vil&sﬁaﬁé@éﬁmfip?&ég?f&?gdghkﬁ%fa%a%&r@{ 2 Bfgg;m

web made acco to,an
i nvention an df gﬂﬁgﬁrﬁ‘@d Iaéyeé}}?a\;tg{rgng layer, %e web patterning layer compnising
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
impart a pattern to the first surface of the paper web and to adhere the second
surface of the paper web to the Yankee drum.

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

Figure 10 is a cross-sectional illustration of a paper web made according to an
alternative embodiment of the present invention and showing relatively
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t hi cker, wibesgrzi@be regi ons di sposed in the plane-of the corCIrusgs208&t wor k
regi on, and wherein each discrete region encircles one or nore discete
densified region. Figure 11 is & phot om crograph of a cross-section
of a paper structure of the type illustrated in Figure 10.
Figure 12 a photograph of the first surface of a paper structure of the
type thickegs tdisaretd tegions glispesadin the planeFofgtheecarinpes aeqwesk ogr aph
of the second sukbpae aﬁﬁ @h&@iﬂeéa&ﬁt Bidedetd ?eg‘?én teﬂarélé’sogne or more discete
illustrated in F#eggre Fi gure a plan view 1l lustration
of an appar at us 1ﬁl9gée319p rrakl ng a paper Web of the type
iIIustrated‘_J:aln F| ureéo Rﬁ gatus co g%gweb

patterni ng IEHS¥E 11 AR tPB‘“fr%r&' ¢ Abd STOS§-8hcH ’E‘O ’BP STt HEven fil aments.
Figure 14B is aofmheg&esihn@tiamda’hﬁigdrelso.r ation of the apparatus of Figure 14.
Figure 15A is an illustration of a papermachine for making a paper web with
t he Figurep p2irea phetogriaplri of uthe sfirkt Aurdiame G#1B. paper strkitgaref hBByps an

il lustration sh wgb transferred to the apparatus
shown in Fi gureq\%l%%t%i#i %Era paper web having a first surface conforned to

the appar at Lp.ga&dlaalssssﬁaég&w%f%ﬁé sédo hu sSPRQ! br 8 lsyag Cructure of tHe gpée 15C

is an illustr on the apparatu own In Figuré 1 4B
being carried be1 di B:ag‘é‘?dpe roll and a Yankee drying drumto inpart 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

- t I N b
erbod nent b EPRd 48 s ATk 0dheafloR BF &Y etRrErofud S Fr bt R o o
fiber |ayers inafuthentype tkiswated ng Figyer 10, the apparatus compnsmg PETAELED
DESCRI PTI ON OF T, xlrﬁ\'}éqré%_é ned fo foﬁnﬂxﬂﬁ?eﬁeﬁue&t folhttPée v%\%nehl . web 20

made according t'o one e resent 1 nvention, Igures 3-5

are phot ogr apisreal4BAs a%&%g-séétrdﬂstmamfontometapgsmhislomgwé w in Figures 1
and 2. For conparison purposes, Figures 6 and 7A-C show a

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 péper web made according to one
embodiment of the present invention, wherein the web comprises multiple
fiber layers including a debonding layer.

DETAILED DESCRIPTION OF THE INVENTION

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



paper web of the type described in U S. Patent 4,637,859. - WO 98/ 21406
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paper waO@#8@wo6ccordi ng to one enbodi ment of the preseRCYHAERLFAN
conprises a relatively thinner region_and a relatively thicker region,
wherein the relatively thicker region7is di sposed in the plane of the _
relatively thinner region. The paper web is wetlaid, and can be

substantially free of dry enbossments. Referring to Figures 1-5, the

paper web 2FhgaRaper eb Hitde sAseerdingo i @5 t anbodiment gf 3hg Prrsent2 MvaRODA,

respect ich@ipyisesTBereRAREly VRNt OregRIMP hhd &S rélafi IRt thieREY rédibf)NGherefiPAkd NUOUS
net wor k reg‘l'f&r!l 30, havi nq g.thl %Knet?ls g@? tgte K. .The portion of, the

sur f ace 92 durkst geginr 15 dispetrdag the B i& £d a§’2?1yéh‘éﬁ?rh‘@g’;98rt of the
jsur}‘age paﬂerbm‘odl eWeﬂﬁdr?ﬁ@anQubﬁmﬂﬁﬂl ' y@l'(eabedry:%ékn_ bossrggnté._ Ttb@ervigg 26 al ﬁo

I ncl udes;. a ralyi t r tiv t Qi cker, reqi.ons i sper r,oughout
t he con? ?gﬂfg%g'sng{ev%"% P’Sﬁ?@ﬁ‘%gﬁfﬂg P thf‘fFllf ﬁch}gesfmﬁggﬁg,qg&?& have a
t hi cknesespaabiehnatliet papenwkbel eothpiises s tralativelyf thirme8 2comtintdus sewbilnuous
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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 relatively thicker regions 50 are disposed in the plane of the continuous
network region 30. The elevation of the plane of the network region 30 is schematically
illustrated by surface 23 (appears as a line in Figure 2). Surface 23 is positioned midway

between the surfaces 32 and 34. While the plane of the network 30 is illustrated as being
flat in Figure 2, it will be understood that the "plane of the network 30" can comprise a
surface 23 having curvature.
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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
than about 1.40, where the surface smoothness ratio is the value of the surface

" smoothness of surface 22 divided by the value of the smoothness value of surface 24.

In one embodiment, the surface 24 of the web 20 can have a surface smoothness
value of less than about 900, and more preferably less than about 850. The opposite
surface 22 can have a surface smoothness value of at least about 900, and more preferably
at least about 1000.
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have the strength and bulk benefits associated with relatively thicker regions dispersed

throughout a continuous network region, yet present a relatively smooth and soft outward

surface to the consumer's touch.

An example of such a two ply tissue is illustrated in Figure 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.

The paper web 20 can have a basis weight of about 7 to about 70 grams per square
meter. The paper web 20 can have a macro-caliper of at least about 0.1 mm, and more
preferably at least about 0.2 millimeter and a bulk density of less than about 0.12 gram
per cubic centimeter (basis weight divided by macro-caliper). The procedures for
measuring the basis weight, macro-caliper, and bulk density of a web are described
below.
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In Figure 8A and 8B the second web contacting surface is provided by the web
patterning layer 250. The web patterning layer 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.

The difference in.elevation is greater than or equal to 0.0 mils and less than about
8.0 mils. In one embodiment, the difference in elevation is less than about 6.0 mils (0.15
mm), more preferably less than about 4.0 mils (0.10 mm), and most preferably less than

about 2.0 mil: (0.05 mm), in order to maintain a relatively smooth surface 24, as
described below.
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about 5 nmm
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
pore size of the felt layer 220 adjacent the second felt surface 232, such that water
entering the first surface 230 is carried away from the first surface 230.

The dewatering felt layer 220 can have a thickness greater than about 2 mm. In one
embodiment the dewatering felt layer 220 can have a thickness of between about 2 mm
and about 5 mm.
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The web support apparatus 200 shown in Figure 8A has a web patterning | ayer
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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

Mills Company 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

. bottom warp and a 4 ply cabled monofilament cross-machine direction weave. The batt

240 can comprise polyester fibers having a denier of about 3 at the first surface 230, and a
denier of between about 10-15 in the batt substrate underlying the first surface 230.

The web support apparatus 200 shown in Figure 8A has a web patterning layer 250
having a comtinuous network web contacting top surface 260 having a plurality of
discrete openings 270 therein. Suitable shapes for the openings 270 include, but are not
limited to circles, ovals elongated in the machine direction (MD in Figure 8A), polygons,
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projected area of the web support app ?atus 200 as viewed in Figure 8A,  and
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. ng, menber, such, as,a formng belt 542,
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t he f or matlgasbedrhe bchings®70si nplicity the form ng belt 542 is shown as a
single, continuous Fourdrinier wre. It wll be understood that any of the
various twin wire forners knoRapermakihgMeathodcReschptiorsed. It is
anticipated that wood pulp in all its varieties will nornally conprise the
paper maki ngAf papsr styetee Eﬂ acpordingnteethei presentidniantien cen ther made (withy ghe
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belt 542 is shown as a single, continuous Fourdrinier wire. It will be understood that

‘any of the various twin wire formers known in the art can be used.

It is anticipated that wood pulp in all its varieties will normally comprise the paper
making fibers used in this invention. However, other cellulose fibrous pulps, such as
cotton liners, bagasse, rayon, etc., can be used and none are disclaimed. Wood pulps

" useful herein include chemical pulps such as Kraft, sulfite and sulfate pulps as well as
mechanical -pulps including for example, ground wood, thermomechanical pulps and
Chemi-ThermoMechanical Pulp (CTMP). Pulps derived from both deciduous and
coniferous trees can be used.

Both hardwood pulps and softwood pulps as well as blends of the two may be |
employed. The terms hardwood pulps as used herein refers to fibrous pulp derived from
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98/ 2140@he debonding agent, in combination with the energy provided to the web by the dry
PCT/ US97/ 2%314 i
creping process, results in a portion of the web being debulked. In one embodiment, the
debonding agent can be applied to fibers forming an intermediate fiber layer positioned
between two or more layers. The intermediate layer acts as a debonding layer between
outer layers of fibers. The creping energy can therefore debulk a portion of the web along

the debonding layer. Debulking of the web can result in voids 310 ( Figure 16).

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

Suitable debonding agents include chemical softening compositions such as those
disclosed in U.S. Patent 5,279,767 issued January 18, 1994 to Phan et al. Suitable



bi odegr adabl e chem cal softening conpositions are disclosed in U S. "Patent
5,312,522 issued May 17, 1994 to Phan et al. U S. Patents 5,279, 767 and
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the form ng belt 542 to the apparatus 200 and supporting the transferred
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the trandtRri4agd the bmbhfnics web HaGr isefdrBed 3§ CrefRPAIOHMTE (hoktiord BE thebfieas 202 of
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web is generally monoplanar, and is formed to have substantially smooth,

macroscopically monoplanar first and second faces using any suitable 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
542 about a return roll 502 and is brought into the proximity of the web support apparatus
200.

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

The web is transferred to the apparatus 200 such that the first face 547 of the
transferred web 545 is supported on and conformed to the surface 202 of the apparatus



200, with parts of the web 545 supported on the surface 260 and parts of
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PCT/ US97/ 208The steam hood 2800 is mounted opposite a section of the vaclnim providing The
(ot - snafion e S8 bncitey Bomisfng PoSREoan Sate e sl pd B MFESEE AE L0 e
r ot at i nghsfeltflayer 2200 THe sténm proivided(fy. stddne heort 280che@tsChe mtdyen thegpapet ed or
gr ooved i §43GmdihE fi8yer 220, thereby reducing the viscosity of the water in the web and

the felt layer 220. Accordingly, the water in the web and the felt layer 220 can be more

readily removed by the vacuum provided by roll 900.

‘ The steam hood 2800 can provide about 0.3 pound of saturated steam per pound
of dry fiber at a pressure of less than about 15 psi. The vacuum providing portion 920
provides a vacuum of between about 1 and about 15 inches of Mercury, and preferably
between about 3 and about 12 inches of Mercury at the surface 204. A suitable
vacuum pressure roll 900 is a suction pressure roll manufactured by Winchester Roll
Products. A suitable steam hood 2800 is a model D5A manufactured by Measurex-
Devron Company of North Vancouver, British Columbia, Canada,
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Because tferdhabsheu QECIS%’ gadhesive such aygheoGREPIROHL® adhesive can be used.
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brush. In yet another embodiment, the creping adhesive could be added to the paper

furnish at the wet end of the papermachine, such as by adding the adhesive to the paper

furnish in the headbox 500. From about 2 pounds to about 4 pounds of adhesive can be

applied per ton of paper fibers dried on the Yankee drum 880.
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As the web is carried on the apparatus 200 through the nip 800, the vacuum
providing portion 920 of the roll 900 provides a vacuum at the surface 204 of the web
support apparatus 200. Also, as the web is carried on the apparatus 200 through the nip
800, between the vaccuum pressure roll 900 and the dryer surface 800, the web
patterning layer 250 of the web support apparatus 200 imparts the pattern corresponding
to the surface 260 to the first face 547 of the web 545. Because the second face 549 is a



macr oscopi cal | y nonopl anar configuration. Accordingly, a predeterm ned
pattern can be inparted to the first face 547 of the web 545, while the
second fwoosh4der emai ns substantially snooth. The web 543PqE/e$93i268I4y has a
consi stency of between about 20 percent and about 60 percent when the web
545 is transferred to the surface 875'%&nd the pattern of surface 260 is
inparted to the web. As the web is carried through the nip 800, it
i s  believed that ‘the heated surface 875 can boil the water in the web 545.
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speed of°°RFISERSKof lepsthan abayh 5P egpelﬁe@wﬂmpéefewe}yéeﬁr%wwi a%rcff&ast
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t he Yan ryer spee aving a conti1nuous network and
di scr et ePeg bwrsat aswqh ssvequbg%@ l¢aﬁt abost 4 @m’mmut;s mbmorepreferably at least

about 5000 feet/minute.

a web

In particular, it is believed that the present invention permits a web 545 having a
basis weight of at least about 8 pounds per 3000 square feet, and more preferably at least
" about 10 pounds per 3000 square feet, to be dried from a relatively low consistency to a
relatively high consistency on the Yankee drum at a Yankee drum speed of at least about
4500 feet per minute. In particular, it is believed that the present invention permits a
web 545 having the above basis weight characteristics to be dried from a consistency of
less than about 30 percent and more preferably less than about 25 percent (when the web
is transferred to the drum 880), to a consistency of at least about 90 percent, and more
preferably at least about 95 percent (when the web is removed from the drum by creping)



basis weight 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 Wes¥aHe6 t o about 90 percent on the Yankee drum TREFEWLYEI4paper
of the type shown in U S Patent 4,637,859 is predried upstreamof the
Yankee drumto have a consistency uponiqransfer to the Yankee drum of about
60 percent to about 70 percent. Wthout being limted by theory, it is
beli eved that if paper of the type shown in US Patent 4,637,859 is dried
Wit hout tahed Wekesnsed af #rleast akout 4g&bf¢etmwahn@e@ommeﬂer@be@deassabqunﬁ@% to

less t harfe&%lék‘ﬁmﬁ@@@nﬁ afst ;S‘Peférabl% at least aborg G000 et Eérexﬁmhﬂ: drth8yRgkdehe paper

structure, 20 conprises creping the web 545 fromthe surface 875 with a
doct or bldEHs. 1000, as shown in Figure 9A. Wthout being limted by theory,

it is beli eve t hat the ar e doct bl ade 100Q to the web
545 bul ks, - or IneoeRiieR £ bebved el e aalkest pcmeedior driingapreidey el a ||

t hose poratdonnsucmfs netveorketid discrete domeesrastdiscloped mt @8, Pytehthi6 3785 %midtacr ni ng
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net wor k 3000 feet/min. |n an alternative enbodi nent, the web inprinting
apparatus 200 _can, conprise a resin patternin Iayer 250 whi ch defines a
plurality of dihgédinalsepisforningdbe pengr soyctarg 20 somprisetrrpring the web 5t4t5e
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can be used 346 Huﬂ«snmadqedaqmrﬁewebt laast somie portions bithe websespecialty tioke on, wher ei n
the papeﬁaﬁﬁ&x&xﬁ%i’ HeSvébWhth 3fendt imprinted Wﬂ?e%@&é&gnﬂng surface 380
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of rel at iAcepsdingly,ribeestep of erepiag ¢he wgb fom the syréace 8d 5 mrithothg Boctor lade] 400i vel y

thicker eRR4dsRUSShAVBIgWPTiKst, B paBed, relatxvely th1hﬁ'er€i’9§lbﬂ‘36 bediRgtd e
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1500, nEsspEd i BROYARER e oSt G aSEin AR BICEERERt act | ng ur f ace
260 defining %é %51?&%&8&@@ ﬂﬁs%o% in F}éure 2 exhibits forshortening due to creping in

both the continuous region 30 and the discrete regions 50. The creping frequency in the
region 30 is different than the creping region in the regions 50. Generally, the creping

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

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



shown in Figure 14A. The woven fabric 1220 conprises machi ne direction
filaments 1242 and cross machine direction filanments 1241. In
Figure 1¥WO%R1404B, the first web contacting surface at ar€Tmse7/mBeiati on
1231 is provided by discrete knuckle faces 1230 | ocated at cross-over
points of the filanents 1241 and 1242." The top surfaces of the filanents
1241 and 1242 can be sanded or otherwi se ground to provide relatively flat,

general |l y ckl e.surfaces 1230 tail, of ovyal sh S not
Thoun i n R, SSRGS Sk A0 Shs fstorsef BrBaont a Sl@vsRoBREa by ¢ he
web pat t eqonfippus apbyorR&egiorThe web patterning | ayer 250, which is joined to

the woven fabric 1220, has a web contacting top surface 260 at a second
el evati on 261.In another altepatiye embediment efcthospresent mvenitions theewely atpiport 1231 and

the secongpalafié200 @ édtiprist alress 1dyRAfisAed bn Wb GKRGR bQékg&%@i#ﬁéeme when

t he paper web, js transferred fo the web support apparatu
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el evat i oishown gr Eigurer 144 abheowoen fabri¢ 1220, ddmipirisss machitecdifectibafilamoes 5. 0

mls. |Injieps | ine diler; gl C4n elevation is |ess than about 4.0
mils (0.10 mﬁ%@%ﬁ%ﬁg%hf%@%tﬁéé'about 2.0 mils (0.05 m), and
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appar at u§¥%%0ds biise Walﬂ“ﬁéreé?f&%i_ 1230 lacatedcad Frase-oyereppintg of dherfilamentsaper
web shoun2éh afid goaes e . sukebey bf e ARnhUIRI LA 190 BADSE Wikt
conpri se ntinuquys network..r ive I nner regi on or r espondi ng
to the Sﬁ}lﬁg@ge §§Bm§#8 Pé“.b%p“fﬁf’ zni"?ls' @?t’ ﬁ@é@t%’?ﬁ %Pgm% aggse}Z?»,%egi ons
50 di spefdssail ohpvalghapes nohehavanin Rignres 144k). itheksecoadi web Séhtactihg suetonRs 50
correspo : Ot ' i suhface ;2 Each_ of e relati.vely
t hi cker ?Eebg? ded B ROweb B%ﬁ%‘?’%t laet 250.5 4 SFer Beherdis Tayr 3506 it

PCT/ US97JoRgsl 1o the woven fabric 1220, has a web contacting top surface 2691at a seagidon 70.

The densklevatibn2gli, ons 70 correspond to the surfaces 1-230 of the woven
fabric 1220. Referring to Figure 11, P can be at |east about 0.35

nm ang pr ef #hebifferaice lbeetn &it&;ﬁrst af)vﬂaﬁfmi tgaﬁ@melaecdna%&vraga@ 26?&‘4%352 - igc
mnl ug? r atﬂe%?a &B %E}ﬁ%l%@%%' 0{ ﬁ’?&?@ﬁ‘ag‘ﬁgsﬁﬁ% %eﬁqffn%nl‘ﬁeg iidraagﬁeﬁﬁcli 3% égs\é"f? suppor t
appar at USUPPQU. apparatie 200 Besicautiovenssurface 26(amt tht disEregisuefacest 130, cadtbe
embr y ONi @isiBe¥ad St tHB Wehid0eibliioh, 39 4naCRR"CleoARAL 231 LACEE! e T Tie.On 2
g )&Altematively, surface 260 can be slightly above the surfaces 1230, or surfaces 1230 can
be slightly above surface 260.

The difference in elevation is greater than or equal to 0.0 mils and less than about
5.0 mils. In one embodiment, the difference in elevation is less than about 4.0 mils (0.10
mm), more preferably less than about 2.0 mils (0.05 mm), and most preferably less than
about 1.0 mil (0.025 mm), in order to maintain a relatively smooth surface 24, as
described below.

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



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
apparat uYO249& shown in Figure 15B, the first surface SHFYL72WE or ned
to the surface 260 and the surfaces 1239, and the second surface 549 is

mai nt ai ned as a substantially snooth, macroscopically nonopl anar surface.
In.contrast to Figures 9A-9C, the web 545 and web support apparatus 200 are

next carrj t4y 0 . ih dryi ar at.us erein at-ed air
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apparatuslZ2. The heated air is directed to enter the surface 549 and to

pass through the web 545 and then through the apparatus 200. The
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made usi I{Bagrﬁ%doggagymﬂ . nt and net hods i_I lustrated in Figures
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PCT/ US97/<agrderthrough a through air drying apparatus 650, wherein heated air is diregted through
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of provi dippgraae00r nore |ayers of fiber furnish, in order to provide a
multiple layer web. U S. Patent 3,994,771 issued to Morgan et al. and U. S
Pat ent 4, 300, 9Bt themighairtdyyigrapparatas 650 edn beumzd co diynthe web$85 gned U. S.
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can be en% oyed to e a

various types of ,heagbox designs provi web havi ng
one or r’r&%gp@F% AnveReR.

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

Figure 16 is a cross-sectional illustration of a paper web 20 showing a paper web
according to an embodiment of the invention, wherein the paper web has three fiber
layers designated 301,302, and 303. A paper web having a layered structure can be
made using the papermaking equipment and methods illustrated in Figures 8A,B and
9A-C, or alternatively, those illustrated in Figures 14A,B and 15A-C.



Referring to Figure 16, one or nore headboxes can be used to deliver three
| ayers of furnish corresponding to | ayers 301, 302, and 303 onto the
form ng WQ88/H486 such that the enbryonic web conprises tRETIUSYE0814301,
302, and 303. The first layer 301 can ggrrpri se relatively | ong papernaki ng
fibers disposed adjacent the first surface 22 of the web. The relatively
| ong papermaking fibers in the first layer 301 can conprise softwood fi'bers
such as Northegn.Softwod fibers havjng an average fiber |ength of about 3
mllineters or{‘ﬁ’iJFé.Sl OLBIE TS é%e’rs Sg@i‘zn&raﬁlg iikwilk g md%rﬁéqoyl tBator t
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?’8C{|' /2 llggg/the we‘t:l. The relatively long papermaking fibers in the first layer 301 can c%mprise
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The third layer 303 is disposed intermediate the first and second layers 301 and
302. The third layer can be a debonding layer characterized in having a void spaces 310
having substantially no fibers therein. Such void spaces are shown in the
photomicrograph of Figures 3 and 11.

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

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

Eucalyptus fibers, and the third layer 303 can be predominately formed of relatively long
Northern Softwood fibers. : '



Exanpl e 1: Thi s exanples provides a 3 layer tissue web made with
t he paper maki ng apparatus shown in Figures 14A B and 15A-C. A 3% by
wei ght agueosisi4esé urry of NSK is made up in a conventi onal roxyussakesas. A 2%
by wei ght aqueous solution of the tenporary wet strength resin (i.e.,

Nat i onal starch 78-0080 marketed by NatZ3onal Starch and Chem cal
corporation of New York, NY) is added to the NSK stock pipe at a rate of
0.2% by weight of the dry fibers (Ratio of weight of wet strength resin to
dry fiber wei giltermti®el0ather hbodStantelbiiployed tlifdcilitene debulkinguif the wéb
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Eucal ypt uzayy 8’%&5;/‘9(%"2&1&? {j S%EEJgn%%l&&&gg%a\é%dn 'S %{r?&t?p%p "he fan punp.

Three individually treated furnish streans (stream 1l = 100% NSK; stream 2 =
100% Eucal yptus; stream 3 = 100% Eucal yptus) are kept separate through the
headbox and deposited onto a FourgtApipeeswire to forma three | ayer
enbryoni ¢ web containing two outer Eucal yptus |layers and a m ddl e NSK

| ayer. Dewdltitentages ar¢nieigiitpertgtitapbichasedionl Brynfiter waight ualash dtherdfisel St ed by a
defl ect or, apnd, vacuum boxes. The Fourdrinier wire is of a 5-shed, satin
weave con?’i%b‘i?? i on having 110 machi ne-direction and 95

cross-machi ne-direction nonofilanents per inch, respectively. The
enbryonic wet web is vacuumtransferred fromthe Fourdrinier wire , at a
fi ber con %%ﬁgcly of about 8% at the point of transfer, to the web support
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having a foram n%us b_a(i_};glg_ogg‘g%%ne t @Oh‘pl’l sing a wovén fabric 1220 and
a web pat FRRFAHRSHONAN e dﬂ%&' sensitive resin. A pressure
differential qf out 16 inches of y. is used.to transfer the web to
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pump. Second, a2 3% by weight aqueous slurry of Eucalyptus fibers is made up in

a conventional re-pulper. A 2% by weight aqueous solution of the debonder (i.e.,
ADOGEN® 442 ) is added to the Eucalyptus stock pipe at a rate of 0.1% by
weight of the dry fibers. The Eucalyptus slurry is diluted to about 0.2%
consistency at the fan pump.

Three individually treated furnish streams (stream 1 = 100% NSK; stream 2
= 100% Eucalyptus; stream 3 = 100% Eucalyptus) are kept separate through the
headbox and deposited onto a Fourdrinier wire to form a three layer embryonic
web containing two outer Eucalyptus layers and a middle NSK layer. Dewatering
occurs through the Fourdrinier wire and is assisted by a deflector and vacuum
boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration having 110
machine-direction and 95 cross-machine-direction monofilaments per inch,
respectively.:

- The embryonic wet web is vacuum transferred from the Fourdrinier wire , at
a fiber consistency of about 8% at the point of transfer, to the web support



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-
el evat i owoldgR1408f t he web contacting surface of the forankCUS7I2883kgr ound
el ement and the elevation 261 of the coptinuous network web contacting
surface 260 is about .001 inch (.0254nf1). The web is transferred to
t he apparatus 200 to provide a web 545 supported on the apparatus. 200 and
havi ng a substantially snmogth second surface 549, as shown in Figure 15B.
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doct or blhaymgdigmeter of abeut k2% maie Shelsa forpminsus Sagkezoustl elgsoent i95 degr ees

and i s PQRidufaReed Wy tAppllsiPWGie G&n&ﬁ@, Xpplem, Wi¥@hsiho Pprovide an inpact
angl e of about 81 degrees; the Yankeé dryer is operated at about 800 fpm

(flelet per mi ﬂltﬁee);vfebaleMSO ¥:ﬂ8g14a2y(f)&6tm hRe lcoffinlishi® )netWdiR Wely duagraﬁiiﬁgfgr rreg into
roll at a_speed of . m t.er er nutes) . e made
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PCT/ US97/eleygtign 261 of the continuous network web contacting surface 260 isgbouty80ht of the

t empor ar \indet 034efRPt h resin, and about 0.01 % by wei ght of the debonder.
I mportantly, the resulting one-ply tissue paper is soft , absorbent and

sui tabl e for Tirewetsist@nbfeired tosthe @appdritis 208 topiovidessweb Sadsuppertedie f ol | owi ng
characterjsti si.s Vel [3 sq ft. (28.5

CS. ht: .. 17. 5 |
i s, mivey spparasus 200 sol3dpe § sftbhanially smootposebba s $9aB! nches)
Bul k Denshoyn in Figure 15B. OFwothey deswateririgeis aecomplished by vacuum assisted

drainage and by through air drying, as represented by devices 600, 620, and 650,
until the web has a fiber consistency of about 65%.

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

The web consistency is increased to between about 90% and 100% before
dry creping the web from the surface 875 with a doctor blade 1000. The doctor
blade has a bevel angle of about 25 degrees and is positioned with respect to the
Yankee dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
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 made according to the above procedure is converted into a three-
layer, one-ply toilet tissue paper. The one-ply toilet tissue paper has a basis
weight of about 17.5 pounds per 3000 square feet, contains about 0.02% by



Sur f ace Snoot hness of surface 22: 890 Sur f ace

Snoot hness of surface 24: 1070 at i o:
1. 20 VIR0 . Thi s exanpl e provides a 2 |ay§59{‘f§§§f}’§ ‘&eb made

wi th the papernmaki ng apparatus shown ipsFigures 14A, B and 15A-C

3% by wei ght aqueous slurry of NSK is nmade up in a conventional re- pul-per.
A 2% solution of a tenporary wet strength resin (e.g. PARED 750 mar ket ed by
Arer | can GY@RAst theGRmpBAKy Wet SkaR{iotdin, Ghilbbik AIF9H o GydipRt M st ock pi pe
at arate %egﬁZ%eby&@el ght of fé%e dri}lflbers The ?& %gl‘rﬁry Is diluted to
about 0. 29gbeB istency at the fan punp. Second, a 3% by weli ght aqueous

slurry of Euc pt us f| b Lh a convention er. A 2%
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Cor por at i sujtable ﬁmbds'bnas faﬂ)et itissued d qhe t enet ply Hsbual web has heodHigpving at a rate
of 0.1% %;l ak% Qf the dry fibers. The Eucal yptus slurry is diluted to
about 0.2 a(%: ency at the fan punp. The two furnish streans

(stream 1 = ¢Stream 2 W; t in the headbox
and deposited oéé our drinier V\nﬁr)gwol @yé)o(%%%ﬁ{/% ryoni c web

cont ai ni ng NS yptus fibe I3 WD 98/ 21406
PCT/ US97/ 2081?4%&% @élﬁﬁ 126 ¥ 5136 1ches) 26 occurs

through the Foghdensiy: W re and |@09§ﬁn§'g@5icgéhtﬁnéi&flector and vacuum
boxes. The Fourdrinier"wire is of a 5-shed, satin weave configuration
having 110 nesifaee Sehdoltieson and 95 cross-nmachi ne-direction nonofil anents
per inch, respectively. The enbryonic wet web is transferred from
t he Fourdri ni esf satfaeg2at a fi ber 83nsi stency of about 8% at the point of
transfer, to a web support apparatus 200 conprising a woven fabric 1220
and a web pat tSurfacagmagtmes¥50 having a continuous network surface 260.

of surface 24: 1070
Smoothness Ratio: 1.20
Example 2:

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

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



The enbryonic wet web is transferred fromthe Fourdrinier wire, at a fiber
consi stency of about 8% at the point of transfer, to the apparatus 200, to:
provi de WOoesR1865 having a substantially snooth, nacroscopCHHBIN2088nopl anar
surface 549 and a surface 547 which coggorms to the surfaces 1230 and the
surface 260. A pressure differential of”about 16 inches of nercury is used
to transfer the web to the 200. The woven fabric 1220 is of a 3-shed, satin
weave confiqguratio avi ng. 79 machi ne-direction and 67
cross-rrac?ﬁcg}é*-ﬁf‘? t‘i%rf%‘ﬂ#ﬁ\‘?rl‘é{ﬁ%ﬁf’g inassistec Ry 2t drileptor ARG @agiumect i on
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nt .
backgr ounfiaghinggfecuon an tosey? FRCEPR nORPIIaBERES APRF, 0ehy| et on,
W sconsi nrespectively. The web patterning | ayer 250 has web contacting top
surface 260 having a projected area which is between about 30 and about 40
per cent of .t hEhgembryoniedves ved is transferrethframathe Fo@deiniel mirediat Bdibence bet ween

of Ct he- soipaliehepar ot B Ahe b0 Blryfifery 1 a3 itk Aihridi6260 V3 |07 201
de- wat er i $nRsIsingna  Wavens 4aprics 1220 and| 3 IvRbd peviemning Ugyeradd] devingdt ai nage and

by t hougheoatihudlis\HeRgork3erficRgasent ed by devi ces 600, 620, and 650, until
the web has a fiber consistency of about 65% Transfer to the Yankee dryer
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surface 5#éh SEubmtinge isubstantially smbothh maswscopicaiiy mieoplabdsurfacadéered to t he

surface Bep Plutdle 37 VHIER Coftahl (o il Ttk %0 9n sROh LD Pk0alL ONO! based
a he nip p I's at

crepi ng esi ve. 2 ressure 1n nip 80 east about 400 pli.
WO 98/ 21 ressure differential of about 16 inches of mercury is used to transfer the web to

PCT/ US97/180886. The woven fabric 1220 is of a 3-shed, satin weave configuratiey having The

web consisten I S. I ncrea t o bet ween,.about 90%.and 100% before dry

cr epi ng ﬁéﬂﬁ%ﬂ%@%ﬂgnaﬁ?g Fr%F'é‘EPé’ﬂBTSﬁUeC lgmenss Bﬁrénﬁléég%\ bevel

angl e ofmadhing dirctide dil@nentahaving apdiaméeten o dbowit 101 8" mapaad thearddse Yankee
dryer to . dq. i et . Q r ; Lhe kee dryer is
oper at ed rgé&yloeog%m%g pm {?@g{lgﬁeir d?négﬁr)leg e?éeg'g‘%u@%gﬂ&ﬁets\egr%g aper m nute).
The dry iemmigoysobapkgrqund c:lemerit|is nanufacpued] byf Appleton piire 20empanyer s per

M nut es) . Appleton, Wideendtgb is converted to provide a two-ply bath tissue
paper. Eacllzl ply has a basis weight of about 12.8 pounds per 3000 square

feet and contBEienvetrpatinidg 3 296 hhd®eb RBMAER P Bhirfade FIDMRidgesi n and
about 0.01% of .t he dﬁibﬁndb agegt : .
projected area which is betweent about 30 and about 40 percent of the projected
area of the apparatus 200. The difference between the elevation 1231 of the web
contacting surface 1230 and the elevation 261 of the surface 260 is about 1 mil

(0.001 inch, 0.0254 mm).

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

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



The resulting two-ply tissue paper is soft, absorbent and suitable for use
as -bath. tissue. Each ply has the foll ow ng properties: Ba
Viei ght : WO98/21406 17 8 | b/ 3000 sq ft (20.8 gnisq. neter). PCTUSI720814

Macr o- Cal i per: 11.4 mls 27 Bul k Density: 0. 07
granm cubi c centineter Sur face Snoot hness ~of surface 22:
850 Sur f ace Snoot hness of surface 24: 1006

Snoot hness Rat irge web conmst%mé/%s; credst@ ?‘tw'éen about 8%%@1}?0(?)(%% provi des

a 2 ply tissue paper, eac avi ng e W th

paper naki iy ispHigthe éverWltbrﬁadQ%éﬂ@iﬁoWQm 5Id9@95b133¢\h® a bm@l i, _
A 3% by Wfﬁﬁbut%%s%h&' i pl osﬁfon%@%ﬁ%% %ﬁe‘ﬁr&er&h@% vidd bers is
S0 utlon 0

made using a conven orary wet

strength rABdmpagy a“@ e 0{&"%%55"%?% clire ankes drvign icenesatedh gt 4@&4 89fhl " Starch
and Chemi dgin (fet por mﬁmme) (atboublaws Yetdes pBlemin(e)k Thé SryaRelerd hamédRidSK st ock

IF;IC'FI)'? UgEW / éalé 2 spee§ 0? %ﬁ(? gm (200 meters per minutes). a rate of
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of the d%?%deﬁapéfaqewet MBS hd St OR150LE g%(‘tf(o\ﬂg!n%e g porati on of

Dubl i'n is added to of the Eucal yptus st "arate of 0.1%
by wei ght ’I‘PLE resulting two-ply tissue paper is soft , absorbent and suitable for use as bath

tissue. Each ply has the following properties:

Basis Weight: 12.8 1b/3000 sq ft (20.8 gm/sq. meter).
Macro-Caliper: 11.4 mils
Bulk Density: 0.07 gram/cubic centimeter
Surface Smoothness
of surface 22: 850
Surface Smoothness
of surface 24: 1006
Smoothness Ratio: 1.18
Example 3:

This example provides a 2 ply tissue paper, each ply having 3 layers, and each ply
made with papermaking apparatus of the type shown in Figures 8A,B

and 9A-C.

A 3% by weight aqueous shurry of Northern Softwood Kraft (NSK) fibers
is made hsi;ng 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



“the dry fibers. The Eucal yptus slurry is diluted to about 0.2% consi stency
at the fan punp. Three individually treated furnish streans (stream
1 = 100%WSkKs28b6 eam 2 = 100% Eucal yptus coated wi th debmoadarss7/sist€am 3 =
100% Eucal yptus) are kept separate through the headbox and deposited onto
a Fourdrinier wire to forma three | ag8r enbryonic web containing an outer
Eucal yptus | ayer, a debonded Eucal yptus |ayer and an NSK | ayer. Dewateri ng
occurs through the Fourdrinier wre and is assisted by a deflector and
vacuum boaeste ofH{E2%adhyr veight ef thei dry filerofThe NSKsshaey isséilited veabdut :
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web 545 SOBSIFRRGY %é%quéé&%ﬂjtggéﬂ‘tmpﬁmf@aﬁﬁh SpppAt 2pmarate 20Q he ni p 800
formed hevisgerdewavaing folt fayes 320 gnd #photSRAsiANE rdshEwst ﬁxiﬂ% gr drum 880.

The surf 260 is inprinted into the surface 547 of the we 45 at the nip

800 by préssing the web 545 and the web support apparatus 200 between the
The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton
Mills of Appleton, Wisconsin. The felt 220 comprises a batt of polyester fibers.
The batt has a surface denier of 3, a substrate denier of 10-15. The felt layer 220
has a basis weight of 1436 gm/square meter, a caliper of about 3 millimeter, and
an air permeability of about 30 to about 40 scfm.

(D

The web patterning layer 250 comprises a . continuous network web
contacting surface 260 having an projected area of about 30 to about 40 percent of
the projected area of the web support apparatus 200. The difference between the
elevation 261 of the surface 260 and the elevation 231 of the felt surface 230 is
about 0.005 inch (0.127 millimeter).

The en'lbryonic web is transferred to the apparatus 200 to provide a web 545
supported on the apparatus 200 and having a macroscopically monoplanar,
substantially .smooth surface 549. Transfer is provided at the vacuum transfer
point with a pressure differential of about 20 inches of Mercury.



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. TWO98RI406r consistency is increased to at |east abRfeXV8PIHdfore dry
creping the web with a doctor blade. The doctor blade has a bevel angle of
about 25 degrees and is positioned wi 4 respect to the Yankee dryer tqQ.
provi de an inpact angle of about 81 degrees; the Yankee dryer is operated
at about 800 fpm (feet per minute) (about 244 neters per minute). The dry
web is formedFurther qeowptering & apgempligeddyovacuymassisted drainage, yeh @kb i s

convert eg, iz[}#ﬂra?ustm Rhif] RatWEbi 161 Afibdri ORMSIe RGPS aboBRSH4P ! Dhe WEBYPI i Si ng
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%pgg?'gi%gg pliPRAL NS adlesivBEs hidCoSHARYR the Webqb it YirkeB d2id. Phe C.

PCT/ US97/fibgg ¢ansistency is increased to at least about 90% before dry crepingzthe web A 3%
by wei ?ht\viﬁilw&é&ﬂ& Blhdy. rmAeqtgg/Me bltalate Thés §e§¢et1vﬁﬂgle K &dut 2§ deg&g& a?sa id nt ha n
conventional, re:pul per. 0 iQn o e. { enpor ar reng resin
bRy 75@potiensiiin Teapertis Rt RtV pr [RPayids Sdpeth 208 ek pthel ght of
the dry 8fidegtees; Tthe YnKes dryer \is ioperdtddusteabod 86D dpin (Fec? Ytee mmiauts) ency at t he
fan purrp'(about 244 meters per minute). The dry web is formed into roll at a speed of 650

fpm.

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

Each ply has the following properties:

Basis Weight: 9.8 Ib per 3000 sq. ft (15.9 gm/square meter)
Macro-Caliper: - 6 mils
Bulk Density: 0.10 grams/ cubic centimeter
Surface Smoothness
of surface 22: 740
Surface Smoothness
of surface 24: 960
Smoothness Ratio: 1.30
Example 4:

This example provides a tissue web made with the papermaking
apparatus of the type shown in Figures 8A,B and 9A-C.



Second, a 3% by wei ght aqueous slurry of Eucal yptus fibers is nade up using
a conventional re-pul per. A 2%solution of the debonder (ADOGEN err]. 442)
i s addedvd gsrdibes Eucal yptus stock pipe at a rate of 0.1% pgTASITIBIOS! t he
dry fibers. The Eucal yptus slurry is diluted to about 0.2% consistency at
the fan punp. The two individuaPfy treated furnish streams (stream1
= 100% NSK; stream 2 = 100% Eucal yptus) are m xed through the headbox and
deposited onto a Fourdrinier wire to forma single-layer web of NSK fibers

and coated Eucdl3pbiysveighsageeous sy af AN ortens SeftweadsKinsl ingnaggarpsd wi t h
debonder . 5 DRVALBAAING- Cpagfew 2 bbg QMQPor{ Bfi‘t}l:eoééfrﬁ%fa?ﬂz ‘%»‘et ‘é&rér?gtﬁ%’snﬁ% assi st ed

by a deflector and va boxes. Fourdrinier 5-shed, satin
weave conPPBEZR VoM 1haddedgo i*l%Nﬁﬁ(ﬂﬁ?qlfdllp‘H?tr%E?ﬁ o0 aﬁ'dby%’elght of the

Cross- nHCthynﬁodﬂs ReMNSK s fidilatanb absearo. zwbbnsxgteﬁ@eatme/ ump. The
enbryoni c we a fiber

consi st ent§Fo Bfl %Bé‘lﬁyt ikl ag%é%%g{uﬁ%%gqcpgﬁgpglberst "\‘,&fe‘fp gsd?ﬁ)ﬁrt

appar at uscdif¥entinal mgpalpekevat 2% sojution of theydebordsy ADOGEPK® U42enisi tive resin

web patte l ex 2
Press FeI &Hﬁggcﬁ#‘@/ @%St%p?lg?gﬂgﬁﬁi?pg Tjg\gvfegéhtér?%%%a%oﬁ%fg The web
patt er ni n"g‘hetEy@dypzmlm@b@eﬁtaab@ntqm@wxmy@@mm pwgpsur f ace 260. The
web patterning |ayer 250 has a projected area equal to about 35 percent of

the proj ect edThe e vdividuallyieatsd Sysish shpases (stream 3501 00k NSK:fstreamnce i n

el evat i om betjpgBENELERy Oﬁt@% 4 Inised iBRlubR Ghé hehdor AR0daiditéd@nid At felt
surface 0 i,s .about 5 i.nc The embryonic

web is t rEPEERpIFEYIE 50 lf‘ﬁgl mggd&%r"fﬁ %ﬁ#fé& ﬁ%@@ﬁ@dféﬁcﬁléewd in a
first deffilss,ithe Bicalyptus filmrsrbeingameted| wigh ebmydennabDewetaribg mccdsansfer i s
ded f Lal of ab
D0 ol B B0 b AL W e BOE Bl BullLopEF TR, o 00"
assi st ed Emadmgemmtls lof aheshedp satins waavei ¢onfiguration dawing \1 10fmadhing: 25% The
web 545 i grdzfibh hﬁ@gbxrowﬁla&ﬁhe.aﬁeaw Jn@rmﬂaxﬁéﬁt~ e;rQHcrﬁ?d %&gre o the steam

hood 2800 and into the nip 800 fornmed between vacuu ure roll 900
and the YankeEheléniby88ie. wekveeb\g irandferred ﬁbﬂﬁﬂae%ﬁ&ﬁrﬁk@dwﬁgadt sfiber he

conpacti on surface t Yankee dryer .drum. 880 si on

o obeur o SRR B sty B4 i DR ST watstE b B eE- BB ePREEER 200 epi ng
adhesi ve hayingsedewaernfhfettdayein22¢ ang a phetsensitive rédh 98b paridifing layer

PCT/ USQ7/ 20814 31 web to the
Yankee dryer. The fiber consistency is increased to at |east about 90%

before dry creg d&ivatté}ﬁl Vﬁﬁzﬁﬁ%kﬁﬁl&%ﬁ@ﬁmmm%&ﬁﬂéﬁrb %szmaééo with a

doct or bmgg e doct . bl ade evel angl bout degrees and
i s positi PRetPRs Yscons. ¢ eYé“ﬁ e@tﬁff%% lpypr p?%\/PE@PH?FSl fpact angl e
of about dhtilegise®sb cohlactingdbleGrRedZo0er The vl patteepingtlapd? 0280 B&0af pm (f eet

per el (ahoul 288 Jek s DEE P I il S ot B0 i AGpART MO 01

at d spe
apparatus 200. The difference in elevation between the top web contacting

surface 260 and the first felt surface 230 is about 0.005 inch (0.127 millimeter).

The embryonic web is transferred to the web 'support apparatus 200 and
deflected in a first deflection step to form a generally monoplanar web 545.
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 25%. The web
545 is carried by the web support apparatus 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



per m nutes). The web is converted to provide a single-I|ayer,
two-ply. bath tissue paper. Each ply of the two-ply bath tissue paper has a
basi s wewgissrzadesut 12. 6 pounds per 3000 square feet, andPCHHBHI2814about
0.2% by weight of the tenporary wet strength resin and about 0. 1% by

wei ght of the debonder. The resul ti H’ré two-ply tissue paper is soft, _
absorbent, and is suitable for use as a bath tissue. The tissue
web has the fol | ow ng propert Ies: Basi s Wi ght 12.6

| b/ 3000 swebto (oY mkgenigr.rhediber consistency xwmas@anouqbéqast about90% 8.8 nils

Bul k Densbifére dry crepm the web ﬁ‘oﬁgtge QhFadeCthe d@@f‘@lﬁlﬁ?gﬂf with a doctor Surface
Smoot hness rface_ 22: . Surface

Smoot hnesblade. The doctgf béag has-a bgypl angle of about %%&grees and is possionsdhness
Ratio:  with redpedBto the YRIKIRHEFEGopréNBE Bn 1mpact angle of abdif 81 Aelzfel;ng

B Comrer o VRS iyt S PR DR SO STt e Py e oA PimeeRoLr os A &

and 9A- C. per minuta\OIB8AB/1wels is formed into roll at a speed of 650 fpm (200 meters
PCT/ US97/ Autes). 32 A 3%
by wei ght *aqueous”slurry of Northern Softwood Kraft is nade up in

conventi onal €leonveredt gt h resin
(o pARe, e BHLS bondtr@ilus Proliued siglé el e e b s ora
CT) is  Eachply of the two-ply bath tissue paper has a basis weight about 12.6 pounds

per 3000 square feet, and contains about 0.2% by weight of the temporary wet

strength resin and about 0.1% by weight of the debonder.

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

The tissue web has the following properties:

Basis Weight: 12.6 16/3000 sq ft (20.5 gm/sq meter)
Macro-Caliper: 8.8 mils
Bulk Density: 0.092 gram/cubic centimeter
Surface Smoothness
of surface 22: 890
Surface Smoothness
of surface 24: 1050
Smoothness Ratio: 1.18
PROPHETIC EXAMPLE:

The following prophetic example illustrates a method of making 2 ply
tissue pa15er_ using a commercial size papermaking equipment of the type shown in
Figures 8A,B and 9A-C.



added to the NSK stock pipe at a rate of 0.2% by weight of the dry fibers.
The NSK slurry is diluted to about 0.2% consistency at the fan punp. :
Second, WO®82146¢ wei ght aqueous slurry of Eucal yptus fi bACFYI7TRAEAE up
using a conventional re- pulper. A 2%solution of the debonder (i.e.,
Adogen[err] 442 marketed by Wtco Cor3|30rat|on of Dublin, OH) is added to
the Eucal yptus stock pipe at a rate of 0.1% by wei ght of the dry fibers.
The Eucal yptus sl urry is diluted to about 0.2% consistency at the fan
punp. Phe”baoveight anueens syt eichierdhern Sefivend Krafbisadestprisam 1 = 100%

SISK S: r %@shé’emoﬁm&/opﬁwéal AL %muatts@ o?ilfé&é'mﬁ&hﬁ#ﬂ& sieggth e )éf a& g < it
eposite OUI’ er W[ e or a Ssin 0 I bers
and Eucaﬁ’y‘%&g® a7|55 Y @d&%f?%t(?}' ?%‘pﬁré‘ ARy © tg@éﬂwT%‘Sdebonder
Dewat er i agdeicouhs NSK @tmgh pipeeat Fotatedof M% byviwetgia od theSd@Sﬁbe'ié €kheby a

wpave. conSRuORs b ANED Bpout O iRy O B Py 9ot R ST

cr 0ss- mabhiweight iagesous shrmywd ducalyptes fibensés made hp usieg peanventibnal re- The
enbryoni @Ef we /o' s%l @Qﬁftﬁé rd@ﬁioxfdrepg?et hﬁ %ﬂ@ﬂfb%fke\%d watcod fiber
consi st efAc ol n b support

appar at u§omatm/mh§u ligj QY dy pddpdsto) tlh'=l éWPEIE(Ft%ﬂKdPIHC Bhatrasedsi ti ve resin

web pat t gr194 B9 wedpif rofaﬁchry fibers. ThERu seglmggxsfcﬁiuted%f&bb& gopnflex 2
Press Felt pmanuf aag%rfed Appl eton M Appl eton, W sconsin. The web
%MPse

‘pat t er ni ROPHSIGRSY s conti nuous web patterning |ayer 250 having

about 69 bil re val shaped . openin er_square inch of
the web cont i%? F‘?‘.%"@b"ﬁ&‘gag%%ff d s@ﬁ“ﬁ‘ﬁ?ﬁ“@%‘?ﬁnﬁqﬁ%‘%ﬁg%ﬁxﬁs a

proj ect e@ arld% fusilypws)breunixad theoughnthedtieatibex pndjdepoesited aontem aof t he web
suppor t | é‘\@ﬁﬁﬁ top web
contacti gge‘?ﬁ?]ey%‘%qgo&%g ﬂﬁ[é ?‘?rst@?bfygg(ﬁfé?ér Q&&ggé a gﬁi&SO 005 inch
(0. 127 nihe Buealyptus fibers being cpgtedayith Jehenderne Dswelerng pegurethreught he web
SUIOIOO(fj t dﬂﬁfﬁ{nﬁﬂﬂﬁnﬁ@@iré @nfl Ok rasaasﬁans}: al h?/ﬂéém}OM@waéuuwﬁlbﬁ‘éésS ThtBr alnsf fer Ib s t
provi ded._.a e _vacuum oi Nt wi ressute erential of abou
D0°} e ne ECURHAET S0, B4 STBrS et iisees FoRfiaeRiotoumting SHLBeH oy um

assi st eddifeationagé 96iretdss-mavhinsetirebtion mohofiilementsiper sickregpeciveipout 30% The

web 545 is carried by the web support apparatus 200 to the nip 800. The
vacuum pr ess¥he embriongogehwed is cansfareedfram the Féurdgnien wire, at a fityd 98/ 21406

PCT/ US97 £ gfiléhey of about 10% atthe ntoftransfr to a web support a 200 having a
har dness_ of, aboy ° Ewel |se t hoenwgo u%\%t eé)pgraal nst the

conpact i B%VIB&P#S\Y@CB?S%? lame22%aré@&chemswvﬁflswbwﬂmhw the web 545
and the pethh support apparatus 200 between the conpression surface 910 and
the Yankee dryer drum 880 surface at a conpression pressure of at |east
about 400 The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton

~ Mills of Appleton, Wisconsin. The web patterning layer 250 comprises

continuous web patterning layer 250 having about 69 bilaterally staggered, oval

shaped openings 270 per square inch of the web contacting surface 220. The web

patterning layer 250 has a projected area equal to' about 35 percent of the

projected area of the web support apparatus 200. The difference in elevation

between the top web contacting surface 260 and the first felt surface 230 is about
< 0.005 inch (0.127 millimeter).

The embryonic web is transferred to the web support apparatus 200 to form
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 aé:complished 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



pli. A polyvinyl alcohol based creping adhesive is used to adhere the
conpacte t he Yankee dryer. The fi ber consistency i ed to
at Ieast%g%§§%458@6 before dry creping the web from-the SJF%§@§Sé§

dryer drum 880 with a doctor blade. Thgydoctor bl ade has a bevel angle of
about 20 degrees and is positioned wth respect to the Yankee dryer to.
provi de an inpact angle of about 76 degrees; the Yankee dryer is operated

at about 4a0fhel MrkiheS o SuBMLS) Tﬁ@%pts%ggﬁ}en%@fgtg&%gegwae> The

dry web is for %gg a speed ers per
m nut e) . °°mPa°t1°Fh§Pr B § °ééli*ﬁ/ apkes dryergrum &R0 hb’ pessing thebweln 5¢5 ssue

paper . Eacalmdnherwefz suplﬂﬁti mmmawkezﬁﬁfeecoﬁ@pe%gmg%f;&moammﬁ LS wei ght

about 12. 3%%{ % FFguare feet ont al ns about 2% by wei ght
of the te TP e g °er€"s"i‘HOIQHE?S%%B{ES%}”&%BW%WW t he
debonder . pHheA polyinyl m@ohubbasbd/cxtepﬁgtaﬂhemﬁrusé@ tadtere hRTBARPAAEd and is

table f LYTI CAL
ISDIIQIOCEDUeREé’Q o t#/ég% gr%"elfn%ncﬁg' %?ggn%ogglsgmay b inersased fo 8t leg%a@putﬁ@ Pures:
The | ocat ibsforofiry MPmBeth@WzB froim theesurfage ofth@ryar hizurh 880 enieis & dottot he regi on

30 and th%&dg t&fbléda%aa%%&gl é%l@ﬁfa%%%% @5%%95 Y8 {%googpmg cr oor aphs

of mcroto cross-secti ons of €xa
phot omi r ey @EPPCFSO%WF%WGQERETOSI C\melma@tw@gle(ﬂfeabquG)ﬂngstne 23 i s

i ndi cat ed,th@hzaﬂgeewybr lshﬁaebhéd? Iaﬂascﬁn&s@b fHROIER &a‘é@ nﬁﬂetej h%ofub'q*f gess K of

region 3 eac suring centineters
(1 inch b>;ne2er§ H%‘)m%t%) ?ﬂ%@e‘ﬁ"q‘& Bhe qu{ﬂ%aéassﬁé?éitoﬁ)}@pé%m @i2%i ssue
paper. |f nteters pangpirase)cannot be obtai ned froma single sheet, then
addi ti onal sheets nmade under the sanme conditions (preferably the sane
parent roll) dJdha veb isetverted to provide adtorps bhthrnssa@bammﬂaeh pleofrade by
stapling eachye rdb hol der is
pl aced in a si l@ﬁgﬂmﬁ%{%ﬁ@p@}e& g&ﬂa&%ggg%%gg{l%% dgperg&é(g
PCT/ US97/ Saugre feet, and contains about .2% by weight of the temporary wet gﬂength sanple is
i mer sed résuaaﬁ&abdsutwm lﬁys tg,mwda&aaa&pomr%sumg Prt?sg y

e res

Her cul es, b b ? &)f f(:ured t arden t n mxture. The
sanpl e i SP?%%ﬁ,%o(ft absorben su1ta e for use as a bath tissue.

ANALYTICAL PROCEDURES

Measurement of Thickness and Elevation of Paper Features:

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

Ten samples, each measuring about 2.54 by 5.1 centimeters (1 inch by 2
inch) are choosen randomly from a sheet or roll of tissue paper. If ten samples
cannot be obtained from a single 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



fromthe silicon nold. Prior to imrersion in photopolyner the sanple is
marked wth a reference point to accurately determ ne where m crotone -
slices arWOP8@06 preferably, the sane reference point is REIUSIZEEBLEN bot h
the plan view (e.g. Figure 4) and varigus sectional views (e.g. Figure 3)
of the sanple of the web 20. The34sarrpl e is placed in a nodel 860

m crotone sold by the American Optical Conpany of Buffalo, New York and

| evel ed. The edge of the sample is renoved fromthe sanple, in slices, by
the mi cr otSemBleusimmegsed 49 8 resin sichasdVergrgpta photopolymer manufadthiedibynt nunber
of slices mrauiéchmved fromthe sanple, so that the various regions of the
paper web (e.g. 30 and 50) may be accurately reconstructed. For the :
errbod: ment deaihéisbmﬁzcehierdﬁi-dg, tosﬁdr&?ﬁmhék&%iﬂgniﬁui@: ?’hé‘?ﬁﬁpllefis eaﬂan%dfsgem crons
per sliceare,taken fr e snoot h sur.face. i pl e sljcges V.

required 469 H’gtslﬁfcﬁ)g "P‘ﬂﬁl?ﬁ&f"é@f’&ﬂéﬁ?ﬁ “P(pﬁ‘&?p‘gugnﬁ% gSumplsdymarked A

sanpl e sl mgth a eferencst puintdn ascuratelyodetenuens whete mikiigmeklicesage magaver slip.
The sl i de paggl. i b ght, transm ssi on..ni croscope and
observed at alg%%_feﬂ%g%ﬁgeﬁﬁﬁcggp@%gsfjmg%géxlr’nbgirﬂo%% ggﬂs}"eﬂ ie-%-gfeéwem ong the
slice, an@) abvarioys sectigna! vinve (68 Eimie Afshesample pEthgwebi2f. series to

reconst ruct tll}g proflle of the slice. The thicknesses and el evations may be
ascertai ned f A8fnsample Scplaced, ince apodsl $60) micreteme| soids by he dAmeridangur e 3,

whi ch i s @pHbaltCuthpangWTERITT0S, Neve 'YRFE afi® fdveRl, Othe 2dPABEtheSalipfd 47 € of the
type illustrat t hi,Cknesses are- est abl i shed

a In Fiqures 1 d 2 . The )
usi ng Fbmfeé?‘fvegng rtge %ﬁ’gﬁl}efr’ I%F‘Cesc By Jhe mhigroterpe ¥ptiha smooth suracet he
phot om cr appeapsh and store the photom crograph in a picture file format on a
personal conputer. The Hew ett Packard Scanni ng software is DeskScan ||
version 1.6 .ATsidfigieninnenbercof slivgs are peméwdbframktharsamplej se thitothe. The path
i s Laser Wartdtk rdffons\Ioth Wb @1 N8P, r | NGl §ed25- The
scaling ig 1 Oor/éggl'h, fi?%—&i%g_ sc%%e, ag?bzgﬁ\ﬂgg;eia%a%?tg{%#g@(ﬁ?dé format on
‘a Maci nt oSfF Wméeﬁﬁme#?swﬁed dieraiRyr gices |having a skipknessviof abaus 60t abl e
phot o- i nmfirogs pexf hiver fenakdtn GOmO theCABGH AR, MURHIA SR8 WaAYPHEW Ver sion
6.0, avai Eg%? gort?lrr%tgn%g@g%r ed . Sof rebof Nor t h gilri}ol i ha. }le Referring
to Figure's, 4% ﬁ E_ 3se3 f anf & may bg Ascsgaigrdt 50 are indicated by
P ooy "1 A gl sk SRR bR UShifostog Wb ush R 'S tfp. " 1
PCT/ US97/ Plsg slide and the sample are mounted in a light transmission microscoB& and circl e

that can fiseivedGdti 0t UOXt RBorifSdtRR. O | ' | i wn usi ng
t he PowerlDre aw dsﬁ{qt re Thg@%ﬁgdrgtﬁ er 93?%?{2‘?2& c?‘ﬁ é" | ssfglt?zlgg%gp. The
t hi ckness Hseofnd fgeinfiyidual Phejomicrography argeaTeanges i saries ¢o reqoastmtt i pl i ed by

t he appr oe ipadfile of aheslicea Therthickidssesanl devatiochOmal e Ab@raR@ai ffdrgat i on of
the PhOt HHE %c%ggtﬁﬁlf'edﬁlofﬂepg filstrated in Figure 3, which is a photomicrograph of

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

The thicknesses are established using Hewlett Packard ScanJet IIC color
flatbed scanner to scan the. photomicrograph and store the photomicrograph in a
picture file format on a personal computer. The Hewlett Packard Scanning
software is DeskScan II version 1.6 . The scanner settings type is black and white
photo. The path is LaserWriter NT, NTX. The brightness and contrast setting is
125. The scaling is 100%. The file is scanned and saved in a picture file format on
a Macintosh IICi 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 largest



by the magnification of the scanned i mage). Next, the small est
circles that can be inscribed in the portions of the region 30 on either
si de of t\M@%RHLé&Nn 50 are drawn. The di aneters of these ciRHFeP7ap+
| abel ed K. The thickness K of the regi g(} 30 adjacent the region 50 is the
average of the two diameters multipli by the above nentioned scale .
factor. The plane of the region 30 adjacent the region 50 is | ocated
by drawi ng.a | jne connectng. the centers of the two circles having the
di anet er %,“g]ﬁél‘%t ei‘PFCF‘L&gF’etESFeglon 56 Eelpg,am@g@g]at@ﬁ istdseve uping Al es, each
ocr:] cur ance PofvesDraet soifiweed. yTHediatseter 6%iﬂkeﬁ%sd&&wasﬁdTﬁ@&Ylg&Bss@b% ively
thi nner pgrtions .ateqgion 30.are i.nyestigated. For each, case ere a
rel ativel y°% ﬁ"igh‘?{bsé rl%étfeo anyster of; n‘ilﬁc}/el g’a‘hﬁwﬁ%ﬂgﬂi PErQriale $e@iSt j vel y
t hi cker r daritom (5be stdbe factanes thepmegmifitationp ¢fl the @hanisrograpmultipli¢dhi s | i ne
I nt er sect EOn: i, at | east 25 percent of the occurances, then the
paper fro?i’y\tkﬁﬁﬁ?%hgg‘fg%sog%gl%s where taken is said to have rel atively thicker
regi ons digshasgfnigs)t he plane of the relatively thicker region, according
to the prgsent ?ﬁ\geé?]tion. For instance, if the ten sanples yield 50
occurances of Ngx@ th€kmhlese bivclbdhan&in KeSidb@ibed Gn FH!: ;tﬁzlr{i&ﬁroﬁhg ?eg?c;n a

y cker re

rel ativelé t hi cker ,re%i n 50, then the rel stl\_/e hi regirons 50 are
said to bad@nspbersids of fheregionmd e drawn.r dbgdhapagtersafithase citelegiah 30 i f and
only if tiebeledie Thatticknesy Kofrid regionl30naljaéadnt the es3G@E5Gis!the abdiggd hi cker

ion 50 kp at |east 13 of . Surface Smoot :
The. sur f a8bite e RARue Bnplsdhy oy S H IR Rk el Mo Lr od based upon t he

nmet hod for ne ' | ' . c n SS)._set forth in
the 1001 | nt o APV BA R HERBIGERO Balblf e RoRiDR) WREReA BE b 4 11 ol e
entitled Hneconngstingthetcsntersefshe sre airclos havieg tectiametenK, Bs oyt ines  of

Ti ssue Papgiyre Yy Ampul ski et al. found at page 19, which article is

i ncorporated herein by reference. The PSS neasurenent as used herein is the

poi nt by poi nFof edthf tikMeh sdrtigles, Cathieuascd 658 FilRRRLY thidkBeregloavsd article.

gg% U”gg?fé%gxﬁs%h b%{“cr)ece%drgl%te:éely thinner p\é\gio%glo%alll%ggalon 30 are investigg@d. F%‘et forth in

t he arti ctarhasase altere geskatintlly ythitmsr réghen 30 ris Udéntifiddt @neaschdsi@®?df W25 | ssued

to Spende ' ' s hi.ch ents are
i ncor por a%eé ﬂ%lg?tg?é;k%%f/e%foé‘}f gﬁgﬁ% el¥n% fgﬁ%gn?l%h p?at.neaiB 1SV&P$\511. Bh&NiR
. intersects the region 50 in at least 25 percent of the occurances, then the paper

from which the samples where taken is said to have relatively thicker regions

disposed in the plane of the relatively thicker region, according to the present
invention. For instance, if the ten samples yield 50 occurances of a a relatively
thinner region 30 on either side of a relatively thicker region 50, then the
relatively thicker regions 50 are said to be disposed in the plane of the relatively
thinner region 30 if and only if the line drawn representing plane 23 intersects the
the thicker region 50 in at least 13 of the 50 occurances.

Surface Smoothness:

The surface smoothness of a side of a paper web is measured based upon
the method for measuring physiological surface smoothness (PSS) set forth in the
1991 International Paper Physics Conference, TAPPI Book 1, article entitled
"Methods for the Measurement of the Mechanical Properties 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



For purposes of testing the paper sanples of the present invention, the

nmet hod for nmeasuring PSS in the above article is used to neasure surface

snoot hnews, 98406 t he fol | owi ng procedural nodifications: PCI/USI7/2081dst ead of

i mporting digitized data pairs (anplitude and tinme) into SAS software for

10 sanples, as described in the above ¥ticle, the Surface Snoothness

measurenent is made by acquiring, digitizing, and statistically processing

data for the 10 sanpl es using LABVI EW brand software avail able from

Nat i onal sehgarthyinethes aticlenarst alsg gFeoraldy desccibediip|U.SuBetentpekbIUMI s generat ed

usi ng thegq [ g iA; sof twar e
8s u@\ﬂt hb %ﬂ%&:@@r ggﬁwggﬁgf?%g{ N Athpul SR £ ﬁglcg[}[f‘at&ﬁ@weEW

package, W selected as t put spectrum An

out put spaearperaied herstn BY FRdRIeRGSs each of the 10 sanpl es. Each out put

spectrumis then snoot hed using the follow n ight factors in LABVI EW
0, 000246, 0. OBRABEPOWS i 7SBnE hscBansY SarRiEs O B¢ FFRSCALIBVERODA B sl ected to

I m ta}g e gimhsdrﬁ&t h%)dagnﬁngP:SSF‘iﬂx ]ghe hhwvefl atitler B 0sed0f &ea&r@&}?ace 120, 1.hQ
specified_ in.the above article for,the I ogram ter snoot hi ng,
each specTOgHmES, Wﬁgttéef g’&xtoh”é‘?%ﬁmﬁ%“{lr’%%g?%' ¥ilters specified in the
above arti cl f | 1 CI-on h cal\C as
described in nﬁ%ﬁ%g‘é@%&iﬁ%ﬁ)ﬁ @g@(%e%;ata ?cﬁalg (?l{)nrp Ih?&%@n@?%)l glllstglgﬁy filtered
spect r umsoftwaresfer d8esanpies, heregiesaibedhin shejabove artidper theeSutface he aver age

of the 1@ f5ethntdd Wesastreart & nldde by h%c%ﬁréf%”@hﬁ&iﬂg?‘&ﬁ& da@edille sane side

of the paper web. Simlarly, the Surfac ness of the qpposite side of
t he papeﬁrﬁﬁgl%ﬁaﬁ?egﬁéh%&gé&m using bARY roEndosqftvase, @yl by di vi di ng
t he hi ghdfony aNattonal Ifsthunints DF0ALIE SPexas.0r Eash endblingiet Spdcliammiy e t ext ur ed

side of the er _web., by .,the. | ower ,val ue urfage S t hne
correspoﬁﬁ??fgf% aail otAﬂé‘?‘i‘ g ?’{hﬁs«f B’J&’B& &b. mor?“%aslf’s%?ﬁéi ght :

Basi s welgAB VIEWmnseéiswarepackegs) vithn g Ammp Spectfual Magi Viops) rseleetdd ras the The
paper to lgggegu,ﬁﬁ]d ' ?[cgl'p LOBR Sk SMtaid GRS eit at 48 to 52
per cent Pteaﬁéltl e ufﬁ%‘??‘?}s 0 E% m gsi mum %ﬁﬁge%’% S. 1Igﬁsg"h]r{ég%c'?litioned paper
WO 98/ 21406  Each output spectrum is then smoothed using the following weight factors
PCT/ US97/, Is cut to

2 . 37
o ovide. i LAFVIE: P 000746, 0 A0DAES, 9. 0756,41062993, Bhess orpightfeetara s os ar o
cut, six selecpd sintitatetheisidothihd Proided ibyake RcloFSkO08%¢0j00AT,120)t1tker, such as

a Thw N9°specified in the above article for the SAS program.

After smoothing, each spectrum is filtered using the frequency filters
specified in the above article. The value of PSS, in microns, is then calculated as
described in the above mentioned article, for each individually filtered spectrum.
The Surface Smoothness of the side of a paper web is the average of the 10 PSS

* values measured from the 10 samples taken from the same side of the paper web.
Similarly, the Surface Smoothness of the opposite side of the paper web can be
measured. The smoothness ratio is obtained by dividing the higher value of
Surface Smoothness, corresponding to the more textured side of the paper web, by
the lower value of Surface Smoothness, corresponding to the smoother side of the

_ paper web.

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
to 52 percent relative humidity for a minimum of 2 hours. The conditioned paper



Al bert Alfa Hydraulic Pressure Sanple Cutter, Moddel 240-10. The-two six
sanpl e stacks are then conbined into a 12 ply stack and conditioned for at
| east 13VQIIWP0ONal minutes at 71 to 75 F and 48 to 52 p@CTAFRI7/p8Ad dity.
The 12 ply stack is then weighed on a calibrated anal ytical bal ance. The
bal ance i s maintained in the same room+h which the sanpl es were
conditioned. A suitable balance is made by Sartorius |nstrument Conpany,
Model A20Q0S. This weight is the weight in grans of a 12 ply stack of the
paper, eadhcItg Pridanigvel verfamples measuing 3. 5dnehabye3 SrinthesThe samples are The basi s
wei ght of PaRPles R SMWE) j ' ply) is

cal cul at ectl:mﬁ%1 urli t?{ \(,)? f@%ﬂ?ﬁ%%gbﬁeﬁtﬁ?@e@é@? S‘ﬁcgfdr?g%ghﬁgngol | ow ng
equat i on: Alberp\fp Fygraulio Espssure Samplegtutten) Modsb@d0x0144Theytwaisix per sg ft.
(453. 6 gnmishiaplexstdcke apd thes rombintd ird SI2 piystadkeindbonllitioned forSit sy Basi s

Wi ght (1 RQL3 0 ft2) = Lght of 12, nl tack 6.48
Mal:?o- Cgil ﬁB@]ﬂgﬁPnM’)ﬂ&Iﬁsﬁ)@rto 75Fand4%’%ggﬁ?f?%’-téﬁwcg r gragry(ggl)i)p;er S

measur ed usi ng ceafor urin r al i,per . di scl os in U S
Pat ont 4, 460, 7308 1200 SRERICHER iR b £ aitited Anarfical Blionc s
i ncor por abaldn¢eeisgnaintaneddn dhe samee room iBwhichDhe samples were cond®idedDensity i s

gg e 2? as iGS AVghigdle BhlahfeisRRacbY! Siethrit¥ HhARMER' SodRELOMER] | LRbS. VO

PCT/ US97/ Tbisiweight is the weight in grams of a 12 ply stack of the paper, each ply havin
an area of 12.25 square inches. :

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

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

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

Macro-Caliper or Dry Caliper:

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

Bulk Density:

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



Absor bent Capacity: - The absorbent capacity of a web is neasured
using the Horizontal Absorbative Capacity Test disclosed in above . ,
r ef er enowe dglafuoe Pat ent 4, 469, 735. Measur enent of Web mapgswrosappar at us
El evati ons: The el evation difference between the el evation 231 of
the first felt surface and the elevati®on 261 of the web contacti ng surface
260 is neasured using the followng procedure. The web support apparatus

i s supported on a flat horizontal surface with the web patterning |ayer
facing upward. A stylus having a circular contact surface of about 1.3
square mllineters and a vertical length of about 3 mllineters is nounted
on a Fedtysarbept GaRAEHE: di mensi oni ng gauge (rmodel 432B-81 anplifier modified

for use with_an L  END-4320 W breakaway prqbe, factured by the Federal
Product s Conﬁgﬁﬁb%’l‘benﬂ"%ﬂ?ﬁ@é %‘,”ghﬁd'aésﬁ?aé‘ﬁ g%WWumnt i s calibrated
by det er mibyott@ative Capavity Tgst distidste irestowe beferonesd W.B0OPMemch,4699785shi N8 of known
t hi ckness which provide a known elevation difference. The instrunent is
zeroed at an elevation slightly lower than the first felt surface 230 to
insure unrestricted travel of the stylus. The stylus is placed over the

el evat i oMessuiement esWeb auprosieppamatusElengkions:he measurenent. The styl us
exerts a pressure of about 0.24 granms/square mllinmeter at the point of

measur ement . TRe elevatien diffezeace hetwenndhe glevation2Hwefdhe firss felh sefasp apd $he.  The

nmeasur enRRivatieh 28ACHf Bleeabi Untattifly MRERDS0- is ThRaslkdd A5iAR CHe DRUBRALY t he
average val ues is_the calculated to,provide, the evat i ngﬁ_laff-ere ce.

e
The same PRGSEEy rihe; Weh SPROT SPPATaLs i suPRerted ¢4 a flah henzont & Wik theons
1231 and wablpatteinnsd lagereficing upward. e Alstfus having a ciEnl@Béchtatd Gurface of about
PCT/ US97/20g

- . _ .. 3 i's
Cl at e il Sddhye millimeters, and. o, vertcal Iepgth of, sbowt 3 pylimeters is Homph B oL o1
faci ng sederabBrodudte disaqpsioning\gabge ngslel 4328581 amplifier modified forause wathan
thinner. pMDL4NGONT BElRaY g6t Han@iifured by the FedéraP PHidts! CothadyCoft! | Vel Y
t hi cker, _discrete_regqgigns disperse thro,ughﬁut t he .
cont i nuofigovidsnger Rhpdeyldand. The instrument is calibrated by determining the voltage
difference between two precision shims of known thickness which provide a known
elevation difference. The instrument is zeroed at an elevation slightly lower than the first
felt surface 230 to insure unrestricted travel of the stylus. The stylus is placed over the
elevation of interest and lowered to make the measurement. The stylus exerts a pressure
of about 0.24 grams/square millimeter at the point of measurement. At least three
measurements are made at each elevation. The measurements at each elevation are
averaged. The difference between the average values is the calculated to provide the

elevation difference.

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



wherein the relatively thicker discrete regions are disposed in the plane

of . t he conti nuous network region. 2. ;he paperbweb (7)f
daiml wogié,zmrel n the paper web has a basis weight of ¥RRE DO UL
and about 70 granms per square neter. 3. The paper. - % '@? Cam1l, 2,

or 3 wherein the paper web has a macro 3@l i per of at | east aboif 0. T mm
and a bul k density of |ess than about 0.12 gram per c mm“"mnm [Iﬂm'

4. The paper web of Clains 1, 2, and 3 wherein bot ’

net wor k anWhat iselisled izt et e regi ons are foreshortened- e paper
web of Clains 1, 2, 3, and 4 wherein the surface srmothness ratlo of t he
web is grehter Arveahlaalmlphr well bavipg Gfseandbecond epcsitely Tadinglsutfacesd fid

pref er abl yyep &4, Sﬁﬁ t han 1. 25. 6. The paper web of C ains 2 3,
4, and 5 ere| t egsecond surface of the web has a surface srmothness

val ue of |ess LD 8aBRAH hirtRP conti ousnet%gﬁ%rggiﬁ ’c?nerb of daims 1, 2, 3, 4,

5, and 6 wherein each discrete r at1ve regi on en({}l1 acles at1 ,
| east one di scrai@rafieNst rela@iVelyaRicRE, d Y}g}? al ms ’
3, 4, 5, 6, andaq% v?hg?el nal 125’ aper \Aﬁcreélésfegmn antl%ﬁ cfu(rgee of dry
enbossrrents 9. TheFOp4P “S\HGB”‘H Tegiomm 1 corrprl sing a debondi ng

duct ri sing two paper webs
Aceor i ng to oISt e RIS Ry RREShdBe eiiansre Ssnired an he b SBconc
surface of each web thscomtinabusmdtwoskwegioner than the first surface of the

web, and wherein the second surfaces of the webs face outwardly.
The paper web of Claim 1 or 2 wherein the paper web has a basis weight of

between about 7 and about 70 grams per square meter.

3. The paper web of Claim 1, 2, or 3 wherein the paper web has a macro caliper of
at least about 0.1 mm and a bulk density of less than about 0.12 gram per cubic
centimeter.

4, The paper web of Claims 1, 2, and 3 wherein both the continuous network and
the discrete regions are foreshortened.

5. The paper web of Clainis 1, 2, 3, and 4 wherein the surface smoothness ratio of
the web is’ greater than about 1.15, preferably greater than 1.20, and more preferably
greater than 1.25.

6. The paper web of Claims 1, 2, 3, 4, and 5 wherein the second surface of the web
has a surface smoothness value of less than about 900.

7. The paper web of Claims 1, 2, 3, 4, 5, and 6 wherein each discrete relatively
thicker region encircles at least one discrete densified region.

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

9. The paper web of Claim 1 comprising a debonding agent.

10. A multiple ply paper product comprising two paper webs according to Claims 1,
2,3,4,5,6,7, 8 or 9 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.



