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PCT/ US95WVGA$/pa813 PAPER STRUCTURE HAVI NG AT LEAST THREETRISEIRNZE AND
APPARATUS AND PROCESS FOR MAKI NG THE SAME 10 .

*FI ELD OF THE | NVENTI ON : The present invention relates to a
paper structure, such as a tissue paper web, ' having a transition

region interconnecting relatively thinner regions disposed at

paper - PAPER AGRUCIUBE HAVENG Al LERT TREEAESTE ML APFRRTLS B BhALESS UAck ©
BACKGROUNMAKINGT TRE |SAMENT ON _ Paper structures, such as toilet
ti ssue, paper towels, and facial tissue, are w dely used

t hr oughout the home and industry. Many attenpts have been made to 20
make such tissue products nore consuner preferred. One approach to

providing _ consuner preferred tissue products having bul k and
flexibility is illustrated in U S. Patent 3,994,771 issued
Novermber 300 1976 to Morgan et al. |nproved bul k and : flexibility.

may al so be provided through bil pm{@ldy-rﬁgqmm(mrrpr essed and
unconpressed zones, _as shown in U S. Patent 191, 609 i ssued March 4, 1980

to 25  Trokhanlhe present invention roiaies (g PQR% SHHEMHTS: SuhA8 hSSUE PP Web
products nore bavifig e frafsikdie régioh iiftefcdnnecting relatively thinner regions disposed at

different elevations. A web support apparatus and process for making such a paper
15  web also form part of the present invention.

BACKGROUND OF THE INVENTION

Paper structures, such as toilet tissue, paper towels, and facial tissue, are

widely used throughout the home and industry. Many attempts have been made to
20 make such tissue products more consumer preferred. One approach to providing

consumer preferred tissue'products having bulk and flexibility is illustrated in U.S.

Patent 3,994,771 issued November 30, 1976 to Morgan et al. Improved bulk and

flexibility may also be provided through bilaterally staggered 'compressed and -

uncompressed zones, as shown in U.S. Patent 4,191,609 issued March 4, 1980 to
25  Trokhan.

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. Alternatively, a paper .

30  structure can be made stronger, without utilizing more cellulosic fibers, by having
regions of differing basis weights as illustrated in U.S. Patent 4,514,345 issued
April 30, 1985.

Tissue paper manufacturers have also attempted to make tissue products more

appealing to consumers by improving the aesthetic appearance of the product. For

35  example, embossed patterns formed in tissue paper products after the tissue paper
products have been dried are common. One embossed pattern which appears in
cellulosic paper towel products marketed by the Procter and Gamble Company is
illustrated in U.S. Patent Des. 239,137 issued March 9, 1976 to Appleman.
Embossing is also illustrated in U.S. Patent 3,556,907 issued January 19, 1971 to

40- Nystrand; U.S. Patent 3,867,225 issued February 18, 1975 to Nystrand; and U.S.
Patent 3,414,459 issued December 3, 1968 to Wells.



dry the paper structure to irrpért greater bulk, tensile strength, and burst

strengt IwWo96/00813 . ~ the tissue products. Exanples of paRAT/E’950AT3r es nmade
in this manner are illustrated in U S. Patent 4,637,859 issued
January 20, 1987 to Trokhan. Alternatively, a paper 30 structure can -

be made stronger, wi thout utilizing nore cellulosic fibers, by having
regions of differing basis weights as il |Ustrated in U.S. Patent 4,514,345
i ssued Aﬁril 30, 1985. o Ti ssue paper nmanufacturers
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96/ 00813 web. In addition, embossing is typically done after creping o t%e ried paper web

Fg{a rUtsgg/ 0_77t7§'omI the dryifﬁtg-hdrum. Enttossive aftercbiepidg i dag diSrQpe Hiecorepingi patletry _
partjcul ar a efi : appear ance £o. the paper structure at
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t he paper stroftheddedwed0  noving fibers normal to the plane of the paper

structure by enmbogSidutidi, ﬁf%&nﬁds@iﬂ% atphper structure fabta@b. str@icH or dRive el pigedONds .
results in reduced tensile str th,of th ri e '

addi tion, enbSuSHFg arqundithe esmrﬁ”%as%@eéqbﬁﬁs%&%sgiﬁgf Besultyfhe aPP“ég‘e’BS‘Hg web
20 around the perimeter of the embossments will have a reduced thickness relative to
the non-embossed portion of the paper web. |
Felts for use in papermaking are also well known. U.S. patent 3,537,954
issued to Justus discloses imparting a creping pattern to a web with a felt having
yarns running in the cross machine direction along the outer surface of the felt. U.S.
25  Patent 4,309,246 issued to Hulit et al. discloses pressing a web between a felt and an
imprinting fabric. U.S. Patent 4,144,124 issued to Turunen et al. discloses a paper
machine having a twin-wire former having a pair of endless fabrics, which can be
felts. One of the endless fabrics carries a paper web to a press section. The press
section: can include the endless. fabric which carries the paper web to the press
30  section, an additional endless fabric, and a wire for patterning the web. U.S. Patent
Application Serial Number 08/170,140, Method: of Pressing and Molding a Paper
Sheet, filed December 20, 1993 in the name of Ampulski et al. discloses a process
for molding and dewatering a paper web which employs dewatering felts.
_ U.S. Patent 4,446,187 to Eklund discloses a sheet assembly which can be used
35 as a forming fabric, press fabric, and drying fabric porous belt, including as a press
felt and a drying felt. The sheet assembly includes a foil and a reinforcement
structure bonded together. The foil can be formed from a plastic material, and is
formed with through-holes. Eklund teaches that it is desirable to produce a belt
fabric which possesses as even a surface as: possible to-provide an even pressure
40 distribution and to avoid a coarse surface structure in the finished paper. Eklund
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Wron1the rum Enbossing after creping can disrupt the creping
pattern “Q{*hﬂgllnparted to the web. For instance, enb053|§§n3§ﬁm'VPn1nate
the creping pattern in 15 sonme portions of the web by conpacting or
stretching the creping pattern Such a - result is undesirable
because the creping pattern:inproves the seftness-and flexibility

of the dried web. I n addltlon dry enb055|ng a paper structure
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08/ 170, 148?‘§ farl?gﬁ%ﬁ'l’ B?F’\éﬁ%‘mg%ﬂ%{ﬂg&tﬁg a Paper Sheet, filed
Decenber 20, 1993 PGT: Reblicatien (NunthtplW@KDl/&ﬂS&ﬂ published Qrtsben mrmesm the
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Us. "Patent 4 Ja0E 1Skt DARE el 48" BE SCARAXSroliS MiSoRisHY Bymhid g
used 35 asmakingran rﬂgema‘sdlmlyipcmseﬁmlmatmalaxsd nirpapcgnilang |bg auringus
bel t, includi ngadidtion &Erﬁﬁ% polymenc nia@érfal angaﬁréj@”di'gtéa%és qh%rlﬁglttged

assenbl i pcl udes a foil rei nf orcenmen
t oget het . e FEGHIE AR ¢ m‘m‘d withhatextile @Pﬁ&ﬁocfommapamakemlewgtenng felt.

formed with thitbsigPattnl £514,348 isdt A5l 30s 19850 uéhnls§n eeal fcathes atﬂeﬁhbef&fce a
bel t fabri |ch Dossesses en a_.surface as possible to
provi de an evemgé{‘} ‘ifd“em%ﬁfé’f‘ aog}!qtﬁ?“ﬁﬂﬁefeémavm d a éoarse surface
structure in the fihSsPatentpApplicatibrkSerial No. 07/718,452, Tissue Paper Having Large
Scale, Aesthetically Discernible Patterns and Apparatus for Making Same, filed
25  June 19, 1991 in the name of Rasch et al. discloses a single lamina paper structure
having at least three visually discernible regions. Rasch et al. teaches the three
regions are visually distinguishable by an optically intensive property such as crepe
frequency, elevation, or opacity. Rasch et al. teaches that opacity can be increased
by increasing the density of a region. Rasch et al. also teaches that differences in
30 elevation between adjacent regions can be imparted to a paper structure by
differences in elevation of the distal ends of adjacent flow elements. While the
structures of Rasch et al. provide an improvement over embossed paper structures,
there is a need to provide tissue products having improved visually discernible
patterns over those taught in Rasch et al.  Therefore, those involved in the
35  papermaking field continue to search for ways to make papef structures having
highly discernible aesthetic patterns without sacnﬁcmg desirable paper web
properties.
Accordingly, one object of the present invention is to provide a paper
structure having visually discernible patterns without the need for embossing a dried
40  paper web.
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PCT/ US9%®%5/0p813 5 teaches that by adapting the riTarses/e777and
positions of the holes in the foil, it is possible to obtain a
dewat eri ng belt possessing a very even pressure distribution.

U.S. Patent 4,740,409 to Lefkowitz discloses a nonwoven fabric having
paral | el machl ne direction yarns and int ef connect i ng cross nachine

di rection J c. material. surroundi ng the machi ne_direction
yans. The tross n‘é‘g hﬁ"eo ject ¢ 10 BrOVIds jaopapEh ISiTHEIHre: hvang visuplly: discemible
spaced per f or pattepmswithourugbrifidisg Hesirable. paper web properties sREH afvedbiles ftrd
Nunmber WO 92/%r7d6§|§e%2(b11 ged Oct ober 15, 1992 in the nane o
Buchanan et (]t S'ted to the SCAPA G oup discloses a base fabric
for use in producAnether phjest isteknrowidé alpapsr striictaredmymgfaalenhanced biilisdekiper.

superi nposed f a%[lp;e
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filed 25 SHHEBE9 1991 in the name of Rasch et al. discloses a single
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be i npar t ed twely ppté?;gmgslqugcgf&lptqﬁnsuwe resin onto the surface of a dewatering felt

layer

25 _ SUMMARY OF THE INVENTION . _
The invention comprises an apparatus for use in making a web of papermaking
fibers. The apparatus can comprise a web -support apparatus  and include a
dewatering felt layer having a first web facing surface at a first elevation and an
oppositely facing second felt surface, and a web patterning layer joined to the first
30  web facing surface of the deWatering- felt layer. The web patterning layer'extends
from the first felt surface and has a web contacting top surface at a second elevation
different from the first elevation. - '
The web contacting top surface can be continuous or discontinuous, and has a
projected surface area which is between about 5 percent and about 75 percent of the
35 projected area of the apparatus. The difference between the first elevation and the
second elevation can be at least about 0.05 millimeter, and is preferably between
about 0.1 and about 2.0 millimeter. -The web pétterning layer can comprise a
photosensitive resin cured on the dewatering felt layer to penetrate the first web
_ facing surface. The web patterning layer can extend through less than the full |
40 thickness of the dewatering felt layer.



di fferenec&aglagos% evation of the distal ends of adjacent flow el enents.
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taught in Rasch et al. Therefore, those invgal ved in:the 35 paper maki n
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strength the ARR'3HHS NG PERIFIAPTY,; Rejween abou nd-abopt, JPH iscrele Qpenings ¢ o
provi de a paperthetemupdrsqeart inch g therprojeted aesh dfthappatatyserSuch a web patterning
Anot her obj ect y,S..t: Y4 ' . 11 l,on
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i nt erconnect1n st and secC rreqi ons ] | )
el evations, whedessify ppavork region andm pluralisy, of aglatively How idensity domgs dispensed han
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provi de a paper st rECHGHE FRIRAGHSA s Bash ol suidiey g fefected relativets setsed
at different elwemtomagingwbp serfatetofthd wels patesifiing m@ﬂﬁi?]deﬁﬁip@é_s&rikt?e'd?gac{i%éto
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second elevations. The web contacting surface of the web patterning layer has a
projected surface of area of between about 5 percent and about 20 percent, and
20  more preferably between about 5 and about 14 percent of the projected area of the
apparatus. The web patterning layer inscribes a plurality of circular portions of the
first felt surface, each inscribed circular portion having a projected area of at least
about 10 square millimeters, more preferably at least about 20 square millimeters,
and most preferably at least about 100 square millimeters. A web support apparatus
25  having such a dewatering felt layer and web pattemihg layer is suitable for making a
paper structure having a transition region interconnecting first and second regions
disposed at different elevations, wherein the transition region thickness is greater
_ than the thickness of the second region, and greater than or equal to the thickness of
the first region. Such a web support apparatus is also suitable for making a paper
30  structure having large scale, visually discernible patterns with foreshortened regions
at different elevations. |
The present invention also comprises a paper structure having a transition
region interconnecting first and second regions disposed at different elevations,
wherein the transition region thickness is greater than the thickness of the second
35 region, and greater than or equal to the thickness of the first region. The first and
second regions can be foreshortened, ‘such as by creping,-' and the difference in
elevation between the first and second foreshortened regions can be at least about
0.05 millimeter. In one embodiment of the present invention, a variable frequency
creping region extends from at least a portion of the border of a patterned second
40  region and terminates in a first region, thereby enhancing the visual discernibility of
the second region. |



structure. Anot her object of the present .invention is to

provi deW® %%@B813at t er ni ng appar atus conprising a sewaisesim f el t

| ayer and a web patterning |ayer conprising a 20 phot osensitive resin
whi ch penetrates a surface of the felt {ayer. Anot her obj ect ¢
of the present invention is to provide a method for casting a web

patterning | ayer of photosensitive resin ©nto the surface of a dewateri ng
felt I aye_lc. 25 . . _ SUMVARY COF THE

| NVENTI ONS he present iwentignoalsq 6PMmpidyep i meod forapaking & papérostrugtuse.i n
maki ng a web Tie mpethed. B&hpﬂﬂasthe steps off i bers. The apparat.us can conprise a
web support apparatu teri gnfelt | ayer, havi ng a

first web facing P§8Y‘§5‘§ea §?"e5alf5'| ngpmgfl&g%tgeaﬁra (T°<§'Hp ar wet wgh, 96 pape| y

- facing second felt sundlangfibeannd a web patterning | ayer jOI ned to the first
30  web facing _ [ Sivked patterning

| ayer extends wg&ﬁ%tﬂé“kﬁgt ?Emts?éphfgfﬁ %%Ac@ég'{rz]é ﬁ gal\ﬁ\%gtf’e&cgﬁ lgctl ng

top surfd@e at a secdnfirstdeflestipnstep to provxdg.af nmmnnoplarmmwetbehammgsa first

el evation. re on-B@Eh ARP fIBHGE hAd'd debnd 1, aél&Fﬁt Saﬁv\ﬂﬂ Eﬂ%io@uous
or di scontinuous, and,, ?f? ro .ected surface area I'S between
about 5 percent and: F“t "‘bél?ec@ﬁ‘t OBtPRe 35 projected area of the

appar atus. The dideflestingahe lﬁﬁtwegﬂn rdimiviel tohe eédenatregiﬂn ang sédvad deflection

second el evation. can { 0. .05 refer ably
bet ween aboutspeg’ % reﬁg @Swﬁ%gﬁcen\nﬁl? ﬁh?’é etwﬁ?g ta"egrsﬁé“( eFe810g
| ayer carfSconprise aand the secphdtwebemegion \ie a se¢amdc defiedtiom stdpe atlanatebr i ng

felt layer to penetr abofsibify %Ougeﬁﬁgboutzomdasﬁ.&lﬁwqe?wntace The web

patterning Iayer can extend 't | ess t hi ckness of
the dewatering f&PMPREHAG at least gypogiory @ the first web region at a consistency of

PCT/ US95/ 07773 between about 20 and about 80 percent to provide a first compacted web
region,; - : _ '
20 compacting at least a portion of the second web region at.a consistency of

between about 20 and about 80 percent to provide a second compacted
web region; and
restoring at least some of the difference in elevation between the first web
region and the second web region to provide a first compacted web
25 region disposed at a first elevation and a second compacted web region
disposed at a second elevation different from the first elevation.

- The present invention further comprises a method of forming a web support
apparatus having a dewatering felt layér and a web patterning layer. The rrjethod
includes the steps of: '

30 providing a dewatering felt havmg a first surface and a second oppositely
facing surface;
providing a liquid photosensitive resin;
providing a source of actinic radiation;
applying a liquid photosensitive resin to the first surface of the dewatering felt;,
35 - exposing at least some of the liquid photosensitive resin on the first surface of
the dewatering felt to the actinic radiation; '
curing at least some of the photosensitive resin to provide a resin layer having
a predetermined pattern and extending from the first surface of the

dewatering felt; and
40 removing uncured liquid resin from the felt.
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paper structure having %Fstﬂ'&hs'thl ﬂé@ﬂ@ﬁﬁ iofit e cdewnseringn delt ilaysr, @hﬂ:l%@cond
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el evati ons
25 penetrating the first felt surface, the web patterning layer extending from
the first felt surface and having a discontinuous web contacting top
_ surface. _
Figure4is a photographic plan view of an embodiment of an apparatus for use
- in papermakihg_ comprising a dewatering felt layer having a first web
30 facing felt surface and a web patterning layer penetrating the first felt
surface, the web patterning layer comprising a plurality of discrete web
patterning elements.
Figure 5 is a cross-sectional illustration of a paper structure according to the
present invention, the paper structure having a transition region
35 - interconnecting first and second regions disposed at different elevations,
wherein the transition region thickness is greater than the thickness of
the second region, and greater than or equal to the thickness of the first
region.
Figure 6A is a _photomicrograph of a cross-section of a paper structure
40 according to the present invention.
Figure 6B is the photomicrograph of 6A showing elevation reference lines.



wherein the transition region thickness is greater than the thickness of
the secwulosnes35 region, and greater than or equal to tm,ﬁggg,g-ﬁagss of

the first region. The first and second regi ons can _
foreshortened, such as by creping, and the difference in el evati on
between the first and second foreshortened regi ons can be at |east about
0.05 mlIlinmeter. In one enbodi nent of the8present invention, a variable
frequency creping region extends fromat |east a portion of the
border of % patt eFigew &dsarphotographic plaegiiem ofirdpdper Rirdethfs adcording lrtld slie ;
regi on, thereby enha sual dlscernlblllty of . - t he secon
-region. WO 96/ Oog&%%t foEnld

PCT/ US95/ 07773  Figure 8 is photographic plan view of a paper structure according & the 5

The present inventi orpraéeﬁpuﬁvemw eatargdd ettt ProufPKi g o évéi’.{b'éﬁ ure.
The nethod conprises the s provi ding a genera

unconpact ed, general ¢ mhﬁﬁ)‘éﬁ‘?ﬂ TEGIAN \ebh of paper
maki ng fi er S, Figure 9 is an illustimfibe of & pyodebefonelakirig ﬁpﬂpbﬁ&trﬁétﬁf&étc@rfdu@et ween
about 8 and about 30 tg%gg Eedtgh end&‘ a first deflection step
to prOV|de a non- nonopl anar havi ng a flrst regi on at
a first elevatiorFigurg 19 1s an dlwstration of 2 nen-mogeplanad. generally uocompacted paper
different fromthe fiwes detleBi¢atvifIesupported on a web sﬁg ﬁphﬂﬁust Singrisingla

region relative to thtglFsecon egion in.a second
|

step to reduce the d E‘H’c@“ i éY@v&?‘it%H‘"Se’@MEreﬁotHTQV‘FiFr%tﬁT%BeE'%@ﬂ)’on

15b 15 - and adaempmemdvebekbgtcﬁgmon fire aleeﬁmn@hcﬂaf §e€6ﬁd ?Bne?ill?yp at a

we

percent; un@%%%éfﬁ' g’PEa@ta %?%‘?ff?@}ﬂﬁm&d‘&%émr P& th\‘R/EfB'Str egi ofl
at a consistency of elevation ' . between about 20 and about 80

percent to provi dgggrefl1 ishn ARSPARISSE 2" Filper web bemg compacted agairist e Wtface

of a drying drum by deflecting the first felt surface of the web support

20 apparatus relative to the web contactmg surface of the web patterning
layer.

Figure 12 is an illustration of a machine for. making a web support apparatus
~ having a felt dewatering layer and a web patterning layer formed from
photosensitive resin. | '

25 Figure 13-is a plan view illustration of a web support apparatus wherein the
web patterning layer compﬁses a lattice network and a plurality of
discrete web patterning elements disposed within openings in the lattice
network. '

Figure 14 is a plan view illustration of a paper structure made with the

30 - apparatus of Flgure 13.

DETAILED DESCRIPTION OF THE INVENTION
~ Figures 1-4 and 13 illustrate embodiments of a web support apparatus 200
comprising a dewatering felt layer 220 and a web patterning layer 250. Figures 5-8
35 and 14 illustrate a paper structure 20 according to the present invention, the paper
- structure having a transition region interconnecting first and second regions disposed
at different elevations, wherein the transition region thickness is greater than the
thickness of the second region, and greater than or equal to the thickness of the first
region. Figures 9-11 illustrate a method employing an apparatus 200 such as that
40 shown in Figure 4 for making a paper structure 20. Figure 12 is a schematic
| illustration of a method for making a web support apparatus 200 having a web



+20 cting at least a portion of the second we
consi stem(g/&z&gﬁ - bet ween about 20 and ab ﬁg%?%&g&éent to

prOV|de a second conpacted_ web region; and

‘restoring at |east some of“the difference in el evation between the first
web regi‘on and the secogd web region to provide a first
conpacted web 25 regi on disposed at a first elevation and a
Zleg\?ggl gﬁmé?ﬂ gtt%rlg%:rﬁﬁo f?m}esdt of eqhotosgnsmve regu'l %Hx%ﬁeoql éahe\%.]tgg Eagt lﬁ)fer
invention furtB@aP. conprises a nethod of formng a web support

apparatus having a dewatering felt |layer and a web patterning | ayer. The
met hod i ncl udes the steps provi ding a dewat eri ng

_ q&: 30
felt having a first surface and a sYERNUPRASHARPAALS
facing surface; Figures 1, 2, 3, gd¥ shbwdifferénit meddmhﬁtsaffarweﬁ supporteappiratus

d l.
bhot osensi 1Pve 2PBs ot 4 o6 25wt rying ks, EFRPRL ) T i 4
exposi ng at. | eampartiogs pafternito 4 paper webhd'thembwppcu’e apmsatns 300 hiea first sweb
surface of facnéﬁr%de %02 %nd a %ercbﬁ‘d gﬁﬂ@ftlag IeRnd §dd 204 T‘llfbew@t? Elgiﬂroﬁsilpﬂgﬂaﬁls' on,

curing at least s et%{ose tive resin to prov
havi ng 200 1s viewed wi @F g Webfacing fide £@% Fp%é thw@w&r iyFrepesh bhe
first surface @hdihe ~dewatering felt; and 40

removing ungur ed |iguldresin LEOM L0500 Sltorises s dUuSShO B tier 220 haying s

DESCRI PTI ON  OF fifstEwébRfavinpi@8t surface 230 disposed at a first elevation 231, and an oppositely

| facing second felt surface 232. The web support apparatus 200 also comprises a

web patterning layer 250 joined to the first web facing surface 230. The web

patterning layer 250 extends from the first felt surface 230, as shown in Figure 2, to

20  have a web contacting top surface 260 at a second elevation 261 different from the

first elevation 231, The difference 262 between the first elevation 231 and the

second elevation 261 is at least about 0.05 millimeter, and is preferably between

about 0.1 and about 2.0 millimeters.

The dewatering felt layer 220 is water permeable and is capable of receiving

25  and containing water pressed from a wet web of papermaking fibers. The web

patterning layer 250 is water impervious, and does not receive or contain water

pressed from a web of papermaking fibers. The web patterning layer 250 can be
continuous, as shown in Figure 1, or discontinuous, as shown in Figures 3 and 4.

‘The web patterning layer 250 preferably comprises a photosensitive resin

30  which can be deposited on the first surface 230 as a liquid and subsequently cured by

radiation so that a portion of the web patterning layer 250 penetrates, and is thereby

securely bonded to, the first felt surface 230. The web patterning layer 250

preferably does not extend through the entire thickness of the felt layer 220, but

instead extends through less. than about half the thickness of the felt layer 220 to

35 maintain the flexibility and compressibility of the web support apparatus 200, and

particularly the flexibility and compressibility of the felt layer 220. The curing depth

can be controlled by a number of different methods, alone or in combination, such as

by varying the intensity and duration of the actinic radiation; varying the thickness of

the felt layer 220. The photosensitive resin under the first felt surface 230 can then

40  be cured so that the web patterning layer 250 penetrates the first felt surface but

does not extend through the full thickness of the felt layer. The web patterning layer
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_patterning layer p ratl VP ot

the web pat t e#srfiompared et %S?HSFY and,ors size of the fely layer 2R%adjasent the gecond 15

patternirgp el ﬁﬂfﬁﬂé 232, such that water entérir@th€ fivstistrfiicec230518 cariedi awagl from the
illustration TPEZS structure according to the-

present | nventPoii A %aper structure having a transition region 35

i nt er connecti ng fThestdewattnsg(fehdangnmsald|lnpe)saeﬂudmesh bf devvrenecaboutit? ons,

wherein the tfafgldls Oagudra%ghPS‘ n&ﬁihﬁké??sasbdsﬁ @ﬁtd?rbeﬁi?% boi éd@'zﬁﬂ gt Of

the second region, reater than or equa ness e first
000 grams per square meter, an average density (basis weight dmded by thickness)

25  of between about 0.35 gram per cubic centimeter and about 0.45 gram per cubic
centimeter, and an air permeability of between about 5-50 standard cubic feet per
minute (scfim), where the air permeability in scfim is a measure of the number of cubic
feet of air per minute that pass through a one square foot area of the felt layer 220 at
a pressure drop across the thickness of the felt layer 220 equal to about 0.5 inch of

30 water. The air permeability is measured 0sing a' Valmet permeability measuring
‘device (Model Wigo Taifun Type 1000) available from the Valmet Corp. of Pansio,
Finland. The permeability of the web support b,pparatus 200 is less than or equal to
the peﬁneability of the felt layer 220 and is about equal to the permeability of the felt
‘layer 220 multiplied by the fraction of the projected area of the apparatus 200 not

35  covered by the web patterning layer 250. |

A suitable felt layer 220 is an Amflex 2 Press Felt manufactured by the
Appleton Mills Company of Appleton, Wisconsin. Such a felt layer 220 can have a
thickness of about 3 nﬁlliméfer, -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

40 ply multifilament top and bottomi warp and a 4 ply cabled monofilament cross-
machine direction weave: The batt 240 can comprise polyester fibers having a denier
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el evati on. t rat, i ng
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def |l ecti ng t hePétentst,514345 isswefl Apzil 30 108% tavkdhnsorpetaal t whigld patent is incorporated

?gsar atus ¢l aﬁérléﬁb&%fe%cwb econtacting surface of the web patterning

The resin, when cured, should have a hardness of no more than about 60 Shore
D. The hardness is measured on an unpatterned photopolymer resin coupon
measuring about 1 inch by 2 inches by 0.025 inches thick cured under the same
conditions as the web patterning layer 250. The hardness measurement is made at

20 85 degrees Centigrade and read 10 seconds after initial engagement of the Shore D
durometer probe with the resin. A resin having such a hardness upon curing is

~ desirable so that the web patterning layer 250 is somewhat flexible and deformable.
Flex1blllty and deformablllty of the web patterning layer 250 can be desirable for
makmg the paper structure 20 described below. _ .

25 The resin preferably resists oxidation, and can have viscosity of between about
5000 and about 15000 centipoise at 70 degrees Fahrenheit to facilitate penetration of
felt layer 220 by the resin prior to curing. Suitable liquid photosensitive resins are
included in the Merigraph series of resins made by Hercules Incorporated of
Wllmmgton, Delaware incorporating an antioxidant to nnprove the life of the web

30 pattemmg layer 250.

The web support apparatus 200 can be made using the process schematically
illustrated in Figure 12. In Figure 12, a forming unit 1513 in the form of a drum is
provided having a working surface 1512. The forming unit 1513 is rotated by a
drive means not illustrated. A bﬁc_king film 1503 is provided from a roll 1531, and

35  takenup by aroll 1532. Intermediate the rolls 1531 and 1532, the backing film 1503
is applied to the working surface 1512 of the forming unit 1513. The function of the
backing film is to protect the working surface of the forming unit 1513 and to
facilitate the removal of the partially completed web support apparatus 200 from the
forming unit 1513. The backing film 1503 can be made of any suitable material

40 including , but not limited to, polypropylene and have a thickness of between about |
0.01 and about 0.1 millimeter.



Figure 12 is an illustration of a machine for nmaking a web support
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Figure 13 is a plan view illustration of a web support apparatus wherein
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regi on. Figures B%E%el evygeqxgtalgyeé tgsh@B“ Bosifonsd aﬁ?f‘télﬂfpléﬁc&t"ggﬁ'?déoé uch as
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PCT/ US951 877 digwatering layer 220 is positioned adjacent the backing film 1503. As showndn 5

patter g;gg | PYire 220k R TN ALY L 220 tHe\tErmh 882 RofitiuSls BElt B FYEE’ | N ‘
about return roll 1511, about fomung unit 1513, and around retum rolls 1514 and
1515. ' o _
A coating of liquid photosensitive resin 1502: is applied over the film 1402.
20 The coating of liquid photosensitive resin 1502 can be applied to the first felt surface
in any suitable manner. In Figure 12 the coating of resin 1502 is apphed by a nozzle
1520. The thickness of the coating of resin 1502 i is controlled to a preselected value
~ corresponding to the desired difference in elevation 262 between the elevation 231
of the first felt surface 230 and the elevation 261 of the web contacting top surface
25 260 of the web patterning layer 250. In Figure 12, the thickness of the coating of
* resin 1502 is controlled by mechanically controlling the clearance between a nip roll
1541 and the forming unit 1513. The nip roll 1541 in conjunction with a mask 1504
- and a mask guide roll 1542 tend to smooth the surface of jthe resin 1502 and control
its thickness, and distribute the liquid resin through the entire thickness of the felt
30 layer 220. i
The mask 1504 can be formed of any suitable material which can be provided
with opaque and transparent portnons The transparent portions are arranged ina
pattern correspondmg to the desired pattern of the web’ pattermng layer 250. A
material in the nature of a flexible photographic film is suitable. The opaque portions
35  can be applied to the mask 1504 in any suitable way, such as photographic, gravure,
flexographic, or rotary screen printing. The mask 1504 can be an endless belt, or
alternatively, supplied from one supply roll and taken up by a take-up roll. As
shown in Figure 12, the mask 1504 is conveyed around the rolls 1541 and 1542, and
intermediate the rolls 1541 and 1542 is brought into contact with the surface of the
40  resin 1502. ' ' '
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appar at us 10 200, which can conprise a continuous drying belt (Figure

‘9) for drying and ~“inparting a pattern towa: paper web. The web
support apparatus 200 has _a first web 13 facing side 202 and a second
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erin
ooy 250 pel esabtnarion, Ok e reuy Feeistersd avifhethe fransnags PAGIOns SBEhe Mgyl S04,
cont ai ni ng wat ewhibe theamexposednpartivat ofielie ebini$P2 regibtered Wit efesopadiie poeions

patterning ye I ous, and does not receive or. contain
wat er isa %ftgggxgéfgﬁn@%aﬁqﬁf papermakl ng fibers. The web patterning
| ayer 250 can be A subseqmntstmuaus forming rthenapparatius) 209 Tomprises removing

di sconti nuous, ﬁhﬂég!?edflp Hé' 1fid et from the felt dewatenn;éhlgyég%o. 33‘

patterning | ayer 3 0 erably corrp | ses a g%ot osensitive re
whi ch can be deRsareddig rqsqqecafl, begemayrd: fom thesteltdayes 229 hyiwnshing the felt layer

subsequent |y cupXpintymixture of surfiowit ahd Va0 Atfha;sonﬁ adfdckntQRe £3ll 1942 the bhask
pat el 10 4 s S e e Sl o g, B o BRI
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conpr essi bi | i t yapplied mthwcgnq)&btrsur&p@a%tmm ungwied resin. The CQEPOSlfGLfﬂlér ly
the flexibilitylag&danpahd pastiall lcufed f6intiBfer’ 21 they tavedfast 16} walh sROwésPt h
25 - 1524A and bottom wash showers 1524B. The showers 1524A, B deliver a washing
mixture of water and a surfactant in a concentration of between about 0.01 and
about 0.1 percent by volume surfactant. A suitable surfactant is a TOP JOB® brand
detergent manufactured by The Procter and Gamble Compahy of Cincinnati, Ohio.
The showers 1524A, B deliver the washing mixture at a temperature of about 160 |
- 30 degreeé using fan jet nozzles such as Spray Systems nozzles number SS2506 having
an orifice diameter of about 0.062 inches. The shower delivery pressure is about 140
psi at the top showers 1524A, and about 100 psi at the bottom showers 1524B. The
showers 1524A, B and the felt layer 220 can be moved laterally relative to one
another to eliminate streaking and provide uniform removal of the liquid resin across
35  the width of the felt layer 220.

The composite felt layer 220 and resin layer 1521 then travel over a vacuum
shoe 1600 where a vacuum is applied to the second felt surface 232 to remove
uncured ]iqhid resin and the washing mixture. The composite felt layer 220 and resin
layer 1521 are then carried through a bath 1620 of water. A post cure lamp 1605

40 positioned over the bath 1600 is turned off while the composite felt layer 220 and
resin layer 1521 are carried through the bath 1600. After leaving the bath 1600, a
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230 is carrie Irst sur
20 resin layer 1521 is completed with the post curing lamp 1605

' To remove the wash mixture from the felt layer 220, the composite felt layer
220 and resin layer 1521 are first carried past.the vacuum shoe 1523 to remove wash
‘mixture. The composite felt layer 220 and resin layer 1521 are then carried through
the showers 1524A, B and a second rinse shower 1525 which rinse the felt layer 220
25  with water only in order to remove any excess wash mixture. To complete curing of
the resin layer 1521, the composite felt layer 220 and resin layer 1521 are submerged
in the bath 1620 which has been previously emptied and refilled to contain only
water. The composite felt layer 220 and resin layer 1521 are carried through the
bath 1620 with the post curing lamp 1605 turned on. The water in the bath 1620
30 pertmts passage of the actinic radiation from the post curing lamp 1605 to the resin
layer 1521, while precluding oxygen which can quench the free radical
polymerization reaction. Just prior to and during the post curing operation, the
water sprayed from the showers 1524A; B and 1525 and the water in the bath 1620
should not include the surfactant because presence of the surfactant can restrict
35  passage of the actinic radiation through the bath 1620 and to the resin layer 1521.
After exiting the bath 1620, the composite felt layer 220 and resin layer 1521 are
carried over the vacuum shoe 1526 to remove water from the felt layer 220.
The post curing sequence of passing the composite felt layer 220 and resin
layer 1521 over the vacuum shoe 1523; through the showers 1524A, B and 1525;
40  through the bath 600 with the post curing lamp 1605 turned on; and over the
vacuum shoe 1626 can be repeated about 1 to 3 times until the resin layer 1521 is no
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percent and about 60 percent of the projected area of the web support apparatus 200
as viewed in Figure 1.

In the embodiment shown in Figure 1, the continuous network top surface 260
can have less than about 700 discrete openings 270 per square inch of the projected
25  area of the web support apparatus 200, and preferably between about 70 and about
700 discrete openings 270 therein per square inch of projected area of the web
support apparatus as Vi_ewed in Figure 1. Each discrete opening 270 in the
continuous network top surface can have an effective free span which is between
about 0.5 and about 3.5 millimeter, where the effective free span is defined as the
30  area of the opening 270 divided by one-fourth of the perimeter of the opening 270.
The effective free span can be between about 0.6 and about 6.6 times the elevation
difference 262. An apparatus having such a pattern of openings 270 can be used as a
drying belt or press fabric on a papermaking machine for making a patterned paper
structure having a continuous network region which can be a compacted, relatively
35  high density region corresponding to the web contacting surface 260, and a plurality
of generally uncompacted domes dispersed domes dispersed throughout the
continuous network region, the domes corresponding to the positioning of the

openings 270 in the surface 260. The discrete openings 270 are preferably bilaterally
staggered in the machine direction (MD) and cross-machine direction (CD) as

40 described in U.S. Patent 4,637,859 issued January 20, 1987, which patent is
_incorporated herein by reference. In the embodiment shown in Figure 1, openings
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In another embodiment, the web contactmg top surface 260 has a projected '
30  surface area of befween about 5 and about 20 percent, and more preferably between
- about 5 and about 14 percent’ of the projected area of the web support apparatus
200. The web patterning layer 250 inscribes a plurality of circular portions of the
first felt surface 230, each inscribed circular portion having a projected area of at
least about 10, preferably about 20, and more ‘preferably at least about 100 square
35  millimeters. '
A web support apparatus 200 having a web contacting top surface 260 with a
projected area in the above range and mscnbmg relatively large portions of the first
felt surface 230, as described above, can be used to make a paper structure 20
having a transition region interconnecting first and second regions disposed at
40  different elevations, wherein the transition region thickness is greater than the
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preferably about 100 square millimeters. In the embodiment shown in Figure 4, a
20 plurality of the discrete web patterning elements 280 are surrounded by the first felt
surface 230. A plurality of the web patterning elements 280 each enclose a discrete
opening 285. Each discrete enclosed opening 285 communicates with a surface -
having an elevation different from the surface 260. Preferably, each enclosed
| opening 285 communicates with the first felt surface 230. Some of the discrete web
25  patterning elements 280 shown in Figure 4 comprise flower shaped patterning
' elements.

r—r

The belt' apparatus 200 having a web patterning layer 250 with the above
projected area and disposed to inscﬁbe portions of the first felt surface 230 with the
above area is relatively flexible compared to a belt made from the same underlying

30 felt layer but having a larger percentage of its surface covered by a web patterning
layer. Such flexibility is one factor which permits deflection of the first felt surface
230 relative to the web contacting top surface 260 of the web patterning layer 250
for formation of a paper structure 20 having foreshortened regions at different
elevations, as described below. : :

35 Figure 13 shows an alternative embod:ment of a web support apparatus 200.
Figure 13 is a plan view illustration of a web support apparatus 200 wherein the web
patterning layer 250 comprises a lattice network 290 and a plurality of discrete web
patterning elements 280 disposed within at least some of a plurality of cells 292

. formed by the lattice network 290. The lattice 290 in Figure 13 comprises spaced

40 -apart bands 294 which intersect spaced apart bands 296 to form the cells 292. The

bands 294 and/or the bands 296 c_:ah be unbroken, or alternatively, can be formed by
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t he coatygss0esis resin 1502 is controlled by mechamcaaiseyorent rol | i ng
t he cl earance between a nip roll 1541 and the formng unit 1513.
The nip roll 1541 in conjunction with a mask 1504 and a mask guide
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rolls 1541 and 1542, and |nterned|ate the rolls 1541 and 1542 is
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00813

BT/ US98/ 07773 A’ paper structure according to the present mventlon is taken off the web
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Referring to Figures 5-8, the paper structure 20 accordmg to the present
invention comprises a tissue paper web having a first nonembossed region 30
disposed at a first elevation 32 and having a first thickness 31; a second
25 nonembossed patterned region 50 disposed at a second elevation 52 different from
the first elevation 32, and having a second thickness 51; and a third transition region
70 interconnecting the first and second ‘nonembossed regions 30 and 50. The
transition region 70 has a thickness 71. The thickness 71 is greater than the second
thickness 51, and the thickness 71 is greater than or equal to the first thickness 31.
30 In the embodiment shown in Figures 5 and 6A, B the thickness 71 is greater than
each of the thicknesses 31 and 51. The thickness 71 is preferably at least 1.5 times
greater than each of the thicknesses 31 and 51.’ '
" The difference between the first and second elevations 32 and 52 is designated
62 in Figure 5. The difference 62 is preferably at least about 0.05 millimeter. Sucha
35 difference in elevation is deSifable to enhance the visual distinctness of the first and
second regions 30 and 50. The thicknesses 31, 51, and 71 and the elevation
difference 62 can be measured using the procedure described below w1th reference
to Figures 6A and 6B. '
The first and second regions 30 and 50 can be formed by selectively
40 deflecting and c'omﬁacti'ng a wet web of papermaking fibers, as described below.
| For a web having a generally constant basis weight having thicknesses 31 and 51 less
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' different from that of the second region 50.
Referring to Figures 7 and 8, at least a portion of the patterned second region
50 can be bordered by a variable frequency creping region. The variable frequency
creping region has a reduced creping freqhency relative to the creping frequency of
30 at least one of the creping patterns 35 and 55. The variable frequency creping region
is visible in Figures 7 and 8 as wrinkles 92 extending in the cross-machine direction.
The wrinkles 92 of the variable frequency creping region extend from a portion of
the border of the second region 50, and terminate in the first region 30. The creping
_ patterns 35 and 55 can have frequencies of at least about 1.5 times that of the
35 'frequency of the wrinkles 92.
The wrinkles 92 and the transmon region 70 border a portion of second region
50, and thereby help to visually offset the second region 50 from the first region 30.
Referring to Figures 7 and 8, the second region 50 can comprise a plurality of
discrete zones 54 (a single discrete zone 54 is shown in Figure 8), where each
40  discrete zone 54 corresponds to a web patterning element 280 such as those shown
in Figure 4. The first region 30 can comprise a continuous network, with a plurality
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. vacuumis applied to the second felt surface 232 by a vacuum shoe 1626 to
renove uncured liquid resin and the water fromthe felt |ayer 220.
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refilled20o cont aﬁlgurenlil illustrates amcaitemativth gmbodiment taf 4 epaper ai}@?tuzez@oand
resin | ayer 1R8rdfHgo GRE pretht idvemtisH Ad'iown in Figure 14, the second region 50 can

comprise a lattice network 1050 deﬁmng cells 1052, and a plurality of discrete zones
54. The discrete zones 54 can be disposed within at least some of the cells 1052 of
the lattice network 1050. ;

25 “The lattice network 1050 shown in Figure 14 comprises spaced apart bands
1054 which intersect spaced apart bands 1056 to form the cells 1052. The bands
1054 and/or the bands 1056 can be unbroken, or alteratively, can be formed by a
plurality of short, spaced apart segments. In Figure 14 the bands 1054 and 1056 are
~ unbroken. The bands 1054 extend generally in the machine direction, and ‘the bands
30 1056 extend generally in the cross-machine direction. ‘The intersecting, unbroken

bands 1054 and 1056 thereby form a continuous network lattice 1050.

The paper structure 20 according to the present invention preferably has a
basis weight of between about 7 pounds per 3000 square feet (about 11 gram/square
meter) and about 35 pounds per 3000 square feet (57 gram/square meter), which

35  basis weight range is desirable for providing paper structures 20 suitable for use bath
tissue and facial tissue products.. The basis weight of the paper structure 20 is
measured by cutting eight single ply samples of the paper structure 20 conditioned at
73 degrees Fahrenheit and 50 percent relative humidity, each sample measuring 4
inches by 4 inches (.0103 square meter). The eight 4 inch by 4 inch samples are

40  placed one on top of each other and weighed to the nearest 0.0001 gram. The basis
- weight of the eight samples (in grams/square meter) is the combined weight of the
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PCT/ US95107773 making the paper structure 20 of the present invention is initiated by dé@smng ad
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I n one emnbodi nmtyoftﬂfaevmkuﬂzﬁ%rcmﬁmbfsl@bwmiﬁﬁmth a transparent portion

he f t K esdto rovi de the
web o Suppor (EADHCHREP tr wedd bl LS ictes S qormau coms 6 ng
a continuous  paper ma vﬁheks usel) io dlus avviention. tigwewer,f ather Gdfiliose fibiows dulps,
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Each discrete openi ng conmun
ood pulps useful herein mclude chermcal 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.
25 Both hardwood pulps and softwood pulps as well as blends of the two may be
_ employed The terms hardwood pulps as used herein refers to fibrous pulp derived:
from the woody substance of deciduous trees (angiosperms): wherein softwood
pulps are fibrous pulps derived from the woody substance of coniferous trees
_ (gymnosperms). Hardwood pulps such as eucalyptus having an average fiber length
30 ofabout 1.00 millimeter are particularly suitable for tissue webs described hereinafter
where sofiness is important, whereas northern softwood Kraft pulps having an _
average fiber length of about 2.5 millimeter are preferred where strength is required.
Also applicable to the present invention are fibers derived from recycled paper,
which may contain any or all of the above categories as well as other non-fibrous
35 materials such as fillers and adhesives used to facilitate the original paper making.
The paper furnish can comprise a variety of additives, including but not
limited to fiber binder materials, such as wet strength binder materials, dry strength
binder materials, and chemical softening compositions. Suitable wet strength binders
include, but are not limited to, materials such as polyamide-epichlorohydrin resins
40 sold under the trade name of Kymene® S557H by Hercules Inc., Wilmington,
Delaware. Suitable temporary wet strength binders include but are not limited to
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openi ngs the forming belt 542, the embryonic web 543 is formed by removal of a portion of
the aqueous dispersing medium by techniques well known to those skilled in the art.
25  The embryonic web can be generally monoplanar. 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
30 embryonic web 543 from the forming belt 542 to the web support apparatus 200 and
" supporting the embryonic web 543 on the first side 202 of the web support
apparatus. The embrybnic web preferably has a consistency of at least 8 percent at
the point of transfer to the web support apparatus 200. “The Step of transferring the
embryonic web 543 can simultaneously include the step of deflecting a portion of the
35  web 543. Alternatively, the step of deflecting a portxon of the web 543 can follow

the step of transferring the web. '

The steps of transferring the embryonic web 543 to the web support apparatus

200 and deflecting a portion of the embryonic web 543 can be provided, at least in

part, by applying a differential fluid pressure to the embryonic web 543. For

‘40  instance, the embryonic web 543 can be vacuum transferred from the forming belt
542 to the web support apparatus 200 by a vacuum source 600 depicted in Figure 9,
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web support apRamptdiSion surface 910 of a compression member shown in Figure 11. The

25  compression member can comprise a roller 900. The web 545 is carried through the
nip 800 for positioning of the web 545 adjacent the compaction surface 875, and for
positioning the second side 202 of the web support apparatus 200 adjacent the
deformable compression surface 910. The web 545 preferably enters the nip 800 at
a consxstency of between about 20 percent and about 50 percent.

30 The compactlon surface 875 is preferably characterized in having a relatively

high hardness and in being relatively incompressible as compared to the deformable

compression surface 910. A suitable surface 875 is the surface of a steel or iron

. heated dryer drum 880. The surface 875 can be coated with a creping adhesiire

dispensed from a spray nozzle 890 located upstream of the nip 800, or alternatively,

35 by an impression roll (not shown). Alternatively, the creping adhesive can be applied

to the pressed web 546 by any suitable means of glue application. A suitable creping

adhesive is shown in U.S. Patent 3,926,716 issued to Bates on December 16, 1975,
which patent is incorporated by reference. ' -

- Referring to Figure 11, the roller 900 can have in inner core 902 and an outer

40 layer 906. The roller 900 can have a diameter of about 1-3 feet, and the dryer drum

880 can have a diameter of about 12-18 feet. The deformable compression surface
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applied to the nip can be determined from hydraulic gauge readings coupled with a
force balance analysis based on the equipment geometry. The nip width is
determined by loading the nip 900 with a sheet of white paper and a sheet of carbon
paper positioned between the apparatus 200 and the surface 875, such that the
carbon papei' provides an impression of the nip width on the white paper.

Pressing the web support apparatus 200 and the web 545 in the nip 800
provides a second deflection step. The second deflection step comprises deflecting
the first felt surface 230 relative to the web ‘contacting top surface 260. In
particular, the first web contacting surface 230 is deflected toward the compaction
surface. 875 by the deformable compression surface 910, as shown in Figure 11,
theréb)} temporarily reducing, and preferably temporarily substantially eliminating the
difference in elevation 262 between a portion of the first felt surface 230 and the
surface 260. ' B '

Deflecting the first web 'contacting surface 230 relative to the second web

contacting surface 260 provides deflection of the first uncompacted web region 547

. relative to the second uncompacted web region 549, thereby temporarily. reducing

the difference in elevation between the first and second web regions 547 and 549. In
particular, a portion of the first web region 547 is deflected toward the compaction
surface 875 by the first felt surface 230, to thereby temporarily substantially
eliminate the difference in elevation between the first and second uncompacted web
regions 547 and 549. The second deflection step is preferably performed at a web
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PCT/ US95/ 07773 Relative deflection of the first felt surface 230 and the web contacting top
surface 260 of the web imprinting layer 250 in the second deflection step is
accomplished with a web support apparatus 200 and compression surface 910 having
a combination of desired characteristics. One characteristic that enables such relatwe

25  deflection is the bending flexibility of the web support apparatus 200.

The bending flexibility of the web support apparatus 200 is a function of the
flexibility of the dewatering felt layer 220 and the stiffness imparted to the apparatus
- 200 by the web patterning layer 250. The web support apparatus 200 having a web
patterning layer 250 with top surface 260 having the above described projected area
- 30 and diéposed to ifiscribe large portions of the felt surface 230 is relatively flexible
compared to a structure hﬁving a larger percentage of its surface covered by resin.
Such flexibility permits the deflection of the first felt surface 230 relative to the
surface 260. In addition, spacing between adjacent web patterning elements 280
which is large relative to the elevation difference 262 reduces the bending stiffness of
35 the felt layer 220 intermediate the elements 280, and permits the felt layer 220
intermediate the elements 280 to be deflected so that the first uﬁcompacted web

region 547 can be pressed into engagement with the compaction surface 875.
Another factor which affects relative deflection of the surfaces 230 and 260 is
the hardness of the web patterning layer 250. A resin having a low hardness when
40  cured will be compressed to some degree in the nip 800, thereby reducing the
difference in elevation between the surfaces 260 and 230. Relative deflection of the
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el ements 280. suxL-}g 2% and 260ai's also %nhangeds by reducing the hardne%s pﬁgprcomgrgsgpgr e
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structurd0 as useXptaaethenfactosmdvich affects tb'brqlatws dsaeq@omoif d’lvssuoi’ﬂcQSkﬁomper
struct ure haweodis the degreeaof:q;éﬁaﬁtmhoatetﬂey“@b ﬁm Pdyle 1250 t

density, thig ar cre . Are

conpri se one GFE'?FS'?@ :fé%fay%fr?t} c 4R gﬁ%’@oﬁweﬁ%ﬁﬁ?&ﬂg 2?‘0 that exte Eﬂ\{ggnuous
Referring t o léssgharesbdut Salftthe thickmess of feltclayere2200is adesicablis ttgeﬁlﬁnt&mlafvesent

i nvention corggﬁé&%ﬁ F‘S‘lfagﬁ%y%@g’gf%d\eb having a first nonenbossed regi on 30

di sposed at and having a first thickness 31; a second
25  nondfbossed Thetstepr o compagting thofitst apd seadndtungompanter mbr@ions 5432

different f ”lmi 549 to f rmd Joh{rgi&teﬂ lrapark) Bﬂs 3% aﬁ&‘%d‘%i‘%l?aﬁg(&f}ﬁg?svss . he'

t hi ckness 51; and |r transition re nterconnecCt1 ng
first and seé%ﬂ%@ﬁ%&% hleast § RoFHon t&ﬁa‘lrss@nd $¢rond compacted el sagionsn

[ﬁ_gi En 70 ha$3a aghntsglhwafe &hpalfgnlsd%fa@kwsfasiﬂovvﬁunggaﬂeelrl tmt dnh]ﬁt cﬁeﬁcond
i ckness an e S | rea al to

thi ckness 3 16 1esiggs 53 nid REC Eun'os adhela 8 16 i 75y &4 retife adiese ¢ ne
t hi cknes2071 appliegrteahe surficard75 by the nozzbng90. oAfterwhe chmphciieaseep, ik wetdis51.

The thi ckneS%HZ& dnsthgrlgagerfamrgacgtsﬁel%sﬁav% £ c&'léi@étﬁ of greater ﬂ{aﬁaéhg)[l% ggan

each of the thicknesses ereénce ween t he
first and se®Sf8nk| evati ons 32 and.52 i s designated 62 -in Figure

5. The differencernéZinab siep Fordihy tivd pdpeasﬁu@b&uio Comprists Irbdtomight lediCh a

- some of the difference in elevation between the web regions 547 and 549 lost in the
25  second deflection step. ‘“This restoring step provides the first region 30 at the first
elevation 32 (corresponding to the first compacted web region 530), the second
region 50 at the second elevatlon 52 (correspondmg to the second compacted web

region 550). ' |

The step of restoring some of the diﬁ'eren'ce in web elevation lost in the second -
30  deflection step preferably comprises releasing the web from the compaction surface
' 875. In a preferred embodiment the step of restoring some of the difference in web
elevation comprise's_'fdreshorténing the web concurrently with the step of releasing
the web from the compaction surface 875. Preferably, the step of releasing and
foreshortening the web compnses the step of creping the web from the surface 875
*35  with a doctor blade 1000, as shown in Figure 9.

| As used herein, foreshortening refers to the reduction in length of the web
which occurs when energy is applied to the dry web in such a way that the length of
the web is reduced in the machine direction. Foreshortening can be accomplished in
any of several ways. The most common and preferred way to foreshorten a web is
40 by creping. The web adhered to the compaction surface 875 is removed from the
surface 875 by the doctor blade 1000. In general, the doctor blade has a bevel angle’

(




35 di f in elevation is desirable to enhance the vj
di sti nctfggésgao 13[ he first and second regions 30 a#]%Hg%gsmfﬁg '

t hi cknesses 31, 51, and 71 and the elevation - difference 62 can be
measur ed using the proceduri“described bel ow wi t h“reference to

Fi gures 6A and 6B. o The firxst and s€cond regions 30 and 50
can be formed by selectively 40 defl ecting and conpacting a wet web of
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descri bed bel oﬁbrous Slrecturer%} s eneswed drogp miqrotemes fmadp dropm pross-sections off the 20

are characteri pggseridyubrard 20 A samfplfi ﬁleaﬁﬁﬁgitaﬂgutpﬁﬂ Rentindldrs rl‘)goiall gétlftﬁﬁ | %gt ed
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f . Th . ttern of | f region . .
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val | eys exi®ndicargboprd dodder ys placedin a rsilicon nmldii Hﬂaedﬂaipeﬁbédrﬁp?le iﬁ'hﬂméﬂ%&{l:ﬁrﬂel and
- ' L ' L ndi S n respectively, °

ic:10tS f]e Fi-gures .’%@"Hﬁs %h%b%“?ﬁd’é’gyg&? g?a ﬁhﬁgtu??gel%g}ggrg}*lagﬁg@ on 50 is ‘

i ndi cated by refer Eheeammlmtaxr§£s> Rarden the resin mixturec HEfeasample s eeimbvedefrarer i es

of peaks and vee §ificon nlé18. ]fl’rﬁa?'tﬂgmﬁfe?s%l?ﬁ%o%po?yxﬁéretﬁg Q%PJ?IF is marked Rt &' "

I's defined as the nunber of tinmes a peak aoccurs on t ace of the paper

structure for KCIEfie0es RAMtede apcuratelk cdetemmine cwhers FH‘@'OFﬁi%iﬁhéeSd!ﬂf%cmﬂdm.
The first 20d Besferablys thgi sante, referietpdift BauHizEd i BHOY thejsh PR AfNFarious

?Ithgfggi ng ggﬁcgghaldsygv;sggﬁﬂé sa?rlip?é/g%tlhg%%i‘ou%%tcrncthpe 0.at 'east a portion of
: The sample is placed in a model 860 microtome sold by the American Optical
Company of Buffalo, New York and leveled. The edge of the sample is removed
from the sample, in slices, by the microtome until a smooth surface appears.

25 A sufficient number of slices are removed from the sample, so that the various
regions 30-70 may be accurately reconstructed. For the embodiment described
herein, slices having a thickness of about 60 microns per slice are taken from the
smooth surface. Multiple slices may be required so that the thicknesses 31, 51, and
71 may be ascertained. |

30 . A sample slice is mounted on a microséope slide using oil and a cover slip.
The slide and the sample are mounted in a light transmission microscope and
observed at about 40X magnification. Photomicrographs are taken along the slice,
and the individual photomicrographs are arranged in series to reconstruct the profile
of the slice. The thicknesses and elevations may be ascertained from the

35 reconstructed profile, as shown in Figures 6A and 6B. By knowing the relative basis
weights of individual regions, as well as the corresponding thicknesses of the
individual regions, the density of the individual regions can be ascertained. U.S.

- Patent 5,277,761 issued January 11, 1994 in the name of Phan et al. is incorporated
- herein by reference for describing the micro basis weight of 'individu_al regions of a

40  paper structure. _

The thickness between regions 31-71 may be established by using Hewlett
Packard ScanJet IIC color flatbed scanner. The Hewlett Packard Scanning software



di sposed at an elevation different fromthe elevation at which the creping
pat t er nW§s96/00813 "is disposed. At |east a portion of tRETAHP$IAEd second
regi on 50 can be bordered by ' an uncreped zone, or a zone having a
creping frequency different fromthat of the - second region 50. In
Figure 5 the transition region 70 i ntercggnecting the second 25 regi on
50 with the first region 30 can be uncreped, or have a creping frequency
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to the crepi frequency | east, one of the creping patterns 35
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and 55. The Vi cqsmRuten o The Ricture file)is 9penad,iwith 2 suitable phqte-imaging seftware
Fi gures 7 andalkase oCAlR Ipeseran, sichasPowgrDrawtvessie $9s- nachi ne directi on.

The winkl.es 92 vard-abl e g r Iy crepi regi on extend fr a :
‘portion glo .cﬁefér?iﬁ% tB'oélg'é'JF | 6(# &'ﬁle{&gg%e&ﬁ@?r%@?ﬁ&%b ,ca‘hﬁﬁ d?@f’ﬁl"ﬁ&% in
the first regirawinga ciftheewhick s ingrribed by the regiant ha thiGesof the region atathat
frequenci es -ats | §JIE S - K10 of

t he wrinkl esqg?é@_ 'S tﬁ@ﬁfanﬁ@?lbtffﬂe: ?ﬂéﬂéﬁ?ﬁﬁ?z‘ﬁg%&n tgﬁgjr%wh%%ﬁhaen%%%?o fr&?eégi on
70 border a pBicrqteme sampled gReltiplisgh by the appropriate spgle fagior Heheessylerfastpr iso
visual |y of f 98¢ rhdpRifie@G6 @f tRE ipRbtonticropAPh trh@tipliddSby kIR0 nRBnifitation of the
Ref erri nqsto F%ﬂg}tjeres 7 aﬁg’g& {he_ secqnd regi on 50 can.congélseo&ﬁ&l-urallty
of sgritiiel dmass o 1he drgle cancbe, drawn ising. anyoappIpRriate spwars JFawing
Figure 8), whmckageasich as PéwerDdawcversion 200 eavailable fromsPnginkeréd Seftwade of ‘
patterning elr@mphal%%gasuch'- as those shown _ in Figure 4. The first
regi on 30 can corerrl se ‘a continuous network, with a plurality )

96/ 00813 he difference in elevation 62 is measured by drawing the smallest circle

T VoS 7T ol g, 5,08 e sicoions e by digs gt Bl 5
54 is %O Zinscrils)edIS by region gO, as sho%n in %igure 6%. A%rstqine .1 is drawn tangent to

the two circles inscribed by region 30. A second line L2 is drawn parallel to the first
line L1 and tangent to circle inscribed by region 50. The distance between the first

and second lines, multiplied by the appropriate scale factor, is the difference in

elevation 62.

25
Projected Area Measurement
The projected area of the web contacting surface 260 is measured according to
- the following procedure. First, the web contacting surface 260 is darkened with a
black marker (Sanford Sharpie) to increase the. contrast. Second, three digitized
30 images'of the web patterning apparatus 200 are acquired using a Hewlett Packard
ScanJet IIc Flatbed scanner. The scanner options are set as follows: Brightness 198,
contrast 211, black and white photo resolution 100 DPI, scaling 100%. Third, the
“percentage of the projected area of the web support apparatus 200 comprising the
web contacting surface 260 is determined using a suitable image analysis software
35  system such as Optimas available from Bioscan, Incorporated, Edmonds, WA. The
| ratio of the number of pixels having a greyscale value between O and 62
(corresponding to the web contacting surface 260) is divided by the total number of
pixels in the scanned imége (times 100) to determine the percentage of the projected
~area of the web support apparatus 200 comprising the web contacting surface 260.
Measurement of Web Support Apparatus Elevations
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di screte portions - of which can encircle the dlscrete zones 54.

Adj acent discrete zones 54 can inscribe a plurality of circular zones C.of
't he first region 3Q@...One inscribed zone C:.s shown in Figure 7. The
‘proj ected area of 10 sone inscribed cipgul ar zones C are at |east about
10. preferably about 20 and nore preferably at |east about 100
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The paper structure 20 accor di n%?su}éiﬁexii’%??&mﬂa'r&ﬁé@i‘“on preferably has a
basi s wei ght of bet ween about 7 pgg 3000 square feet &ibout 11
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measur ed by cutakemg; thre;hdlﬁ'enengpesmﬂqs Lmepincthe afiddle of peepmil, she Gdnches fidd
condi.t loned atyne end of the roll, and one 6 inches from the other end of the roll. The P&J
hardness is the average of these three readings. The readings are made with the roll
conditioned at a temperature of 21 degrees Celsius following the procedure provided

30 bythe manufacturer of the plastometer.



73 degrees Fahrenheit and 50 percent relative humdity, each sanple .

nMeasur iwg 9600813 i nches by 4 inches (.0103 square netmryusssioer7ai ght 4
inch by 4 inch sanples are 40 pl aced one on top of each other and
wei ghed to the nearest 0.0001 gram The. basis wei ght of the eight
sanples (in granms/square neter) is the c%‘r‘oi ned wei ght of the . WO

96/ 00813 . B
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Paper maki ng § RS ) Ptl?ﬂ'i on 10 A paper structure 20 according
to the present invention can be nade with the paper maki ng appar at us
shown in Figures 9-1 1. Referring to Fi gi¥euPLEthe nethod of : maki ng

the paper structure 20 of the present invention is initiated depositin
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20  headbox and deposited onto a Fourdrinier wire to form a three layer embfyonic web

containing outer Eucalypt;is 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.

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

The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton
Mills of Appleton, Wisconsin. The felt 220 comprises a batt of polyester fibers. The

30  batt has a surface denier of 3, a substrate denier of 10-15. The felt layer 220 has a
basis weight of 1436 gm/square meter, a caliper of about 3 millimeter, and an air
permeability of about 30 to about 40 scfm. : '

The web patterning layer 250 comprises discrete web patterning elements 280
having a flower-like shape, as shown in Figure 4. The web patterning layer 250 has a

35 projected area equal to about 10 percent of the projected area of the web support
apparatus 200. The difference in elevation 262 between the top web contacting
surface 260 and the first felt surface 230 is about 0.025 inch (0.633 millimeter).

The embryonic web is transferred to the web support apparatus 200 and
deflected in a first deflection step to form a generally uncompacted, non-monoplanar

40 web 545. Transfer and deflection are provided at the vacuum transfer point with a
pressure differential of '_a_bout 20 inches of mercury. Further de-watering is
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PCT/ US95/ 07773800 fpm (feet per mmute) (about 244 meters per mmute) The dry web is Zotmed into

modi fi ed st.ar Cpolpé{ﬁg@eﬁdﬁ @ﬁ] &&ln%@rls g‘%‘ﬁ&g 8- 0080 mar ket ed by

Nat i onal rpora on Yor k, New Yor k. Sui tabl e
dry strength bi ndede web is convcneql intle a thnee-dayar, onspishtodet tissuerpapene The pne-ply

cel | ul oseand geich &bt Yy B # b3S Wefht of about %s“gmderﬂe} 3800, squie SRR
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tissue paper is soft , absorbent, and is suitable for use as toilet tissues.

EXAMPLE 2

A 3% by weight aqueous slurry of Northern Softwood Kraft is made up in a
25  conventional re-pulper. The NSK slurry is refined gently (no load) and a 2% solution
of the permanent wet strength resin (i.e., Kymene® 557H marketed by Hercules
Incorporated of Wilmington, Delaware) is added to the NSK stock pipe at a rate of
0.02% by weight of the dry fibers followed by the addition of a 1% solution of the dry
strength resin (i.e., CMC from Hercules Incorporated of Wilmingtoﬁ, Delaware) is
30 added to the NSK stock before the fan pump at a rate of 0.08% by weight of the dry
fibers. The NSK slurry is diluted to about 0.2% consistency at the fan pump. Second,
a 3% by weight aqueous slurry of Eucalyptus fibers is made up in a conventional re-

pulper. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan pump.
The two individually treated furnish streams (stream 1 = 100% NSK; stream 2 =
35 100% Eucalyptus) are kept separate through the headbox and deposited onto a
Fourdrinier wire to form an NSK layer and a Eucalyptus 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.



10 conpositions-are disclosed in U S Patent 5,279,767 |ssued January 18,
1994 t Q0 9600813 PNAN €t al . Suitabl e biodegradabl e chem c

conpositions are disclosed in U.S Patent 5,3 12, |ssue I\/ay 17,
1994 to Phan et al. The errbryonl c web 543 is preferably
prepared from an aqueous di spersi on of paper maki ng fi bers, though

di spersions in liquids other than water gan be used. The 15 f| bers are
di spersed in the carrier liquid to have a consistency of fromabout 0.1 to

about 0. 3sper centrheTaﬁb@emeavét eS¢ Sfansfeied from dhes PBUMIKARY vild/'dtYa fib@bd, or

ot her st e 10Q ¢t t.h t obt d whe th
wei ght of dr f%f‘f}g{lgyl o oul rﬁ/d?ﬁ@“"s%f‘%ﬁ%ﬁ%‘?’ﬂc% "6%?%%8?%6141’52@”& d e
the total V\eltghmg(afdeWatermgfelelayeﬂzﬁeand a photosensitivghtsin sveb pamsraingigyerssed on
the basis of boner v&dtg'ﬁtgsfelt 2 is a Amﬂefoq%gﬁbeéﬁOH\ rh%ﬁrelﬁ"@y %%Blepo

formed in a contlnuou

al ternativel YMillg Olﬁa&m#t?n db’ isgansirg uEEe &@b @aﬁarmmﬁeﬁr %Qmon@nses discretg rvmbess

can be uggd. AftbRiin Agtélaneh@aso&mﬂgqfﬂmqn&%hﬁe? ab Isi@@wrr inl Biggh ?eO@SnfhedvéBnto
the formng belt 542

onic b 543 IS val
“portion of pattermqghlgy%r olﬂfé %P%Fe\gle g?)'“t 'é)cPl‘%/TF g’g tWePT"N@FRS‘vm to
t hose skil | ediréanoft the wegbt suppaﬁ appﬂi‘hﬁxs@mbr yEHei diﬁmebcecmrblekmneenez Béﬂv%en the

I
P ohearal " YBE AT cBRtisie o000k 26 BR0HE Brn ot surtyed YA 8lBlnv.0 ok Bfdd
enbryonic webniﬂimsterbavel s with the fornming belt 542 about a return roll 502
and I's br Whémbr%ﬁiet%b% arskeéd Ofo %&e Bﬂoﬁﬁp A28 Ugnd2 00-

The next step i n maki n% er- structure es trans errlng the'

30  enbryonidefiogted auz fipst dﬁﬂm@nfww@meﬂ sermilwcmea% noprmanoplanar

appar at us 20Gygsus. Transfestaﬁ@%ﬂed%mntdr@ pPovidedodti the Wabuupd! erafisfert péinf Withta Si de
202 of the web su The .enbr yoni c pr.e erably has a

consi stency d&¥® sét‘ gﬁqe“é'abeqfcé “tagb inches o{h@er Pt g‘l‘“&r"a ETterng ¢
web support aqnp:anpltshed BYGraciiine asdisted dfa:nagannitrblthe wgb thae a fiber conmsrbnqyoam‘ c

""Eb 543 wap 287 3%%1'{ is"‘i‘e%&\él g?éb'ﬂg'ré‘gzﬁnéd‘ﬁ fﬁeﬁfv’#éuﬁﬁﬁ'ﬁg&ﬁﬂﬂ Z@OQQrtl#d fif 880 88b. the

er nat the ste
543 can f ol | ole roll 900 hapa cgmerﬁsepn svlimsf%ﬁ)rhamgtwm of about 40 P&J. Tlrhe
steps of trangdes4s Rahéd deffidtidyaidl ConYphbtedagainst the o H@bctﬁiﬁpﬁ?fake 8PP @ﬂeus

Feast in | Yankgade gpim 380 By rrtg,chsgmg e ek 400 fhe, b SpRROEk ARPAEDLS HO
enbryoni c vveh:eﬁaa&n tﬁercom‘iaﬁessnbﬁ%ﬁfﬁwglﬁ and eheDY kv Cdryerdrad3 88 suriee \ad calium
07! 18 e FelhA%oP R b sbpus 23 ' S8 ARG BB bl RS
adhesive is used to adhere the compacted web to the Yankee dryer. The fiber
consistency is increased to at least about 90% before dry crepmg the web from the
_surface of the dryer drum 880 with a doctor blade The doctor blade has a bevel angle
of about 25 degrees and is positioned with respect to the Yankee dryer to provide an
30 impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm (feet
per minute) (about 244 meters per rmnute) The dry web is formed into roll at a speed
of 650 fpm (200 meters per mmutes) '
‘The web is converted to prowde a two-layer, two-ply facial tissue paper. Each
ply of the two-ply facial tissue paper has a basis weight abodt 10 pounds per 3000
35  square feet, and contains about 0.02% by weight of the permanent wet strength resin
and about 0.08% by welght of the dry strength resin. The resulting two-ply tissue
paper is soft, absorbent, and is suitable for use as a facral tissue.




POT) Uso P B pemmpts o rommsems

such as a vacuum shmial"l“l#”lum‘3 mll -One or nore ad'_

sour ces ) can a [ O\#I l'ded’ downst r eam of @g,segm;;ypm\g ggghg ’
transfer point. Referrl ng t83Figures 9 af PEABEDD Of {

defl ecti ng themﬁgb E43 ’c_)rrprl ses deflecting a uv.u.fua--—-a‘*--m---. -------
543 overlying L lt surface 230 in a first deflectlon step
to forma non- lernodm apparatoefoiSdse iavakigg a Web sf phiperfERag tiddrseke appatdlus
regi on 547 support 0 he first web contacting surface 230, an a second
unconpact ed web reéfrg)n 2o supported on the web contacting surface 260. The-
first deflection sadevitering feitdayebhgvipe affivstrvesh fating felefurfaoaat s testajevafion

bet ween about 8 r e‘?jnf?n tangdnd nore preferably
at a web consi stency oaf %C{@B;lt cﬁE@U&ogaq?lpgfrfa‘Egcegt and about 20
percent, so that deWF@E%ﬁQSW“SﬁaMehPIWOt@R@EStM%@CIMéw‘face of3he dewatetingr s

of the web 543 are reltauaveﬂ )éhii’a&bhibd ifl Akt $Re WaBpattdifin Q 3}e?‘ékﬂe9dih ﬁ‘&ﬁ%héwt
result in breaking of ‘%%3% 3 I al ,nunpers qf fiber to ber T

pressure di ff facs, thePHEMIE layRe WEB&GM%‘?&SW&”&“B@EP
bet ween about 10 to alapatse2énd elevation dlffateheﬁ'omf thewfirstuelgvatibh, Schafmmz’ed in

4,529, 480 issued July in
by reference for. the 6&?68%% te%&#ﬁgqfracr?g actm%tod) %@%ﬁégﬁqﬁw&n ih?b‘?

an enbryoni c web . by apﬁpﬂ’ﬂﬁm@abwaﬁ@ﬁtqeaﬂ ofitheiprdjestesarea of the apparatus.

After transferring and deflecting the enmbryonic web 543 to formthe non-
nonopl anar weh 545, the web 545 is carried on_ the web suiport apparatus 200

through a ni p %800 Pieodhraeatuy, of fdeim 4 charastarized in $hatr the cdiffersnes, hetaveen the

def or mabl e secmremﬁsn Bﬂth%lWéb%bﬁta% ip s%rfa@émfdecﬁé IR [ERARAT of2h
in Figure 11. The

web 545 is carri etﬁrﬁf@a‘é’ﬁ weert hol H%Sr"@gﬁ“qt‘ifr P‘l“l:’gﬂﬂ’l'bl"%;er’?ﬁg V\;Be

545 adj acent the conpaction sur face 875, and for posi tioning the

second side 20g OfTﬂe%pﬂ?aﬁlsS%ﬁfrﬁs PRRE2 Y Fact e H AGEMe diMice area of the
web contacting top surface comprises between about 20 percent and about 60
percent of the projected area of the apparatus.

4.  The apparatus of Claims 1 and 2 characterized in that the surface area of the
web contacting top surface comprises between about 5 percent and about 20
percent of the projected area of the apparatus.

5.  The apparatus of Claims 1, 2, 3, and 4 characterized in that the web patterning
layer extends intermediate the first felt surface and the second felt surface, and
characterized in that the web patterning layer extends through less than the full
thickness of felt iayer.

6.  The apparatus of Claim 5 characterized in that the web patterning layer extends
' through less than about half the full thickness of the felt layer.

7.  The apparatus of Claims 1, 2, 3, 4, 5, and 6 characterized in that the web
~ patterning layer inscribes a plurality of circular portions of the first felt surface,
characterized in that the projected area of each inscribed circular portion of the

- first felt surface is at least about 10 square millimeters.
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def or mabl e conpr essi on -surface—910—The web 545 preferably enters the nip

800 at wo 96/00813 @ -CONSi stenc about 20 percentpcqmggg,b-p;uj 50
percent. 30 ﬁmﬂalﬂﬁmﬂ“f ace 875 S prefer ey,
characterized in havi ng edni i
relatively inconpressible "as conpared to' the de ) -
conpr essi on surface 910. A suitable surfa}fe 87 surtace—gfla steel
or iron eated dryer_ drum 880 he ace 875 can be coated with
a creping adh8si v@he apparatus of; Glasmskbgh Qrﬁﬁﬁﬁl@dslﬁr it the, projectasiares oft eagh

upstream of the ningcrfd, cireulaplpbRionadfl thelfiest felt safface Rt Mast BBV IDD RGudre! |

(not shown). Al te%at ively, the creping adhesive can be applied to
the pressed web 5 %y sui tabl e neans. of glue application. A suitable
crepi ng adhesive is shown in U S. Patent 3,926,716 issued to Bates
on Decenber 1 1 teqt ¢i ce.
Referring to Is—‘ gu?géﬂpar%tﬁfaofghmé ‘f;%gﬁ é‘ag’ ’ ?}Si“??]%ﬁﬁé‘?‘t‘% B%B{éﬁﬂ»}gﬂ

out er 40 | ayepateing fayer eamprises digereteavethpasieningielementsr of about 1-3
feet, and the dryer drum 880 can have a di aneter of about 12-18

T:%?—} Usggleo(;(;f?gé malizLee a(p:gar trug% almsulrfage4 5, 6, y\% 48 garactenzed m2t)3at the 5

910 is preferabl yWequreﬂmgl layef a:pmpu@&Gafmntimbdsrmarm&tebrccaitadmgr tog a

P&J ~ har dness Igss than about 120 P&) and preferably between about 30
and about 100 I n one enbodi ment, the inner .core 902 can be
formed froma material such as steel, and the outer |ayer 906
conprising th &r RusaRoRBriling.med from nat ur al rubber or

ot her gener al ?y {qaﬁg)orreﬁ%c rra?e?n lﬁ ' The roller 900 can '

conpose a vacuum piies segien mmsedsmﬁem@wmmhgmsémthxckness. rolI's have

a drilled or grooygstond rré@é@dﬁﬂ&eﬂ la Qgéﬂan%l&hld@diﬂ‘éﬂ”éhﬂ FornRhe fikflelbvatione
back side 202 of the V\BJ) gport agalarat us ‘PO to provide dewatering of the
paper and ha Vil & secon ckness; an

a third transmon reglon mterconnectmg the first reglon and the second regxon

the thll‘d reglon havmg a thlrd thxckness the third thickness greater than
the second thickness, and the third thickness greater than the first
thickness.

12. The paper structure of Claim 11 charactenzed in that the third thickness is at
least about 1.5 times the second thickness. - |

13. The paper structure of Claim 12 characterized in that the third thickness is at
least about 1.5 nmes the first thxckness

14. The paper structure of Claims 11, .1'2, and 13 characterized in that at least one
| of the first and second regions is foreshortened.

15. The paper structure of Clalm 14 characterized in that both the first and second
regions are foreshortened.

16. The paper struci:ute of Clai_nj 15 c_:lia_racteﬁze___c_i in thaf at least a portion of the
second region is borde_red by a variable creping frequency region.
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‘web in the nip _800. —?he—vaeuum_appl_l_e.d r.an'ges. from about 0 nches of
I\/brcury %?@&’glﬂy pbet ween and 12 :inches of Mercury. é’om”smﬂpﬁe next

step in fornm ng the ” conpri ses pressi

'support apparat us’ 20 pl anar web.545 bt e PHEFE HAS BEEN
conpr essi on surface-910"and the corgsaction surffice 87BEREAYERV] de
average ni p conpression " pressure of at |east about—I00 psi and

]E)referablly a’a Il'éasEha paper s0@uresof. Cidins Irli p2, 13, 14, mraaaaarrming atlfhelstv@digit
to t t ot
ag:)f?egplto oI te he (r)n p €3%W§ggéy(iugﬁﬁn ﬁé@%i}?gﬁé%@ﬁ%ﬁ’qr amgagﬂ‘gte r%%{sﬁ% SSB‘HﬁI ed

wth a - forcwmeteal ance anal ysi s based on the equi pnent geonetry. The
nip wdth is determ ned by |oading the nip 900 with a sheet of white
paper and a sheet of carbon posi ti oned between_the apparatus
200 and the suﬂ?aci ‘BP@”§HBFF“€%8€CF3HES 11,12, 3¢ dtpbh 19aped 1pchypetegzegnin -

| mt:))reSSI ont of the thap tmogiﬁbreﬁae baeveelgltgﬁgmnwtvﬁno@énd ggosecond’relé&&ﬁdignstédie

web support apparatu e we in enp provi des a
second defl ection L°? % @QB‘&‘EWB‘ ®Gefl ection step conprises deflecting
the first felt surface 230 relative to the web contacting top surface 260.

I n pargicu tyaNg,SuEf d
toward the Con%gct‘rﬂé paﬁé?%ufﬂn{x?é o{@ﬁuﬁg%?% 13f ﬁg ggerf%?ﬁ%b%?d |$ cﬁ‘a%&gﬁée%
surface 910, as shinthat qnemfghﬁr@'snamd secop regma e@ypnm@paunuoys netchmrk ng, and
preferably terrporarl |y substantially elimnating the difference in
el evation 262 %t en a ortlon of the first felt surface 230 and the
surface 260. paper "EE‘F'FQE‘FPHW‘S he first web contacting surface 230
relative to the seaﬁmlm@&x contacting surface 260 provides

defl ection of the first neo n’g‘gcted web region 547 35 relative to the
second unconpact eda\ﬁgcémpéj tEneE son, hereby tenporarily reducing t he
difference in el evatnaomtlduetegm”mtemnheotmg thenfirst regomchndethe seegndregidiv andind

549. | t gﬁhp |
def | ectn ed toward the‘}ag%b@rcreﬁog%édu I-e'ag&&? ti'é r@bgﬂ!gbcr é]c?'eﬁ% ion
surface 230, to ther eb?O@éﬁﬁﬂ)ra&rlﬁ‘-ﬂsy aspertion rafi ti‘lel second pattemgcl |f¢8!%t and; the

difference in el evath%ﬁ&léf@?@ﬂf% eqhércy :ﬁ%ﬁ&ﬂdmgnﬁeﬁpa%&%ew the40
regi ons 547 and 549. The sec flectl n step, B‘re era IX performed at
a web patterne secon region and termin tmg in St regio:

21. A method of forming a paper web the method comprising the steps of:
providing a generally uncompacted, generally monoplanar wet web of paper
. making fibers; |
deflecting the web at a consistency of between about 8 and about 30 percent in
a first deflection step to provide a non-monoplanar web having a first
region at a first elevation and a second region at a second elevation
different from the first elevation;

deflecting the first region relative to the second region in a second deflection
step to reduce the difference in elevation between the first web region
and the second web regioﬁ in a second deflection step at a web
consistency of between about 20 and about 80 percent;

‘compacting at least a portion of the first web region at a consistency of
between about 20 and about 80 percent to provide a ﬁrst compacted web
region; -

compacting at least a portion of the second web region at a consistency of
between about 20 and about 80 percent to provide a second compacted
web region; and '
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WO 96/ 00813
(I?g:l-/sysf‘gﬁggmz?sbe.t ween abUll'"JZlHl'mmmu II”d about 80 perggmi:]895107773r2715)re °

preferably = - at a web cbnsi stenéy of bet . 'TQRSB@ENG t and
about 70 pércent. Pressi ng3ghe - _aeipar at ug 200 and
the web 545 in the nip 800 al so ' provid g St ep.

Conpacting a reg'f@%oﬂ%t &k £&ﬁysﬁhé h@ference in enewe.&#eé‘@éeﬁ é%h?sﬁ W9l on

of the web. The act |on step ng
conpacting a porti on Teiop {8 f‘thsSFc‘g@n I"F%‘%rt@cﬂfﬁﬂé?eadﬁv%lfoﬂ@gﬂeﬁ veeb7

-agai nst the Cr@?@ﬂ“a’isb@fbdswd‘ fgEelevidrion Anfl Qr ¥cénd EdripactdWey Ffbreb
regi on 530, and corrpéigIs he secon

t f
unconpact ed web regi pga% %j‘éFﬁ%“td ﬁw@tl%ﬁ,ﬁg&qnoghmltﬁgﬁ%teegquace 875 to

forma second conpacted web region 550. In particular, the web

regi on.547 i $,,CO C l.

conpacti on §2 nﬁ’% 'tngﬁ'gg %ﬁﬂ" tzg ‘fl{?Hé&g&?e]ﬁ |toag %gg’gﬁté&&)%ﬁ ‘% r\]tgmges[ ween
the web cont act i rfgreshm‘cemng the firsy mda@e,cozémomacﬂcé regibny afterecampegtingipes 250
and the conpacti qpsurface 875. The difference in el evation between
the first and second conpacted web regi ons 530 and 550 is
essenti-ally zero at the end of the conpaction step, as both of the regions

530 3d SEHe Méthod of Tlaithsi2lt aldezma@ﬂﬁmig metdfe;i b&mm@ci valablelr f ace
875 of the dryer shown

Rel a1 ve. def | bot UG REPS paER 1F pOLRAASL LB o i, It anantion.of ng
top - surfethese’bﬁﬁdotbmpttﬂedmbb region.nting | ayer 250 in the second ‘
deflection step is accorrpl i shed with a web support apparatus 200
and conpression surface 910 havin - a _conbi nation of desired

characteri stids. Th\ren@ﬂmdaef&lmm 21,t Bt and 2B eharagtarized dn othay ghe step of
deflection is thedehs&m Qﬁe fu}esma el ﬁ,wdafecﬁ&ﬁstwboﬁme fovidif@ b Aifferential-

fhe oM "9 1] Sxithi piejost acris HERUSRRR A tHENER] ayer 220 and the oti{1nebs
i nparted to the apparatus : 200 by the web patterning layer 250. The
top surtace 230 rii Rehon el CamE2R.A% 25 v 23, B isBg heygh il "

di sposed to i nscrthberebao geonsistenayref betweeh abdus|85 pernentand WO(pereent aftertthe/ el y
flexible compacting steps and prior to the restoring step.

26. The method of Claims 21, 22, 23, 24, and 25 characterized in that the steps of
compacting at least a portion of the first and second web regions comprise the
steps of: '
providing a compaction surface;
compacting at least a portion of the first web region against the compaction

surface; and | '
compacting at least a portion of the second web region against the compaction
surface.

27. The method of Claim 26 further comprising the steps of adhering at least a
portion of the first compacted to the compaction surface and adhering at least a
portion of the second compacted web region to the cqmpaction surface.

28. The method of Claim 21 comprising the steps of.
' providing a web support apparatus having a dewatering felt layer having a first
web faci_ng felt surface at an elevation and a web patterning layer, the

'Sheet Has Been Re laced '




e
* conpared to a tructure havi ng 4 f ger percentage of its overed
by resi rYVO%"ms‘ exibility:permts the defl ect| O%Eﬂilggasﬁﬁﬂ | Lst._

felt surface 230 rel surface 26 ngg,Bgm,a i ng
" bet ween adj acent vvebm mm“n“mm&wnts 280 E%E_ Aognge
relative to the el evati on dtff%réncé 262 Béduces the -em* ag-—sti-frness—of
35 ‘the felt layer 220 i nt'érmedi ate the el ements 280, and permts the felt

| ayer 220 i nivesbrpatiiernting laies havingeanweb e@0adtingliep desficect aul eleyatidmat
the first unconpacted jlent from the e#é\ﬁﬂbﬁﬂg&éﬁrﬁ%lt QfraRE.eSsed into

engagenent with the conpaction sur Anot her factor
whi ch affects rel rovidingacoapastin Hfacdie surfaces 230 and 260 is

t he hardness of t omhg;aa_t,bt.@ela,lf‘agfe}a,‘{grﬂ@@Qmsﬁlrées| n having a | ow hardness

\tAﬂ g P eby r ed uc |C z(rgetaﬂ\é\fymg the d‘%%'r'%“?lfs@g H’téegs‘tsrg ?‘EV i tgeng E{kg rg’ﬂg"‘%’ Wehces

260 and 230. Rel ati ve td¢lid welt supportfapparatus; WO 96/ 00813
PCT/ US95/ 07773

Gur f acos 230 and SUPPQTng fhe veb of paper making fihers on the web support apparafill, |
conpr essi on defletingshe:weh ot a mnsaﬂtqtcy wé bﬁweewabmrt drandabouindf} pereéns in

surface 910 can conf orfsp dbfiétion step to ﬁﬁﬁ/ﬂi%da fn%hlmoﬁiébfaﬂﬁewgl?’ %avxﬂ@ci fiRer eby

provi de a conpressive |oad int l'ate th web patterni ng el ments
280 to press the firstre® regian (at G frsh levation.ofhg e regions gupported on 8

‘Wweb .region 547 toward suffece; afidasédond régioh ac® sétohd elevatibn different frdfﬁtthaﬁﬁt her
factor which affects t .el aF ve defl ection of faces 230 and

260 i s the degree of Z'ﬂ@ ‘?'?stt h(?n seﬁmg hEER8p S {%En?‘héﬁ? a‘?}% CORECYIE (5?1%h

t he t hi ckness snf‘fad:ehe felt layer 220. In general, a web patter ni ng

250 that extends tcﬁgl?&ﬂ\% the first fel felté ‘?‘ﬁ’t e{é‘ﬁﬂe@g%twg@é&ﬁé@iﬂgl W ! sur‘? tpfelt

| ayer 220 is desir aces
230 and 260. 15 pattermnselaycetp mdueemlpmdtﬂ‘er@cemehvatsqn betweer then first

unconpact ed web regi ORgepfegion and the second web region in a second deflection step;
| compacting at least a portion of the first web region against the compaction
surface at a consistency of between about 20 and about 80 percent to
provide a first compacted web region; and _
compacting at least a portion of the second web region against the compaction
surface at a consistency of between about 20 and about 80 percent to
provide a second compacted web region.

29. The method of Claim 28 further comprising the steps of:
drying the web to a consistency of about 85 and about 100 percent after
compacting the first and second web regions; and
foreshortening the first and second compacted web regions.

30. The method of Claim 29 characterized in that the second deflection step and

the steps of compacting the first and second web regions comprise:

providing a deformable compression surface having a hardness less than the
hardness of the compaction surface; '

providihg a nip between the deformable compression surface and the
compaction surface; : :

positioning the web in the nip intermediate the web support apparatus and the
compaction surface;

-
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conpri sewo 96/00813 t he step o MUMHSt a portion etrmmees/gmrst and |
second conpacted web reglon 550 to_the conpaction surface

875, as shown in Figure 11. The cofpact d " o
can be adhered to the surface 875 by the ggeplng ajbgysg% ‘Qiﬁygggﬁ d to
the surface 875 by the nozzle 890. After e conpa

dried on the heated surfac 875 .,to hav conS|stenc reater B about

85 bor cent postioning ®the” Sveby uBRort il HenBidiRio tehavstn e

structure 20 conprlseskﬁﬁﬂmmnmnmp&mmbﬁasﬁweand sone of the difference in
el evati on between t r 4 t 2 con

defl ecti on step. sgm e@lfo\?%énégé'[ ;Bﬁi}\g/tluges tﬁé ¥V| rs R?%eal g‘r? raqabfen
first el evatl orcoamrqselomswmmdml@e ¢ampapkor surface.conpact ed web regi on
530), the second region 50 at the second el evation 52 (corresponding
to the second conpacted web regi on 550). : The step of
restoring sone of the différence in web elevation lost in the second 30
defl ection step preferably conprises releasing the web fromthe conpaction

and 549 to formthe corrpact ,ﬁﬂ: ons 530 and 550 preferably al so

surface 875. In a preferred enbodi ment the step of restoring some
of the difference in web el evati on conprises foreshortening the web
concurrently with the step of rel easing the web fromthe conpaction
surface 875. Preferably, the step of releasing and foreshorteni ng
the web conprises the step of creping the web fromthe surface 875 35
~with a doctor blade 1000, as: shown in Fi gure 9. As used
herein, foreshortening refers to the reduction in Iength of -the web
whi ch occurs when energy is applied to the. dry web in such a way that the ‘
| engt h of the web is reduced in the nachine direction. -
Foreshorteni ng can be acconplished in any of several ways. The nopst
common and preferred way to foreshorten a web is . 40 by creping. The web
adhered to the conpaction surface 875 is renoved fromthe surface
875 by the doctor blade 1000. In general, the doctor blade has a bevel
angl e WO 96/ 00813 : :

PCT/ US95/ 07773

5 m\‘“ “



27 5 of about 25 degrees and is positioned with re%q.ﬁ}sgg,&ﬁpe Yankee

dryer t WQ#98¥e an . i npact angl e of about 81 degre

ANALYTI CAL PROCEDURES - 10 Measurement of Thi ckness
*and El evation The t hi cknesses and eI evat i ons of various
regions 30-70 of a sanple of the fibrous structure 20 are neasured
fromm crotonmes nmade from cross-sections of  the paper structure 20.
A sanpl e neasuring about 2.54 centi q¢dl& s by 5.1 centineters (1

inch by 2 inches) 'is provided and stapled onto a rigid cardboard hol der.
The 15 cardboard holder.is placed in a silicon nold. The paper sanple

Is imrersed in a resin such as Merigraph photopol yner manufact ured
by Hercul es, I nc. : The sar’rellﬁ is,cured to harden the resin

“m xture. The sanple is renoved from the silicon nmold. Prior to

| mer sion i n photopol yner the sanple | 1 k Y280 a ref erence
point to accurately determ ne where n crgte [ % de. 20
Preferably, the s& ef erence poOint i il in h the plan view and
vari ous sect i\’(%\ p fibrous structure 20.
The sanple is placed in a“nmodgl, o Nt he Anmerican Optical
Conpany of Buffal o, New Yor ' G 4 (i J hhe sanple is renoved
fromthe sanple, in s' i ces, DB /1\\ /\, ;/\7\ 4 pot h surface .
appears. 25 Mp suf / | L] i ah iz .- d fromthe
sanpl e, so that the various AR O (e, ﬁ"ﬁ:: ' ately
reconstructed. For thg enbo 1; s ol éé:es having a
t hi ckness of about 60 o\\/ N NN o S snooth

|cknesses 31, 51,

surface. Multiple slices najiiil H =1 (I
and 71 may be ascertai ned 70 anpl e slice is nounted
on a microscope slide using 890—and a_cover slip. 270 The slide and the

‘sanpl e are mounted in a |light transmE]sg.oi m cr oscope and observed
at about 4@ROmgnification. Photonicrograpgg are taken al.pnag the 2b0ce,

250\q\ /230 760. lzao_ 260 /230 / /261

240 \
7
- 231
262

232 244 204"

220

260
230

260
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and the individual photom crographs are arranged in series to reconstruct

t he profiégD of the slice. The thicknesses and el evations may be
ascertai ndPPP¥PH3 the 35 reconstructed profile, as shoRRTUSYHTU es 6A
and 6B. By knowing the relative basis : wei ghts of individual
regions, as well as the correspondi ng thicknesses of the _ I ndi vi dua
‘regions, the density of the individuaggggpions can be ascertained. U S.
Patent 5,277,761 issued January 11, 1 In the nane of Phan et al. is

i ncor por at ed herein by reference for describing the mcro basis
“wei ght of individual regions of a 40 paper structure. The
t hi ckness between regions 31-71 nay be established by using Hew ett
Packard ScanJet |1C color flatbed scanner. The Hewl ett Packard Scanni ng
sof twar e WD 96/ 00813 C

PCT/ US95/ 07773 28 5

i s DeskScan Il version 1.6 . The scanner settisngs type is black and white
photo. The path is LaR&0 Wi t &80NT, X. The brightness and contrast

.setting is 125. The sci 00% {The file is scanned and saved
in a picture file format on a R I1C conputer. The picture
file is opened with a suitabl e}lphx pgi ng sof tware package or
CAD program such as Pow vV RTS | ring to
Figure 6B, tiyg thickness
drawi ng a circl¥which §
regi on at that T
can be drawn in tha reg
the appropriate scale fa
of the photom crograpf
I mge. The circle can
package, such as Power |
of Nort h Car ol

ing is

mul tiplied by
magni fi cation
15 scanned

‘‘‘‘‘
“eay,

o~

250/ | 250 /

Fig. 4
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The diff el evation 62 is neasured by drawing the smallest circle
i nscri beg&(‘gg&&ogbfon 50 (in the nicrotonme sanple), and by dPGUPIRG/OTIHR
circles i nscribed by region 30, . as shown in Figure 6B. Afirst line L1
is drawn tangent to the two circles inscribed by region 30. A second
line L2 is drawn parallel to the first line L1 and tangent to circle
i nscribed by region 50. The distan@/ltween the first . and second
lines, multiplied by the appropriate scale factor, is the difference in

el evati on 62. 25 Projected Area

Measur enent - The projected &ea of the web contacting surface
260 i s measured according to the Mol Il owi ng procedure. First, the web
contacting surface 260 is_dar ‘-“m“ 0 ' bl ack marker (Sanford
Sharpie) to increase the wontr &t. Second, three digitized 30 inmages of
the web patterning apparat h are acquired using a Hewl ett Packard
ScanJet |lc Fl atbed scanner. R scanner options are set as foll ows:

RPN

o,

Bri ght ness 198, . contra ("\\ 11, black and white photo resolution 100
DPI, scaling 100% Third, the “\\\\-- centage of the projected area of
the web support apparatus @00 conprisin the - web contacting surface

such as Optinas available f Bi oscan, ®ncorpoyrated, Ednonds, WA. The

260 is determ ned using ag{l&?{‘bl e |mag Wanal ysi s sof t war e 35 system
ratio of the number of pixels having a g¥ eysca% val ue between 0 and 62

(corresponding to the web contacting surQace 260) is divided by the total

nunber of pi xel s tm the scanned 4» mage imes 100) to determ ne the
per cent age of the projectes \“\s\“\ a of thegweb support apparatus 200
conprising the web contacting .sff ace 260. 4
Measur enent - of Web Support aRat us El exations WO 96/ 00813
PCT/ US95/ 07773 Q ~ 5 29
Q&
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5 The elevation di fference 262 between the el evation 231 of the

first felt 1ol and the elevation 261 of the web contacting
surface 2@6 |s measured using the fol | owi ng procedd?%ﬁ‘ﬁ%@Tﬂéb
support apparatus is supported on a flat -horizontal surface with

the web patterning |layer facing upward. A stylus having a circul ar
contact surface of about 1.3 square Iilneters and a vertical |ength of

about 3 10 mllimeters is nmounte on a Federal Products dinensioning
gauge (nodel 432B-81 anplifier nodified for use with an EVMD- 4320 W
br eakaway probe) manufactured by the Federal Products Conpany of

Provi dence, Rhode | sl and.
determ ning the voltage di
known t hi ckness which pro
i's 15 zeroed at an el €y
230 to insure unr
pl aced over the&el evation
nmeasurenment. The stylus e
grans/square m |l imeter at
neasur ement s ane
aver age neasurenents of f
taken as the el evat4on dif
Measur enment of P&J Hardne
900 is neasured.using a™R
Dom ni on Engi neeri ng Wrk
i ndent or shaft has a 3.17

_ cal i brated by

eci si on shinms of

fference. The instrunent
the first felt surface
l us. The stylus is
.owered to make the

.24

At | east three

> difference in the
OE§§g31 and 261 is

2 hardness of the rol

| 2000 manufactured by
ebec,,Ontario. The

€SS Ps t aken at

three different positions: oll, one 6 inches from
one end of the roll, and end of the roll. The
P&J hardness is t eadi ngs. The readi ngs

are made with the ro
Cel sius followi ng the P
pl ast oneter.

f erature of 21 degrees
y‘the manuf acturer of the

Fig. 6A

N\\ W
M

[
(41
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WO 96/ 00813

PCT/ US95/ N 5
EXAMPLES %gzgiﬂﬁsis The foll owi ng exanpl es are provi deé"'?{%"su’i‘?’ﬁg’ﬁ'é’i rate
paper maki ng according to the présent invention.

EXAMVPLE 1 10 A 3% by wei ght aqueous slurry of Northern Softwood
Kraft (NSK) fibers is “made uﬁ/@% a conventional re-pul per. The NSK
slurry is refined gently (no | oad) and a 2% sol uti-on of the:

tenporary wet strength resin (i.e., National Starch 78-0080

mar ket ed by National Starch and Chenmical corporation of New York, New York)
is added to the NSK & | 292% by wei ght of the
dry fibers. The NSK 15 s D 2% consi st ency at
the fan punp. Second, a 3% b urry of Eucal yptus
fibers is made up using a coj Eucal ypt us
slurry is diluted to about O
Three individually treated f
100% Eucal yptus; stream 3 =
20 headbox and deposited o
enbryonic web conta
| ayer. Dewatering occurs
‘assi sted by a defl ectde_and |
of a 5-shed, satin weave COR
direction and 95 cross-machi

punp.

100% NSK; stream 2 =
eparate through the
orma three | ayer

s and a m ddl e NSK

r wre and is

respectively. - 25 ansferred fromthe
Fourdrinier wire, at arfibe out 8%at the point
of transfer, to a web suppor ‘ L vi ng~a~dewat eri ng

| ayer 250.
ctured by Appl eton
batt of polyester
8t rat e denier of

felt layer 220 and a photose
The dewatering felt 220 is &
MIls of Appleton, NAscerstn
fibers. The 30 batt has
10-15. The felt layer 220 ha

o)
o ©
Li;
L
v
e
c»////
N &
o

L1
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basi s weight of 1436 gmisquare neter, a caliper of about 3 mllinmeter, and
an air permeabi lity of about 30 to about 40 scfin_

The web pRYEWPHy 1 ayer 250 conprises discrete web patter RFRYSEEAEht s 280
having a flower-like shape, as shown in Figure 4. The web patterning |ayer

250 has a 35 proj ected area equal to about 10 percent of the projected
area of the web support app%yﬁtgs 200. The difference in elevation
262 between the top web contacting surface 260 and the first felt

surface 230 is about 0.025 inch (0.633 mllineter). The
enbryonic web is transferred to the web support apparatus 200 and
deflected in a first deflection step to forma generally unconpact ed,

non- nonopl anar 40 web 545. Transfer and deflection are provided at the
vacuum transfer point with a pressure differential of about 20

i nches of mercury. Further de-watering is - WD 96/ 00813

PCT/ US95/ 07773 31 5
acconpl i shed by vacuum assi sted dpai nage until the web hgs a fiber
consi st ency of about 25%aThe web 545 is carriedito the nip 800.
The roll 900 has a conpression ' surface glgshaving\a,hardness of

about 40 P&J. The web 545 is then d&flected and cgnpact ed agai nst

t he conpaction surface 875 of ee dryer drym 880 by pressi.ng
the web 545 and the web suppof/t apparagus 200 betyeen the gonpression 10
surface 910 and ti# ; Qo essi on pressure
of about gy

& M hesive is
used to adhere t £ The fi ber

consistency is i g9 dry c% pi ng
the web with a da  bve| | e of
about 25 degrees i i - e dTyer to

15 provide an g L Hryer is
operated at abou - i ‘ neters per

m nute). Thet Q

e ] | S

Fig. 7
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Toll at a speed of 650 fpm (200 neters per m nutes). The web
IS conver a three-layer, one-ply toilet tissue papgk e-ply
toil et tlggﬁglpaper has a basis weight of about 18 pounds per %@%Bpgquare
feet, and 20 contai ns about 0.02% of the tenporary wet strength resin
The resulting one-ply - tissue paper is soft, absorbent, and is
suitable for use as toilet tissues. 1 _

EXAMPLE 2 A 3% by mergqy ;%ueous slurry of Northern
Softwood Kraft is made up in a 25 conventional re-pul per. The NSK
slurry is refined gently (no |oad) and a 2% sol ution of the
pernmanent wet strength resin (i.e., Kymene[err] 557H narketed by Hercul es
| ncor porated of WImington, Delaware) is added to the NSK stock pipe at a

rate of ' 0.02% by weight of the dry fibers followed by the addition
of a 1% solution of the dry strength resin (i.e., CMC from Hercul es
| ncorporated of WIlmngton, Delaware) is 30 added to the NSK stock

~before the fan punp at a rate of 0.08% by weight of the dry

fibers. The NSK slurry is diluted to about 0.2% consistency at the fan
punp. Second, 502 3% by wei ght aqueous 'slurry of Eucal yptus fibers
IS made up in a convenkl onal re- : pul pggs The Eucal yptus slurry is
di luted to about 0.2% ¢onsi stency at the éan pynp. - The two
individually treated fyrnish streans (s fdam 1f= 100% &8K: stream 2 35
100% Eucal ypt us) 58re kgpt separatss t hroligh thegffheadboy and depgggaed onto a
Fourdrinier wre , nd a Ey¢al yptus |ayer é?
occurs th d is gssisted/by a.dejTector
and vacuum boxes. a; e
configuratio
cr oss- machi nes
96/ 00813
PCT/ US95/ 07774

........
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-5 The enbryonic wet web is transferred fr WL dri ni er
wire, atWQo9o8Ls consi stency of about 8% at the %ﬁlﬁgg@%"?ansfer,
to a web support apparatus 200 - having a dewatering felt |ayer 220

*and a photosensitive resin web patterning |ayer 250. The
dewatering felt 220 is a Anflex 2 Press Felt manufactured by Appleton
MIls of Appleton, Wsconsin. The web patterning |ayer 250 conprises :
di screte web 10 patterning elenegyi2$80 having a flower-1ike shape, as
shown in Figure 4. The web p ni.ng | ayer 250 has a projected
area equal to about 10 percent of the projected area of the web
support apparatus 200. The difference in el evation 262 between the

top web contacting surface 260 and the first felt surface 230 is about
0.025 inch (0.633 mllinmeter). 15 The enbryonic web is
transferred to the web support apparatus 200 and deflected in a
~first deflection step to forma generally unconpacted, non-nonopl anar

web 545. Transfer and deflection are provided at the vacuum transfer point
with a pressure differential of about 20 inches of nercury. '
Further de-watering is a@g2mwpl i shed by vacuum assi sted drai nage
until the web hgggg fiber consisteRcy of 20 aba¥Y 25% The web 545 is
carried by the -g support a®d8ratug 200 to the g p 800. The rol
900 has a coppression surféce 910 ha\ing a gedgess of about 40 P&J. The

web 545 is|i-en defl ected and conpact-cﬁgw" =somat i on surface 875

'45”and the web
Face N0 an@0 he

Yankee dryer :\ug\§805§3rfacéogtjéf”
about 200 psi. A pdkyvinyl al confif]
to adhere the conpact 8sWeb to
consi stency is increased Xa -5
fromthe surface of X4 .\\
doctor bl ade has a bevel angle W2 .0f abolit 2. dl
positioned with respect to the Yankee dryer to provide an g npact
angl e of about 81 degrees; the Yankee adfyer isMPe™ated at &1 ut g8®0 f pm
(feet per mnute) (about Zél heters per mnute). The dry web is
formed into roll at a speed . 5 of 650 fpm (200 nmeters per mnutes).
The web is converted to provide a two-layer, two-ply facial tissue paper.
‘Each ply of the two-ply facial tissue paper has a basis weight
about 10 pounds per 3000 Fig.g

e-meb
| Kade. \The
de l!? es and NS 1000
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35 square feet, and contai ns about 0.02% by wei ght of the pernmanent wet
st rengt h W@2¢/¢p813 and about 0.08% by wei ght of the drRCHY$SHEB resin.
The resulting two-ply tissue paper is soft, absorbent, and is
suitable for use as a facial tissue. ' What is clainmed: An
apparatus for use in making a web of papermeking fibers, the apparatus

conpri si ng: a dewatering felt layer having a first web facing felt
surface at a first elevation and an oppositely facing second
felt surface; and a web patterning layer joined to the first web
facing surface of the dewatering felt l'ayer, wherein the web
patterning |ayer extends fromthe fiQéi2elt surface, the
patterning | ayer having a continuous network web contacting top

surface at a second elevation different fromthe first

el evation, the continuous network top surface having a plurality of

di screte openings therein, wherein the surface area of the continuous
network top surface is between about 5 pgggent and about 75 percent of
the projected area of the apparaiggr, and erein the continuous network
top surface has | ess than about 700\di scrfete gﬁﬁpings therein per square

inch of projected area of theZQ@paLEL\s; ){//

232 250

530
;/ 260

900

902

547 ly 880

890
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2. The aagpratus of Caim1l wherein the apparatus conprises a continuous
bel t. 3O pparat us of O aim 1 wherein each discret epeRRRYYGHN t he
cont i nuous network top surface communicates with the first felt
surface. 4. The apparatus of Claim1l wherein the difference between the
second el evati on of the continuous network top surface and the first
el evation of the first felt ST f gf I's between about 0.05 mllineter
and about 2.0 millineter. 5. The EM; atus of daim1l wherein each

‘di screte opening in the continsPUS " network top surface has an
effective free span of betweenaabolB8 0.5 and about 3.5 mllineter.

6. - The apparatus of Claim3 er;fn the surface area of the continuous
bet ween about 20 percent and about 60

‘net wor k top surface conprises
percent of the proj ected ZBaf the apparatus. 7. The apparatus of

Claim 3 wherein the surface ar Qo ont i nuous network top surface
HNT 8 =2Q_percent of the

conpri ses between about 5 perdf
proj ected area of the apparatUf.

)
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8. The apparatus of Caiml wherein the felt |layer has an air perneability
of bwowewesiabout 5 and about 50 scfm 9. The apparﬁﬁ@sﬁo ﬁ}ai m 1
wherein the web patterning | ayer extends i nternedi ate 788 felt
surface and the second felt surface, and wherein the web patterning

| ayer. extends through | ess than the full thickness of felt |ayer. 10. The
apparatus of Claim9 wherein the web patterning |ayer extends through

l.ess than about half the full thickregg®f the.-felt |ayer. 11. An
“apparatus for use in making a web of ‘papermaki ng fibers, the apparatus

‘conpri sing: a dewatering felt layer having a first web facing felt
surface at a first-elevation and an oppositely facing second
felt surface;. and .a web patterning l'ayer joined to the first surface
of the dewatering felt |ayer, wherein the patterning | ayer
extends fromthe first felt surface, the patterning | ayer having
a di sconti nuous web contacting top surface at a second el evati on
different fromthe first elevation. 12. The apparatus of Claim 11 wherein
t he apparatus conprises a continuous belt. 13. The apparatus of Claim1l

wherein the surface area.of the di scontinuous web

250

200\ N, - , 285

290
O Ql&’ 285 o
_ \ 250
26
Z 7
220~ ' 292 g‘% _
. Y
230 (
. FHN
| _ N\, 292 \( N 260
MD . 260
¢ 292 b9
—CD—>
206 294

Fig. 13
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tontacting top surface is between about 20 and about 60 percent of the
pr oj ect edway koS the apparatus. 14. The apparatus of O aip@rigkeyii@y£i n the

. patterned |ayer conprises a plurality of ~di screte projections, each
proj ection having a maxi nrum wi dth of between about 0.6 and about 3.0

- mllineters.  -15. The apparatus of C aim 14 conprising between about 50 and
about 500 - projections per square inch of projected area of the
appar at us. 16. The apparatus of C aim 15 wherein the maxi mum spaci ng
between adjacent . projections is leg!eater than about 2.0 mllineter.
35 17. The apparadtus. of Caim 14 erein each discrete projection
conpri ses at | east one caqnduit extending through the projection, the
conduit bounded by the first felt surface. 18. The apparatus of
Claim 11 wherein the air perneability of the felt layer is bet ween

about 5 and about 50 scfm 19. The apparatus of Claim 11 wherein the
‘web patterning |ayer extends
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.imernmediate the first felt surface and the second felt surface; and
. wWherein the Wayer ‘ext ends through Iess than the full
t hi ckness of f ayer appar at us of dair Wher ermr_t e et
patt er ni ng I-ayer \N““ ﬁ | ess than abd utREﬁ’&f\?EMﬁE'T%ﬁET

t hi ckness of the

An a?paratus for Juse in miwm: of

paper maki ng fi be hel adbar at us conpri si ng: Date :..a gdewat-eri'ngl|f el t
| ayer having a fi rst web faci ng felt surface at a first elevation. o
and an oppositely facing second felt surface; and a web patterning

| ayer joi nedMh@tiefleimed; ¢ | ayer, the web patterning |ayer
extending fromthe first felt” surface to forma web contacting top surface

at a second glevatio i fferent fr el evatd.on, wher eip the web
pat t er ni ng Igyerﬂ g&ﬁ%ﬁ é’ é's"pf‘h?%ﬁfr‘% tatlfg?b %ﬁ(?a(? '"ﬁotib ﬂ'@ first
felt ~ comprifinge, wherein the projected area of each I nscri bed

circular portiong &éwatenng felt layer hahﬂgafﬂr{tfvﬁebftﬂtﬂg t%tt'%w%@ai&ﬁ?sl ele@ARh about 10
square mllineters. wherein the projected

é i @ﬁar at us {t)l rf%‘
area of each inscri#® anopposgey gfl sty F first felt surface is
“at | east about Ja)@elspm&nmgrhydrummedeuoshe ﬁﬁBwebfdmgapﬁmeadfube ddwaldcmgm 21

wherei n the project @tawﬁ\tereiﬂqﬁﬁ%& gij%{eét@% g&e xtenfis gldm‘ Ak ShrkSeehet ween

about 5 and about 2 cént 0 e pr ap ar at us.
24. The apparat us éF‘fGealt oppitgring layer h VH@OJ%&P@H‘“&P%&‘CBVOTM@’
contacting sur fcantacting @pt sueface abalsecdndaclevatibn Wiffeként (fedm ahé fipst the

br ojected area of ”l?evation, AP RBGBUEEs network top surface having a plurality of
discrete openings therein, wherein the surface area of the continuous -
network top surface is between about 5 percent and about 75 percent of

»

the projected area of the apparatus, and wherein the continuous network
top surface has less than about 700 discrete openings therein per square
inch of projected area of the apparatus.

2.  The apparatus of Claim 1 wherein the apparatus comprises a continuous belt.

3. The apparatus of Claim 1 wherein each discrete opening in the continuous
network top surface communicates with the first felt surface.

4.  The apparatus of Claim 1 wherein the difference between the second elevation
of the continuous network top surface and the first elevation of the first felt
surface is between about 0.05 millimeter and about 2.0 millimeter.

5. The apparatus of Claim 1 wherein each discrete opening in the continuous
network top surface has an effective free span of between about 0.5 and about
3.5 millimeter.

6.  The apparatus-of Cldim™3 wherein the surface area of the continuous network
top surface comprises between about 20 percent and about 60 percent of the
projected area of the apparatus.

7. The apparatus of Claim 3 wherein the surface area of the continuous network
top surface comprises between about 5 percent and about 20 percent of the
projected area of the apparatus.



25! The apparatus of Caim 21 wherein the difference between the first

el evati on and the second el evation i s betwesr—about—6-5 F I nmeter
“and about—2-0—— "W [T net € rreter 26. The appar af uBEﬁiA(EE'\&EMT SHEGRef ei n t he
web patternj es di screte web | 5. 27.
The appar at BML\M“ \B{‘ erein the web patter Ha ..... or-i-sel$ a
cont i nuous gontacting top 34rface. :" € dppdl d us ol Claim
21 wherein the web patternl ng | ayer conprises a plurality of discrete
~web patterning el enents, wherein each discrete web patterning el enent
encl oses at $eas'fhecﬁpeauapsmfr@aumltmrmbhe:&lttlawhagatlcqgr permeakility fofice of the
web patterning qjegp&ataboﬁas%dgbﬁ@gggﬁ,ppem ng communi cating with a web
facing surface having an elevation different fromthe second

el evation. 29. -The apparatus of C.aim21 wherein the web patterning | ayer
ext ends 9.i nt'Ehermpbmttes tdfeClaims1 Wwheérkins tief aeb patd:ntxﬁ@ Iayee O&xderide | t

sur face, and mh ﬁéE? | ess
than.the full th| ckness %)h'fe ﬁfsetlﬁflfp'lﬁw% fHa)@%?)ara %Q%%uﬁ%t 29

wher ei n the web YWatRatiemingdayengeends thrayghdess Ck“P%'é%' faltdayer.about hal f
the full thickness of the felt |ayer.

10. The apparatus of Claim 9 wherein the web patterning layer extends through
less than about half the full thickness of the felt layer.

11.  An apparatus for use in making a web of papermaking fibers, the apparatus
" comprising:
a dewatering felt layer having a first web facing felt surface at a first elevation
and an oppositely facing second felt surface; and
a web patterning layer joined to the first surface of the dewatering felt 'layer,
wherein the patterning layer extends from the first felt surface, the
patterning layer having a discontinuous web contacting top surface at a
second elevation different from the first elevation.

12. The apparatus of Claim 11 wherein the apparatus comprises a continuous belt.

13. The apparatus of Claim 11 wherein the surface area of the discontinuous web
contacting top surface is between about 20 and about 60 percent of the
projected area of the apparatus.

14. The apparatus of Claim 11 wherein the patterned layer comprises a plurality of
discrete projections, each projection having a maximum width of between
about 0.6 and about 3.0 millimeters.

15. The apparatus of Claim 14 comprising between about 50 and about 500
projections per square inch of projected area of the apparatus.

16. The ztpparatus of Claim 15 wherein the maximum spacing between adjacent
projections is no greater than about 2.0 millimeter.



31. A paper_structure corrpr|5| ng: a first region di sposed at a first

el evation and havinga—fi+st—t hi ckness; a sicond r d at a
"second el ev ent. fromthe first elevati \CEMENT SHEEg flaving a
second thi ciﬂ"ﬂﬂ [j E‘E third transition re Egﬁplu‘n? ﬁgﬂwl ng the .
first region+and regi on, the £ @'9' ol "haviing a
“third thickness, the thi rd t hi ckness -gr¥3dat er than t-he ond

t hi ckness, and the third thickness greater than the first
t hi ckness. 32. The paper structure of Claim 31 wherein the third thickness
is at |east dBouflhe apparatus of Glaimel#t wheseis eachrdisctens pdojeetion comprises at least 33. The

paper structure gfe @nammzﬁ&\dﬁ{g%ﬁi gaiﬂé%:&,@édofel_rtwh&mﬁ%%uﬁ&p%@ﬂé %?élabout |

15t|rresthef| lt_thlckness structure o
wherei n at Ieast UMR%. the first and second regions is foreshortéened.
35. The paper structure of C aim 34 wherein both the first and second

regions are g Tfl@'&ﬁﬁal?ﬁﬁg 6F@fim 11 wherein the air permeability of the felt layer is
between about 5 and about 50 scfm.

19. The apparatus of Claim 11 wherein the web patterning layer extends
intermediate the first felt surface and the second felt surface; and wherein the
web patterning layer extends through less than the full thickness of felt layer.

20. The apparatus of Claim 19 wherein the web patterning layer extends through
less than about half the full thickness of the felt layer.

21.  An apparatus for use in making a web of papermaking fibers, the apparatus
comprising: . _

a dewatering felt layer having a first web facing felt surface at a first elevation
and an oppositely facing second felt surface; and '

a web patteming layer joined to the felt layer, the web patterning layer
extending from the first felt surface to form a web contacting top surface
at a second elevation different from the first elevation, wherein the web '
patterning layer inscribes a plurality of circular portions of the first felt
surface, wherein the projected area of each inscribed circular portion of
the first felt surface is at least about 10 square millimeters.

22. The apparatus of Claim 21 wherein the projected area of each inscribed
circular portion of the first felt surface is at least about 100 square millimeters.

23. The apparatus of Claim 21 wherein the projected area of the web contacting
surface is between about 5 and about 20 percent of the projected area of the
apparatus.

24. The apparatus of Claim 23 wherein the projected area of the web contacting
surface is between about 5 and about 14 percent of the projected area of the
apparatus.



36. The paper structure of Caim 35 wherein at least a portlon of the
second region~ ered by a variable creping f ,

" The paper: ructure of Claim 31 having a basis We't’q,mp ‘Kfc Q@NW*E ut 11
.grans per mm Fout 57 grans per square nete paper
structure. mmﬁ“ n the di fference betwbert;t\% 2.9ibsy VT
el evation and the ‘sedond eI evation is I east about.D- S 39

The paper structure. of Claim 31 wherei n one of the first and second regl ons
conprises a gontjnuous network. 40 per structure canprising:

first regi on%) e appagtus i (B%ﬁ“t%lrWE‘He'Pég“r difference betwesn; the, &rst elsvatioagi on

i nt er connecting addethélseedndrdgtaﬁm 41 tetivken aba@rai03 agilimeter aRd about 2.6 vari abl e
crepi ng frequenc e'qéon t he variabl e creping frequency region

bordering at least a portlon of the second patterned region; and the

vari abl e creping frequency region extending froma border of the

patterned semndrueeq. aaueaﬁctaaﬁm Whbreidhd Weth pudtefriiigSthyer @6ftises disdhdte ThE
paper structure ‘&ébn% ai m 4e€ rein the first region has a first thickness,
t he second regio HESTENE™ hi ckness, and the transition regi on has a
third t hi ckness, and wherein the third thickness is .greater than each

of the firstyy Thet? fa sfemntﬁewﬁ&@mnmet&ebcgag ing I &céﬂﬁls&aaer

structure of Caim erei,n tthe first and sec ns are
rface.

di sposed at di f fERERHOUS nekywaFl Wehscontacting top su

28. The apparatus of Claim 21 wherein the web patterning layer comprises a
plurality of discrete web patterning elements, wherein each discrete web
patterning element encloses at least one opening in the web contacting top
surface of the web patterning element, each discrete opening communicating
with a web facing surface having an elevation different from the second
elevation.

29. The apparatus of Claim 21 wherein the web patterning layer extends
intermediate the first felt surface and the second felt surface, and wherein the
web patterning layer extends through less than the full thickness of felt layer.

30. The apparatus of Claim 29 wherein the web patterning layer extends through
less than about half the full thickness of the felt layer.

31. A paper structure comprising:

a first region disposed at a first elevation and having a first thickness;

a second region disposed at a second elevation different from the first elevation
and having a second thickness; and

a third transition region interconnecting the first region and the second region,
the third region having a third thickness, the third thickness greater than
the second thickness, and the third thickness greater than the first
thickness.

32. The paper structure of Claim 31 wherein the third thickness is at least about
1.5 times the second thickness.



REPLACEMENT SHEET @~ 43. A nethod of formng a papes—web_-the nethod
COﬁprISIng—%*%%%ﬁ*&%?%ﬂ?————— providing a generally u ceapggjg@; gﬂgé
" monopl anar wet web _ maki ng fibers Eéfc |ng
vweb at a’ cfuﬁ “Iﬂ mu lFEIvveen about 8 and about 30 pmweﬂt, ______________

a first de provi de.a non-nonopl anar Web=haviag—ati s
region at a flrst el evation and a secodt region at a second el evation
different. fromthe first elevation; deflecting the first region
relative to the second region in a second defl ection step to
reduce the di¥f &iherpaperi structiveveft Cloim B2 wWhewsin the ¢hifdi thivknese b5 atdedsbabout

and the second VePEhEGhOBrst fhicBknagcond deflection step at a web

consi stency of between about 20 and about 80 percent; conpacti ng at

| east a portion-of the first web region at a consi stency of

bet ween abowd4. 2TherppatstuttuftOofiEiniaedl wherein atléadeome 6f the first ant seordl web
regi on; co I t a portion of the second web region at a
consi stency o GBQ&&.Pﬂm&h%h%%gen about 20 and about 80 percent to provide
a second corrpact ed web region; and restoring at |east sone
of the di ffessenqmelpapﬁlseuaummdmmm&éiﬁebémwmeh‘d second regions dr€Ji on and
the second web r Lon to provide a first conpacted web regi on
di sposed at a f| Ot ation and a second conpacted web region

di sposed at a second elevation different fromthe first elevation.

36. The paper structure of Clatm 35 wherein at least a portion of the second region
is bordered by a variable crepmg frequency region.

he

37. The paper structure of Claim 31 having a basis weight of between about 11
grams per square meter and about 57 grams per square meter.

38. The paper structure of Claim 31 wherein the difference between the first
elevation and the second elevation is at least about 0.05 millimeter.

39. The paper structure of Claim 31 wherein one of the first and second regions
comprises a continuous network.

40. A paper structure comprising:

a first region;

a second patterned region;

a transition region interconnecting the first region and the second region; and

a variable creping frequency region; the variable creping frequency region
bordering at least a portion of the second patterned region; and the
variable creping frequency region extending from a border of the
patterned second region and terminating in the first region.

41. The paper structure of Claim 40 wherein the first region has a first thickness,
the second region has a second thickness, and the transition region has a third
thickness, and wherein the third thickness is greater than each of the first
thickness and the second thickness.

42, The paper structure of Claim 41 wherein the first and second regions are
disposed at different elevations.



44. The nethod of Caim43 wherein the restoring step conprises
f oreshort eni ng the first and second conpacted regl ons. after corrpactl ng

"the web. __45 The-nmethod—of C ai m44 conprising the Frep=oF—rpartrrg=
vari abl e frequenc Bﬁpe pattern to a portion of RERLAGEMENT BBEET| at

| east a conpact ed web regtjon. h of
caim 43““““"“\‘{ “]ﬂ\t\ f deflecting8 he web in tHePgter gmm

defl ection Step corrprl ses providing a differential floid pressure across

t he t hi ckness of the web. 47. The nethod of C aim43 further
conprising the step of drying the web to a consi stency of between

about 85 per qgnt AanéthddSF HRMiRES h@lﬁtﬁéﬁ eafﬁ&@ds the stepsDEEPS and pri or
to the restoring Eéabaﬂ © t ho o?ﬁCIalm43 wherein the

st eps of conpact???&'%glg?&f?fan&“ﬁ&?'?ﬁaﬁ?do egﬁy mongplagar wet webofpaperd web
regi ons conprise t hemskisgfibers, : provi di ng a conpaction surface;

conpacting at | egglecfingifé ?vbggt Ldonti Q@néy'ort‘ BlewdEiPatlohifs Qhd ARt W{)er&&?m

conpaction sur an
P _ a first de ection step to provide a non-monoplanar web having a first

region at a first elevation and a second region at a second elevation
different from the first elevation;

deflecting the first region relative to the second region in a second deflection
step to reduce the difference in elevation between the first web region
and the second web region in a second deflection step at a web
consistency of between about 20 and about 80 percent; _

compacting at least a portion of the first web region at a consistency of
between about 20 and about 80 percent to provide a first compacted web
region;

compacting at least a portion of the second web region at a consistency of
between about 20 and about 80 percent to provide a second compacted
web region; and

restoring at least some of the difference in elevation between the first web
region and the second web region to provide a first compacted web
region disposed at a first elevation and a second compacted web region
disposed at a second elevation different from the first elevation.

44, The method of Claim 43 wherein the restoring step comprises foreshortening
the first and second compacted regions after compacting the web.

45. The method of Claim 44 comprising the step of imparting a variable frequency
crepe pattern to a portion of tl_le web bordering at least a portion of the second
compacted web region.

46. The method of Claim 43 wherein the step of deflecting the web in the first
deflection step comprises providing a differential fluid pressure across the
thickness of the web.

47. The method of Claim 43 further comprising the step of drying the web to a
consistency of between about 85 percent and 100 percent after the compacting
steps and prior to the restoring step.



cofrpacting at |east a portion of the second web region against the

conpacti on surface. 49. The nethod of C aim48 further
’conprising—t—he—s{—eps*—of"'ﬁﬁ_ring at least a portion of the first
conpacted to the ¢ surface and adhering at on of
t he second Eﬁﬂgﬂ} gion to the conpaction s FYERLACEMENT mit hod
of C|a|m4 tep of cregPng the first and 2@0@

conpact ed web regl ons fromthe conpactlon surface. l Bl ATretod -of - fqrm’ ng
a paper web, the method conprising the steps of: provi ding a génerally
unconpact ed, generally nonopl anar wet web of paper maki ng
fibers; 43 mmaﬁo&oﬂ@%@%é&m&ﬂ@ﬁéﬁédﬁoﬁ@%&tﬁg aﬂredﬁ\ﬁgfo?ﬁqn”& felt

| ayer havi ng a f ﬁ}s d d web b facing felt Surface at dn elevation and
a web patterning Fa % pnd yepend web regions comprise the steps Of ng | ayer having a web
contacting top slzrﬂf/ldmsaa;pmaactehem&ce,on different fromthe

el evation of thecdnk i I surf ace;
provi di ng a source Haéﬁn l&asﬁh' B&Rﬁ <1fthe ﬁlr)s?g’sas‘ug%&gaﬁrﬁp Eﬁ%ﬁ"%‘%‘he
differential fluid to transfer t he general |y nmonopl anar

web to the web saqnnmcﬁngethmtatpm&onoftheauanbmb regioh lagaiitg theomipadta maki ng
fibers on the web sygpglat apparat us; - deflecting the web at a

consi stency of between about 8 and about 30 percent in a first
defl ection step to provide a non-nonopl anar web having a first '

region at a 49. rs'rhee:hethed oP Clairh 18 fuithét conPaiking tﬁdJﬁ&Qréfeﬂh&fhgtJIQeist pst felt

surf ace; anda nd el evation different fromthe first
el evation, the con ﬂﬁgh‘%ﬂ“?f‘ﬂf%’ﬁﬁ?% CSeMPREARSHriacs And adhengs at, Eas
sur f ace; d e pastion mﬂq $econid qompaéted web tegionde thesdontpactiontsarfadee Web
contacting surface of the web patterning |l ayer to reduce the

difference i vatl n, b e theflrs . Wweb region and the
second web r gl o °‘s8€tﬁﬁ‘ g%PP@E‘P%“%&'@ts@BPf creping the first and second
compacted web regions from the compaction surface.

51. A method of forming a paper web, the method comprising the steps of:

providing a generally uncompacted, generally monoplanar wet web of paper -
making fibers; |

providing a web support apparatus having a dewatering felt layer having a first
web facing felt surface at an elevation and a web patterning layer, the
web patterning layer having a web contacting top surface at an elevation
different from the elevation of the first felt surface;

providing a compaction surface;

providing a source of differential fluid pressure;

applying the differential fluid pressure to transfer the generally monoplanar
web to the web support apparatus;

supporting the web of paper making fibers on the web support apparatus;

deflecting the web at a consistency of between about 8 and about 30 percent in
a first deflection step to provide a non-monoplanar web having a first
region at a first elevation, the first region supported on the first felt
surface; and a second region at a second elevation different from the first
elevation, the second region supported on the web contacting top
surface;

deflecting the first felt surface relative to the web contacting surface of the web
patterning layer to reduce the difference in elevation between the first
web region and the second web region in a second deflection step;



conpacting at |least a portion of the fi rst web region against the

: corrpaction ——~st+rface at a consi stency of between about 20 an

~about 80 percent to provide a first conp J“QEET d
corrpactl ng ml\“ﬁmt“m‘u H E of the second web regi oﬂﬂﬁwm?mh;@.&
conpacti on at a consistency of b tween'za ol E‘u '_“I’_l_d

about 80 pertent t'o provi de4@- second conppdeied-wet regl
The met hod of daimb51 further conprising the steps f——  drying the web
to a consistency of about 85 and about 100 percent after

conpacting the feompactingptdeasomgomtion of dhyt Bast Welregion againsotheshmpadtionng t he

first and second conpasdeaf a'\esist cm?oetwe‘éﬁabJJtezmmupéo Beedftg2 Wherein
the step of foreshorten¢ %Vé&% a,Q ﬂgsecond conpacted web regions
conprises the step d¥°¢ ee‘gﬁrﬁ Beh Fesinm conpaction surface.

54. The net hod mmmﬁwmmmmmgmagmmﬂ&twmpMnt he steps

of conpacti ng tst]&‘aée'z{t%tco%&eﬁ&%ﬂﬂtw&ﬁ aB&R'%d { 86 Percent to
provi di ng a def or nabl ‘?%nl)res |ona§tg(§ glg:e having -a hardness | ess than the

hardness of the comf&eY 7% ding a nip between the
def or mabl e conpression surface and t he conpaction surface;

52. The method of Claim 51 further comprising the steps of:
drying the web to a consistency of about 85 and about 100 percent -after
compacting the first and second web regions; and
foreshortening the first and second compacted web regions.

53. The method of Claim 52 wherein the step of foreshortening the first and
second compacted web regions comprises the step of creping the web from the
compaction surface.

54. The method of Claim 53 wherein the second deflection step and the steps of

compacting the first and second web regions comprise:

providing a deformable compression surface having a hardness less than the
hardness of the compaction surface;

providing a nip between the deformable compressnon surface and the
compaction surface;

positioning the web in the nip intermediate the web support apparatus and the
compaction surface; '

positioning the web support apparatus intermediate the web and the
deformable compression surface; and

pressing the web support apparatus and the web between the deformable
compression surface and the compaction surface.
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