*W098/ 00605 PCT/ US97/ 11053 1 METHOD OF MAKI NG WET PRESSED Tl SSUE PAPER W TH
FELTS HAVI NG SELECTED PERMEABLI ES The present invention is related to
paper maki ng and nore particularly, to a method for making a wet pressed

ti ssue paper web. BACKGROUND OF THE | NVENTI ON Di sposabl e products such as
facial tissuO%MEESary tissue, paper towels, and the |ike BETFIHIAEP| y
made from one or nore webs of paper. |If the products are to performtheir

i nt ended tasks, the paper webs fromwhich they are .formed nust exibit
certain physical characteristics. Anong the nore inportant of these
characteristics are strength, softnmmmEmcy Strength is the

ability of a paper web to retain m@ durlng use.
Softness is the pleasing tactile sensation t user ercei ves as the user
crunpl es the paper in hi SWIWWWWQE m B&% i ons of his
or her anatony with the paper web. Softness generally I ncreases as the
paper web stiffness decreases. SRt BEHS ARy ateristic of the
paper web which allows it to take 'o' X “urds. Typicai l t he
sof t ness and/ or abso%@rﬂ%fmwﬂ%@rmw W@WW&@WWW dhsto ®f

the strength of tdihqibfesmaking s whe pielisid fighuy psgRffeb.neki ng net hods have been
devel oped in an attenpt to provide soft and absor bent paper webs having

desirable strength characteritics. U S. Patent 3,301, 746 issued to Sanford
et al. discloses a paper web WRAGKGROUNE GFITHE BYVENTION with a through
air-drying system Pmpmmdmw&mamwsammmﬁﬁ, Mtowelsodid the

directod to provilE? .f%ﬁ‘%@ﬂ%ﬂ B Bl %, Bt I ot o | o

tensile strength P%ﬂ@ﬁh@ﬂ@mf@ wkh MW@&MMMMM sreofor@edh oust! et

al . is very ener Gyhibit &ffin' hysild chdi@t@sBiS CXRSHS tINE more important of these
characteristics are strength, sofiness, and absorbency. Streagth is the ability of a
paper web to retain its physical integrity during use. Sofiness is the pleasing tactile
sensation the user perceives as the user crumples the paper in his or her hand and
contacts various portions of his or her anatomy with the paper web. Sofiness
generslly increases as the paper web stiffiiess decreases. Absorbency is the
characteristic of the paper web which allows it to take up and retain fluids.
Typically, the softness and/or absorbency of a paper web is increased at the expense
of the strength of the paper web. Accordingly, papermaking methods have been
developed in an attempt to provide soft and absorbent paper webs having desirable
strength characteristics.

U.S. Patent 3,301,746 issued to Sanford et al. discloses a paper web which is
thermally pre-dried with a through air-drying system. Portions of the web are then
impacted with & fabric knuckle pattern at the dryer drum. While the process of
Sanford et al. is directed to providing improved softness and absorbency without
sacrificing tensile strength, water removal using the through-air dryers of Sanford et
al. is very energy intensive, and therefore expensive.

U.S. Patent 3,537,954 issued to Justus discloses a web formed between an
upper fabric and a lower forming wire. A pattern is imparted to the web at a nip
where the web is sandwiched between the fabric and a relatively soft and resilient
papermaking felt. U.S. Patent 4,309,246 issued to Hulit et al. discloses delivering an
uncompacted wet web to an open mesh imprinting fabric formed of woven elements,
and pressing papermaker’s felt and the imprinting fabric in a first
press nip. The web is then carried by the imprinting fabric from the first press nip to
& second press nip at a drying drum. U.S. Pateat 4,144,124 issucd to Turunen et al.




U.S. 'Patent 3,537,954 issued to Justus discloses a web forned between an
upper fabric and a lower formng wre. A pattern is inparted to the web at
a nip where the web is sandwi ced between the fabric and a relatively soft
and resilient papernmaking felt. U S. Patent 4,309,246 issued to Hulit et
al . di scl oseWOd8i0Bé#ri ng an unconpacted wet web to an open PEHHSTRHASINt i ng
fabric formed of woven elenents, and pressing the web between a
paperneker's felt and the inprinting fabricain a first press nip. The web
is then carried by the |npr|nt|ng fabric fromthe first press nip to a

second press ni p didcloSest papBomakbhinghatings nAAlvrY fofmek bdvidg 4 phib sf@didsofabticsinen

et al. WO 98/
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a pair of endl es%mmwmmc@dmﬂwmﬂ@m@bnm@cbmmtmmwawmcs
carries a paper \edsbsbtion HincEditiond ehdlfss SR whichSan $€ &fH0 And 8 Wite ol patterd he
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addi tional endle ‘ch can be a felt, and a wire for pattern

enbossi ng the web. BHoth Histve gad Hulit qtial. Wﬁ'té‘tﬂ’mmedmd\@m&mummwa
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portions of the wet web into the imprinting fabric prior to pressing the web in the
press nip. The web in Turunen can therefore be generally monoplanar at the
entrance to the press nip, resulting in overall compaction of the web in the press nip.
Oversll compaction of the web is undesirable because it limits the difference in
density between different portions of the web by increasing the density of relatively
low density portions of the web.

In addition, Hulit et al., and Turunen et al. provide press arrangements wherein
the imprinting fabric has discrete compaction knuckles, such as at the warp and weft
crossover points of woven filaments. Discrete compacted sites do niot provide 2 wet
molded sheet having a continuous high density region for carrying loads and discrete
fow density regions for providing absorbency.

Embossing can also be used to impart bulk to 2 web. However, embossing of
& dried web can result in disruption of bonds between fibers in the web. This
disruption oceurs because the bonds sre formed and then set upon drying of the web.
Aftter the web is dried, moving fibers normal to the plane of the web disrupts fiber to
fiber bonds, which in turn results in 2 web having less tensile strength than existed
before embossing.

In conventional pressed papermaking operations employing two felts, the
paper web is positioned between to two felts. One side of the paper web is in
contact with one of the felts, and the other side of the paper web is in comtact with
the other felt. At the exit of the nip, the paper web follows one of the felts. The
other felt is separated from the paper web. It is important that the web follow the




press nip. The web in Turunen can therefore be generally nonoplanar at the
entrance to the press nip, resulting in overall conpaction of the web in
the press nip. Overall conpaction of the web is undesirable because it
limts the difference in density between different portions of the web by
i ncreasi ng t WECMRAPESty of relatively |ow density portions ofCEMESIEESS | n
addition, Hulit et al., and Turunen et al. provide press arrangenents
wherein the imprintig fabric has discrete campaction knuckl es, such as at
the warp and weft crossover point of woven filanments. D screte conpacted
sites do not provintended felt, souhal ¢t wdbdetirdrtedita Ghecappropriate dowsstizamiopdrmtionst y
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the felts, and the other s e%%nﬂé@iﬁgweb |sﬁ’}ug‘%wkﬁ[ Ehe)‘!tbkgvﬁﬁﬁgt her
felt. At the exitudintentipaal qesfewé% %Bﬁhﬁfifﬁmom one of the felts. The
other felt is separ atTupheil scdenisth eomtinge to vealfch foi inrgovedpérogiiuciiuhetthithoan \beb

foll ow t he
hCT/ U807/ 11053 3 t%@sﬁ"?"w Yy 84 Phich provide %mm’% srenpth Vithout acrificing

appropri ate downs¥ . To ensure the web follows the |ntended
felt, conventional (f amwm%nﬁk tOpvovide @ nhetodf for dewdieringigd
different struct uﬁnﬁ@z V\/m ch is intended to carry the paper web
fromthe nip has nﬁe m)re “dense construction

Another ob cbiect of the present invention is to press 2 web and an imprinting
member between two felt layers, wherein one felt, which is in flow communication
with conduits in the imprinting member, has & relatively high air permeability, and
wherein the other felt, which is positioned adjacent a surface of the web, can have a
relatively low air permeability.

Another object of the present imvention is to provide a aon-embossed
patterned paper web having a relatively high density continuous network, and &
plurality of relatively low density domes dispersed throughout the continuous
network.

SUMMARY OF THE INVENTION

The present invention provides a method for molding and dewatering a paper
web. According to one embodiment of the present invention, an embryonic web of
papermaking fibers is formed on s foraminous forming member, and transferred to
&n imprinting member having & web imprinting surface. The web can be transferred
to the imprinting member to deflect & portion of the papermaking fibers in the
embmmc web into & deflection conduit portion of the imprinting member without
densifying the embryonic web. The web and the imprinting member are then
pommcmﬂ between first and second dewstering felt layers in a compression nip. In
one embodiment, the imprinting member is & composite imprinting member having
the web imprinting surface joined to the second felt layer.

The first felt layer is positioned adjacent a first face of the web in the nip. The
imprinting surface of the imprinting member is positioned adjacent the second face of




“than the felt which is to be separated fromthe web at the nip exit. The
felt having a finer, nore dense contruction is charaterized by having a

| ower air permabilty than the other felt. The finer, nore dense '
construction of the felt carrying the paper web fromthe nip exit hel ps
ensure thatwobsoosssb foll ows that felt, thereby avoi di ng urBUIVUSET1185%a]
transfer of the web to the other felt. Paper scientists continue to search
for inproved paper structures that can begproduced econom cally, and which
provi de increased strength wi thout sacrificing softness and absorbency. One
obj ect of the ptheswel in meaﬁpim bevohd fglr Diyerdie positiohddont dhe il ex\é &t iflaig and
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web and an mpr?‘ﬁ%éqn@nber @et V\eengﬂic&’ﬁ@ W%g&w%&wﬁﬁh@%f

which is in f|owem;m®mthwmwm0@md@mqmo pbWebpri nti ng, has a

rel atively high ai rripcdesmaifek sitpeniabili Wgﬂlemlhbénﬂlm,wmlﬁ'&bpeﬁ

posi tioned adj age S e \\e IV

permeabi lity. AA mﬁ%&f%&%cﬁﬁ% € pre eﬁ%ﬁ@@ﬁﬁ?ﬁ mﬁ aﬁtﬁ% P#*@Augee

'non- embossed patiusrefost pdime ﬁzg!acqnélfdthmﬂwmgﬁmmw whzch

gontl nuogs EEt M@ﬁ@&w@ﬁ%«ﬁnﬂbﬂfm@hbﬁmﬂlﬁmwm ip¥emifudeqier SRR fhot. domes "
i spersed througho e

present invention %%@ﬁ%ﬁ&g?&w%ww quﬁm%%
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paper neking fi bw&mﬁhlmﬁ Hé&dmﬁmﬁnﬂ 8 ﬁW@m@ﬁ @feraw BIRY of Wefirst felt

transferred to ap 9 havd.n | d surface The

web can be trant r‘r QM%W%E r@%ﬁy&ﬂ d’&’r‘%ﬂ“&?’ of the
paper maki ng fi bessdly mnmd fearn the pecond flt 1WM ypstreawm: dngrdovogueam pbhei on of
the inprinting pgna@ession dip)aiich LA dnkioP thobd icaifREdadsC Web. The web and the

felt layers in a cobiPe “e”s'ﬁt"skfa"”'ﬁd sswgwet TAb e 5 oE BRI R e o

is a conposite pwpr o'yt rng the web upsiream of the nip. The reduced
onsistency upstream of the nip reduces the amount of water that must be removed

by the mp for a given web consistency at the nip exit. The relatively high

permeability of the second felt layer aiso allows water to be easily removed from the

second felt layer downstream of the compression nip, thereby reducing rewet of the

web.

At the nip exit, the first felt lsyer can be separated from the first face of the
web, and carvied on the imprinting member from the nip exit to the drying drum.
The web can be pressed between the imprinting member and the drying drum, and
then creped from the surface of the drum.

s

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particulsrly pointing cut and
distinctly claiming the present invention, the invention will be better understood from
the following description teken in conjunction with the accompanying drawings in
which:

Figure 1 is a schematic representation of one embodiment of & continuous
pepermaking machine illustrating transferving a paper web from a
foraminous forming member to a foraminous imprinting member,
carrying the paper web on the foraminous imprinting member to a
compression nip, and pressing the web carried on the foraminous
imprinting member between first and second dewatering felts in the
compression nip.




the web inprinting surface joined to the second felt layer. The first felt

| ayer is postioned adjacent a first face of the web in the nip. The

i mprinting surface of the inprinting nmenber is positioned adjacent the
second face of WD 98/ 00605

PCT/ US97/ 110%89BRME web in the nip. The second felt |ayer PSPHMEHned in
the nip to be in fluid comunication with the deflection conduit portion of
the inmprinting nenber. The web is pressed i# the conpression nip to forma
nol ded web. The second felt layer has an air perneability of at |east about
30 cubic feet per ni Kigres Disre sshematis illwstratiomotia phaﬁ’mmdyh&mhmimmbmg 40

cubic feet per minute P Cinciiit Hatin £8ifst web cORBcRRERA ﬁ D5ade '
| ayer has an air perrreabl | i t% i‘ﬁ | S betcween about ’"r‘% ﬁ%ouf&%?% 3;(a:ub| C

feet. per mnute per squal& cERTHm TRREng, U

perneability which is grmmmmmommpnmmemhemfpimﬂﬁybfdxsﬁméel t

| ayer. The second felt cDahbErifa Hefl {%ﬁ %{mﬁ% ility which is at |east
about 1.5 tines greater tEanthe alr, perne y,of the first felt |ayer.
The relatively high ‘

Fetignal view of # Ppiziop of she-foramineysdimpeinting t o
be easily renoved from tmmmmmmremwmmmamam and downstream
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;:Fg;/?\?elbz Fnhghmpgr Irg;b%‘ E’P%ﬁ’eease@gﬁ‘g%%w‘?&ayer amw ‘\%g %@gr to
be easily removed fromt dadincerd dhasscond falt gentecting &saef thesi on
ni p, thereby reducing rmmmmmmgme&mtmemmwmpmﬂm hip! coimphigdst
layer can be separated fgpieiiEndek aiid cdidie Bnphdifion surfaces.

Figure 5 is a schematic illustration of a compression nip according to an
alternative embodiment of the invention, wherein the paper web is
positioned between & first dewatering felt and a composite imprinting
member comprising & forsminous web patterning layer formed from 2
photopolymer joined to the surface of a second dewatering felt, and
wherein the web, the first felt, and the composite imprinting member are
positioned between opposed convex and concave compression surfaces
in the compression nip.

Figure 6 is a schematic fllustration of 2 plan view of a molded paper web
formed using the foraminous imprinting member of Figures 2 and 3.

Figure 7 is a schematic cross-sectional illustration of the paper web of Figure 6
taken along line 7-7 of Figure 6.

Figure 8 is an eniarged view of the cross-section of the paper web shown in
Figure 7.

Figure 9 is an alternative embodiment of a paper machine according to the
present invention using the compression nip configuration shown in
Figure S and having a composite imprinting member comprising a
foraminous web patterning layer formed from a photopolymer joined to
the surface of a dewatering felt layer.

meure 10 is @ schematic illustration of & cross-section of a composite

F’gurs lliss schemamc illugtration of a plan view of 2 foraminous imprinting
member having a web contacting face comprising a continuous,



- web, and carried on the inprinting menber fromthe nip exit to the drying
drum The web can be pressed between the inprinting nmenber and the drying
drum and then creped fromthe surface of the drum BRI EF DESCRI PTI ON OF
THE DRAW NGS Whil e the specification concludes with clains particularly

poi nting out werssBsest i nctly claiming the present invention, PEHESI?HIBt i on
W ll be better understood fromthe follow ng description taken in
conjunction with the acconpanying drawi ngsgin which: Fgure | is a schematic
represention of one enbodi ment of a continuous papernmaki ng nmachi ne

i [lustrating transferi nsmmmm tdndiR afd faOpIBRIIROUE distret] IVl el to a
foram nus inprinting nenber.. carrying the paper web on the foram nous

i nprinting nenber to a i p, and pressing the web carried on the
forani nous i nprinti Kiguehdism schemasicithistration ofracplerevien of ddorsminoss impristing i n
the conpression nip. meb&3HaViE @ 2emi-continuous web imprinting surface.

PCT/ US97/ 11053 Figure 2 is a schematic illustration of a plan view of a
foram nous inprinting menber having a first web contacting face conprising

a macroscopi cal |y nonopl aWW@B&S@&W@NQﬁMW b inprinting
surface defining wi @M@@ﬂ@%@&ﬁﬁéﬁi of b%nﬁmmﬁr |phelcKin®

di screte, isolat conpectin Iectlon condui ur IS a
cross-sectional ‘%ﬂm%eamﬁ p@p}ﬂ'@ﬂg SRR YU ﬁ%p %r@ RIS S hown

in Figure 2 as tmnomk:mmm mem@n&r d-‘lwsmﬂopmtm ovhichr gemir du Isequenéec

i 11ustration of v Bielent BReMion"s brefisdifly &améd“@WnﬂQ c%n&ﬂdoﬁ&
dewatering felt s|t| V@E cent aflrst face,of” the we cd Wgch
contacting face %??m@h f Pt the pyesent invention can mprase & bat

operation, suchas a hmdslmeet meking process. A preferred sequence of steps will be
described, with the understanding that the scope of the present invenmtion is
detesmined with reference to the appended claims.
cording to one embodiment of the present invention, an embryonic web 120
of papermaking fibers is formed from &n agueous dispersion of papermsaking fibers
on & foraminous forming member 11. The embryonic web 120 is then transferred to
& foraminous imprinting member 219 having a first web contacting face 220
c@mpmmg 8 web imprinting surface and a deflection conduit portion. A portion of
papermsking fibers in the embryonic web 120 are deflected into the deflection
mmdmt portion of the foraminous imprinting member 219 without densifying the
web, thereby forming an intermediate web 120A.

The intenmediate web 120A is carried on the foraminous imprinting member
219 from the foraminous forming member 11 to a compression nip 300. The nip 300
can have s machine direction length of at least shout 3.0 inches. The nip 300 has
opposed compression surfaces. The opposed compression surfaces can be opposed
convex and concave compression surfaces, with the convex compression surface
being provided by a press roll 362 and the opposed conecave compression surface
being provided by a shoe press assembly 700. Alternatively, the nip 300 can be
formed between two press rolls. In this case, the nip length can be less than 3.0
inches.

A first dewstering felt layer 320 is positioned adjacent the intermediate web
120A, and a second dewatering felt layer 360 is positioned adjacent the foraminous
imprinting member 219. The second felt layer 360 has an air permeability of at least
gbout 30 cubic feet per mimute per square foot, and preferably at least about 40 cubic
feet per minute per square foot. In one embodiment, the second felt layer 360 has an
air permenbility which is between about 40 and sbout 120 cubic feet per minute per




menber’ positioned adjacent the second face of the web, and a second
dewatering felt positioned adjacent the second felt contacting face of the
foram nous inprinting nmenber, wherein the conpression nip conprises opposed
convex and concave conpression surfaces. Figure 5 is a schematic

il lustration ofW@9%Re6eR essi on nip according to an alternative PEFESAVHER of
the invention, wherein the paper web is positioned between a first
dewatering felt and a conposite inprinting nermber conprising a foranm nous
web patterning |ayer forned froma photopol yner joined to the surface of a

second dewat ering_ fsghdre fod THE Sscond felt!iyen850 cin'tavé id dir hethicability Whidhds grester
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t he fofam nous |rrprm@ﬁjsmmtr@@oer of Figures 2 and 3. Figure 7 is a

schemati c cross-sectio I Jllustrati,o er vveb of. Fi qu K

along line 7-7 of Figu G“EF@@HFG Q%&‘%ﬁ“@ %@@m o 215
cross-section of t ieempqssred hetwesh dim Sion smil peeand dewmtegiog deits 3%0 and 360 in the
al ternative enbodi Rmpreddio®nipaa00 to TR QeAeRCE oR @f il Pepamaking %Ers into the

having a conpos Eg%ﬁﬁ%‘?r P o STl g ey Sh%ﬁ%tﬂ%@ gmo&?m g

layer formed from dntpimedistroweind 204 essociated ovitintbe sweb fimprinting surfacsnand to fugthee| t
composi Le i gure 11 e e T By telrioihf bbtr Touf botf P G2 e Herchy fiming
“forani nous i npri nt iRy Wﬁﬁa ‘ﬁ’g’ ﬁd%é’ﬁ‘ gﬁ’%ﬁé”% Wgrﬁsor%g a
cont i nuous, The molded web 120B is carried from the compression nip 300 on the

foraminous imprinting member 219. The molded web 120B can be pre-dried in &
through air dryer 400 by directing heated air to pass first through the molded web,
and then through the foraminous imprinting member 219, thereby further drying the
molded web 120B. The web imprinting surface of the foraminous imprinting
member 219 can then be impressed into the molded web 120B such as at a nip
formed between a rofl 209 and a dryer drum 510, thereby forming an imprinted web
120C. Impressing the web imprinting surfice into the molded web can further
densify the portions of the web associated with the web imprinting surface. The
imprinted web 120C can then be dried on the drver drum 510 and creped from the
dryer drum by & doctor biade 524. '
Examining the process steps according to the present invention in more detail,
a first step in practicing the present invention is providing an agueous dispersion of
papermaking fibers derived from wood pulp to form the embryonic web 120. The
papermaking fibers utilized for the present inveation will normally include fibers
denve@ firom wood pulp. Other cellulosic fibrous pulp fibers, such as cotton
linters, bagasse, etc., can be utilized and are intended to be within the scope of
this invention. Synthetic fibers, such as rayon, polyethylene and polypropylene
fibers, may also be utilized in combination with natural cellulosic fibers. One
exemplary polyethylene fiber which may be utilized is Pulpex 1™, available from
Hercules, Inc. (Wilmington, Delaware). Applicable wood pulps include chemical
pulps, such 23 Kraft, suifite, and sulfate pulps, as well as mechanical pulps
including, for axampﬂe groundwood, thermomechanical pulp and chemically
thermomechanical pulp. Pulps derived from both deciduous trees
(hereinaftes aﬁm xeferm to as "hardwood®) and coniferous trees (hereinafter,
a&m mfemmd to as "softwood™) may be utilized. Also applicable to the present




6 patterned deflection conduit and a purality of discrete, isolated web
imprinting surfaces. Figure 12 is a schematic illustration of a plan view
of a foram nous inprinting nenber having a sem -continuous web inprinting
surface. DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 illustrates one
enbodi nent ofwgpesmdgdsi nuous paper maki ng machi ne whi ch can bePUEEEIHIAESS
practicing the present invention. The process of the present invention
conprises a number of steps or operations which occur in sequence. Wile
the process of the present invention is preferably carried out in a
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which have been fmmd to be of particular utility. Suitable types of such resins
are described in U.S. Patent Nos. 3,700,623, issued on October 24, 1972, and
3,772,076, issued on November 13, 1973, both issued to Keim and both being
hereby incorporated by reference. One commercial source of a useful polyamide-
epichlorchydrin resins is Hercules, Inc. of Wilmington, Delaware, which markets
such resin under the mark KymeneIM 557H.

Polyacrylamide resins have also been found to be of utility as wet strength
regins. These resins are described in U.S. Patent Nos. 3,556,932, issued on
January 19, 1971, to Coscia, et al. and 3,556,933, issued on January 19, 1971, to
Williams et al., both patents being incorporated herein by reference. One
commercial source of polyacrylamide resing is American Cyanamid Co. of
Stanford, Connecticut, which markets one such resin under the mark ParezTM
631 NC.

Still other water-soluble cationic resins finding utility in this invention are
urea formaldehyde and melamine formaldchyde resins. The more common
fimctional groups of these polyfunctional resins are nitrogen containing groups
such as amino groups and methylol groups attached to nitrogen.
Polyethylenimine type resing may also find utility in the present invention. In
addition, temporary wet strength resins such as Caldas 10 (manufactured by Japan
Carlit) and CoBond 1000 (manufactured by National Starch amd Chemical
Company) may be used in the present invention. It is to be understood that the
addition of chemical compounds such as the wet strength and temporary wet




formed between two press rolls. In this case, the nip length can be |ess
than 3.0 inches. Afirst dewatering felt |ayer 320 is positioned adjacent
~the internmedi ate web 120A, and a second dewatering felt layer 360 is
~ posi tioned-adjacent the foram nous inprinting nenber 219. The second feIt

| ayer 360 has W@ s8M6sHer neability of at least about 30 cubic feet™

m nute per square foot, an preferably at |east about 40 cubic feet per

m nut e per square foot. In one enmbodi ment, tlee second felt |ayer 360 has an
air permeabiity which is between about 40 and about 120 cubic feet per

m nute per WO Mmﬁﬁmms discussed above to the pulp furnish is optional and is not necessary

PCT/ US97/ 11053 7 Sﬁy ﬁgﬁ’“?‘ﬁ’ﬁ L@k dq¢l @yer 360 can have an air
perneabiity which 1s air perneability of theMSt ]‘elt
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i mprinting surface‘%b @e t@%ﬁ'@ ewa e%ﬁ&%g&% % rgﬁéglﬁng vv§ %rom
both sides of the Wegh Fememoul'* mmwmmwmmg bone dry
relatively dryer tﬁmme |nterrred| ate web 120A. The nol ded web 120B is

216, The LS%EQ%B%%@W iow e%&f%é?%fv%%ﬁﬂ-é%‘g*ﬁ°ﬂa'??&eﬁ“ﬁ e oBRvREE
directing heated aweb peraking fiherso uBefering tadiiguse lwam aquasys @wewsnpmq@ugh
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120B. The web | ”prdégitghngﬁ%ﬁ{ biaeafiion! mtﬂeow&&)ﬂﬁpéfﬁm '0?tphﬂgmakmg fibers is
delivered to a foraminous forming member 11 to form an embryonic web 120, The
forming member 11 can comprise a continuous Fourdrinier wire. Alternatively, the
foraminous forming member 11 can comprise & plurality of polymeric protuberances
joined to a continuous reinforcing structure to provide an embryonic web 120 having
two or more distinct basis weight regions, such as is disclosed in U.S. Patent
5,245,025 issued September 14, 1993 to Trokhan et af, which patent is incorporated
‘herein by reference. While & single forming member 11 is shown in Figure 1, single
or double wire forming apparatus may be used. Other forming wire configurations,
such as S or C wrap configurations can be used.

The forming member 11 is supported by & breast roll 12 and plurality of return
rolls, of which only two retumn rolls 13 and 14 ere shown in Figure |. The forming
member 11 is driven in the direction indicated by the arrow 81 by a drive means not
shown. The embryonic web 120 is formed from the aqueous dispersion of

papermaking fibers by depositing the dispersion ontc the foraminous forming
mem‘ber 11 and removing & portion of the aqueous dispersing medium. The
embryonic web 120 has a first web face 122 contacting the foraminous member 11
and a second oppositely facing web face 124,

The embryonic web 120 can be formed in a continuous papermaking process,
as shown in Figure 1, or alternatively, a batch process, such as a handsheet making
process can be used. After the agueous dispersion of papermaking fibers is
deposited onto the foraminous forming member [1, the embryonic web 120 is
formed by removal of & portion of the aqueous dispersing medium by techniques
well known to those skilled in the art. Vacuum boxes, forming boards, hydrofoils,




. menmber 219 can then be inpressed into the nol ded web 120B such as at a nip
formed between a roll 209 and a dryer drum 510, thereby form ng an

i mprinted web 120C. Inpressing the web inprinting surface into the nol ded
web can further densify the portions of the web associated with the web

i nprintingyssddoa@a. The i nprinted web 120C can then be dr PEBUSIF/IRES dryer
drum 510 and creped fromthe dryer drum by a doctor blade 524. Exam ning
the process steps according to the preseng invention in nore detail. a
first step in practicing the present invention is providing a aqueous
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The foraminous imprinting member 219 is driven in the direction 281
(corresponding to the machine direction) shown in Figure 1 by a drive means (not
shown). The first web contacting face 220 of the foraminous imprinting member
219 can be sprayed with an emulsion comprising about 90 percent by weight water,
sbout 8 percent petroleum oil, about 1 percent cetyl alcohol, and about 1 percent of
a surfactant such as Adogen TA-100. Such an emulsion facilitates transfer of the
web from the imprinting member 219 to the drying drum 510. Of course, it will be
understood that the foraminous imprinting member 219 need not comprise an
endless belt if used in making handsheets in a batch process.

In the embodiment shown in Figures 2 and 3, the first web contacting face 220
of the foraminous imprinting member 219 comprises a macroscopically monoplanar,
patterned, continuous network web imprinting surface 222. The continuous aetwork
web imprinting surface 222 defines within the foraminous imprinting member 219 2
plurality of discrete, isolated, non-connecting deflection conduits 230. The
deflection conduits 230 have openings 239 which can be random in shape and in
distribution, but which are prefersbly of uniform shape and distributed in a repeating,
preselected pattern on the first web contacting face 220. Such a continucus network
web imprinting surface 222 and discrete deflection conduits 230 are useful for
forming a paper structure having a continuous, relatively high density network
region 1083 and a plurelity of relatively low density domes 1084 dispersed
throughout the continuocus, relatively high density network region 1083, as shown in
Figures 6 and 7.




In addition to papermaking fibers, other conmponents or materials may be
added to the papernmaking furnish. The types of additives desirable will be
dependent upon the particular end use of the tissue sheet contenpl ated.

For exanple, in products such as toilet paper, paper towels, faci %B‘Wi sues
and ot her sim |wp%®6uct s, high wet strength is a desirable e 3%
Thus, it is often desiable to add to the papermaking furnish chem cal
substances known in the art as "wet strength"tiresins. A general dissertion
on the types of wet strength resins utilized in the paper art can be found
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are nitrogen contai ni ng SRIBRE frramigeus, fpprintag Member 2
attached to nitrdgéide a woven reinforcement element 243 for strengthening the fommmous

imprinting member 219. The reinforcement clement 243 can include machine
direction reinforcing strands 242 and cross machine direction reinforcing strands
241, though any convenient weave pattern can be used. The openings in the woven
reinforcement clement 243 formed by the interstices between the strands 241 and
242 are smaller than the size of the openings 239 of the deflection conduits 230.
Together, the openings in the woven reinforcement clement 243 and the openings
239 of the deflection conduits 230 provide 8 continuous passageway extending from
the first face 220 to the second face 240 for carrying water through the foraminous
imprinting member 219. The reinforcement element 243 can also provide a support
surface for limiting deflection of the fibers into the deflection conduits 230, and
thereby help to prevent the formation of aperturcs in the portions of the web
associated with the deflection conduits 230, such as the relatively low density domes
1084. Such apertures, or pinholing, can be caused by water or air flow through the
deflection conduits when a pressure difference exists across the web.

The area of the web imprinting surface 222, as a percentage of the total area of
the first web contacting surface 220, should be between about 15 percent to about
65 percent, and more preferably between sbout 20 percent to about 50 percent to
provide & desirable ratio of the areas of the relstively high density region 1083 and
the relatively low density domes 1084 shown in Figures 6 and 7. The size of the
openings 239 of the defiection conduits 230 in the plane of the first fuce 220 can be
expressed in terms of effective free span. Effective free span is defined as the area of




‘Pol yet hyl eni mine type resins may also find utility in the present

I nvention. In addition, tenporary wet strength resins such as Caldas 10
(manuf actured by Japan Carlit) and CoRBond 1000 (nmanufactured by Nati onal
Starch and Chem cal Conpany) nay be used in the present invention. It is to
be under st oweh glaegest he addi ti on of chem cal conpounds suchPEBUSITEI0ART
strength and tenporary wet WO 98/ 00605 9 strength resins discussed above
to the pulp furnish is optional and is not,necessary for the practice of
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In mﬂw aiternative embodiment, the foraminous imprinting member 219 can
have a first web contacting face 220 comprising a continucus patterned deflection
conduit 230 encompassing a plurality of discrete, isolated web imprinting surfaces
222. Such a foreminous imprinting member 219 can be used to form & molded web
having a2 continuous, relatively low density network region, and & plurality of
discrete, relatively high density regions dispersed throughout the continuous,
relatively low density network. Such a foraminous imprinting member is shown in
Figure 11, as well as in U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et
al., which patent is incorporated herein by reference.

In yet another embodiment, the foraminous imprinting member 219 can have a
first web comtacting face 220 comprising a plurality of semicontinuous web
imprinting surfaces 222. As used herein, & pattern of web imprinting surfaces 222 is
considered to be semicontinuous if a plurality of the imprinting surfaces 222 extend
mbsmmmmy unbroken along any one direction on the web contacting face 220, and

imprinting surface is spaced apart from adjacent imprinting surfaces 220 by a
dleﬁemgn conduit 230. The web contacting face 220 can have adiacent
semicontinuous imprinting surfaces 222 spaced apart by semicontinuous deflection
conduits 230. The semicontinuous imprinting surfaces 222 can extend generally
parellel to the machine or cross-machine directions, or alternatively, extend along a
direction forming an angle with respect to the machine and cross-machine directions.
Such a foraminous imprinting member is shown in Figure 12, as well as in U.S.
Patent Application Serisl Number 07/936,954, Papermaking Belt Having




5,245,025 issued Septenber 14, 1993 to Trokhan et al, which patent is

I ncorporated herein by reference. Wile a single formng nenber 11 is shown
in Figure 1, single or double wire form ng apparatus nay be used. O her
formng wire configurations, such as S or C wap configurations can be
used. The forwiosgon@ber 11 is supported by a breast rol| 12PEHUSHLYSE ity
of return rolls, of which only two return rolls 13 and 14 are shown in
Figure 1. The formng nenber 11.is driven inathe direction indicated by the
arrow 81 by a drive neans not shown. The enbryonic web 120 is formed from
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a first web cont amw kasa cpngistency ofbetween about 3 and about 20 pcrcem at the point of
transfer to facilitate deflection of the papermaking fibers into the deflection conduit
portion 230,

The steps of transfesring the embryonic web 120 to the imprinting member 219
and deflecting a portion of the papermaking fibers in the web 120 into the deflection
conduit portion 230 can be provided, at least in part, by applying a differential fluid
pressure to the embryonic web 120. For instance, the embryonic web 120 can be
vacuum transferred from the forming member 11 to the imprinting member 219,
such as by a vacuum box 126 shown in Figure 1, or alternatively, by a rotary pickup
vacuum roll (not shown). The pressure differential across the embryonic web 120
provided by the vacuum source {(e.g., the vacuum box 126) deflects the fibers into
the deflection conduit portion 230, and preferably removes water from the web
through the deflection conduit portion 230 to raise the consistency of the web to
between sbout 18 and sbout 30 percent. The pressure differential across the
embryonic web 120 can be between sbout 13.5 kiPs and about 40.6 kP2 (between
about 4 to sbout 12 inches of mercury). The vacuum provided by the vacuum box
126 permits transfer of the embryonic web 120 to the foraminous imprinting member
219 and deflection of the fibers into the deflection conduit portion 230 without
compacting the embryonic web 120. Additional vacuum boxes can be included to
further dewster the intermediate web 120A.

Referring to Figure 4, portions of the imtermediate web 120A are shown
deflected into the deflection conduits 230 upstream of the compression nip 300, so
that the intermediate web 120A is non-monoplanar. The intermediate web 120A is
shown having & generally uniforim thickness {distance between first and second web
faces 122 and 124) upstream of the compression nip 300 to indicate that a portion of
the intermediate web 120A has been deflected into the imprinting member 219




+and -a second felt contacting face 240. The web contacting face 220 has a
web inmprinting surface 222 and a deflection conduit portion 230, as shown
in Figures 2 and 3. The del ection conduit portion 230 forns at | east a
portion of a continuous passageway extending fromthe first face 220 to the
second faceyg4fledses carrying water through the foram nous ROTWSSHEGHY nenber
219. Accordingly, when water is noved fromthe web of papermaking fibers in
the direction of the foram nous inprintingy menber 219, the water can be

di sposed of wi thout having to again contact the web of papernaking fibers.
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conduits 230 have open| ng an be random I n $
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a repeating, prohegkpetvwed gatdrawm exdarged) eeldtive 36 thecloll(36at andithe gresneme®Bp. Such
a continuous neaork web inprinting surface 222 and di screte deflection

conduits 230 are useful for form n d;)aper structure h%n‘r;g a conti.nuous,
rel atively high dendhie §rsh 320 is shown supported in ression nip

adjacent the press shoe assembly 700, and is driven in the direction 321 around &
plurslity of felt support rolis 324. The shoe press assembly 700 includes a fluid
impervious pressure belt 710, a pressure shoe 720, and pressure source P. The
pressure shoe 720 can have a generally arcuate, concave surface 722. The pressure
belt 710 travels in a continuous path oves the generally concave surface 722 and the
guide rolls 712. The pressure source P provides hydraulic fluid under pressure to a
cavity (not shown) in the pressure shoe 720. The pressurized fluid in the cavity
urges the pressure belt 710 against the felt 320, and provides the loading of the
compression nip 360. Shoe press assemblies are disclosed generally in the following
U.S. Patents, which are incorporated herein by reference: U.S. 4,559,258 to Kiuchi;
1J.8. 3,974,026 to Emson et al.; U.S. 4,287,021 to Justus et al.; U.S. 4,201,624 to
Mohr et al.; US. 4,229,253 to Cronin; U.S. Patent 4,561,939 to Justus; U.S.
5,389,205 to Pajula et al.; U.S. 5,178,732 to Steiner et al.; U.S. 5,308,450 to Braun
et al.

The outer surface of the pressure belt 710 takes on a generally arcuate,
concave shape as it passes over the pressure shoc 720, and provides a concave
compression surface facing oppositely to the convex compression surface provided
by press roll 362. This portion of the outer surface of the pressure belt 710 passing
over the pressure shoe is designated 711 in Figure 4. The outer surface of the
pressure belt 710 can be smooth or grooved. :




region 1083 and a plurality of relatively |ow density domes 1084 di spersed
t hroughout the continuous, relatively high density network region 1083, as
shown in Figures 6 and 7. Sui t abl e shapes for the openings 239 incl ude,
but are not limted to, circles, ovals, and polygons, w th hexagonal shaped
openi ngs 239 skoweudess Fi gure 2. The openings 239 can be regul%"%{wyﬁﬂﬁ
evenly spaced in aligned ranks and files. Alternatively, the openings 239
can be bilaterally staggered in the nachine dbrection (MD) and
cross-nmachine direction (CD), as shown in Figure 2, where the nachine
directign refers to tmmmsmmspmmwmemmmSﬁzdwc@ﬁbinn’@nv\eb
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Ivarch 24, 1992 to Swr%@oﬁdmmgrmmmmm m@pm Meﬁomm&ﬁm oip
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-~ nmenber 219 can inc u e“a V\g%ée:m#]m’g?kgl n Or?m?rgﬁ)t’é’ Eﬂ%;d% ?@or E@i @h%ﬁigﬁ%
the foram nous i mpupRest Kefis3bhi Ay fes dowatenns snpnisiue 34B, M#@T@W‘@Wm& box can
i ncl ude machi ne di beaisocigtet aith ichi sfthet devatksing 4eitsa820 @iid 360 TBCleimbee water

direction rei nforc ﬂﬂ?@:ﬂ ve pattern can
be used. The openi hgs tﬁﬂe V\Déééﬁtﬁléﬂn or c@mﬁwmg% lé@%“formad bysébhe
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the openings 239 0&1@3&&1&5 dm‘dbﬁmﬁ ommﬁgamﬁﬁusmgablﬁﬁﬁovetmmmmmu n
, the woven reinfor C QIme%‘i?sﬁ%mtnF&?m&B& %%:Eer%éﬁne%btmhed&a%ﬁ&tdfo”
conduits 230 provi a con | NUOUS passageway

e nip 300. In addition, the open porc smzctum’e of z%e felt 360 will also prevent
water pressed from the wsb into the felt 360 (via the deflection conduits 230) from
re-entering and rewetting the web at the exit of the nip felt 360.

The press roll 362 can have a genersily smooth surface. Alternatively, the roll
362 can be grooved, or have a plurality of openings in flow communication with a
source of vacuum for facilitating water removal from the intermediate web 120A.
The roll 362 can have a rubber coating 363, such as a bonehard rubber cover, which
can be smooth, grooved, or perforated. The rubber coating 363 shown in Figure 4
provides a convex compression surface which faces oppositely to the coacave
compression surface 711 provided by the shoe press assembly 700.

The term "dewstering felt” as used herein refers to & member which is
gbsorbent, compressible, and flexible so that it is deformable to follow the contour of
the non-monoplanar intermediate web 120A on the imprinting member 219, and
capable of receiving and containing water pressed from an intermediate web 120A.
The dewstering felts 320 and 360 can be formed of natural materials, synthetic
materials, or combinations thereof. A suitsble dewatering felt layer comprises a
nonwoven batt of natural or synthetic fibers joined, such as by needling, to a support
structure formed of woven filaments. Suitable materials from which the nonwoven
batt can be formed include but are not limited to natural fibers such as wool and
synthetic fibers such as polyester and nylon. The fibers fiom which the batt 240 is
formed can have a denier of between about 3 and about 40 grama per 9000 meters of
filament length. The felt can have a layered construction, and comprise a mixture of
fiber types and sizes.



- the-first face 220 to the second face 240 for carrying water through the
foram nous inprinting nenber 219. The reinforcenent el enent 243 can al so
provi de a support surface for limting deflection of the fibers into the
defl ection conduits 230, and thereby help to prevent the formation of
apertures siageeporti ons of the web associated w th the REFIRSIEIISH
conduits 230, such as the relatively | ow density donmes 1084. Such
apertures, or pinholing, can be caused bygwater or air flow through the
defl ection conduits when a pressure difference exists across the web. The
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enbodi nent, t hthigkoessof ﬁd@&hr@ﬁnmwmmﬁgvmhti@mmmbmmemotﬂwﬁmédan(EM| c belt
formed of wovegy hirl RARGHEity &' BetWedh Bt 'z@tm&%éwésﬁ én“m%zé pered by
discrete k””Ck' e fﬂ%opaldﬂmaatmr beheabliy & rersred ot a,”ér%m‘%re crence O?B S inch of
mﬁen‘ using & Valmet permesbility measuring deviee (Model Wige Taifun Type
1000 using Orifice #1) available from the Valmet Corp of Pansio, Finland, or an
equivalent device.

The first feit 320 can have a water holding capacity of at least about 150
milligrams of water per square centimeter of surfice area, and a small pore capacity
of at least about 100 milligrams per square centimeter. The water holding capacity is
a measure of the amount of water held in pores having an effective radius between
about 3 and sbout 500 micrometers in 2 one square centimeter section of the felt.
The small pore capacity is 2 measure of the amount of water that can be contained in
relatively small capillary openings in & ons square centimeter section of a dewatering
felt. By relatively small openings it is meant capillary openings having an effective
radius of between about 3 to about 75 micrometers. Such capillary openings are
similar in size to those in & wet paper web.

The water holding capacity and small pore capacity of a felt are measured
using lquid porosimeter, such as a TRI Autoporosimeter available from
TRI/Princeton Inc. of Princeton, N.J. The water holding capacity and smail pore
capacity are made according to & methodology deseribed in U.S. Patent Application
Serial Number 08/461,832 "Web Patteming Apparatus Comprising a Felt Layer and
a Photosensitive Resin Layer®, filed June 5, 1995 in the name of Trokhan et ai,
which patent application is incorporated herein by reference.

A suitable first dewatering felt 320 is an AmSeam-2, Style 2732 having a 1:1
batt to base ratio {! pound batt materizl for every one pound of woven base
reinforcing structure) and a 3 over 6 layered batt construction (3 denier fibers over &




filments. Suitable woven filanment fabric belts for use as the foram nous

I mprinting nmenber 219 are disclosed in U S. Patent 3,3011, 746 issued
January 31, 1967 to Sanford et al., U S Patent 3,905,563 issued Septenber
16. 1975 to Ayers, U.S. Patent 4,191,609 issued March 4, 1980 to Trokhan,
and U.S. Pat e#D98p®8%, 065 i ssued Decenber 16, 1980 to Tr okhdT/AHI7/E1953
patents are |ncorporat ed herein. by In anot her alternative enbodi nent, the
foram nous inprinting nenber 219 can have aifirst web contacting face 220
conprising a continuous patterned deflection conduit 230 enconpassing a
plurality of discdegtefbers othetedhe M&uéﬂﬂbeismi‘é mmmamezzs of3ie feltolayer.
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per square fmm.

A suitable sccond dewatering felt 360 is an AmPFlex-3S Style 5615 having a
1:1 batt to base ratio and a 3 over 40 layered batt construction. Such a felt is
aveilable from Appleton Mills of Appleton, Wisconsin and cen have an air
permeability of about 40 cubic feet per minute per square foot.

The relatively high density and relatively small pore size of the first felt
surfaces 325, 365 promote rapid acquisition of the water pressed from the web in the
nip 300. The relatively low density and relatively large pore size of the second felt
surfisces 327, 367 provide space within the dewatering felts for storing water pressed

- from the web in the nip 300.

The dewatering felts 320 and 360 can have a compressibility of between 20
and 80 percent, preferably between 30 and 70 percent, and more preferably between
40 and 60 percent. The "compressibility” as used herein is & measure of the
percentage change in thickness of the dewstering felt under a given loading defined
below. The dewatering feits 320 and 360 should also have a modulus of
compression less than 10000 psi, preferably less than 7000 psi, more preferably less
than 5000 psi, and most preferably between sbout 1000 and about 4000 psi. The
"modulus of compression” as used herein is a measure of the rate of change of
loading with change in thickness of the dewatering felt. The compressibility and
modulus of compression are measured using the following procedure. The




WO 98/ 00605 PCT/ US97/ 11053 13 Sem conti nuous
Pattern and Paper Made Thereon, filed August 26, 1992 in the name of Ayers
et al., which applications is incorporated herein by reference. A third
step in the practice of the present invention conprises transferring the
embr yoni ¢ wekp #ffbeés om t he forami nous formi ng nember 11 t o FCHESPUHER nous

i mprinting nmenber 219, to position the second web face 124 on the first web
contacting face 220 of the foram nous inpriagting nenber 219. A fourth step
in the practice of the present invention conprises deflecting a portion of
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- The pressure di “3“"“‘*"“"‘*‘“;‘“" i Ween*??c%jé %ﬁg ﬁ“’eE%@PS\g%ﬁ%gggut

. 13.5 kPa and abom@&d&ﬂl@;(ﬁ&méﬁﬂ psi, 450 psi, and 600 psi, where the load in psi is
: calculuted by dividing the load in pounds obtained from the tester load cell by the
surface area of the compression foot. The thickness of the fabric alone is also
messured at O psi, 300 psi, 450 psi, and 600 psi loads. The compressibility and
modulus of compression in psi are calculated using the following equations:
Compressibility =
100 x { (TFPO-TPO) - (TFP450 -TP450) )(TFPO - TPO)
Modulus of Compression = |
(300 psi) x (TFP300-TP300) / ( (TFP300-TP300) - (TFP600 - TP600)

where TFPO, TFP300, TFP450, and TFP600 are the thicknesses of the felt-fabric
pair at O psi, 300 psi, 450 psi and 600 psi loads, respectively, and TPC, TP300,
TP450, and TP600 are the thicknesses of the fabric alone at O psi, 300 psi, 450 psi,
and 600 psi loads, respectively.

The intermediate web 120A and the web imprinting surface 222 are positioned
intermediate the first and second felt layers 320 and 360 in the compression nip 300.
The first felt layer 320 is positioned adjacent the first face 122 of the intermediate
web 120A. The web imprinting surface 222 is positioned adjacent the second face
124 of the web 120A. The second felt layer 360 is positioned in the compression nip
300 such that the second felt layer 360 is in flow communication with the deflection
conduit portion 230.

Refierring to Figures 1 and 4, the first surface 325 of the first dewatering felt
320 is positioned adjacent the first face 122 of the intermediate web 120A as the first



~about 4 to about 12 inches of nercury). The vacuum provided by the vacuum
box 126 permts transfer of the enbryonic web 120 to the foram nous
i mprinting nmenber 219 and deflection of the fibers into the deflection

conduit portion 230 Wi t hout conpacting the enbryoni c web 12@@%@%@nal
vacuum boxesweHB088s | ncl uded to further dewater the interne 120A.

Referring to Figure 4, portions of the internedi ate web 120A are shown

deflected into the deflection conduits 230 taptream of the cossion nip 300,
so that the internedi ate web 120A is non-nonoplunar. The internedi ate web
120A i.s shown hagév@ering u, mmﬁuﬁvmvbomﬁbeihﬁwcm@xmmdrwutfwwwér@fﬁher st
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i nvention conpri gefheRmpAftingndniter B9, awt’&ﬂmedwateeﬁmmmwmmakmeb 120A

2. The ! nt or modi iﬂ?@@%@%@ %9@“&“ o T8>l oy Wl b il '%p%“@g"‘“’eﬁ‘#én%?
219 from the for aestaipes mﬂhﬁmr@@rnﬂﬂﬁﬁ@tméﬁ ﬁbﬁgg@ﬁ Bni p
300 forned betwegdy mﬁagﬁm@m sifduid Bostioh D3E 6£the imprinkihg MEAbaI9shoe
press assenbly 700. Ji‘ﬂe mtemedm% \g&sﬁdAb&obﬂeﬂmggirc%Bh&Qm?f of'Hifiveen about 14
and about 80 percent at the entrance to the compression nip 300. More preferably,
the intermediate web 120A has a consistency between sbout 15 and about 35
percent at the entrance to the nip 300. The papermsking fibers in an intermediate
web 120A having such a preferred comsistency have relatively few fiber to fiber
bonds, and can be relatively casily rearranged and deflected into the deflection
 conduit portion 230 by the first dewatering felt 320. '
The intermediate web 120A is preferably pressed in the compression nip 300 at
a nip pressure of at least 100 pounds per square inch (psi), and more preferably at
least 200 psi. In a preferred embodiment, the intermediate web 120A is pressed in
the compression nip 300 at a nip pressure greater than sbout 400 pounds per square
inch.
The machine direction nip length can be between about 3.0 inches and sbout
20.0 inches. For a machine direction nip length between 4.0 inches to 10.0 inches,
the press assembly 700 is preferably operated to provide between sbout 400 pounds
of force per lineal inch of cross machine direction nip width and about 10000 pounds
of force per lineal inch of cross machine direction nip width. The cross machine
direction nip width is measured perpendicular to the plane of Figure 4.
Pressing the web, felt layers, and imprinting member in a nip having a machine
direction length of at least about 3.0 inches can improve dewatering of the web. For
a given paper machine speed, the relatively long nip length increases the residence
time of the web and the felts in the nip. Accordingly, water can be more effectively
removed from the web, even at higher machine speeds.




conpression nip 300, the inprinting nenber 219, dewatering felts 320 and
360, and the paper web are drawn enlarged relative to the roll 362 and the
press assenbly 700. The first dewatering felt 320 is shown supported in the
conpression nip adjacent the press shoe assenbly 700, and is driven in the
direction 32kvessspscs a plurality of felt support rolls 324. FITGSSHUESr ess
assenbly 700 includes a fluid inpervious pressure belt 710, a pressure shoe
720, and pressure source P. The pressure shge 720 can have a generally
arcuat e, concave surface 722. The pressure belt 710 travels in a continuous

path over the generam ift kil i8 eReulrdd 8P dividify Geinilf for@d biertéd @n did1e
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nip width can be determined from the imprint that the carbon paper imparts to the

sheet of plain white paper.

The molded web 120B is preferably pressed to have a consistency of at least
shout 30 percent at the exit of the compression nip 300. Pressing the intermediate
web 120A as shown in Figure 1 molds the web to provide a first relatively high
density region 1083 associsted with the web imprinting surface 222 and 2 second
relatively low density region 1084 of the web associated with the deflection conduit
portion 230. Pressing the intermediate web 120A on an imprinting fabric 219 having
& macroscopically monoplanar, patterned, continuous metwork web imprinting
surface 222, as shown in Figures 2-4, provides & molded web 120B having a
macroscopically monoplansr, patterned, contimious network region 1083 having a
relatively high density, and & plurality of discrete, relatively low density domes 1084
dispersed throughout the continuous, relatively high density network region 1083.
Such a molded web 120B is shown in Figures 6 and 7. Such a molded web has the
advantage that the continuous, relativelv high density network region 1083 provides
& continuous loadpath for carrying tensile loads.

The molded web 120B is aiso characterized in having & third imtermediate
density region 1074 extending intermediate the first and second regions 1083 and
1084, as shown in Figure 8. The third region 1074 comprises a transition region
1073 positioned adjacent the first relatively high density region 1083. The
intermediate density region 1074 is formed as the first dewatering felt 320 draws
papermaking fibers into the deflection conduit portion 230, and has a tapered,
geoerally trapezoidal cross-section.



" The“convex conpression surface provided by the press roll 362 in
conbination with the oppositely facing concave conpression surface provided
by the shoe press assenbly 700 provide an arcuate conpression nip having
machi ne direction |length which is at |east about 3.0 inch. In _on
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bet ween about 3.0 to about 20.0 inches, and nore preferably between about
4.0 inches an about 10.0 inches. The secon¥ dewatering felt 360 is shown
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synt heti c compression nip 300. A monoplanar web carried through the compresswn nip 300
would be subject to some uniform compaction, thereby increasing the minimum
density in the molded web 120B. The portions of the non-monoplanar intermediate
web 120A in the defiection conduit portion 230 avoid such uniform compaction, and
therefore maintain a relatively low density.

The difference in density between the relatively high density region and the
relatively low density region is also provided, in part, by pressing with both the first
and second dewatering felts 320 and 360 to remove water from both faces of the
web and prevent rewetting of the web. Water is expelied from the first and second
web faces 122 and 124 as the intermediate web 120A is pressed in the compression
nip 300. It is important that the water expellied from both faces of the web be
removed from both faces of the web. Otherwise, the expelied water can re-enter the
molded web 120B st the exit of the nip 300. For instance, if the dewatering felt 360
is omitted, water expelled from the second web face 124 into the deflection conduit
portion 230 can re-enter the molded web 120B through the deflection conduit
portion 230 of the imprinting member 219 at the exit of the nip 300.

Re-entry of water into the molded web 120B is undesirable because it
decreases the consistency of the molded web 120B, and reduces drying efficiency.
In addition, re-entry of water into the molded web 120B disrupts the fiber bonds
formed during pressing of the intermediate web 120A and de-densifies the web. In




material s, or conbinations thereof. A suitable dewatering felt |ayer

conpri se a nonwoven batt of natural or synthetic fibers joined, such as by

needling, to a support structure formed of woven filnments. Suitable

materials fromwhich the nonwoven batt can be forned include but are not
®iggembsai ber s such as wool and synthetic fiber sSPEUEEITALESS

pol yeste and nylon The fibers fromwhich the batt 240 is forned can have a

deni er of between about 3 and about 40 gramg per 9000 neters of filament
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dewatexmg can be obtained by the opposite of this conventional teaching. In
particular, the Applicants have found that improved dewatering of the web can be
obtsined by using two felts with different air permesbilities, and removing the
denser, relatively lower air permeability, finer pore felt from the web at the nip exit.

In the embodiment of Figure 1, the second dewstering felt 360 is supported
such that it is seperated from the imprinting member 219 upstream of the nip and
downstream of the nip. Altematively, the second dewstering felt 360 can be
positioned adjacent the imprinting member 219 upstream of the nip, downstream of
the nip, or both upstream and downstream of the nip 300. The relatively high air
permeability and relatively low density, large pore size of the second felt 360 permits
water to be removed from the felt 360 effectively, regardless of whether the second
fielt 360 is positioned adjacent the imprinting member 219 upstream or downstream
of the nip 300.

A sixth step in the practice of the present inventicn can comprise pre-drying
the molded web 120B, such as with a through-air dryer 400 as shown in Figure 1.
The molded web 120B can be pre-dried by directing a drying gas, such as heated air,
through the molded web 120B. In one embodiment, the heated air is directed first
through the molded web 120B from the first web face 122 to the second web face
124, and subsequently through the deflection conduit portion 230 of the imprinting
member 219 on which the molded web is carried. The air directed through the
molded web 120B partially dries the molded web 120B. In addition, without being
limited by theory, it is believed that air passing through the portion of the web
associated with the deflection conduit portion 230 can further deflect the web into
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equi val ent device. The first felt 320 can have a water hol ding capacity of
at | east about 150 mlIligrans of water per square centineter of surface
area, and a small pore capacity of at |east about 100 m|liganms per square
centinmeter. The water holding capacity is a neasure of the anount of water
hel d in poresWRaWPléds an ef fective radi us between about 3 and@PEETIHHH
m cronmeters in a one square centineter section of the felt. The small pore
capacity is a neasure of the anount of wate23 that can be contained in
relatively small capillary openings in a one square centineter section of a
dewatering felt. thydefdction m'omtsmﬂmbn 83k rand gedude the demsityt ofCthpireltvely low
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described in U S#0fat ent Application Seria Number 08/461,832 "Web
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M1ls of Applet orU.s.vmmmsm,mdmamem, 39631t Seem@dil)Si Pyrenf 5390600 25

cubic feet per Ml Ly Gy %1485£ 1d RREgn et al, which patents are incorporated hesein by
reference. Alternatively, one or more through air dryers 400 or other suitable drying
devices can be located upstream of the nip 300 to partislly dry the web prior to
pressing the web in the nip 300.

A seventh step in the practice of the present invention can comprise impressing
the web imprinting surface 222 of the foraminous imprinting member 219 into the
molded web 120B to form an imprinted web 120C. Impressing the web imprinting
surface 222 into the molded web 120B serves to further densify the relatively high
density region 1083 of the molded web, thereby increasing the difference in density
between the regions 1083 and 1084. Refesving to Figure 1, the molded web 120B is
carried on the imprinting member 219 and interposed between the imprinting
member 219 and an impression surfece at & nip 490. The impression surface can
somprise & surface 512 of a heated drying drum 510, and the nip 490 can be formed
between a roll 209 and the dryer drum 510. The imprinted web 120C can then be
adhered to the surface 512 of the dryer drum 510 with the aid of & creping adhesive,
and finslly dried. The dried, imprinted web 120C can be foreshortened as it is
removed from the dryer drum 510, such as by creping the imprinted web 120C from
the dryer drum with & doctor blade 524.

The method provided by the preseit invention is particularly useful for making
paper webs having a basis weight of between sbout 10 grams per square meter to
sbout 65 grams per square meter. Such paper webs are suitable for use in the
manufacture of single and multiple ply tissue and paper towel products.

In an altemative embodiment of the present invention, the second fcit 360 can
be positioned adjacent the second face 240 of the imprinting member 219 as the




- The: second dewatering felt 360 can have a thickness of between about 2 mm
to about 5 nma basis weight of about 800 to about 2000 grans per square
nmeter, and an average density (basis weight divided by thickness) of

bet ween about 0.35 per cubic centineter and about 0.45 gram per cubic
centi met erwodhessssecond felt 360 can have a water hol di ng meupessiaesahi ch is
| ess than that of the first felt 320. The second felt 360 can al so have a
smal| pore capacity which is less than tgat of the first felt 320. The
second felt 360 can have a water holding capacity of |ess than about 150
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surfaces 327, 2?%2/ g:ée Wﬁ%ﬂ@f %dr aficongruction gad an ¥ i ng

wat er pr essedp pemoeabilitycofabbuti2s cubie feet perdfifiute plrcsqddeddorr i ng felts 320 and 360
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dewatering felt Sﬁg PROIOpO §§mgr méﬂ %858 n%%%?%&ﬁm&nw. patterned
continuous network web imprinting surface 222. Such & composite imprinting
member 219 can comprise a photopolymer resin cast onto the surface of a
dewatering felt. ‘The following commonly assigned U.S. Patent Applications are
incorporated herein by reference for the purpose of showing the construction of such

2 composite imprinting member: Serial Number 08/461,832 "Web Patterning
Apparatus Comprising a Felt Layer and a Photosensitive Resin Layer,” filed June S,
1995 in the name of Trokhan, et al., which is a continuation in part of U.S. Patent
Applicstion Serisl Number 08/268,154 filed June 29, 1994; U.S. Serial Number
08/391,372 "Method of Applying a Cursble Resin 1o a substrate for Use in
Papermaking® filed February 15, 1995 in the name of Trokhan et al.; and “High
Absorbence/Low Reflectance Felts with s Pattern Layer” filed April 30, 1996 in the
name of Ampuiski et al.

In Figure 9, the embryonic web 120 is transferred to the photopolymer web
imprinting surface 222 of the composite imprinting member 219. The relatively high
&ir permeability of the felt layer 360 facilitates transfer of the web to the composite
imprinting member 219 by the vacuum box 126. The relatively high sir permeability
of the felt layer 360 also enhances water removal from the web at transfer. In
sddition, other vacuum operated dewstering equipment can be, positioned
intermediate the transfer point and the nip 300 to remove water from the felt 360
and web upstream of the nip 300. For instance, 3 vacuum device 137 cam be
positioned adjacent to the composite imprinting member 219, as shown in Figure 9,




conpression | ess than 10000 psi, preferably |Iess than 7000 psi, nore
preferably |l ess than 5000 psi, and nost preferably between about 1000 and
about 4000 psi. The "nodul us of conpression” as used herein is a neasure of
the rate of change of |oading with change in thickness of the dewatering
felt. The conHaas8PE@s| ity and nodul s of conpression are measBEVHSYTEAE t he
foll ow ng procedure. The WO 98/ 00605

PCT/ US97/ 11053 18 dewatering felt is placedaen a papernaking fabric forned
of woven pol yester nonofil anents having a dianeter of about 0.40 mllinmeter
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conpressibility agkﬁ'%mﬂﬁg gfnogﬁp‘?'@géogn i "8@ F‘%P@“@ﬂ%&?%‘@% f?!l’s%%?gist he

f ol | owi ng equat i oresnoved from the molded web 120, and the molded web is carried on the composite
imprinting member 219,

The molded web 120B is carried on the web imprinting surface 222 of the
composite web imprinting member to the nip 490. The nip 490 in Figure 9 is formed
between a pressure rofl 299 and the Yankee drum 510. The pressure roll 299 can be
& vacuum pressure roll which removes water from the web via the second felt 360.
The relatively high air permesbility of felt 360 enhances this water removal.
Alternatively, the pressure roll 299 can be & solid roll. With the composite
imprinting member 219 positioned adjacent the face 124 of the molded web 1208,
the web is camied on the composite imprinting member 219 into the nip 490 to
transfer the molded web 120B to the Yankee drum 5190.

While particular embodiments of the present invention have been illustrated
and described, it would be obvious to those skilled in the art that various other
changes and modifications can be made without departing from the spirit and scope
of the present invention.




Conpressibility= 100 x ( (TFPOTPO) - (TFP450 -TP450) )/ (TFPO - TPO
Modul us of Conpressi on=(300 psi) X (II—I-’:SOO TP300) / (TFP300-TP300) -
(TFP600 - TP600) wher };Fsg P450, and TFP600 are the thicknesses
of the felt-fabric pai .‘ 450 psi and 600 psi | oads,
A g i a
Si

respect i vel WO S65PO, nd TP600 are the thi PRHESJABR! t he
fabric alone at 0 psi, 389 A 0y o 18 and 600 pSI | oads, respectively.
The internmedi ate web 120A and the web i rrprZPntl - - v g posi tioned

internediate th second felt layers oy |

conpressi on ni p%{)“s%%aéjﬁst | ayer 320 is pofition \ nt t he first
face 122 of the internediate web 120A The web |rrpr| nti ng surface 222 is
posi ti oned adj abentA miethodaf forahingacmpés _mmms@ea The second felt

| ayer 360 is positi B0 AT Talers h that the second
felt layer 360 is in fl ” ”'t'e'oe éction conduit portion
230. Referring to Fﬂf"ﬂ'ﬂ@@g "W »surface 325 of the first

dewat ering felt SZWmslwdmﬁhmthe first face 122 of the

i ntermedi ate web 12@@? h@ed, ?,mg 7&&,@,@ e T=NY=N e

is driven over the m%tfo Sﬁdréémt qﬂif1w§’rst sur?1h9 @
dewatering felt 360 |S%§‘F airsing delt ayer ‘%B‘n’@&’étﬂb% face
240 of the foram nous i38mubicféet permainite sfevabl demmmgofelt

360 is driven around t%@E ngly, a i nternmedi ate web
120A is carried through e cg&ress%ﬁ mp%l) on the foram nous
inprinting fabric ZH’Q"" %é@ﬁ?W&te web 120A, the inprinting fabric
219, and the first movidiag aerisipdmigt enitg hkehg 3 B&0cantiRP faca 'comprigiag ad
together between the ORARSHHMNERLARR' a deflection conduit portion:

forming an embryonic web of the papermaking fibers on the foraminous

forming member, the embryonic web having a first face and a second

It 320
e second

sferring the embryonic web from the foraminous forming member to the
imprinting member to position the second face of the embryonic web
adiscent the web contacting face of the foraminous imprinting member;

positioning the web intermediate the first and second felt layers in the
compression nip, wherein the first felt layer is positioned adjacent the
first face of the web, wherein the web imprinting surface is positioned
adjscent the secomt face of the web, and wherein the deflection conduit
portion is in flow communication with the second felt layer; and

pressing the web in the compression nip to form a molded web.

2, The method of Claim 1 wherein the step of transferring the embryonic web
from the foraminous forming member to the imprinting member comprises
ransferring the embryonic web from the forming member to the

pnsferring the embryonic web to a compuosite imprinting memben‘
and whm ahe composite imprinting member comprises the second felt layer.




14l Lt e : , aking fibers into the
defiiEdei isak! lgaidtd t portion 230 of rber 219, and renoves
wat er fromthe i nternedi ate web 140A toRE nmol ded web 120B. The water
renoved fromwbeses#si s recei ved By=ar ortarmed=ih the de/RORSHYNOSR| t S
320 and 360. Water is received by the devvaterl ng felt 360 through the
deflection conduit portion 230 of the inpri®ting nmenber 219. The
internedi ate web 120A should have a consistency of between about 14 and
about 80 percent ‘4t (Whe methodof€iaimd fusbencomprising thermeps of: 300. More
preferably, the intepi@iding &vaabmlietite;ia¢ a consi stency bet ween about 15

and about 35 percent at Lhe ent r 0 the T perrrakl n f| bers
in an internediate wiH® %’"&J&? %F"%’F@ri@r 3’%@’(@

rel atively few fiber m@m@m iﬂsm of arsasfersing like lemb@hmed\rgb wshd mmposzae
rearranged and defle ting nenibePardGhe 86 bResRE tHel weblR tel BMmpredfloiip! he

first dewatering felt O The internmediate web 120A is preferably pressed
in the conpression nip 300 at a nip pressure of at |east 100 pounds per
square inch (psi)3. aﬂ&emmbdmﬁ'@mhl@hwwmmmmwufn a preferred

enbodi ment, the i nterp%&m%ﬂmiﬂ%m nghe 300
at a nip pressure greater than abo x £
machi ne direction nip | eftgPficTRHAP offt® 20. 0

i nches. For a machine di imgrintiog snmﬁcé deﬁmm betlety%b dnmmsrsbhmﬁp ridn-
I nches, the press assenb &hﬁnﬂ@’ gfgperated to provr de between
e

about 400 pounds of forge p Cr.0ss chi ne n nip
Wi dth and about 10006°SIRdE wi’ RSP U JoTH O OB S A
direction nip w dth. Thepmmm mmtmms katmgrmz Mpng\mdelmvdy imsdmsty
perpendi cul ar to the pl aggg 4

Y dlscrerd £ and
i mprinting nmenber |nan|p %vrng ﬁrneg ectrqn tyet:&h e,geSt
about 3.0 inches can |rrp@ ” %ﬂg 5‘@58

machi ne speed, the rel at nmwmwmdsw@aﬁ@em by ahe edatblelyciigh | ne

of the web and the feltsy H%S'B cordingly, water can be nore
effectively renoved from #ﬁe& ,%evgéﬁat hi gher machi ne speeds.

6. A method of forming a paper web comprising the steps of:
providing an agueous dispersion of papesrmaking fibers;
providing a foraminous forming member;
providing a first dewatering felt layer having an air permeability;
pfmdmg a second dewatering felt layer having an sir permeability, wherein
permesbility of the second dewatering felt layer is greater than the
ir permesbility of the first dewstering feit layer, and preferably at least
sbout 1.5 times greater than the air permeability of the first dewatering
felt Inyes;
providing & compression nip;
providing an impriating member having a web contacting face comprising &
web imprinting surface and 2 deflection conduit portion,
forming an embryonic web of the papermsking fibers on the foraminous
forming member, the embryonic web having s first face and a second
face;
m;femng the embryonic web from the foraminous forming member to the
printing member to position the second face of the embryonic web
udjmcmt the web contacting face of the foraminous imprinting member;
positioning the web intermediste the first and second felt layers in the

R 80




.PCT/.US97/ 11053 20 The nip pressure in psi is calculated by dividing the nip
force exerted on the web by the ar ea of the n|p 300 The force exerted by
the nip 300 is controlled by the FEERSE ) ' and can be cal cul at ed
using various force or pressure tgan to those skiled in the
art. The ar ie of car roTAgsypEusiand a
sheet of plai n white paper. The carbon paper I's placed on the sheet of

pl ai n paper. The carbon paper and the sheas of plain paper are placed in
the conpression nip 300 with the first and second dewatering felts 320, 360
and the inprinting nenkeempikision dipe whereinothe [fiag cfelt ilsyep bSpdsitionailadjsiemcthet t he

first devatering felt ﬁ&ﬂoﬁtﬂ?uﬂh%ﬂeﬁﬂﬁg{de@g@ﬁ&tﬁ?%%eaiglpﬂﬁﬁ the

[ rrprl nting nmenber 219. Ooe press asse hen act.i vat
provi de the desired pr&discsy ?“FWW“I evel
of force is neasured frg@aﬁdwﬂiemﬂmftnoﬁmhﬁ&rsbcump‘apbyenwarts to the

sheet of plain whi Eﬁ?%@g%w%&m%w%%%%%ﬂ&m%d ?Q%nl p length and

t he cross nachi ne fon nip w can determ ne m the inprint .
that the carbon paper inparts to the sheet of plain white paper. The nol ded
web 120B i s pref.er diileym@hod of Claih® Whsteinathe e1p iof tandiring thé embgshic awbut 30

percent at the exit I, gli ate
web 120A as shown i'n Fi guremﬁfwewgéﬁg tg?o&?ﬁh‘n’g #ﬂgﬂfﬁbﬁr rgﬁ{ Ively
hi gh density regi orVerous tassfeming bryenichwekydiom Wa“h@e‘hEZZ and
a second rel ativel wiirniaAehliey, reg| on 1084 of the web assom ated with the
defl ection conduit portion 230 Pressing the internediate web 120A on an
inprinting fabric 219 having a macroscopically _nonopl anar, patterned,

conti nuous net whrk Wmmwmfm@efmmm@ﬂm% Fi gures 2-4,

provides a nol ded ViaBsrdsddnb &vet Q6 'P yDfGin Ithe/ firdPREP bUHE inoldad tvbed! ned,
conti nuous net wor k regléGS sesthmugmhemmpmmmp,am
supporting the mldedweb on the web imprinting surface after the molded
web passes through the compression nip.

9, ‘The method of Claims 6, 7, or 8 wherein the imprinting member has & web
contacting face comprising & macroscopically monoplanar, patterned,
continuous network web imprinting surface defining within the foraminous
imprinting member & plurality of discrete, isolated, non-connected deflection
conduits.

10. ‘The method of Claims 6, 7, 8, or 9 wherein the imprinting member comprises &

composite imprinting member having the web imprinting surface joined to the
second felt layer, and wherein the step of transfesring the embryonic web
comprises transferring the embryonic web to the web imprinting surface of the

composite imprinting member.




relatively high density, and a plurality of discrete, relativy |ow density
dores 1084 di spersed throughout the:continuous, relatively high density
network region 1083. Such a nol déd web 120Bis shown in Figures 6 and 7.
Such a nol ded web has the advantage that the continuous, rggbssveiess hi gh
density net @hwﬁﬁgion 1083 provi des a conti nuous Ioadpath for carrying
tensile | oa e nolded web 120B is al so characterized in having a third
internedi ate density region 1074 exending internediate the first and second
reons 1083 and 1084, as shown in FHEZ 8. The tfird region 1074 conpri ses
a transition region 1073 positione Ii?acent th flrst relatively high
density region 1083. The internedi ate.density rggion 1074 is formed as the
first dewatering felt 320 draws papg i madA0ers into the deflection

conduit portion 230, and has a taperedd -Ilg%trape20|da

cross-section. WD 98/ 00605 fﬁﬁ |

PCT/'US97/ 11053 21 The transition rgdil& ’{orned by conpaction of the
i nternedi ate web 120A at the perlu-* \ ded R| ection conduit portion
230.. The region 1073 encl oses t he§ ‘ (e a?sity region 1074 to at

| east partially encircle each ggaf N e TEl g R o@density domes 1084. The
transition region 1073 is charNcteri zeg ifn SEN gL ) thickless T which is a
local and which is less than {he tp#€knés K qf, Bhel rel ati veFy high density
region 1083, and a | ocey deegit wch igh g e;é[ it han the d ity of the
relatively high densitﬁ@regi 83. The“re kY | ow densi, dones 1084

Mich is grgaier than the
Jus network regi on 1083.
i'at the transition region
N Ipty. The nol ded web 120B

have a thickness P whi CQegl S A ocalf,;u”iw
t hi ckness K of the rel 3 9\ hgh de
Wthout being limted w t‘eo“y, i th
1073 acts as a hinge |chx-n§ances“
formed by the processj ~ho i Figuf ¢
relatively high ten5|re str&ngh




flexibility for a given |level of web basis weight and web caliper H (Figure
8). The difference in density between he relatively high density region
1083 and the relatively |ow density region 1084 is provided, in part, by
deflecting a portion of the enbryonic web 120 into the deflecti on conduit
portion 230 oWGMEMAprinting menber 219 to provide a non- nofo 053

i nternmedi ate web 120A upstream of the conpression nip 300. A nonopl anar web
carried through the conpression nip 300 woul d be subject to some uniform
conpaction, thereby increasing the mnimmdensity in the nolded web 120B.
The portions of the non-nonopl anar internmediate web 120A in the deflection
conduit portion 230 avoid such uni form conpaction, and therefore maintain a
relatively | ow density. The difference in density between the relatively

hi gh density region and the relatively |low density region is also provided,
in part, by pressing with both the first and second dewatering felts 320
and 360 to renove water fromboth faces of the web and prevent rewetting
of the web. Water is expelled fromthedif¥st and second web faces 122 and
124 as the internediate web 120A is pressed in the conpression nip 300. It
is inportant that the water expelled fromboth faces of the web be renoved
fromboth faces of the web. O herw se, the expelled water can re-enter the
nol ded web 120B at the exit of the nlp 300. For |nstance if the dewatering
felt 360 is omtted, water expgl!ledglfom the se g2 124 into the
defl ection conduit portion 2 : ' ,f*d 9B t hr ough t he
defl ection conduit portion Ry ) 19 at the exit of

because it decr eases 3h | 1203, and reduces
drying efficiency. %ﬁ - = Prrings o thefnol ded web 120B
di srupts the fiber S~ | ] ~-#rt€r fedi at e web
120A and de-densifles gy ‘

242~ N R ate




22 particular, water returing to the nol ded web 120B wi |l disrupt the bonds
in the relatively high density region 1083, and reduce the density and | oad
carrying capability of that region. Water returning to the nol ded web 120B
can al so disrupt the fiber bonds formng the transition region 3073. The
dewat eri ng f GVQE8FBBE and 360 prevent rewetting of the nol dEFTREE*I\FHOugh
both web faces 122 ad 124, and thereby help to maintain the relatively high
density ,region 1083 and the transtion region 1073. In the enbodi ment shown
in Figure 1, the first dewatering feltggz |s preferably separated fromthe
first face 122 of the nol ded web 120B he exit of the conpression nip
300 to prevent wat-‘a:- 2,24 theSEE'fterlng felt 320 fAEM remett

first face 122366t eh.—As—deserhed abovt *u@gnwfﬂ~'e-v’
met hods for pga gA\a\web between two felts teach that t

foll ow the fe uhqvf.o tQe relatively high density and rg
pore size and a'ﬁﬁ'eﬁaai? ity. Applicants have found a
web with an inpr q" 1 \ERD R _bet weel~twe—--&1 | ayerss jMp

can be obt ai ned” DR ShROS{ i ®~Qf this conventigpa ol

particul ar, tGandp
can be obtaln?Tigf
renovi hg the™dén

S 'heabllleswmand
R, flner Bore felt

fromthe web atzsg / Ny second
dewat ering felt Aa" ’ f: kui'he

i nprinting nmenbet ﬁ% {4 he™~i p.
AIternatlver,jz@é ;‘ Bsi tioned adj acent
the inprinting menber 219 2am of the nip, or
both upstream and downst r efmot—the—rfpr3go—TFhe—retatfvel yerti ai r
perneablity and rel ativel g YIﬂWQe porﬁgé‘ 72 of the second felt
360 pernmits water to be ﬂgf e fielt 360 f-;t{vely, regardl ess
of whether the second fellt # ) onled adjacentfg i mprinting nmenber

219 upstream or domnstreanﬁ-f the nip 30§y sixth stef) in the practice of
the present invention can v.np 7EE prq-deyi hg 72
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t he nol'ded web 120B, such as with a through-air dryer 400 as shown in
Figure 1. The nol ded web 120B can be pre-dried by directing a drying gas,
such as heat air, through the nolded web 120B. In one enbodi nent, the
heated air is directed first through the nolded web 120B fromthe first web
face 122 to t h&v@eM@ES web face 124, and subsequent |y t hr ough PCRENRI7/11853
defl ection conduit porion 230 of the inprinting nmenber 219 on which the
nol ded web is carried. The air directed through the nol ded web 120B
partially dries the nolded web 120B. In addition, without being [imted by
theory, it is believed that air passing through the portion of the web
associ ated with the defl ection conduit pxwéyﬁ) 230 can further deflect the
web into PCT/ US97/ 11053 23 the deflection conduit portion 230, and
reduce the density of the relatively | ow density region 1084, thereby
i ncreasing the bul k and apparengg&gftness of thelnﬂﬁmm web 120B. In one
enbodi nent the nol ded web 120B Ta gcy of betmeengﬁgput 30
and about 65 percent upon enter' eig--dryey 408 a
consi stency of between about 40;. P P3P the through air
400 czz conprise a

dryer 400. Referring to Fgure Y 4the t@rqughd .
hol | ow rotating drum 410. The Nl LY ral P oagyi ed agound the

hol | ow drum 410 on the i 11“_, gr_239 { and el Jair_.ciin be
directed radially outward fronmf* 1—‘H¢ﬁ’»‘ S~ LQe PB4 through the web
120B and the inprinting nqupgkf«‘j’r,,ﬁw fat LMsl V.. . thelhgated air can be

directed radially inward (not showk R \air dryers for use
in practicing the present |rnuﬂn8%’ are di scl osed S t ent 3,303,576
i ssued May 26, 1965 to Sisson and U. S. PT?ﬁE% 274,930 issued January 4,

1994 to Ensign et al., which patents are*® Y porated herein by reference.
Alternatively, one or nore through air dryers 400 or other suitable drying




devices an be | ocated upstreamof the nip 300 to partially dry the web
prior to pressing the web in the nip 300. A seventh step in the practice of
the present invention can conprise inpressing the web inprinting surface
222 of the foram nous inprinting er 219 into the nolded web 120B to fom
an i nprinted WOBAERL. | npressing the web inprinting surfacdCTBHHEE t he
nol ded web 120B serves to further densify the relatively high density
region 1083 of the nol ded web, thereby increasing the difference in density
bet ween the regi ons 1083 an 1084. ﬁﬁﬁ? ing to Figure 1, the nolded web
120B is carried on the inprinting ef 219 intégposed bet ween t he
i nprinting menber 219 and an inpression surface 4 a nip 490. The
i npression surface can conprise a sul agd S12#gt/a heated drying drum 510,
and the nip 490 can be forned betweeh A# X0 égnd the dryer drum 510.
The i'nprinted web 120C can then be asg{ \h surface 512 of the dryer
'W“ finally dried. The dried,
enoved fromthe dryer
%2@F fromthe dryer drumwith
\”‘x,ent invention is
“Aa‘-aS|s wei ght of between

i npri.nted web 120C can be foreshor,t
drum 510, such a by creping the |1§r ;;y
a doctor blade 524. The neth Qv r-eee=
particul arly useful for mnaki iper
about 10 grans per square net %‘- r square ter. Such
paper webs are suitabl gy for;; N gh‘f of single and multiple
ply tissue and paper t &hel d“od_f : erng \lve enbodlggnt of the
present invention, the ‘ SNLoned adj aeent t he second
face 240 of the inprintf sn98/00605 =

PCT/ US97/ 11053 24 nnldﬁ‘ # | nprinting nmenber 219
fromthe nip 300 to t‘& pi forned bet ween a vacuum
pressure roll and theg‘




drum 510. An alternative enbodi ment of the present invention enploys a
conposite inprinting nenber 219, and is illustrated in Figures 5 9, and
10. Referring to Figure 10, the conposite inprinting nenber 219 has a web
patt erni ng photopol yner | ayer 221 joined to the surface 365 of a dewatering
felt 360. The wowewesds ng felt 360 conprises a nonwoven batt JRCIIOSRFIEH can
be needled to a support structure conprising woven filanents 3620. The
first dewatering felt 320 can be.the above-nentioned AnSeam 2, Style 2732
having a 1:1 batt to base ratio, a 3 over 6 |ayered batt construction and
an air perneability of about 25 cubic fee per mnute per square foot. The
second dewatering felt 360 can be the above- nenti oned Anfl ex-3S Style 5615
having a 1:1 batt to base ratio, @)/? 40 | ayered batt construction, and
~an air perneability of about 40 cubl e per mnute per square foot. The
phot opol ymer | ayer 221 has a macroscopical ly nonopl anar, patterned
conti nuous network web inprinting surface 222. Such a conposite inprinting
menber. 219 can conpri se a photopol yner resin cast onto the surface of a
dewatering felt. The follow ng commonly assigned U.S. Patent Applications
are incorporated herein by reference for the purpose of show ng the
construction of such a conposite inprinting nmenmber: Serial Number
AL~ 222t a§%% and a

X ‘ , e nane of Trokhan, et
n |cat|on Seri al

Nu 08/391,372
=] i n Paper maki ng"

Phot osensi tive Resin Layepg2.f 83
al., which is a contin atlon Po-patti o0
Nunber 08/263, 154 fil !

. filed February 15, 1995 |n, Z; ;%de "Hi gh

Absor bence/ Low Ref | ect anceFEtE FeTe —;j*ayer led April 30, 1996
in the nane of Anmpul ski et dl jFgpF g jgnbryonic web 120 is
transferred to the photopol ynmer web inprintingd e 222 of the conposite

i mprinting nenber 219. The relat|Vﬁ%ég gz)airwﬁgﬁéggbility of the felt

o the conposite

| ayer 360 facilitates transfer of




Jdnprinting menber 219 by the vacuum box 126. The relatively high air
pernmeability of the felt |ayer 360 al so enhances water renoval fromthe web
at transfer. In addition, or vacuum operated dewatering equi penent can be,
positioned internediate the transfer point and the nip 300 to renove water
fromthe fel#wo38@ssnd web upstream of the nip 300. For instBFFESSHREEcyum
devi ce 137 can be positioned adjacent to the conposite inprinting nmenber

219, as shown in Figure 9, W98/ 00605
PCT/ US97/ 11053 25 to renove water fromthe felt [ayer 360 and the web. The
vacuum devi ce 137 provides a vacuum [ draws water fromthe web to the

felt 360, and then fromthe felt 360 tlofthe device 137. Suitable vacuum

devi ces 137 include B&€ limtedgto Jum sl ots and vagigym pressure
rolls. The web is pressed in the 304 _#et ween t he rst Felt 320 _and the

surface 222 of thejcqpdadi
490 in Figure 9

conposite inprinting nme 219, ch donprifSes the jphpt dpol ynger—Ww

i mprinting surface 222 afd jt he sgcand felt 3603 The deffl ecti on conduits 230
of the patterned pk?t pql yiier| gy e a nfaf | o] ifgafy on with the
felt layer 360, E%%. i ' L | n ety | [ustration
of the nip 300 shovg}IQ]Fipp /i{geth\ by t e press
assenbly urges thefPl 2 ~§}i“w31 - it v S te portions
of the web 120A e leifreehed | Yio-tHp (efllFect C s £30, and
conpacting a conti féous jje (it i b 1204 erpby formng a
nol ded web 120BE—At t itl tfT320's jrefroved from

t he nol ded web 1g3%\an .vu 1

i mprinting menber_4 | e AHEeh _iinprinting




between a pressure roll 299 nad the Yankee drum 510. The pre%@@ﬂ%l’ﬁ 299
can be a vacuum pressure roll which removes water fromthe webgda the
second felt 360. The relatively high air perneability of felt Wenhances
this water renoval. Alternatively, the pregssure roll 299 can be a solid
roll. Wth the conposite inprinting nmenb 219 positioned adjacent the face
124 of the nolded web 120B, the web is carried on the conposite inprinting
menber 219 Mdhat is tleimeldp 490 to transfer the nol ded web 120B to the Yankee
drum 510. Wi le particul ar enbodi nents of the preset invention have been
Illustrated and described, it would be obvious to those skilled in the art
t hat vari oud. ot héy methad géforming apaperivei dcompsisingihestepsdd wi t hout departing
fromthe spirit and scope of the present invention. 28 What is clained:

1. A nethod of form.p Lk . of . providing an
aqueous di spersi g@%ﬁ%%ﬁ%&ﬁ%ﬂ%ﬁ@ﬁ é“ﬂ E%r!gi}%igﬁa}éﬁ oram nous form ng
menber; provi di ngreviding 8 fordanaous fonming membiegyer having an air perneability;
provi ding a seco ' ; j 3 A qeability,
wherein the air @g?‘&érﬁ%ﬁ%?gg%&bhg@ggﬁg‘gg@aagpg&%&Fgﬁwﬁayer is greater
than the air per peaviditg 8yseodnd Hewétering feltdayardvaiving aresic pemyenbility) wdereln the a
conpression nip; _pr | Maso] gl

face conprising aaﬂ_ ﬁr&ﬁ%@}yﬁ fﬁ%@ssg%fgéggﬂ%gé Jggﬁéfhﬁo% é%%?ﬁ%aﬁgb%%h
form ng an enbry@eiroeabilily of the st dapatening feljayérber s on t he foram nous

form ng nenber, %E%@%éwﬁb&%ﬁﬂﬁ ving a first face and a second face;

transferring the NoI ¢ we the foram nous form ng nemmber to the
providing an imprinting member having a web contacting face comprising a web

imprinting surface and a deflection conduit portion;

forming an embryonic web of the papermaking fibers on the foraminous forming
member, the embryonic web having a first face and a second face;

transferring the embryonic web from the foraminous forming member to the
imprinting member to position the second face of the embryonic web adjacent
the web contacting face of the foraminous imprinting member;

positioning the web intermediate the first and second felt layers in the
compression nip, wherein the first felt layer is positioned adjacent the first face of
the web, wherein the web imprinting surface is positicned adjacent the second
face of the web, and wherein the deflection conduit portion is in flow
communication with the second feit layer; and

pressing the web in the compression nip to form a molded web.

2, The method of claim 1 wherein the second felt layer has an air permeability at
least about 1.5 times greater than the air permeability of the first felt layer.

3. The method of claim 2 wherein the second felt layer has an air permeability of at
least about 40.

4, The methed of claim 1 wherein the step of transferring the embryonic web from
the foraminous forming member to the imprinting member comprises vacuum
transferring the embryonic web from the forming member to the imprinting

member. ,
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i nprinting menmber to position the second face of the enbryonic web adjacent
the web contacting face of the foram nous inprinting nenber, positioning
the web internmediate the first and scndl felt layers in the conpression
nip, wherein the first felt layer is posgiioned adj acent the first face of
the web, wherein the web inprinting surface is positioned adjacent the
second face of the web, and wherein the deflecton conduit portion is in

f1 ow commurfi.cat i Bre methoedtof glaine & duither somprising the steps ¢fi essing the web in the
conpression nip to forma nol ded web. 2. The nethod of claim1 wherein

t he second felt . ' igdo n@w

greater than theé%?gmgg?ﬁn%gigﬁ'ﬁeww léyieﬁrto% ge?ﬁﬁfagag?%gﬁé é(ﬂffr%?hod
of cl ai m 2 wheniafter e molded webqiassesihmughdbe compressipenipeand | ity of at | east
about 40. 4. The ARk ' i n ke f ' he
enbryoni c web frontt B?@? Q{%&ﬁgﬁ*‘é@ é?‘rrﬁéﬁ%vghe%n%@nﬁtgﬁﬁ ﬁ% Fﬁébr?ﬁ%tﬁagéd:re% er
conpri ses vacuunpassestifreugh thg comprassionyimi ¢ web fromthe form ng menber to
the inprinting nenber. 27 5. The nethod of claim1 further conprising
the steps of: separating the first dewatering felt |layer fromthe first

face of the.nol dEw methodiof cirim favhentiol the impointingsmembenhas g webleontasting facei on

ni p; and support] ' Lk | ; t he

ol ded b pass <LK MAEokolbRaRmbhGon. bitérh6d, ARAHAARGBI Fop |

wher ei n t he i nprimgrinting sufece defiuing withinlthe foraminoiss imprintiog enermibers pigraity of

macr oscopi cal |y dﬂ?&%l %@ﬁeﬂ Bgﬁ%&ﬁﬁ&g&d&ﬁg&dﬁ% ulet wor k web inprinting
gwitntn e’ ' n

surface definin or am nous Tnprinting nenber a plurality of
di screte, isolated, non-connected deflection conduits. -

7. The method of claim 1 wherein the imprinting member has a web contacting face
comprising a plurality of discrete, isclated web imprinting surfaces.

8. The method of claim 1 wherein the imprinting member has a semi-continuous
web imprinting surface.

8. - The method of claim 1 wherein the imprinting member comprises a composite
imprinting member having the web imprinting surface joined to the second felt
layer, and wherein the step of transferring the embryonic web comprises
transferring the embryonic web to the web imprinting surface of the composite
imprinting member.

10. The method of claim 8 wherein the Imprinting member has a web contacting face
comprising @ macroscopically monoplanar, paiterned, continuous nefwork web
imprinting surface defining within the foraminous imprinting member a plurality of
discrete, isolated, non-connected deflection conduits.

14.. The method of claim 9 further comprising the steps of:

providing & vacuum device; and
~ removing water from the second felt layer with the vacuum device intermediate
the step of transferring the embryonic web to the composite imprinting member
and the 's?ep of pressing the web in the compression nip.
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7‘-.' 'F‘he met hod of claim1 wherein the inprinting nmenber haSO@g@@";'ﬁ

contacting face conprising a plurality of discrete, isolated bipiAEPr i nti ng
~surfaces. 8. The nethod of claim1 vvherei n the inprinting nenpgl<has a
- sem -continuous web inprinting surface. 9.  The nethod of clai@herein
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