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METHOD OF MAKING 

WET PRESSED T]SSUB PAPER 

WITH FELTS HAVING SELECTED PERMEABILITIES 

FmLD OF THE INVENTION 

The pmsmt invention is related to papermlkin& and mom particularly, to a 
method for mmng a wet pressed tisme paper web. 

BACKGllOlJND OF THE INVENTION 

Disponble products such u &clal tismc, sanitary tissue, paper towcls. Md the 

mm me typmcdy ma.de tmm ooo or more webs of paper. If the products are to 

pmorm their mtcnded tub. the paper webs from which they are formed mu5¢ 
exhibit cmmn physical characterimcs. Among the mom important of these 

dw'aictmsdcs am mength, 10~ amd d>so1"btmq. Strength is the abnlmty of a 

paper wdJ to num iu physicai integrity during use. Softness is the pleuing tactile 

scm.wion the user pr:reeiva u the uiser crumples the paper in his or her hand ad 

oomaas various portions of his or her U:81tomy with the paper web. Softness 

ge.nm&miy ina"eue.s u the paper web Sitiffi1eu d~s. Absorbency is too 
~ctmimc of the paper web which allows nt w take up amd retain fluids. 

TypfoalJEy, the softnas Amd/or absorbency of a paper web is inaeuoo Rt the expense 

of the 111blmgth or the J>&F web. Accordingly, papamalring methods haw bem 

devdoped in mi attempt to provide soft Md absorl>oot paper webs having desirabffie 

strength cMncterimcs. 
U.S. Patent 3,301~746 iuued to Saford et al. discloses a paper web which is 

themmmiy p&-driui with a through mradcying system. Portions of tlhe web are then 
impacted with a &bric knll.lddie pMtem ad the dlll)'Cm" dlrum. Whime the proccu of 

Samord et at is directed to providing improved softness and ~rbmcy without 

ucrificm1 tensile ltrellgth. water ramwal using the throughaair dryers of Sanford et 

all. is very mergy intenmvc, am therdbre ~ive. 
U.S. Patent J,S37,9S.f mum to Jmms discloses a web formed betwem an 

upper fabric End 1 lower forming wire. A pattern is imparted to the web at a nip 

where the web is smdwichcd bctwem the fabric mid a relati~y soft mad rcsilieimt 
papmmlldng fdt. U.S. Patmt 4.309,246 muued to Hulit et d. discloses delivering M 

unoompactcd wet web to m ~ mesh imprinting fabric folfmed of woven elements. 

Md pmning the wd> ~a ~s felt and the imprinting mbrie in a fiirst 

pms mp. The web is tmm curled by the imprinting &bric from the first press mp to 

a s=ond pmn mp at a drying drum. U.S. Patent 4.144,124 is:mcd to Turu~en et ad. 
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disdoses a paper machine nmng a twinswire former having a pair of endless fabrics, 

which am be felts. One of the endmtss fabrics carries a paper web to a press section. 

The pmu section cu include me mden fabric which camea the paper web to the 

pmss seaman. an .Wdmcmal endless &bric which can be e fdt. md a wire for pattern 
cmbomq d~ web. 

Both Justus md Huiit et al. ~ ftom the diutlvmuge that they press a wet 

web in a MDI? hmng only one fdt. During pressing of the web, water wm exit both 

sides of the web. Accordingly. water mtiing the surface of the web which is not in 

mmct witlh a fdt am nHmter the web at the mt of the press mp. Such re-wetmg 

of dw web at the exit of the press mp reduca the water removal capability of the 

press ~em, disrupts fiber~t~fiber bonds formm during pressing, and can 

raumt m rebuHcing of the portions of the web which me dmsified in the press nip. 

Tmunen a ml. discloses a pn:ss nip which includes two endless fabrics. which 

ma be fdts. am e imprinting wire. However, Tun.men et am. does not tnmsfer the 

web ftom a mrmm1 wire to 8lll imprinting &brie to provide imti&m deflection of 

portions of tmme Wd web into the imprinting fabric prior to pressing the web in the 
pras mp. The web in Tunmen am thaefbre be gmenilmy monoplmm at die 

~to the preu nip, remlting m overall compaction of the web in the prus nip. 

0vm1n compaction of the web is undelirabie bet:mse it immits the difference in 
deuhy between different portions of dle web by increumg the density or rdatively 

low demity portions of the web. 
m lddmon. Hulk et at, and Tumnm et al. provide press mugements wherein 

the imprinting &bric hu discrete campm:don bwidda. such a at the warp mi weft 

cnmowr pcm of wovm fimammts. D~ compacted sites do not provide a wet 

molded Ihm laving a ~s high dasity mgion for canying loads md discrete 

low denity regions for JJroVidins ~· 
Emboumg cm also be used to impart bli!!lk to a Mb. However. embossing of 

II MM web CU result m disruption of bonds between fibers in the web. This 

dnsmption occurs because the bonds are formed and then set upon drying of the web. 

Ahr the web is dried. moving fibers~ to the pJame of the web disrupts fiber to 

fiber bomils which in tum ramts in a web havmg las tale mmgth than existed 

befme emboaiq. 

nm oonvatiOMll preaed p~ operations employing two remts. the 
pap.- welb "m1 pomioud between to two tclts. One side of the paper Mb is m 
~ with OM of the fdts. ad the other side of the paper web is m commw:t with 

the other !Wt. At the exit of the mp. the paper web follows ooo of the tWts. The 

other &lit is sq>~ fi'om the p~ web. It is important th&t the web fomlow the 
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intended fdt, so that the web is directed to the appropriate downstmam operations. 
To ensure the web fomlows the mtended fel~ oomvmtiooat pressed 

papcrmaking operations me two felts haWijJ dift"enmt structures. The fdt which ffis 
intmded to cany the paper web from the mp Ms IL finer, more dense construction 
than dill fdt which is to be separated from the web at the nip exit. The fe~t ha.vmg a 

finer, more dense oomtmction is dmnwterized by havmg a lower air permeabiQi1y 

du the other felt. The finer. more deme comtrur.do.111 of the felt carrying the paper 
web &om the mp exit helps ensure dllt the web follows that felt, thereby avoiding 
unmtentionli transfer of the web to the otMr felt 

Paper mentisb continue to sm&mh for improved paper structures thait can be 

produced eoonomicdy, mi which provide mcmued strength without sacrificing 

1oftnea and abimmmcy. 
One object of tmte present mnvmtion is to provide a method for dewatering end 

moEding a paper web. 
Another object of the presmlt mvmmoo is to press a web Md an imprinting 

member betweemt two felt layers. whcnm OM felt, wmch is in flow commammcl.tion 
Rh conduits in the i:mpriming member. bu a relatively high air permeabillity9 and 
wherein die other felt, which ms positioned adjacent a surface ofdte web. can have a 

rmtively low air pennability. 
A!!mother object of the present invention is w provide a non-emboued 

E*temed paps 'web having a relatively hip deuity continuous network. and a 
plunity of rebmvdy low density domes di1perftd throughout the continuous 

ndwork. 

SUMMAR.Y OF nm INVENTION 
The pre.m mvmtion providu a mdhod for moiding ad dewauering a paper 

web. A~ to OM embodiment of the pmtmt imfmtiomm. m embryommic web of 
~ fiben is formed on a furmnou1 forming memberi imd tnmsfcmedl to 

m imprintiq member having a web m~g mr&ce. The web cm be transferred 
to the imprinting member to ddm a portion of the pa~ng fibers in the 

embryome web mto II deftection conduit portion o( the imprinting member without 

~ the embryonic web. The web wtm the imprintililg member are then 

positloll'Wi betweal fim md second dew&tmms tent iayers in Ill oompressioliTI mp. In 
one embodiment, the imprinting member is a. composite imprimtiing memOO!r havnng 
the web imprintmg imrfiu:c joined to the second felt mayer. 

Tb first felt bi.yer is positiollted ldjaoont a first &ce ofthr: web in the mp. The 
imprinting smfaee of the imprinting member is positioned ldjaan the second moo of 



the web in the mp. The second felt layer is positioned m111 the mp to be an fluid 

oommummmon with the deflection conduit pmtim of the imprinting member. The 

web ms pmnM in the compression mp to form a molded web. 
The secood ~t layer his a mr pemwability of at ieut moot 30 cuW>ic feet per 

ll'l'immtc per square foot, amd pmftnbly at ieut about 40 cubic feet per minute per 
1qiuare foot. m one embodiment, the econd fe3t mayer has an air permeability which 

i1 between a.boot 40 and about 120 wbmc &et per minute per square foot. 
The second fdt layer cu have m air permeabality which is greater than the ur 

~ility of the first felt laym-. The eoomt felt layer cu have an air permeability 
wbicb is It Dust about 1.S times grater thm the m permeability of the first feh 

fayer. The mativelly high ~ility of the ROOM fek layer amUows water to be 
cuily removed from the second felt IDayer both upmeam md dowmueam of the 

~mnpreuion mp. such u with one or more vaawm devices. 
Removing water &om the second felt layer upstream of the compression mp 

cam help reduce the consistency of the web upstream of the nip. The reduced 

~up~ of the nip reduces the mnount of water that must be t"amved 

by the mp :ltbr a giwn web coudauicy at the mp mt. The rdatmvdy. high 

~imity of the 1CCOnd felt Dayer also allows water to be euily removed from the 

~ felt ma,er downstream of the oomprenioo mp. thereby reducing rewd of the 
web. 

At the mp mt, 1hc int fdt layer cm be sqmated from tlhe first &ce of the 

web. md canied cm the imprinting member iirom the nip cxh to the drying drum. 
The web am be pressed between the imprinting member and the drying drum. smd 

then creped fi'om the surface of the drum. 

BRmFDESCUPTION OF nm DRAWINGS 

WN!e the spucifimon amdudes with dms pmiadmiy pointing out and 

dimncdy claims the pretmtt mvmtioo. the invention wil be better umdm~ood &om 

the following description taken in co~unction with the m:compammymg drawings m 
which: 

figure m is 1. schematic representation of one embodiment of a continuous 

~I machine iluRr&ting tnmsferriamg m paper web fi'om a 
fomminws forming member to a ful!'lminoos imprinting member, 
Cln')'ing the paper web on dDe fo~ imprimiq member to a 

compnamm mp. IWll preains the web cmried on the fbramincus 

imprinting member bdween first ud second dewatering fdts in the 

compreuion nip. 
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Figure 2 is a schematic illu:sttation of a phm view of a fo~anous imprinting 
member having a first web contacting &cc comprising a macroscopmcaUy 
monopmMlf. patterned eontmuous network web imprinting surface 
dldinmg within dae tbrmninous mmprimmg member a plurality of discrete. 
isolated, non connecting deflection conduits. 

Figure l is a crou-semomm view of a portion of the mraminous imprinting 
member shown in Fiprc 2 u takm liq line 3~3. 

Fipm 4 ms an admpd sdtemmic Hlumatlon of the compression nnp shown in 
Figure 1. showing a first dew&teri11g felt posntioned adj&cent a first face 
of the web. the web contactmg lice of the fonminous imprinting 
member positioned adjaccm the 1DCOnd face of the web. ud 1 second 
dcwataing fe:1t positioned adjaemt the second felt contacting &cc of the 
foraminoos imprimmg member, wherem the compression mp comprises 
opposed convex md concave comprenicm surfaces. 

Figure S ms a schematic iUumuicm of a compression ~ip according to an 
a!temative embodiment of the invmtion. wherem the paper web is 
positioned between a fim dewatmng fel~ and 1 composite imprinting 
member compri:Bg a forammcms wcll pattcming layer formed from a 
photopolymer joined to the mr-&ce of a seoond dcwatering feta. ud 
wherein the web, the first fdt ad the compome imprinti~g member are 
positioned bctwem opposed convex amd cmcave compression swfaces 
m dllt comprmcm nip. 

P'ipre 6 is a schematic ilustnmon of' & p!u view of a mo[ded paper web 
formed us.mg the formnncu1 imprinting member of Figures 2 and l. 

Figure 1 is 1 sc.hematic ero•smioml illustration of the paper web of Figure 6 
taken &moog tine 7-7 ofFmprc 6. 

Figure I is m enlarged view of the cros~ion of the paper web shown in 
Rgure7. 

Fi&W"e 9 is m lltemltive embodimr.mt of a paper machimle according to the 
prescmt invendan mmg the oompramon nip configuration shown m 
Figure S and havmg a composite imprinting member comprising a 
fonmmom web patterning mayer fum:ied from a photopo~ymer joined to 
the mrfitce ofa dewatering felt ID&yer, 

Figure ID 0 is a IChmuic ilulkliticn of a ams-section of a composite 
~mmibm". 

Figure 1 l is a sch.maic mu.moo of a pin view of a fomminoos imprimmg 
mlmber havil'lg a Mb co~ face comprising a coJmmwoos, 



patterned detlection conduit and a p&uramity of discrete. isolated web 

imprinting mrf&ca. 
Pipre 12 ms a schematic illulltt'ation of a pm view of a fbrammno.as imprinting 

member having a semm..commuous web imprinting .md&ee. 

DETAILED DESCRIPTION OP nm INVENTION 

Fipre l Wumates one embodiment of a continuous papermmng machiD!le 

which cm be med m pmctidng the praem mention. The prooess of the present 

~n comprises a mamber of steps or operatiom which ocwr in sequence. 

While the process of the present mvemkm is pmferabDy curled out in a continuous 

&lbioo. it wit be understood that the pramt invention am comprise a batch 

~n. mm •a hamd:dmeet making process. A preferred sequence of steps wiH be 

~bed, with the understanding that the tc0pe of the presmt invention is 

detammed with reference to the appended c!mms. 
Accordmg to one embodiment of the prumt iwcmdo~ am embryooic web 120 

of pmpemaking fiben is formed fi'om an aqueous dispersion of papemaald~g fibers 

oo 1. fbraminous forming member l l. The embmyomc web 120 i1 then tramfen'ed to 

a fbnmmoo5 imprinting member 219 having 111 mst web contacting face 220 

oomprismg a web imprinting mrfaee ad a defiaon oondluit portion. A portion of 

the ~ ftba's imm the anbmyomc web 120 am ddlectOOI mm the ddedioll'J 

mmduit portion of ~ foraminous impriMing member .1D9 without densffifying the 

web. thenby fmmhra am intermediate web l20A 

The mtermedwe web l20A is carriedl oo the fummimms imprinting member 

219 &om the fomninmu forming member 11 to a oompmuion nip JOO. The mp 300 

am bve a mdimle dimcdoo length of at !cut about 3.0 inches. The mp 300 has 

oppo1ed comprenion sur&ca. The opJPOHd oompmssion 11Uriaces can be opposed 

convex ad concave oompmaion sm&ces, with tm&e convex compression surfau:e 

being provided by a pn11s roH 362 and the opposed concave compression wrfaice 

m. pmvidml by a shoe pmu assembly 700. Altenmiwlly. the mp lOO am be 

formal betwerro two pnm mIDE:s. In this cue. the mp length cu be leu thM 3.0 

imdles. 
A fim Uwatmmg felt layer 320 is positiollWi mjacamt the untermcdliate web 

120A, Md a m:om! dewatering fe.1t layer 360 is positioned ujaamt the foramioous 

imprinting member 219. The second fmt B&yU 360 has an air pem:uabmty of at least 

about 30 wme feet per mmme per sq..-e foot. ud pmftnbly at lent about 40 mbmc 

feet pa- mhmte p17 sqruare foot. In 0111e embodimmt, the second felt layer 360 has mu 

m pennmbimity which is between nut 40 amd about l20 cubic f'm per miue per 
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square foot The second felt mayer 360 can have M air permeabUity which is gmatcr 

thm the air penneamlity of the first &mt mayer 3200 The second felt layer can have an 
air permeability which is at lust about l Os times sreater thin the air permeability of 

the first felt layero 
The intermediate web 120A and the finminous imprinting member 219 ere 

then prened bdween the first md second dewatering &its 320 and 360 in the 

comprenion mp 300 to further ddlect dl portion of the pap~ fibers into the 
.. ection conduit portion of the imprinmg member 2 m 9; to dauify a portion of the 

mtemwkte web 120A usociated with the web imprinting mrl&ce; and to further 

dewua the web by removing water &om both mes of the web. thereby fonning a 

molded 'Wleb 120B which is relativdy dryer &m the imermediete web 120A 

The molded web 1208 is GVried hm the compression nip JOO on the 

foramioous imprinting member 219. The molded web 120B can be preedried in a 

through ar dryer 400 by d~ h~d air to pus tint through the molded web. 

Ind then through the fcnminws imprinting member 219. thereby further drying the 
moMded wm 1208. The web imprinting mrface of t~e fonminoua imprinting 

member 2m9 can then be~ into the molded web 1208 mch u at a mp 
formed bdWemll a roll 209 rmd a dryer dmm S lo. thereby formffing an imprimcd web 

t20Co Impressing the web imprinting sur&ce into the molded web am further 
dmsify the portions of the web umcim:etll with the web imprinting surface. The 

imprinted web 120C C1111 thm be dried on the dryer drum 510 ad creped from the 

dityer dmm by a doctor blade S24. 

&mmq the pmceu step according to the present invention m more detaia. 

a :6nt step in practicing the prumt bmmtion is providing m aqueous dispersion of 
~DB fibers derived fi'om wood pulp to form the embryonic web ]20o The 

~ fibers uWiz.ed for the pmsmt invention will normally incmudc fibers 
derived! from wood pulp. Other cd!ulolic fibrous poolp fibers, such u cotton 

lintcn, bquse, etc .• am be utilir.ed and are intended to be within the scope of 

tbms imiventtoo. Synthetic fi~ such u rayon, po1yethy]ooe ud pol)'PfOPYlene 
fibens may l1w be utilized m combination wUh narural ceUulosic fibers. One 
exemplmy polyethylene fiber which may be utUized is Pulpex TM, available from 

Hemumes. Inc. (Willminaton11 Delawam). Applicable wood pulps include chemical 

pulpl, such as Kraft~ alfite, ad sulfate pulps. as wdU u mec!hMical pulps 

irdu.dmg, for example. gmundwood, dnmomedumicai pulp ud chemically 

modified ~ imiP· 'PWps derived fmm both deciduous trees 
~. also referred to u 11hudwood") and cooifaous trees (hereinafter. 

a!lo mfenm to u "mftwood") may be ut:ilmd. Also applicable to the present 



invention are fibers derived from recycled papa-, which may conmn any or all of 

the above catep>ries u well u o~er noll'lli-fibmus matcrians mch u fillers and 

adhmivcs ~led to facilitate the original papermakiiq. 

In addition to pepermaking fibers~ ether components or materills may be 

ldded to the ~g fmmsh. 'The types of additives desimb]e win be 

dependent upcm tbe pm1iculm end use of the tissue meet contemplated. For 

ample, m products mch u toilet paper' paper towels, facial tissues and other 

mmilar products, high wet stn:ngeh is I. desimblle attribute. Thus, it is often 

daimbie to add to the papermakimg furnish chemical subst.uce." mown in the art 

u 1111 \Vd sttengda" resins. 

A gaemi dissertation on the types of wet ~h rains utilized in the 

~art cu be fomtd m TAPPI monograph series No. 29, Wet Strength in Paper 

and Paperboard, Technical Anodation of the Pulp and Piper Ioolmmy (New 

York, 1965). The most udul wet str=gth resins have genetamly been caniomc m 
dwacter. Pol~momhydrin resins arc cationic 'Wd strength rems 

which have been found w be of particular utility. Suitable types of such resins 

am described m U.S. Patent Nos. 3,100,623. iuued oo October 24, 1972, ud 

3,m,m6, issued on November 13, 1973, both issued to Keim md both being 

h.en'eby inoorporated by nrefcnn:e. Q!le commerdam source of a useful pciyamide­

epichlomhydrin rams ms Henrcwes, Inc. of Wilmington, Delaware, which markets 

mclm resift under the mark KymeneTM SS1H. 

PolyacryWnkte rains have also been found to be of utility u wet strengtml 

resins. nee resins am described in U.S. Patent Nos. 3.S!S6,932, issued oo 

January 19, 1971. to Coscia, et at and 3,SS6,933, issued oo Juuary ll9. E97i, to 

Williams d al., both J*CDU being incmponted herein by reference. One 

cmnmmdal si:mme of polyacrylamidc resins is Ameriam Cyanamid Co. of 

Smfmd, Connecticut, which markets one such msm under the mark J>amzTM 

631 NC. 

Still odwr water~solubie cationic am findillg utmiy in this invmtioo are 

um. fonmlddlyde and melamine formaldehyde resins. ne more common 

fuootimma1 groups of these :polyfimctiooall nmms am nitrogen containing groups 

such u ammo groups and methylol groups atta.choo to nittogen. 

po]lyethylenimme type msins may alm find udHty in dlc pnmmt invention. In 

addmtioo, tempmmy wet stnmgtb rail!!ls such u Caldas 10 (manufBlctmed by J~ 

Cartit) md CoBoml 1000 (mmmufactmed by Nl.ti.oml Starch and Chemical 

Compmy) may be mai in the pramt mvendon. It is to be undentoocll mat me 

additioo of chemical compounds such as the wet stnmgth and tcmpomy wet 
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strength resins discussed above to the pulp furnish is optlonll and is not nece.uary 
for the practice of the present devdopmcnt. 

The embryonic web 120 is prefinb!y prepared from u aqueous dispersi<m of 
the paper.making fibers. though dispersions of the fibers in lmquids other than water 

am be used. The fibers are dispersed m water to form an aqueous ~on havim11g 
a oomistmcy of &om about O. J to about 0.3 pemmt. The pa-ccmt cwmstency of a 

dispersion. ahmy. web. or other ~ is defined as 100 times the quotient obtained 

when the weiaht of dry fiber m the l)'ltem under diswuion is divided by the total 

weight of the system. F"m weight i1 always CKpressed on the bu.is of bone dry 

fibcm. 
A. second step m the practice of the presat invmtmot1 is foaming the embryomc 

web 120 of pape:rmakmg fibm. R.efaring to figure ~. am &quoous dispersion of 
papemmking fibers is provided to a he&dbox 18 which can be cf any convenient 

desip. From the hcldbox 11 the aqueous dispersion of papermaking fibers is 

delivered to a mraminous forming member l U to form M embsyonic web 120. The 

funning member 11 cam· comprise a contiwous Foumrimer wm1re. Alternatively, the 
foraminous forming member l l can comprise a plumllity of polymeric protubetrances 
joined to a continuous remforci.ng stmcnare to provide an embryonic web 120 havillllg 
two or more distinct buis wdght regions. such 111 is discmoled in U.S. Patent 

5,245,025 issued September 14. 1993 to Trokhu et m. which patent ms incorporated! 

·~by refermlce. While a awe fmmimag mmmer I fil ns mown in Figure !, smglc 
or double wire forming applfltm may be used. Other fmmmg wire eodgurations,, 

m~h u S or C wrap ccmfigundioin1 can be used. 
The fomdng member mm is supported by a bireut roll1 m2 and plunllnty cf return 

rolls, of which onmy two mum mMMs I 3 end 14 are shown in Figure l. The forming 
member l ll. is driwn in the direction mcicaud lby the arrow 11 by a dlriw meaws nott 

lhown. The mnbmyooic web 120 ms formed from the aq11.11eous dispnon of 

~g fibem by depositing the ~on onto the forammous forming 

member l i ud removin1 a portion of the aqueous disperling medium. The 
embryonic web 120 lw a first web &ce 122 contacting the fommbmus member 1 l 
amd a second oppOlitely &dng web W:e 124. 

The embryonic web m2o can be formed mma a cootinoous p&pemwdng process. 

u shown in Fipre l, or aitenmiwDy, 1 'b&tda process. such as a !h.a!llldsheet making 
process cu be used. After the aqueous dispersion of papermatmg fibers is 

deposked onto the foramimml fmming member I l, the embmyonic web 120 ms 
formed by removal of a ponioo of the aqueous dispermg medium by techniques 
well ~ to those skilled in the mt. Vacuum boxes, forming board~ hydrofoils. 



and dle filike MC usdll in effecting wltm" removal from the aqueous dispcnion on the 

tbraminous forming member I m. The embryoll'lic web 120 travels wmth the forming 

member l m about the return roll! 13 and is: brought into the proximity of a foraminoos 

mmprimmg member 219. 

The tbraminous impriming member 219 bu a first web cootmm1 face 220 

Md a second ~t contacting face 240. 1be web contacting flee 220 bu a web 

impmmng smface 222 and a deflection condudt portiomm 230, u shown mn figures 2 

nd 3. The deflection conduit portion 230 forms at ~cut a portion of a amdnuous 

p!Wageway extmding Dom the tint &ce 220 to the second face 240 for carrying 

water through the forammous imprinting member 219. AccordingJy. when water is 

removed from the web of papemWdng fibers in the dnrection of the formmnous 

im~ member 219, the water can be disp<>led of without having to again 

~ the web of paperma}OOg fibm. The tbwnimmous imprintimJJg member 219 can 

comprise an endless be!lt. u lbown in Figure l. md cam be supported! by a pluruty 

of rolls 20le217. 

The fomminous nprlntbmg memll>er 219 is driven mn the direction 281 

(con-upon.Sing to the machine direction) shown i~ Figure 1 by a drive means {1111ot 

slhowo). The first web contacting face 220 of the fomminous imprintnng member 

219 cm be sprayed with an emulsion comprising about 90 percmt by weight water. 

am I pemmt petroleum oil, about 11 percant cetyl dcohol, Ind about i pcrCCm1t of 

a ~t mm u Adogen 'f AsDOO. Such m enmfilaion &cilitatu tnmsfer of the 

web fun the inprimmg member 219 to the dmying drum SiO. Of course. it nB be 

~astood that the foramincm ~ member 219 need oot comprise am 

mdJIUI belt if used in mlldmag hamdsheds m I batch process. 
bl tl1C embodiment ~ m Figun:s 2 amdt J. the fim web contacting face 220 

of the fommnoos imprinting member 219 comprises a macroscopicalmy moll'loplanar, 

]>Mtmm. comim.mous network web imprintfilng surface 222. The com11tmuous :iaetwork 

web imprinting mmf&ce 222 defines witrun the formm112ous imprinting member 219 a 

phnity of diserae. msohted, oonaeomuuing deftedion cooduits 230. The 

ddllaon conduits 230 bave openings 239 which am be mndom in shape and in 

di1mbutioni, but which are preferably of umfmm mape and distn'buted in a repeating, 

prmccted pattern on the first web oomactmg face 220. Such a condnuous network 

web mmpmmng surface 222 md discrete ddlection conduits 230 are useful for 

forming a paper structure having a continuous, reiativeiy high density network 

nsmon ]Oil md a plurdty of remmvdy low density domes 1014 dispersed 

throughout the cominuous, relatively high dmsnty network region t 083, u shown in 

f'igma6a7. 
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Suitable shapes for the openinp 239 include. but are m-£ot limited! to. circles. 

oval~ ~d polygons, with hexagmual shaped openings 239 shown in Figure 2. The 

openings 239 tan be reguhrly i.md evmly spaced in aligned ranks and files. 

Alternatively. the opemnp 239 am be bil&tdIDy staggered in the machine direction 

(MD) and cro•machlne direction (CD). u shown in Figure z where the macmne 

direction refers to that direction which is plf&lld to the flow or the web through the 

equipmmt. ed the cma macbme dmm-ection ms perpmmmlar to the machine 

direction. A fomminous imprinting member 219 having a continuous network web 

impriming aurtBcc 222 and diade mscmmm deflection conduits 230 can be 

manufactured according to the teamngs of the folowing U.S. Patents which are 

mcorporated herein by reference: U.S. Patent 4,Sl4.34S issued AprU 30, i98S to 

Johnson d 1.l.; U.S. Patent 4,529.410 issued July 16. ID98S to Trokllum; and U.S. 

Patent S,098,522 issued March 24. 1992 to Sm'W"koski ct at; and S,SM.523 issued 

May 1. 1996 to Trokhu et al. 

~ to Figura 2 m1d 3» ~ fonminoos imprinting member 219 can 

include a wowm remf'oreemmt ciemmt 243 for mcmgthening the mmmimom 

impmting member 219. The mmforcammt element 243 can illlCi!IJde machme 

dil'Gtion mnforehig strmds 242 amd emu maclllne direction reinforcing struds 

241. though any convenient weave patta-n cu be usedo ne openings in the woven 

reinforcement clement 243 formed by the interstices between the streds 241 and 

242 UC mnamJcr tihan the me of the Opemllmlp 239 of the defiection conduits 2300 

Together. the openings in the woven nmmrooment dcmcmt 243 ·and the openings 

239 of the ddllecticn conduits 230 provide a continuous pu111geway extending from 

the tint face 220 to the semnd face 240 for clm}'ing water through the foraminous 

imprinting member 219. The ~•t dement 243 am mso provide a support 

sur&oo for limiting detllcctic.m of the fiben mto the defiectmon conduits 230. mid 

themby help to prevent the formmoo or apawrcs in tlh.e portions of the web 

~ with the ddection condum 230, such u the nlatively low density domes 

1084. Such a~ or ~ling cu be caused by water or air flow through the 

defiectio~ conduits whm a pnmure dmfrenmca aim acrou the web. 

'lbe area of the web imprintmg suriice 222, u a percentage of the total area of 

the &st web comcting mdkce 220, aumdl be between about ] s percent to about 

6S ~ and more preferably betwem about 20 percent to about 50 percent to 

provide a ~le ratio of the aieu of the relatively high dm:sity mgion iOIJ and 

d\G rdativdy mow demity domes 1084 shown in lfipra 6 amd 7. The size of the 

OpmWgl 239 of the deflection conduits 230 m the plme Of the first face 220 CM be 

~ m terms of eft"ecitM free !lplm. Bft"ective tree span is defined u the area of 



dw opming 239 in the pue of the first face 220 divided by one fourth of the 

p~er of the openmg 239. The effective fi'ee span should be from about 0.25 to 

aid 3J) times the average ~ength of the papermlkina fibers used to form the 

embryonic web 120, and i1 prefaab!y &om about O.S to about l .S times the average 

mqdt of the papermakmg fibers. The ddlection oondW.ts 230 can have a depth 232 

(Figure 3) which i1 between about O. ~ mm ud about 1.0 mm. 
In an .Stmmive embodiment. the fmaminous imprinting member 2i 9 am 

comprise I. &bric belt formed of wovm mummts. The web imprinting sm&ce 222 
~~ be formed by disaete bwcldes tl:mmdl at the cron--owr points of the wovm 

!Uamms. Suitable woven fim&ment &bric belts for use 11 the fonmioous imprinting 

member 219 me disclosed in U.S. Patent l.JOU,746 issued Januawy l ], 1967 to 

Seford et II., U.S. Patent 3,905.863 issued September 16. U97S to Aym, U.S. 
Patent 4,191,609 muued March 4~ 1980 to Tmkhan,, and U.S. Patent 4,239.065 

immed December ~ 6, 1980 to Troldw\ which patents ere incorporated herein by 

~. 

In &MtMr *emldve embodima, die foraminous imprinting member 219 cam 
law 1. fim web contacting &cc 220 oomprimg m continuous patterned defiection 
ooodmt 230 mcompauing a plurality of discret~ mse>Jated web imprimmg ~ 

222. Such a tbnminom imprinting member 219 can be 'Ailed to form a molded web 

nvmg a commuoos, relatively law density network region. and a pmumlity cf 

«i~e, ~ativdy high density. regions dispened tmmghout the cointmuous. 

mlativety mow demity mwork. Such a foraminoos imprimmg member is shown in 

Figure l l, u weH u w U.S. Patent 4,SE4.34S i1Sued April 30, ID98S to Johnson et 

Ii .• which ,amt b iooorporltedl hnn by reference. 
In yd amother embodimem, the foimmmous imprimng member 219 am have a 

fim web oom111taeting &cc 220 eomprising a pklrdty of semicontinuous web 

imprinting mrtKa 222. Al used haem, a pattern of web imprinting surfaces 222 is 
oomidemd to be semicontffimmwus if a pharamity cf the fimprimmg sur&ca 222 mend 

mbstutiaJEy unbroken along any one direction on the web comactmg face 220, and 
each ~ mr&ce ms spaced apart ftom adj1e1nt imprmmg mrfaces 220 by a 
ddmion conduit 230. The web oontlCting f1ee 220 am have acEjacent 

14'micmmwom imprinting sur&ca 222 1paiood apm by semioonmuous deflection 

~ 230. The semicontinuous impriag surt'ices 222 en extend generally 
pnllei to the machine or cross--maddne dlmreetions, or lltemativdy, mcmdl dong a 
di.mmon forming am m~e with respect to the machine mdl aos1--machine di~oos. 
Such a ftnminous imprinting member is shown in Figure 12. u weH u in U.S. 

Pattmt AppHadion Sol Numb~ 011936,954, Papammng Beltt Having 
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Semic:onmmous Pattem ud Paper Made Thereon\ fi~ed August 26. 1992 in d11C name 

of Ayers et al., which applicatiom is incorporated hemmn by reference. 
A third step in the pnaice of the present imrvemion comprises transferring the 

emmymic web 120 &om the fonimiinous fuming member 11 to the fommnoos 
imprintmg member 219, to position the second web moo 124 on the first web 

contacting &cc 220 of the foramhlOWI imprinting memller 219. 

A fomtb step in the practice of the pramt invention comprises deflecting a 

pon1ion of the papenmking fiben mn the mbryomc web 120 into tlhe deflootioo 

conduit portion 230 of web contactmg face %20. and mmovimmg water ftom the 

embeyomc web 120 through the deftmion conduit pomon 230 to form 1111 

intermediate web [20A of the papenuldng fibas. The embryonic web 120 

preferably bu a consistency ofbetween about J and aboot 20 percent at ilie point of 

tnmsfer to &clHmte deftcetion of the papa-making fibers into the defllectio111 conduit 

portion 230. 

The steps of~ dm anbryomc web 120 to the imprinting member 219 

Md deflecting I portion of the papcrm*ing fibers mn the web 120 into the ddlJectioim 

mnduit portion 230 can be provided. It meat mm1 pin. by applying a dift"erenti~ luid 

pnmum to the embryonic web 120 . .For immstimce. the embryomc web 120 can be 

wwmn trmtlfenm from the formimg member 1 l to the imprintins member 219. 
mch u by a wmmm box I26 mown in fipre i,. or lltemativdy, by a rotary pldwp 

w.oown rolll (not shown). The prenum difremmi.U across the embryo.Uc web 120 

provided by the vaamm source (e.g., the vamu.wm box !26) ddects the fibers mmo 
the deflootion oondmt portion 230, ud prefenm]y removes water from the web 

through the deflection oondWt portion 230 to raise the comistmcy of the web to 

bawem about 18 amd about 30 percent The presmre diffimmtial across the 

mayome web 120 cam be bdWam lbom 13.S kl?a and about 40.6 k.Pa (between · 

moot 4 to lboot 12 inches of mercumy). ne wcuwn provided by the vacuum box 

126 permits tmmfer of the cmb!fyomc web 120 to the forammous imprinting member 

219 and ddlmion of the fibers into the de6ectio~ conduit portion 230 without 

compacting the embtyomc web 120. Additional vacuwn boxes c1m be mcludlm to 

ibrther dewater the intermediate web 120A. 

R.eferriq to Figure 4, portions of the mte:medilte web 120A me shown 

dctlected no the def11ection conduits 230 upstream ~f the comprnsion mp 300. so 
that the intermediate web 120A is non.-mou.opluar. The mmermediate web l 20A is 

mown having a pncnlly uniform thidmcu {distance bdwem first md secomid web 

fices 122 nd 124) 1&1pstrnm of the compnmion mp 300 to mndicate tlhat a ponion of 
the mtamedme web 12.0A ha been detiected btto the imprumng member 219 
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wkhout loeallly densifymg or compacting the mtcnmdiate web 120A upstream of the 

oom.premo11 mp 300. Transfer of Ute embryonic web fil20 and deflection of the 

:ftbas in the embryonic web imo the deflection oonduit portion 230 am be 

acrompmished essentially simuitaoously. Above referenced U.S. Patent 4.529.480 is 

moorporated herein by refenmce for the purpose of teaching a method for 

tmusfening am mnbmyomc web to a i>raminous member and deflecting a portion of 

the papermakmg fibers in the embryonic web no the fonmmous member. 

A fifth step in the practice of the present mmmvention comprises pressing the wet 

mtermedmte web 120A in the compression mp 300 to form the molded web 120B. 

llefming to Figures I amd 4. the intennediate· web 120A is carnied on the 

fommioous imprinting member 219 from the forambums forming member 11 ind 

through the compression mp 300 fanned between the opposed compression surfaces 

ofmfilU 362 and I.hoe press auembly 700. ln order to describe the operation of' the 

rompress&oo mp JOO~ the imprinting member 2m9. dewatcring felts 320 and 360. ud 

the paper web are dmwn ~ed relative to the roiE 362 ad the press usembly 

100. 

The fint dewatering feh 32.0 is shmw mppoded in the compression nip 

ldjacmt the press shoe assembly 700, and is driven in the direction 32 I around a 

plunillky of felt support mUs 324. The shoe pras usembly 700 includes a flumd 

hnpemws pnismre belt 710, a pm11ure shoe 120, amd preuum source P. 'fhc 

pmuum shoe 720 cam haw a generally areuate, concave sur&cc 722. The p!ielSUre 

bclt 710 tmvds in a oontmoos path over the genen!Wy concave surface 722 Ind the 

guide rolls n2. The pressure source f provides hydnuic fluid under preuure to a 

amty (not shoW!!m) in the premmre 1hoe 720. The preumiDd fluid in the cavity 

urges the pmaure bdt 710 lpinst the felt 320, and provides the loading of the 

rompnmioin mp 300. Shoe pre.a usemblies am disclosed pncraMy in the foHowing 

U.S. Patmts. which sre incorporated herein by reference: U.S. 4,SS9,2SB to Kiuchi; 

U.S. 3,974,026 to &men et at; U.S. 4,217,02m to Jrusms et al.; U.S. 4,lOD.624 to 

Mohr et at; 'U.S. 4.229,253 to Cremin; U.S. Patent 4,561,939 to Justus; U.S. 

5~389,205 to PajWa et al.; U.S. S,171,732 to Staner et al; U.S. 5,308,450 to Braun 

a~. 

The ooter surikce of the pnmiue belt 710 takes cm a gmcnUy arcmate, 

tol!Dve ape • it puses over dw pml!Wrt shoe no. md proW!es a concave 

oompmssioo su!i'&ce &cing oppmitdy to the convex compression smface provided 

by pnm roll 362. This portion of the outer suriaoe of the pressure belt 710 passing 

over the pamre shoe is desigmtal 71 l in figure 4. The outer imr&ce of the 

p-euure belt 71 O cu be smooth or grooved. 



The convex oompn:ssmomm mr&ce provided by the press ron 362 in combination 

\lrith the oppositemy &cing concave compreuima :swfAce provided by the shoe press 

ammb!y 700 provide an arwate compression nip having machine direction length 
which is at least about 3.0 inch. m me embodiment. the compression mp 300 has a 

machine dh'oction la11gth or between Rboot 3.0 to about 20.0 inches, and more 

preferably between about 4.0 mchos ud about 10.0 incha. 

The second d~ng feJt 360 is shown Ripported in the compression mp 

300 adjacmt the mp roH 362 and driven m the direction 36] amund a piiurdity of felt 
support rolls 364. A felt dewatering apporatu:s 370~ meh 1s a Uh!e vacuum box can 
be usodated with each of the dewatering fdts 320 and 360 to remove water 

ttansfern:d to the dewatng felts fi"om the intermediate ~b 12.0A. 
The relativdy hip air pemieability, open pore structure of the second fclt 360 

mhances the ability of the dcwatming appmtus 370 to remove water from the felt 

360. 11ds ensures the felt 360 wiml not introduce water to tlhe web at the entrance of 

the nip 300. Jn addition, the open pore structure of the fclt 360 will aJso prevent 
water preucd from the web mto the fdt 360 (via the ddecdon conduits 230) from 

meentering and mwetting the web ll the mt of Ute nip felt 360. 
The preu roil 362 cmi have a pnemlly smooth sumwe. Altema.tivdy. the roll 

362 can be grooved, or have a pEW'&tiity of openi~gs in flow communication with a 

IOlllU"CC of vacuum for f~ing water remowID from the intermediate web 120A. 
The roil 362 cm haw a rubber coating 363, such u a bonehard rubber cover, which 
am be smooth, grooved. or peribmted. The rubber ooatmg 363 shown im Figure 4 

provides a convex compmakm1 smfacc which faces oppositely to the concave 

oompreu.ion smfice 711 provided. by the shoe press usably 100. 

The tam "dewmeriq fih11 
• used herein refm's to a member wmch is 

llbsonb• oomprem"b!e, md lmbie ro that it is defonnable to follow the contour of 

the non-.mooopbmar intermediate web i20A on too imprinting member 219. and 

capable of mcemng md contU!ing Wlta' pnmed ftom 111 intermediate web m20A. 

The dewatering fdts 320 and 360 cu be formed of natural materials, synthetic 
materim~ or com&matiom thereof. A swt&bie dewatering felt layer oomprises a 
oonwov.m baitt of mwral or symhetic fibers joined. such as by ncM!ing, to a support 

muctum formed of wovm timammu. Swabme matmiails ftom which the nonwoven 
batt cam be formed include but are nm limited to nawml fibers such u wool and 
synthdmc fibers mch u po~ ad nylon. The fibers &om which the batt 240 is 

formed Clift have 1. dmier of~ abmlt 3 mad about 40 grams per 9000 meters of 
filament length. The felt can have a layered construction. and comprise a mixture of 
fiber types and sizes. 
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The dewatering felt 320 am have a first surface 325 having a reiativeay high 

dmsmty. rdativemy small pore size, lmd a second sumwe 327 having au relatively low 

demity, relatively ~IIP pore size. Likewise, the dewatering felt 360 cam have a rn 

~ 36.S hlvmg a rd&tivdy high density. rdatively sm.alm pore size. and a second 

sumec 367 havmns 1 rd1tiw!y fow density. rer&dve~y ~qe pore saze. 
The first dewatering fdt 320 can hive a thickness of between &bout 2 mm to 

l!l'bout S mm, a buis weight of abom 800 to M>out 2000 grams per ~ meter, an 
average dmlity (buis weight divided by thickness) of between about O.JS gram per 
wbie emtimetcr and about 0.'4S pamper wbic amtimeter. 

The first fdt 320 can haw m air penm:abWty ofm than about so aabnc feet 

per minute per square foot. at a pramre diftinmmtial! aerou the dewatering fclt 

thickness of0.12 kPa {O.S inch cf Wider). In one embodiment. tllme fu'St felt 320 hu 

IW m ~lit)' of betwam IJbout 1 S and about 25 cubic feet per minute per 
•are foot. The air ~biIDity ms measured • a pressure d~ffuence of O. 5 iinclo of 

watu, using a Valmet permeability measuring device (ModeD W~go Taifun Type 

1000 ming Orifioo #1) available fi'om the Vallmet Corp. of Pan..~o. Finland, or an 

equivalmt devmce, 
The int felt 320 can have a water imldmg capacity of at ]eat !&bout E .SO 

milligrams of water per square~ of sur&ce ara, ud a smaH pore capacity 

of at fileut &OO~t m 00 milligrams pa- square centimeter. The water ho~ding capacity is 

a meuum of the amoont of water hdd in poms having an eft"eetive radius betwew'l 
~t 3 and abmat 500 micrnmcten im11i a ooo square centimeter section of the felt. 
The mmll pcm capacity is a meuure of the amount of water that cam be contained in 

mlativcfily small capimmary opainp m a one sqmre centimeter section of a dewatering 
leJ:t. By rdativdy small openinp mt is meet cspilluy opmiimp having an eft"ecdve 

~ of between abom l to about 7S ~. Such mpill.my openings ue 

mmim bm lia to those m a wet paper web. 

The water homdq capacity andl ..mm pcm capacity of a mlt are measured 

usmg liq11mid poll'osimet1r. such u a 11U Autoporosimeter availabmc from 

TIU/Princeton Inc. of Pri!moJm. NJ. The water holding capacity amd maH pore 
eapadty are made~ to a methodology described in U.S. Patent Application 

Said Number 011461,132 "Web Pattemmg Apparatus Comprising a Feh Layer and 

a J?hotosemitive Ruin Layert1, filed June S, 1995 in the name of Trokhan et al., 

nm patmt 1pplicatio11ID ma moorponted herein by reference. 
A utable first dewatering felt 320 is an AmSa.m~2. S~e 2732 havimmg a I: l 

beu to hue ratio (l poUDd batt material for every one pound of woven bue 
reinforcing :amcture) amd a l over 6 layered! batt comlmuctiomm (3 denier fibers over 6 
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denier fibers. where the J denier fibers me adjacent t~~ surface 325 of the feEt Dayer. 

Such a mJt is available ftom Appleton Mills of AppBeton, Wisconsin and Cl!W have am 

lir pemmeabmty of about 25 cubic feet pa- minute per square foot. 

The second dewaeriq fdt 360 am have a thidmess of between aboot 2 mm 
to about S mm. a bas.is weipt of about 800 to about 2000 grams pelf square meter. 
md an avcrage density (buis weight divided by thiclmeu) of bdween about O.lS 

gram per cubmc centimeter Md about 0.4S JP1lm per cubic centimeter. 
The ~d felt 360 can have a water holdma capacity which is less than that 

of the tint felt 320. the second fdt 360 cm also have a smal pore capacity wh~ch is 

las thin that of the tint fellt 320. The second fdt 360 can have 1 water hoBding 

capacity of las tha about l SO millil1'Uls of water per square centimeter of surface 
mu, ud a small pore capacity of me&1 thin about 100 milligrams per square 

cmdmetcr. 
The second fdt 360 am have 1m air pmmeability of at lcut about 30 oobic feet 

per mute per square foot. ud m one embodnnt !has am l!lir permeability of at leut 
about 40 cubic feet per minute per square foot. In one embodiment. the second felt 
360 bu am air permeability of~ aoou¢ 40 ad about 120 cubic feet per minute 

per 1qure foot. 
A auitabWe accond dowatering fdt 360 is am Ad1a~lS Style S6JS having a 

1: 1 batt to hue ratio ud a l over 40 iayaed ba.tt eomttuction. Such a felt is 

awilbh~ from Appleton Miila of Appleton. Wisoomm amd am have an air 

penneability of about 40 cubic feet per minute per square foot. 

The rdmvely high demity ud rdativcly · nan pore me of the first felt 

aumces l2S. 365 promote rapid acquisition of the water pressed &om the web in the 
mp 300. The mmatiwly ~ow dmsity a mlativemy mqe pore si2e of the second felt 
~ 327. 367 provide space within the dew&tering felts for storing watm- pressed 

fun dm web in the mp 300. 

The devntering felts 320 ad 360 can haw a mmprembimity of bd:wem 20 

ad 80 porccm. prdm'ably b~ 30 ad 10 pa-cMt. amll more preferably betwem 

40 amd 60 peremt. The 111oompressibility"" u used hemn is a measure of the 

pementap change m thiclmus ·of the dentaing felt under a given Uoading defined 

beJiow. The dewaterlng felts 320 Md 360 lhmdd. also have a modulus of 

wmpnmioo meu than 10000 )>Ii, pnmnb!y mess than 1000 psi. mom preferably a 
the sooo pm, and most pmfinbly betwam about 1000 md aboMt 4000 psi. The 

~dulus of oompreaiion" u used hnn ii a meuure M' the rate of change of 
licw!img with change m thicben of the dewatering fdt. The oomprusibiHty and 

modulus of compression am meamred usmg the foIDlowing procedure. The 
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dffntering felt is placed oo a papermaking fabric formed of woven po~yestcr 

monofilaments havmg a dffiamcter of about 0.40 milRimeter and having ~ square 

weave pauem. of about 36 fillaments per inch in 1 first din:cbor., and aboutt JO 

tllmoonts per mnch m B second direction perpmdicullar to the first direction. The 

p~ Ir.bric bu tNcknas under no wmpreuive loading of about 0.68 

millimeter (0.027 mch). Such a papermaking fabric is commercially available ftom 

the Appleton Wire Company of Appleton, Wiscoum. The dewltering feh is 

pomoned so that t!hc ~ of the d!ewatering felt which is oormaUy in conmtact 

with the paper web is adjacem the papermaking fabric. The fclt~fabric pair is then 

oompmssed with a oonnant rate tensile/compression testerr. such u an lrmron 

Model 4501 nvaiilble &om the Mmtnm Engineering Corpontlon of Canton. Mus. 

The tester bu a circular compression foot having a wri&ce area of about m 3 sqwu-e 

amt~ (2.0 1quare inches) attached to a crouhmd moving at a mte of S.08 

~per minute (2.0 mch per minute). The thickneu ofthe fe~tefabric pair is 

~red at loads of O psi, 300 psi. 4SO psi, and 600 psi, where the load! in psi is 

ca!ailiited by dffividing the load in pounds obtained from the tester moad ceH by the 

mrfM:e mu of the compression foot. The thiclmea of the fabric alone i.s also 

meuur~ at 0 psi, lOO psi, 450 pm, and 600 psi molds. The oompressibiaity md 

modulus of compre1sio11 in psi are calwlated ming the following equations: 

Compn:uibility ""' 
100 x ( (TFPQ..TPO) s (TFP4SO ~1'P450) )l('IPPO ~ TPO) 

Mcw!Us ofCompnmion"" 

(300 psi) x (TfP300..TP300) I ( (Tf'P300..TP300)- (TfP600 - TP600) 

where TWO. 'mlOO. TF'P4SO. and TPP600 are the thicbeaes of the felt=&bric 

pm at 0 psi. 300 psi. 4SO psi Md 600 psi loads, respectively. Md TPO. TP300. 

TP4SO. and. TP600 are the thic~ ofthe &bric 1iione at 0 psi, JOO psi. 450 psi. 

a 600 J>1i meads, respectively. 

ne isamedmc web 120A ad the web impriming swface 222 are positioned 

mtmma&te the first mm second fdt layers 320 md 360 in the oompmuion mp 300. 

the fint !Wt layer 320 is positioned adjacent the int face 122 of the intermediate 

web 120A The web imprinting wr&ce 222 is positioned adjacmt the second &ce 

fil2A of the web 120A The second &It layer 360 is positioned in the compnuon mp 

300 meh that the sccoml &It layer ]60 is m 6ow communication with the deflection 

commmt portion 230. 

R.6ring to Pipn:s l m1d 4, the first sm&ce 325 of the first dewaterlng feJt 

320 is positioned adjacent the fnt face 122 of the mtmmediate web mlOA u the fint 
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dlewatmng felt 320 is driven over the belt 7DO .. Similarly, the first sur&ce 365 ufthe 

second dewatering feit 360 ms positioned adjact":nt the second felt oontacting face 240 

of the fommnous imprinting member 219 u the second dewlteriirng felt 360 ms driven 

ummd the mp roll 362. Accordingly, as the ~iate web J 20A is carried 

~gh the oomprasioo nip 30tl oo •~ foraminous imprinting fabric 219. the 

mtmmedil.tc web 120A,, the imprinting &bric 219. and the first amd second 

dewaklring felts 320 Md 360 life pressed together between the opposed compression 

su~ of the nip llOO. Preuiq the intermediate web i20A in the compression nip 

300 further deflects the paper mMking fibers iDJ11to the ddmion conduit portio~ 230 

of' the imprinting member 219, nd removes water ftom the intermediate web 120A 

to form the molded web 120B. The water removed firom the web is mccived by and 

~ m the dewatering felts 320 md 360. Water is received by the dcwaaering 

relit 360 through the deflection conduit portion 230 of the imprinting member 2]9. 

The intermediate web U20A should have a oonsistmcy of between about 14 

Mid about SO percent at the mtrmce to the compression nip 300. More preferab!y. 

the intermediate web 120A bu a oonsistr.:ncy between about IS and about JS 

pemmt at the entrmce to the mp 300. The ~ng fibers mn am in.tmmedi1te 

web E20A hawing such a preferred consi5tmcy have rdatmvdy few fiber to fiber 

hoods, amd caml be relatively m1Hy marmtpd md ddb:ted into the ddlcdmon 

oonduit portion 230 by the fint dewmermg fe]t 320. · 

The mtamcdiate web 120A is preferably presmdl in the compression mp 300 at 

& mp pmuum of 1.t -- 100 poumls per squzm inch (psi). a more preferab~y at 

~em 200 psi. In a prefc:ned embodiment. the intermediate web m20A is pressed in 

the oompreaion nip 300 m a mp preuum greater tho about 400 pounds per square 

~ooh. 

The machine dnction mp IDcmgth CM be between about 3.0 inches and about 

20.0 inches. For a machine direction nip iength between 4.0 inches to IO.O inches. 

the preu M!Mlmbiy 700 is p~ opented to provide bdweu about 400 pounds 

of force per Ural inch of CfOll machWe directwn mp width ad about 10000 pounds 

of force pa- linul inch of cross mamne direction mp width. The cross machine 

direction nip width ms meuured perpoodic:War to the pmane of Figure 4. 

Pressing the web, felt layen, IM imprinting member m a mp having a machine 

direction mmgth of at least about 3.0 inches cu improve ~g of the web. for 

~ given paper machine ~ the relladvcty long nip length incrcucs the residence 

time of tffile web and the ~ts in the nip. Aot:ordinsly. water cam be more effectively 

temoved ftom the web9 even at higher machine speeds. 



The mp pmuure m psi ms ca!cufatcd by divirung the nip force exerted 0111 the 

web by the area of the nip 300. The force exerted by the nip JOO is comrolledl by the 

pmlmllre source P. mwJ can be calculated using various force or pressure transducers 

&miliar to those mlloo in the art. The area of nip 300 us measured using a sheet of 

c.ubom paper tmd a Ihm of plain white paper. 

The carbon paper is placed on the sheet of plain paper .. The carbon paper md 
the sheet of plain paper are placed in the compression nip 300 with the first and 

~ dewaterins felts 320, 360 Md the imprmtma member 219. The carbon paper 

is positiDMd adjacent the fint dewatains fdt 320 md the plain paper is positioned 
.Sjacem the impriming member 219. The shoe: press usably 700 is then activated 

to provide the desired press force, and the wra of the nip 300 at that level of force is 

meuured imm the imprint that the cubon paper imparts to the sheet of plain white 

paper. Likewise. the maddne dindme nip length Md the C!"OSI machine direction 

nip width can be ddarimd hm the imprint that the carbon paper imparts to tthe 
lheet of p!m~ whD paper. 

The molded web !20B is pnd'Q1!1Wy pre!Rd to haw a oonlistmcy of at least 

about 30 perccmt at the mdt of the ccmpW"asion. nip 300. Pn:suW1g the intmm.cdiate 

web l20A u shown in Fipm l molds the web to provide a first rd&tivdy high 

damty ~on 1013 usodated with the web imprinting surface 222 and a second 

relatively low daWty region 1014 of the web umdatm with the deflection conduit 
portion 230. Praamg the intermediate web 120A on an imprinting &bric 2 ! 9 having 
a macroscopically monopmuw, p1uemed, cootinuoos network web imprinting 

Mf4ee 222. u shown m Figura 2-4. provides I molded web 1208 having a 

maemscopiie&mly mooopmar, patmmed, comtiwous network region 1083 having a 

rdatiwly high deuity, ad a plurality of discrete, relatiw1y mow density domes 1084 
dispersed throughout the continuous, rd1tivelly high density network region I Oil. 

Such 1 moided web l20B is Bhown m Figura 6 M.d. 7. Such I momdedl web has the 
acfilwmtap dm the commuoos, mJatiwly hip density network region l 083 provides 

a contiwoos lloldpada for c:anying tasimc !Olds. 
The molded web 120B is also chuacterized in halvmg a thmt iMermediate 

density region 1074 mending intermediate the tint ud second regfms 1083 and 

1084, u shown in Figure I. The tbini rq;on 1074 comprises a transition region 

1003 positioned adjacent the first rdatively high density region I 083. The 

intermediate density region 1074 is formed u the first dewatering felt 32.0 draws 

pa~ fibers into the defiection conduit portion 230, and has a tapered. 

gemnl!y trapezoidal crou-sectk>n. 



The tnmsttion region mm is formed by compaction of the iimtermedide web 
120A at the perimeter of the deflection oondwt portion 230. The region 1073 

mdo1e1 the intermediate dem.ity region 1074 to u lem putWJy cncirde each of dle 
ret1tiveUy !ow demity domes IOM. The mnmon region 1073 is characterized in 
having a thicl!mea T which is & local minima, and which is less than the thickness K 

of the r.Uvdy hilh demity region 1083. ndl 1 mocaJ duty whi~h is greater than 

the density of the relatively hi&h density region l 083. The rdatively low dmsaty 

domes 1014 have I thidaleu P which ms a filooa) maxima. and which ns greater than 
the tmdmms K of the reJatMJy high density. oontiDuous mimvork region I 083. 

Without being ~imited by theory. it is beUieved that the transition region m 073 acts as 
a hmge which enhances web ftexibimity. The me>mded web ]20B formed by the process 

shown in Fipre l is characterized in having relative~ mglh temime strength and 
f.lmbiity for a given ~evel of web bums Might amdl web caliper H (Figure 8). 

The dift"emnce in dmsity betwem the rdatiwly high demity region m 083 and 

the rdativdy mow density region 1084 is provided. in put. by deflecting a portion of 
the embf}"Omc web 120 into the ddlection cond'@it portion 230 of the imprinting 

member 2ID9 to provide a oonamooopllaMr intermediate web !20A upstream of tlh.e 

oomprmioo mp 3000 A monopluar wdb carried through the compression nmp JOO 
woold be subject to 10me uniform oompeaion. thereby increumg the mimmwn 
dmsity m the mokted web l20Bo The portions of the oonemooopl1m1r intermediate 

wd> 120A in the ddlcctmon conduit portion 230 avoid IOOh wiform compaction. md 

thcmforc mmmtam a matiwJy low density. 

The dlifermce in density between the rdltively hid! cllcmsity region amd the 

natively mow density region is also prcmdcdl. in plrt, by prmina with both the ftarst 

Md. second dcwatng fdts J20 ud 360 to remove water from both &ces of the 
web ad prevent mwctting of the web. Water ms expelled from tlhc first l.00 secon.dl 

web fleeS 122 ad 124 u the intermediate web 120A is pressed in the compression 
mp 300. ~t is impommt tha!t the water expelled fi'om both faces of the web be 

removed! &om. both &eel of the we'bo 0th~ the expelled water can. re-enter the 
moIDded web 120B at the exit of the mp JOO. For mnsbnce. if the dewltering felt 360 

ms omitted, water apelled from the ncmnd web face 124 into the deflection conduit 
portion 230 am ?Hmter the momded web l20B through the deflmicm conduit 

pomon 230 of the imprinting member 219 at the mt of the mp 300. 

iu..mtltY of water into the moEded web 120B is undesirable because it 

~ the comilteney of the molded web m20B, u.d reduces drying efficiency. 
~ additioD. ~ of water mto the molded web llOB disrupts the fiber bonds 

hmm during p:rening of the intameclate web i20A and de-dasmm the web. llrn 
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pmti~. wmer mmming to the molded web i20B will disrupt the bonds in the 

rd&tively high dms.ity region 1013, andl reduce the density and load canying 

capahility of that region. Water retm'nimlg to the molded web 120B can also <lisrupt 

the fiber bonds furmmg the ttusition region 1073. 

The dewate.rma fdts 320 ad 360 pmvmt r~ of the mo•ded web 

dmmah both web &ces 112 - 124. ad thereby Mlp to mmwn the relativdy high 

ckmity rqioo !Oil and the trmmticm region 1073, In the embodiammt shown in 

Figure l, the fint dcwaterina &1t 320 is pmrenbly ~ fi'om the first face 122 

of the molded wdo 120B at the exit of the compnmion nip 300 to prevent water 

held in the dewatering fdt 320 from rewetting the first &cc 122 of the web. As 

deleribOO above, convemional papemudcing m.c:1thods for pressing a web between 

two felts teach that the web shot.de! foillow the fdt having the relatively higlh density 

Md rdativeiy lower pore size ad air pmmeabimity. App!icuts have found that in 

pregmg a web with an imprinting member between two felt layers. improved 

dcwatering can be obtained by the opposite of this convemionam teaching. ln 

plm1icWar. the Applicuts have found that improwd dewatering of the web am be 

obtemcd by uq two felts with di&nnt air permmbllities, ad removing the 

demer,. relatively lower air pammbDity, finer pore felt from the web at the nip exit. 

In the embodiment of Figme I, the second dewatmng felt 360 is supported 

mch that mt is sepmtcd from the imprinting member 219 up.strmm of the nip and 

dowmtmmn of the nip. Altemmively, the seoond dewatamg felt 360 can be 

pmiooned adjacent the imprimmng member 2E 9 upstream of the mp, downstream of 

the mp, or both upstrem and downmeun of the nip 300. The r~atmve1y high air 

paJnubiity Md remtivdy low demity, imp pom me of the second felt 360 permits 

water to be removed from the felt 360 dectm~. mgmiias of whether the second 

felt 360 ii politic:meti adjacent the imprinting member 219 upstream Oll" dJowmtrcam 

of the mp 300. 

A nth step ima the p~ce of the pmsent invention cam oomprise pm--drying 

the molded wab 120B, meh u with a tlhrough~lir dll)'@f 400 M shown m111 Figure 1. 

The molded web a20B em be pnMiried by d~ a drying~ such as h~ air. 

through the molded web l20B. ][none mnbodimmt. tlOO heated air is directed first 

through the mo!ded web 120B fi'om the first web &cc ~22 to the second web face 

124, and mbsequmtly through the ddlecnon cmduit portmomi 230 of the imprinting 

member 219 on wmch the mokmed web is curled. The mr directed through the 

molded! web 120B partially dries the mokied web 1208. Jn addition. without OOi~g 

fumted by thoory, it is believed thU air pmng through the ponion of the web 

aaociated with the deflection conduit portion 230 cam mrther ddlea the web into 
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the defllecticn conduit portion 230,. and reduce the dmsity of the rdative!y low 
denaty region 1084. thereby mncrcuing the buHt amd apparent softness of the molded 

\'lid> 120B. hi one embodiment the molded web l20B can have a consistency of 
between about 30 mid about 65 perccm upon entering the through air dryer 400, Md 

a oomistency of between about 40 and about 80 upon exiting the through air dryi!r 

400. 

Rcfming to Figure l. the through air dryer 400 can comprise a hollow 
rotating dlmm 410. The momded web 120B can be curled around too hollow dmm 
410 on the imprinting member 219. md hmed air cu be~ mdimly outward 
from the hoHow dmm 410 to pus through die web 120B ad the imprinting member 
2J9. Amtermtivdy, the heated air am be diretted radiaHy inward (not shown), 
Suiwb~c through air dryers for use in practicing the present invention are disc~osed in 

U.S. Patmt J,303,576 ismed M1y 26, D96S to Sinon md U.S. Patmt 5,274,930 

mued Janumy 4. 1994 to Bmip et at. which patents are incorporated herein by 
~. Altcmativdy, one or more tbrouglh mr dryers -400 or other suitable drying 
devices _Wt be located upstream of the nip JOO to partimly dry d»e web prior to 

pressing the web in the mp 300. 

A~ 5tep in the practice of the pmsmt mvmtion e&m comprise impreasmg 

the web imprintin1 surface 222 of the fomminous imprinting member 2 U 9 into the 

molded web 120B to form am imprinted web m2oc. lmpmssing the web imprinting 

mr&ce 222 mto the momded web 120B saves to further damsify the relatively high 

dmty region 1083 of the moBded web. thereby mncreumg the dliference in density 

between the Rgiom 1083 Ind 1084. Referring to figure I. the molded web l20B is 

cmried Oft the impriming member 219 Md mterposed between the imprinting 

member 219 ad an imprmion sur&cc 1t a nip 4190. The impmuion ufice can 
comprise a aur&ce S 12 of a heated drying drum SEO, and! the mp 490 can be formed 

between a mill 209 and the deyw mum SU>. The imprinted web 120C am then be 

adlhered to the surface S 12 of the dryer drum s 1 o with the ad of a creping adhesive. 
mm fi~My dried. The dried, imprinted web 120C am be foreshortened as it is 

removed fi'om the dryer drum S 10, sum u by creping the imprin~ed web l20C from 

dl8 dryer chum with a doctor blade 524. 

The method provided by the pmmt invention is particularly useful for mating 
paper wd>1 havins a basil weight of~ about 10 grams pm- square meter to 
lbout 65 grams per square meter. Such paper webs are suitlb!e for use in the 
mmu&mre of qe ad mwtiphl pmy tissue and paper towel products. 

In u alternative embodiment of the present invention. the second felt 360 can 
be positioned adjacent the aemnd &ce 240 of the imprumng member 219 u the 
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mofildedl web 120B ms carried on the imprinting member 219 from the nip 300 to the 
mp 490. The mp 400 can be formed between a wwum pressure roll and the Yankee 
dmm.SlO. 

An alternative embodiment of the :presmt invention employs a composite 

impriimti:ng member 2m9, and is mustrated in Figures S. 9, Md 10. Referring to 
figure llO, the composite imprinting member 219 hu a web patttcrning photoponymer 
l&yer 221 jomed to the sur&ce 365 of a dewnering fdt 360. The dewatcring fcmt 
360 comprises a no.nwoven batt 36U) whmclla cim be neec!Ued to a support structure 
wmpriag wovm filaments 3620. 

The fim dcwatering felt 320 cu be the above--mmtimcd AmSwn&2. Style 
2732 uvm1 a ] : l bait to bue ratio. a l over 6 Wayercd batt oomtrudion md an mr 
pmmeability of about lS cubic feet per minute per squ11e root 

The second dewatering felt 360 am be the above-mentio~ed AmFmcx-lS Style 
S61 S having a l: l batt to bue ratio. a l over 40 layered batt construction. amd an air 

pamaMB&ty of I.boot 40 cubic feel per mmmaute per sqmre foot 
The ~ymer layer 221 has a macmseopicaUy monop!anar. patterned 

continuous maworlc web imprinting suurface 222. Such a composite imprinting 
mmnber 219 crm comprise a photopolymm' nmn cut onto the mrfacc of a 

dmwterimg felt. The foHowms commonly wiped U.S. Patent Appimtiom are 
inooqmrated hnn by~ for the purpose of showir.tg the construction of such 
~ composite imprinting member: Serid Number 01/4(H,IJ2 15We1> Patterning 
Apparatus Comprising a Fe]t Layer and a Photosensitive Resin Layer. w filed June S. 

!99S imm the name of Troklum, et at, which is a oontinuation in part of U.S. Patent 

Application Serial Number 011261,154 filed .Junc 29. 1994; U.S. Send Number 
OllJ~Jl.372 !Ol(dhod of Applying a Curable Rain to 1 substrate for Use m 
PaipmMkmg411 SW Febmmy ns, 1995 m the ume of Trokha et all.; ud 1eHigh 

Ab1mbmce/Low R.dlootuoo Felts with a Pattern Layer" filed Aprim 30, 1996 m the 

mmm of Ampubdd d al. 
In Fmpre 9, the embryonic web 120 ms ttansferred to the photopolymer web 

imprinting mrikce 222 of the compo1ite imprimin1member219. The relativeliy high 
lir ~ility of the fdt layer 360 faeUitates tnmsrer of the web to the composite 

imprinting member 219 by the vacuum box 126. The rdativdy high air permeability 
of the &it briycr 360 also mhfmces water nmowl'i &om the web at transfer. In 

lddmo~ otha- 'WCm.lUm open.ted dewatamg equipment cam be. poaitiommed 
mtamemate the mm• point and the mp 300 to remove water hm t!h.e felt 360 

ad web upstmmn of the mp 300. For inm.ncc, a vacuum device Ii 37 camm be 

politiooed adj&emt to the composite imprinting member 2 i 9. u shown in Figure 9, 
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to remove water trom the felt layer 360 and thi!l web. The vacuum device 137 

provides a vacuum which draws water from the web to the felt 360, tmdi then from 

the felt 360 to the device ~37. Suitabme vacuum dmces 13'1 include but are oot 

lilfomitOO to wcuum slots and vacuum pmswre rolls. 
The web is pressed in the mp 300 betwwn the first felt 320 and the 

composite imprinting member 2199 which comprises the photopomym~r web 
imprinting ~ 222 and the second feh 360. The deflection cooduits 230 of the 

putemedl photopolymer layer 2.21 are in flow comm.unicatmon with the felt Uayer 

360, u shown in Figure 10. 

Figure S is m enlarged illustration of the nip JOO shown in Fisurc 9. The force 
proviidled by the :Boe press usembiy urges the fdt 320 apinst the web 120" 

causing discrete portions or the web 120A to be ddle:cted i~to die deflection 

conduits· 230, and oompactmg a continuous Mtwork portion of the web 120A. 

thereby forming a molded web !208. At the exit of the mp 300. the fellt 320 is 

mmoved from the molded web 120, and tih.e moWdoo web is earned on the composite 

imprinting member 219. 

The molded web 120B is carried an the web imprinting surface 222 of the 

composite web imprinting member to the mp 490. The nip 490 in Figure 9 is formed 
between 1. pressure roll 299 mWJ tke Yankee dlrum SJ 0. The pramre roll 299 cmr be 

11 vawum pressure roH whicl mmoves w.atcr ftom the web via the second felt 360. 

The rdatively high air pmmeabiUty of fclt 360 enhances this water nmoval. 

Alternatively, the pmsmm ro!m 299 cm be a solid mU. With the composite 

imprimna member 219 posido~ed adjacmt the face 124 of the molded web 12.0B. 

the web is curled on the composite imprinting member 2119 into the mp 490 to 

trmmer the molded web 120B to the Yankee drum SW 0. 
Whi!e partiudar embodiments of the present invmtiom have been iHustratcd 

amd dcscnl>ed, it would be obvious to the>H skilled m the art that wrioos odler 

chamges ad modifications ea be made without deputing tmm the spirit and scope 
of the praent invmtioim. 



··------·--------======~---~=---------------

WO~ 

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

pmvidma an aqueous dispersion of papermmng fibers~ 
pmvidmg a foramioous forming member, 

~a tint dewatering •it mayer; 

prcmdimg a HCOnd dewaterlng felt layer having m air pameabiJity, whm'em 

the air pcmcabi&y or the second dewaterlng felt ~ayer is at least about 

30 cubic feet per minute per square foo~ md prdn1>1y at ieut about 40 

mbic feet per enutc I*' square foot; 
providing a compreu.ioo mp; 
providing m imprinting membo having a web contacting face comprising a 

web imprinting sur&ec a a deflection oonduit portiorm; 

fonnmg an embryonic web of the p~g fibers on the foraminous 

fomm.ing member. the embryome web having a first &ce md a second 
&cc; 

t~ tire embryonic web &om the ~s fom1mg member to die 

impfhr.ting member to pmioon the second &oo of the embryumc web 
adjacent the web com~ face of the ftmmioous imprinrlns member; 

poacnmg the web imamedim the h Md sm;ond feft layers in the 
eompnaon mp. wherein the tint rd layer ii positioned adjacent the 

fint face of the web, wherein the web imprinting surface is positioned 

~ the sccon.d &ce of the web, ud whemin me ddlection conduit 

portiom ism low ~00 with the second felt hiyer; and 
~the web m the compression mp to form m molded web. 

2. The mmhod of Caim i wherein the step of tWISfaring the embryonic web 

&om the foramincus forming member to the imprinting member comprises 
wauum t~ due emluyonic web from the forming member to me 
mprintm1 member. 

3, The method or cw.n 2 wherein the *P of tnmd'emng the embryomc web 

oomprisa ~the embryomc web to ~ oompusite imprindns member. 

md whemm the composite imprinting member comprises the -=nd felt myer. 
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4. ne mdwd of Claim l further oomprisi~g the steps of. 

prommg a vacuum device; Md 

removing water from the second felt layer with the vacuum device 
intermediate the step or trlnllferrimg the embryonic web to the composite 
imprinting member ud the step of prasing the web m the compression nip. 

S. The method of CW. I. 2. 3, or 4 comprising the steps of: 
PrcMdma am imprinting memba" having 11 first web cmuctms face comprising 

a macroscopitdy ~. paUemed, continuous network web 

imprinting smf&ce dung & p8urdty of discmt~ isolated,, none 
~ dletlection animu; ad 

pressing the web in the cmnprmion mp to tbrm 1 molded web havmg a 

patterned contmuous netwoirk region having a relatively high dmsmty. 
md a phnlity of discrete domes having 1 relatively low density. the 

domes btDg dispersed thmughoot d!e continoom, rdatiwmy high density 

network regim, Md imlatd one ftom amotber by, t~ rdatiwly mp 
deuity network rezioo. 

6. A mdhod of forming 11 JMlPer web compiling the steps of: 

PrtMdms n aqueous dispcniolll of~g fiben; 

providing a tbmminoos f'onmng member; 
providing ah dewatering felt !ayer having m air pem1ability. 

providing a second dewatefins felt layer Mvina u air permeability, wherein 
the air pammbiity of the~ dew&terin1 fdt layer is grater than the 
• ~ty of dm Int dmntemg mtt layer. md pn6rabfily at least 
about LS times gmaw tha dme air permeability of the first dewmering 

fdtlays; 

providma a compression nip; 
pmWling am imprimins memba' havi• a web contactmg face comprising a 

web imprinting mr&ce and a deflection conduit portion~ 
forming u emmyomc web of the paperma.1clfll fibers on the fOflmioous 

foirmins member, the mDyooic web having a im face and a second 

&ce; 
ttolferring the embryonic web hm the fomnimus fonirins member to the 

~ manbm- to pmmon the noond face of the embeyomc web 
ldjacmt the web contacting &cc of the fbraminous imprinting member~ 

positiomns the web intermediate the tint Md second felt layers i:rm the 

· llH ?111 li illl 
IL. Ill s * 
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compression nip. wherein the first felt mayer us positioned adjacent the 

first face of the web. wherein the wc:b imprmdng sur&ce is positioned 

adjacent the second &ce of the web. md wherein the ddmion 0011tduit 

portion is in low communic&tion with the second remt layer; and 

prening the web in the compression nip to form a molded wrb. 

1. The method of Claim 6 wherein the atep of mmfening the embryonic web 

fi'om the formnous forming member to the imprintimllg member comprises 

vacuum trnsfenmg die embryonic web fi'om the forming member ~o the 

imprintina manber. 

I. The mdhod of Claims 6 or 7 further compriq the steps of: 

~ the first dewatering felt l&)'a' &om the first face of the molded web 

aft« the molded web puses thmqh the comprmon mp~ and 

mpponq the molded web on the web imprinting mmii.ce after the molded 

web plMll thmup the comprmon mp. 

9. The method of Chdms 6, 7. or I wherci~ the imprinting member bu a. web 

com~ fice compriang a m&a'Osmpieilly monopi&Mr, patterned. 

coomuoos network web imprimmg ~ ddming with.i11m the fonminoos 

imprinting member a pbdty of disemte,. isolated. non-coMected ddl\micm 

~m!uits. 

to. The method of Claim 6, 7, a. or 9 whcnm the imprinting mr:mber comprisa a 

mmpolhe imprinting member having dme web imprimi• mr&ce joimd to the 

~ tWt layer, and wherdn the step of ~ the embryonic web 

comprises tnmlfenin1 the embryomc web to the web imprmtmg surface of the 

compo•e imprimios member. 

ii ii if 
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