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. portions of his or her anatomy with the paper web. Softness generally increases as

the paper web stiffness decreases. Absorbency is the characteristic of the paper web
which allows it to take up and retain fluids. Typically, the sofiness 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 a fabric knuckie 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 feit. 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 the web between a 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 a
second press nip at a drying drum. U.S. Patent 4,144,124 issued to Turunen et al.
discloses a paper machine having a twin-wire former having a pair of endiess fabrics,
which can be felts. One of the endless fabrics carries a paper web to a press section.
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to the press nip, resulting in overall compaction of the web in the press nip. Overall
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 not provide a wet
molded sheet having a continuous high density region for carrying loads and discrete
low density regions for providing absorbency.

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

The following references disclose embossing: European Patent Application
0499942A2, U.S. Patent 3,556,907, U.S. Patent 3,867,225, U.S. Patent 3 414,459,
and U.S. Patent 4,759,967.

As a result, paper scientists continue to search for improved paper structures
that can be produced economically, and which provide increased strength without
sacrificing softness and absorbency.
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i ncreased strength w t hout d absor bency.
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 a foraminous forming member, and transferred to an
imprninting member to deflect a portion of the papermaking fibers in the embryonic
web into deflection conduits in the imprinting member without densifying the
embryonic web. The web and the imprinting member are then pressed between first
and second dewatering felts in a compression nip to further deflect the papermaking
fibers into the deflection conduits in the imprinting member and to remove water from
both sides of the web. The compression nip has an extended nip length, the nip
length being at least about 3.0 inches in the machine direction. The compression nip
is formed between opposed compression surfaces. In a preferred embodiment, the
compression nip is formed by 2 press having convex and concave opposed
compression surfaces.
The method of the present invention comprises the steps of :
forming an embryonic web of the papermaking fibers on a foraminous forming
member, the embryonic web having a first face and a second face;
transferring the embryonic web from the foraminous forming member to an
imprinting member to position the second face of the embryonic web
adjacent a web contacting face of the foraminous imprinting member;
deflecting a portion of the papermaking fibers in the embryonic web into a
deflection conduit portion and removing water from the embryonic web
through the deflection conduit portion to form an uncompacted, non-
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conprises the st @&nc&]y claiming the present invention, the invention will be better understood from
the following description taken in conjunction with the accompanying drawings in
which:

Figure 1 is a schematic representation of one embodiment of a continuous
papermaking machine illustrating transferring 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 feits in the compression nip.

Figure 2 is a schematic illustration of a plan view of a foraminous imprinting
member having a first web contacting face comprising a macroscopically
monoplanar, patterned continuous network web imprinting surface
defining within the foraminous imprinting member a plurality of discrete,
isclated, non connecting deflection conduits.

Figure 3 is a cross-sectional view of a portion of the foraminous imprinting
member shown in Figure 2 as taken along line 3-3.

Figure 4 is an enlarged schematic illustration of the compression nip shown in
Figure 1, showing a first dewatering felt positioned adjacent a first face of
the web, the web contacting face of the foraminous imprinting member
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transferring the enbryonic web fromthe foram nous form ng nmenber to an

i mprinting nmenber to position the second face of the enbryonpersdnosss

adj acent a weBVeYMOHYting face of the forami nous inprinting menber;

defl ecting a portion of the papernmaking fiber§ in the enbryonic web into a
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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 enlarged 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 5 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.

Figure 10 is a schematic illustration of a cross-section of a composite imprinting
member.

Figure 11 is a schematic illustration of a pian view of a foraminous imprinting
member having a web contacting face comprising a continuous, patterned
deflection conduit and a plurality of discrete, isolated web imprinting
surfaces.

Figure 12 is a schematic illustration of a plan view of a foraminous imprinting
member having a semi-continuous web imprinting surface.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 illustrates one embodiment of a continuous papermaking machine
which can be used in practicing the present invention. The process of the present
invention comprises a number of steps or operations which occur in sequence. While
the process of the present invention is preferably carried out in a continuous fashion,
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219 from the foraminous forming member 11 to a compression nip 300 having a
machine direction length of at least about 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 concave compression surface being
provided by a shoe press assembly 700,

A first dewatering felt 320 is positioned adjacent the intermediate web 120A,
and a second dewatering felt 360 is positioned adjacent the foraminous imprinting
member 219, The intermediate web 120A and the foraminous imprinting member
218 are then pressed between the first and second dewatering felts 320 and 360 in the
compression nip 300 to further deflect a portion of the papermaking fibers into the
deflection conduit portion of the imprinting member 219; to densify a portion of the
intermediate web 120A associated with the web imprinting surface; and to further
dewater the web by removing water from both sides of the web, thereby forming a
molded web 120B which is relatively dryer than the intermediate web 120A.

The molded web 120B is carried from the compression nip 300 on the
foraminous imprinting member 219. The molded web 1208 can be pre-dried in a
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
moided 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 roll 209 and a dryer drum 510, thereby forming an imprinted web 120C
Impressing the web imprinting surface into the molded web can further densify the
portions of the web associated with the web imprinting surface. The imprinted web
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DESCRI PTI ON' OF  THgeriVédEbobh e®dycled paper, which may contain any or all of the above categories
as well as other non-fibrous materials such as fillers and adhesives used to facilitate
the original papermaking.

In addition to papermaking fibers, other components or materials may be
added 1o the papermaking furnish. The types of additives desirable will be
dependent upon the particular end use of the tissue sheet contemplated. For
example, in products such as toilet paper, paper towels, facial tissues and other
similar products, high wet strength is a desirable attribute. Thus, it is often
desirable to add 1o the papermaking furnish chemical substances known in the art
as "wet strength” resins.

A general dissertation on the types of wet strength resins utilized in the paper
art can be found in TAPPI monograph series No. 29, Wet Strength in Paper and
Paperboard, Technical Association of the Pulp and Paper Industry (New York,
1965). The most useful wet strength resins have generally been cationic in
character. Polyamide-epichlorohydrin resins are cationic wet strength resins which
have been found 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-
epichlorohydrin resins is Hercules, Inc. of Wilmington, Delaware, which markets



Figure 1 illustrates one enbodi nent of a continuous papernmaki ng machi ne
whi ch can be used in practicing the present invention. The process of the

present invention conprises a nunber of steps or operations which
occur in sequence. Wile the process of the present SNbbs8N 1S
preferably CHPP¥¥E%%ut in a continuous fashion, SJ§¢%0604
PCT/ US97/ 10988 8 it
wi |l be understood that the present invention can conprise a batch

operation, such gh rmmd@,@@ﬂggpgyh@kﬁgmprocess A preferred sequence
of steps will be desc e under st andi n t hat the sco e of
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cl ai ms. resinsic chhesd mglrisoarortksmﬁaédn nNErs. Fatert Nospr3esx832i rissaed loan
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i bers
The enbryoni ¢ web fg%“ tﬂenb‘i‘?a??é‘?“é‘r Peige ¢ ipeqrporated hch‘ﬁrBYnfﬁfP&@CF rrprqfﬁtl ng
nmenber 219 havi ng:ommmrcxslt sowbe @fnpalgdcryigmidac exsihg OisC arqetican Cyanamid Coa ofeb )

i mprinting surfacfadof, THALLEE! mm&gﬂe%npm 80 u (fe éHaHPg%E NG,

paper neking fi ber§ in the enbryonl c we are | nt o
defl ecti on condui portion of the foram nous inprinting nenber 219

Wi t hout densifying t Rtillvether water-solulila earidnic teingi m@:@nuﬁlm}eﬂi sl iifeRtione Bre
|1r2r10)'r6\| nting nmenbe u@%hﬁﬁ@é}ng&f'aﬁ& et %ﬁmfn(])erzgﬁd ?%d Onr?élﬁie)g{p %L%{“g‘ogs
conpressi on ni p JY0ctoRgl gwpups of these mh!émcaenaélrpma anﬂez@t porwdiniag groepst
about 3 0 i nches.sudlnas @ninoFoéupband ﬁi&ﬂ@&ﬂ‘éroups attachd i 86dn0 NPA Yotk &R Hine ThE
compr essi onsur 14 Nﬂgﬁﬁﬁsﬁ%&a@oﬁ@%@“ 5 nER Fetion, In Bl toRbtary
provi ded by a pre%& SF"G!’S‘*‘ NS sheh aCaldasoll nupnyfaemisdcbyc g @%itbmdsﬁvme
bei ng pr ovigde dmayiufactaied GyPNRivhabSERRinY GHdhical 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 strength resins discussed
above to the pulp furnish is optional and is not necessary for the practice of the
present development.

The embryonic web 120 is preferably prepared from an aqueous dispersion of
the papermaking fibers, though dispersions of the fibers in liquids other than water
can be used. The fibers are dispersed in water to form an aqueous dispersion having
a consistency of from about 0.1 to about 0.3 percent. The percent consistency of a
dispersion, slurry, web, or other system is defined as 100 times the quotient obtained
when the weight of dry fiber in the system under discussion is divided by the total
weight of the system. Fiber weight is always expressed on the basis of bone dry
fibers.

A second step in the practice of the present invention is forming the embryonic
web 120 of papermaking fibers. Referring to Figure 1, an aqueous dispersion of
papermaking fibers is provided to a headbox 18 which can be of any convenient
design. From the headbox I8 the aqueous dispersion of papermaking 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 a 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 al, which patent is incorporated



A first dewatering felt 320 is positioned adjacent the internedi ate web

120A, and a second dewatering felt 360 is positioned adjacent the

foram nous inprinting menber 219. The internediate web 120A and the
f or am nous |mwbbgh5@g menber 219 are then pressed betpurarsst/iossd i r st
and second dewatering felts 320 and 360 in the conpression nip 300

to further deflect a portion of the papermakingg fibers into the
deflection conduit portion of the inprinting menber 219; to densify a
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creped from the drygrhsiaiA B¥urR 1, or altemﬂ%ﬁoﬁ bgkﬁg%cés% such as a handsheet making
Exam ni ng the process st epg’e ccor res I'hve
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det ail, a fifreqess¢an W‘Méﬂaﬁéﬂge af pqmmr!&ﬁ@etsss deposited

pr ovi di ng an aqueoumta nmpﬁamnmuusofonmng member 11, the embryonic web 120 is formed by
removal of a portion of the aqueous dispersing medium by techniques well known to
those skilled in the art. Vacuum boxes, forming boards, hydrofoils, and the like are
useful in effecting water removal from the aqueous dispersion on the foraminous
forming member 11. The embryonic web 120 travels with the forming member 11
about the return roll 13 and is brought into the proximity of a foraminous imprinting
member 219.
The foraminous imprinting member 219 has a first web contacting face 220 and
a second felt contacting face 240. The web contacting face 220 has a web imprinting
surface 222 and a deflection conduit portion 230, as shown in Figures 2 and 3. The
deflection conduit portion 230 forms at least a portion of a continuous passageway
extending from the first face 220 to the second face 240 for carrying water through
the foraminous imprinting member 219. Accordingly, when water is removed from
the web of papermaking fibers in the direction of the foraminous imprinting member
219, the water can be disposed of without having to again contact the web of
papermaking fibers. The foraminous imprinting member 219 can comprise an endless
belt, as shown in Figure 1, and can be supported by a plurality of rolls 201-217. 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, about 8 percent
petroleum oil, about 1 percent cetyl alcohol, and about | percent of a surfactant such
as Adogen TA-100. Such an emuision facilitates transfer of the web from the

a



paper maki ng fibers derived fromwood pulp to formthe enbryonic web 120.
The papermaking fibers utilized for the present invention wll
normal Iy include fibers derived fromwood pulp. O her cellulosic
fibrous pulp fibers, such as cotton i nters, bagass n be
utilized andwamP®0spt ended to be within the scope of this er%sg’i”%\o\ggsﬁtion.
Synthetic fibers, such as rayon, polyethylene and pol ypropyl ene fibers,
may al so be utilized in conbination with natiral cellulosic fibers. One
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Strength in Paper anduitadle shapes for iR onenings. ¢4t nclyge. Lut 3rg agt; lpitedstoy piEclesy)
and Paper | ndust r gvaldNawnd Yolygzons, with hexagodi shaped lopeningst 238 sbowh imEguest 2. el h
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surface 222 and discrete isolated deflection conduits 230 can be manufactured
according to the teachings of the following U.S. Patents which are incorporated
herein by reference: U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al;
U.S. Patent 4,529,480 issued July 16, 1985 to Trokhan; and U.S. Patent 5,098,522
issued March 24, 1992 to Smurkoski et al.; and 5,514,523 issued May 7, 1996 to
Trokhan et al.

Referring to Figures 2 and 3, the foraminous imprinting member 219 can
include a woven reinforcement element 243 for strengthening the foraminous
imprinting member 219. The reinforcement element 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 element 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 element 243 and the openings 239
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such resin under the mark Kynene[err] 557H. Pol yacryl am de
resins have al so been found to be of utility as wet strengtBcrruseriesssesi ns.
These resins WR ¥ WYcribed 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 Wllians et al., both patentd!being incorporated herein by

reference. One cQnmer ci %I . source of polyacrylamde resins is
Areri can Cyanani d @fthe gefiection condyjis, piOnprgvidesa cRRRAuORS PassagRY Bh ks om e
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functional groups SFiachEYelimbpg dafiectry phiths Sagrs dntg the deflacHem Soadvits A3Ri art
groups suchthasbprielpotqyprvps  the dormedtion | «f! apgr0te Sinathé gokishst f the web
nitrogen. Polyet nyL Loty it the defietiRSohdift 350, Wieh &l B rddilfhy Y4l bty umb1®
present invention. |n addition, tenporary wet s{reng?'h ¥ eSione %80

as Caldas 10 (nmanuf@id (Uch 2BgrIss, ShPIRbRing, gan bs Fawssmby avater or air fipyotirough the
(manuf act ured by Nddflectian coftiuitsovhea agreshreidifadentosayncjossthe viae. used in

the present invention. tud jred o thOwbFintttlfite Ll 3432k § REcARLEIF AR Bl are of
chem cal _ conpoun sbsuch as t wet- streng an enporary we
strength resins di d&$Ee&ed contacting g 220 sherdd be berweer: ahouh 19 peresst torbant Sihd
i s not necessary f pércéreany mote prfendblyt b&tween about PI0E p&rdént A6 VALED 5B Nercent to

'he papermaki ng 1 BEYde aMBTbR AR of P BRI e RN BRI repyE B bl ey

t han wat er eiatively lowedensitphdomeshi08¢ showndinsKiguree @ 4nd Wt Bhe sige fofrthe an

aqueous di sper si ONofhitigh @39 of the deflection bfduRNE30 Mfthé piane GRS tirsd facd 200 cabBIt

0.3 percent. The pg:Ep(%gsrs]éd it Tetis %;' S’\i?e%ﬁveoérecaspan. Effective free span is defined as the area of
the opening 239 in the plane of the first face 220 divided by one fourth of the
perimeter of the opening 239. The effective free span should be from about 0.25 to
about 3.0 times the average length of the papermaking fibers used to form the
embryonic web 120, and ts preferably from about 0.5 to about 1.5 times the average
length of the papermaking fibers. The deflection conduits 230 can have a depth 232
(Figure 3) which is between about 0.1 mm and about 1.0 mm.

In an alternative embodiment, the foraminous imprinting member 219 can
comprise a fabric beit formed of woven filaments. The web imprinting surface 222
can be formed by discrete knuckles formed at the cross-over points of the woven
filaments. Suitable woven filament fabric belts for use as the foraminous imprinting
member 219 are disclosed in U.S. Patent 3,301,746 issued January 31, 1967 to
Sanford et al., U.S. Patent 3,905,863 issued September 16, 1975 to Ayers, U.S.
Patent 4,191,609 issued March 4, 1980 to Trokhan, and U.S. Patent 4,239,065 issued
December 16, 1980 to Trokhan, which patents are incorporated herein by reference.

In another alternative embodiment, the foraminous imprinting member 219 can
have a first web contacting face 220 comprising a continuous patterned deflection
conduit 230 encompassing a plurality of discrete, isolated web imprinting surfaces
222. Such a foraminous imprinting member 219 can be used to form a molded web
having a continuous, relatively low density network region, and a 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
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A second st 9 98P0§0e practice of the present invention is Form ng The
enbryoni c web 120 of papermaking fibers. Referring to Figure 1, an
aqueous di spersion of papernaking fi%ers is provided to a headbox 18
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A third step in the practice of the present invention comprises transferring the
embryonic web 120 from the foraminous forming member 11 to the foraminous
imprinting member 219, to position the second web face 124 on the first web
contacting face 220 of the foraminous imprinting member 219.

A fourth step in the practice of the present invention comprises deflecting a
portion of the papermaking fibers in the embryonic web 120 into the deflection
conduit portion 230 of web contacting face 220, and removing water from the
embryonic web 120 through the deflection conduit portion 230 to form an
intermediate web 120A of the papermaking fibers. The embryonic web 120
preferably has a consistency of between about 3 and about 20 percent at the point of
transfer to facilitate deflection of the papermaking fibers into the deflection conduit
portion 230,

The steps of transferring 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




11 and renoving a portion of the aqueous di spersing nmedium The enbryonic
web 120 has a first web face 122 contacting the foram nous nenber
11 and a second oppositely facing web face 124. The
enbryoni ¢ web 120 %%ﬁ be fornmed in a continuous papernaki ng peoTsHapIss

as shown in Fi%?séo ,, or alternatively, a batch process, such as a
handsheet maki ng process can be used. After the aqueous di spersion
of papermaking fibers is deposited ontd the foram nous formng
menber 11, the enbryonic web 120 is fornmed by “renoval of a portion
of the aqueous di spféF slefiesting gPRivitRPriQIC B Wuwise\tke Fonsisterpy ohthe web to betwesse
skilled in the art.abdacisigadaes30 perestitNThb priselfe diffeanedl Qbloss thaReibhdaiclvidse
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with the form ng nenghes ofimercury). The vaswim proivided by thervaeuyint box3l 24rpgrmiits traneferydft
into the proxinmty  embfyohiawedOIZ tb M fordnifiGhs imprinting MEBHKRER1828d deflection of

The feram nous inprjipting: e | ISt b. cont act i ace . 220.
and a seco n,ng ?ié%? "{clg nt a‘{cﬂtfl %Jn'gm P: ggdeu@jé{‘énrﬁj@ew Pu 8?1?’3‘159?% 8‘°f embryaisy
has a web inprintingeb 120. Additqna} vacsum bpxes{gotshawn) eastliedncludsd daifsrtheo dewaser
230, as shown in Figeiamediaecved. 1264 defl ection conduit portion

230 forns at least a p i an_qf conf i nuous sageway,. xt endi n
fromthe first face 228&??3“%30 s@%“cgﬁ 'fpé’géfmﬁzl‘ga% r'gtfg?‘ﬁ‘ﬂ'%dv%{ o™ A %t?g‘%‘
the forani nous i nprdefiested)inte thecdefiotipn capduits 230 gpstreamhefi thamowmpression BpB08,dso
; rom _ the \tA@zhatoé\e %&ﬁeﬂﬂi@ W ilzd?gfsﬁxtohﬂncz\ngflaﬁﬁrf eﬂkg&enﬁa‘dd, iakmab 1204 is
oram nous inprintin er .he er ¢ e disposed o
wi t hout having to aé‘g‘f”ﬂm?’%’m agensrally Wé%"gfh“gmm .d’s‘aﬂ%"pag"rtm $f§“p ?W%kfé'F%“.d ki
foram nous i npri ntifaeesri@iisad 124)Sipsseramosithe ¢asmpression mipl BP0 indicate thattrepdrtionnsf
shown in Figure 1, @@dneafedite WBPRIOAEHadYee defdEad iikty @E iﬁxﬁhﬁt&gzﬂém&’&?zw
The foram nous | ig)rlhynél ngmnenber 219 is dri V%;IP In t direction 281
(corresponding to Without locally densifang or compacting Shp inteRmetints welil g1y upsirep of the
drive means (not sh@mpressibhaipii00sTransfer of the embryosintwabtiROgnd deflectRd(of olie fitives
foram nous i nprintipgLdBRBSHnid WebGRid thE dScAYE Honduit 8ponionv\2§ohca%e%%:§¢;ﬁﬁbd
conpri sing about 90 sEer.c nt, wei ght water, ab 35 gt?r c4e%te9 . 4
petrol eum oi |, aboutsSet r%’@ﬂ%‘“&‘é‘t b Apqvs feferenced - SpBeient 4. 1er 488 s ingprograte
surfactant such herein bys refetenpenfor Ahe OfirpaSeicdf wachinglasmethod oor [transfemiag an
transfer of the webefiyQsRid #6b to a foraminous member and deflecting a portion of the papermaking
fibers in the embryonic web into the foraminous member.
A fifth step in the practice of the present invention comprises pressing the wet
intermediate web 120A in the compression nip 300 to form the molded web 120B.
Referring to Figures 1 and 4, the intermediate web 120A is carried on the foraminous
imprinting member 219 from the foraminous forming member 11 and through the
compression nip 300 formed between the opposed compression surfaces of roll 362
and shoe press assembly 700. In order to describe the operation of the compression
nip 300, the imprinting member 219, dewatering felts 320 and 360, and the paper web
are drawn enlarged relative to the roll 362 and the press assembly 700.
The first dewatering felt 320 is shown supported in the compression nip
adjacent the press shoe assembly 700, and is driven in the direction 321 around a
plurality of felt support roils 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 over 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
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support rolls 364. A felt dewatenng apparatus 370, such as a Uhle vacuum box can
be associated with each of the dewatering felts 320 and 360 to remove water
transferred to the dewatering felts from the intermediate web 120A.

The press roll 362 can have a generally smooth surface. Altemnatively, 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 concave
compression surface 711 provided by the shoe press assembly 700.

The term “"dewatering felt" as used herein refers to a member which is
absorbent, compressible, and flexibie 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 dewatering felts 320 and 360 can be formed of natural materials, synthetic
materials, or combinations thereof. A suitable dewatering felt comprises a nonwoven
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I nprinting nmenber 219 can I ncl ude a woven reinforcenent el enent 243
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strands 242 MA%MEYs nmchine direction reinforcing strands 241,
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PCT/ US97/ 10998 formed include but are not limited to natural fibers such as wool and skthetic fibers
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el ement 243 can al sThepfel\canlbave slapgyed tonstruction, amsiurohgeise & amixthienofifibegtypes and
deflection of the fihers into the deflection conduits 230, and

thereby help to prevent_the formation of apertures in the portions of the

web associ at ed iedswaisang;iefts 429 05 fiaves thiskness plhetweeniagput 2 mm
rel atively | ow densiotapoutchms, a basis weight @8dbouS8Ghtoapeti200@ gram® heiqudre hiete, an

can be caused by [4 ikt | : . ect | I.I.S
when a pressure d\il\ﬁvgfaggg ?e‘?sgi i(ésatsg%%gw}ﬁtgp\?gﬁfmss) f}f bgngeLn %O?P{?'ﬁg%%g&of
the web inprinting YWicrespametorand ghoyt OAS gram pamibisreeptimeteropndd angircpermeability of

the first web cont astwes aboutf BCmd2BOut 19D eubid fdee phrahinge perdydire fd&, et gregiret O

about 65 PegifErehrial %}gf}%@ﬁ[ %g&ge‘?{ggg@rﬁg%ﬁe% Mgl gx?ao(tﬁts ifich Safeg]t 1O

about 50 percent to ) eratio he areas of the
relatively high densityrhecigwaierisg delt 32 canthave a first surfaey 335 having 3 calptively dighy
domes 1084 shown i ndenigy réigtivelyosnshll porel kige, ahd @ sédonll RErface 327 having a relatively low
density, relatively large pore size. Likewise, the dewatering felt 360 can have a first
surface 365 having a relatively high density, relatively smal} pore size, and a second
surface 367 having a relatively low density, relatively large pore size.
The dewatering felts 320 and 360 can have 2 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 a measure of the percentage
change in thickness of the dewatering felt under a given loading defined below. The
dewatering felts 320 and 360 should also have a2 modulus of compression less than
10000 psi, preferably less than 7000 psi, more preferably less than S000 psi, and most
preferably between about 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 dewatering felt is placed on a
papermaking fabric formed of woven polyester monofilaments having a diameter of
about 0.40 millimeter and having a square weave pattern of about 36 filaments per
inch in a first direction, and about 30 filaments per inch in a second direction
perpendicular to the first direction. The papermaking fabric has thickness under no
compressive loading of about 0.68 millimeter (0.027 inch). Such a papermaking
fabric is commercially available from the Appleton Wire Company of Appleton,
Wisconsin. The dewatering felt is positioned so that the surface of the dewatering
felt which is normally in contact with the paper web is adjacent the papermaking
fabric. The felt-fabric pair is then compressed with a constant rate
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and TP600 are the thicknesses of the fabric alone at O psi, 300 psi, 450 psi, and 600
psi loads, respectively. Suitable dewatering felts 320 and 360 are commercially
available as SUPERFINE DURAMESH, style XY31620 from the Albany
International Company of Albany, New York.

Alternatively, the dewatering felts 320 and 360 can have different
constructions. For instance, the felt 360 can be selected to have an air permeability
of at least about 30 cubic feet per minute per square foot. The felt 320 can have an
air permeability which is lower than that of felt 360. In one embodiment, feit 360 can
be an AmFlex-3S Style 5615 having a 1:1 batt to base ratio (1 pound batt material for
every one pound of woven base reinforcing structure) and a 3 over 40 layered batt
construction (3 denier fibers over 40 denier fibers, where the 3 denier fibers are
adjacent the surface 365 of the feit layer). Such a felt is available from Appleton Mills
of Appleton, Wisconsin and can have an air permeability of about 40 cubic feet per
minute per square foot. Felt 320 can be an AmSeam-2, Style 2732 having a 1:1 batt
to base ratio and a 3 over 6 layered batt construction. Such a felt is available from
Appleton Mills of Appleton, Wisconsin and can have an air permeability of about 25
cubic feet per minute per square foot.

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



12 I's incorporated herein by reference. In yet anot her
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For instance, the & onr c
the emrance to the nip 300. The papermaking fibers in an intermediate web 120A

having such a preferred consistency have relatively few fiber to fiber bonds, and can
be relatively easily rearranged and deflected into the defiection 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 about 400 pounds per square inch.

The machine direction nip length can be between about 3.0 inches and about
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 about 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



vacuum transferred fromthe formng nenber 11 to the inprinting nenber 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 enbryonic web 120 provi ded by the vacugi;% bsfdsd € O,

t he vacuum W& deflects the fibers into the eflection conduit
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”Phet zlnglGed web 1208 ts preferably pressed to have a consistency of at least
about 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 associated with the web imprinting surface 222 and a 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
a macroscopically monopianar, patterned, continuous network web imprinting surface
222, as shown in Figures 2-4, provides a molded web 120B having 2 macroscopically
monoplanar, patterned, continuous network region 1083 having a relatively high
density, and a 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, relatively high density network region 1083 provides a
continuous loadpath for carrying tensile foads.

The molded web 120B is also characterized in having a third intermediate
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,
generally trapezoidal cross-section.
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the embryonic web 120 into the deflection conduit portion 230 of the imprinting
member 219 to provide a non-monoplanar intermediate web 120A upstream of the
compression nip 300. A monoplanar web carried through the compression 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 deflection 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 expelled 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 expelled from both faces of the web be removed
from both faces of the web. Otherwise, the expelled water can re-enter the molded
web 120B at 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 particular, water




U.S. Patents, which are incorporated herein by reference: U S. 4,559,258 to

Ki uchi , US. 3,974,026 to Enson et al.:; U S. 4,6287,021 to Justus et
al.;: US. 4,201,624 to Mohr et al.; U S. 4,229,253 to Cronin; U S.
Pat ent 4,561,939 to Justus; U S 5,389, 205 to Pajula 710988 S-

5. 178, 732 t OVGOHIEEr et al .- U S. 5 308 450 to Braun Pelé’t"%(.

The outer surface of the pressure belt 710 takes on a generally arcuate,
concave shape as it passes over the pgessure shoe 720, and provi des
a concave conpression surface facing oppositely to the convex

conpr essi on sur f aerii@io Hesholtéd Web s 208 Gl disrupt the bSR3 in thB irdatRel g ediyt he
outer surface of ‘IB(; Nog3 SULe Be‘l:et th@%xﬁe R SSI‘{]Q‘? ver the - pgéassure
shoe is designated 711 I PGP METHRESHL £ rPIXEE FPPIOiLy of dRat remopye ¢
710 can be snoot hWater (ptwoipg ¢o the molded web 120BThe alsodisapt the fiberdogidsforming trace
provi ded by the pr#sition fdgiond®23i n conmbi nati on with the oppositely

facing concave conpr l.on surface ovided by the shoe. pres
assenbly 700 provi deeljl‘ dewatgn ég%%%xgglggﬁrer#xﬁ rﬁ‘ﬁ?}f‘%"fr{gﬁﬁ‘f’ﬁé‘i &eb BEeyedn
| engt h whi tetth pveb faces Esandalfduandtherebnbéip td maioraen Bebdaiveipiigh densty
g 0 (r)rp ; ess ibo nt ni28 g@gioﬁl ﬁﬁSﬁand the transftiea egién @b'ﬁe]gﬁ isEHfe ngraenﬂ'f it Qﬁ.taeec%amgtéout

: o abou .0 1 nches re . refera et wee ou .
i nches and about tfd?ﬁ%%@ﬁg@g devatering felt 320" g g‘é?ﬁ%ﬁﬁezﬁt &r‘ﬁﬁ&“’ﬁ"é’ﬁtw@%
i s shown suppor t elt9Brat threexiionfitheecorpsession mirB Q) to prevent watei b int the Hewatirngr ol |
362 and driven i rfekBgo fomewkiting HRhramaend23r RleUbdd |dititly, & Shd be desirable to
support rolls 364r' A f%;ssgtgﬁa%erl ng g.ﬁpgé&hus 1g?O, such”as _a Unhl e vacuum
box can HEMIEE B ik} D e AEpanting grembes 11933t0he st 360
to renpve water exit to preverargdter held ib ahe hlewatering deii 6D fioht se-dmaingt the web
intermedi ate web diZfdoh the deflection conduit! PéitiBh 936 E:Pg% é@%ﬂiﬁ%ﬂz A3WR iR ERERs Al 1Y
snoot h surface. Alte‘{'I at$ve4‘é, t@ﬁ,ﬁ{;@' . 2.can be grooved,” or have
a plurality of op®¥i 3‘? 5t FCHRF Aterng felts 33P apd 360 can be supposigd suchothat
vacuum for facil ithet armgepasteat frone thewedb dt tlerexitho€ thenipe30tedi at e web 120A. -

The rol | 362 can haV@ressrngme& P& ialéts, 303 g;i,g@iaégﬁe@?gftag?hﬁ%ﬁﬁgg@@

cover, which . ..C noot h,, grQaqv.e
coating 363 shomd‘faﬁ“ﬂagwg oﬁat least abd%tg JOEhES Sanimprnye dewetshing ofshe web-sFew ace

whi ch faces opposa givky paper mehioospeedethe relatively bogmieiesgtbrincsessdsathe rasidence
provi ded by the sige Pigsseband M els in0fle nip. Aceprdingly, wa;g?%% 6d Mbred@iRhvely N9

felt" as used herein refers to . a menbﬁilrg sor bent,
conpr essi bl e, andfoxsd fpm theveby, syen;at higherquachinganseds- t o ol | ow the cont our

of t he non- nok sigthesnerin thet praciiee bfithe preaént Iid@Mticarcab bemprisp pterdrying the
nenber 219, and I VA _ [ N : r d
molded web 3P6W) GciPhs &ﬁ&? :M’og@\ V\g{‘ grlylﬁﬁiﬁ(ﬁasl%thg&% %ﬁ.g&ri{glq% ¥

froman internediat b . 1 h
be fornmed of nat u?‘ﬁﬁ‘&&’@rﬁgésﬁméyrﬂ'ﬁ@f‘f"g by directing a drying gas, such as heated ar,
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 camried. 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 the
deflection conduit portion 230, and reduce the density of the relatively low density
region 1084, thereby increasing the bulk and apparent sofiness of the molded web
120B. In one embodiment the molded web 120B can have a consistency of between
about 30 and about 65 percent upon entering the through air dryer 400, and a
consistency of between about 40 and about 80 upon exiting the through air dryer 400.

Referring to Figure 1, the through air dryer 400 can comprise a hollow rotating
drum 410. The molded web 120B can be carried around the hollow drum 410 on the



materials, or conbinations thereof A suitable dewatering felt conprises a
nonwoven WD 98100604
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batt of natural gsrmw‘nt hetic fibers joined, such as by needl pogussraoms
support struct formed of woven filanments. Suitable materials
fromwhi ch the nonwoven batt can be formed i nclude but are not
limted to natural fibers such as wool and sy#thetic fibers such
as polyester and nylon. The fibers fromwhich the batt 240 is formed can

have a derimerintig Hembes 4l 9 apsl heatedatit cambg direstedyradiply gutwagd digm the
meters of fil arregt HofiB@tdium 410 to pass HiGughethé weBN20BVAdah¢ ayprintidle member 219.
construction, and c | : f | z

The dewatering fel t‘g‘@‘i’ﬁg‘ﬁ’g‘@é@ tgélﬁlr%fé"\l/ie)% g‘ﬁﬁﬁé‘*\é%ﬁ@é‘i%ﬁ%é’t‘%&%‘”@boﬁ‘?‘aﬁlemn
to about 5 nm a babioyghairgliyerpforaisein pRoticingothy psesentigvantion aresdiprdgsed iy Bre

meter, an S 3303 306 Wshad N1BR26,51968118 [Hissoh ¥hd Bk, Patenh 5 QRN E3E )ssinl
bet ween about 0.35 gram ' '

e . cubi ¢c. centineter and -0, 4
per cubic centinete ‘,‘“a&hg g?r?“é? an)%rr“ Ffe“i-b?”f‘jcﬁya%‘r‘“ are ‘“comm%g?) \%%é‘gbya%%g‘{“%%
and about 110 cubi cAlteseativelg,ongion imoge fhequgh @it drversr498tor other suitsble sispacdevices can
di fferential acrossyetib@usioyRiredn 8Ltht alpt300hb g&ﬂﬂ%ﬁd@fth@wéb?pﬂﬂ?&o (fesfing 1he Rvedf

wat er) . in the Thgodjevvateri ng felt 320 can have a first surface 325
having a rel ativel y"HIegp 50C ~density, relatively small pore_size, and
a second surface 327 havsavgnth steplimthie\padcyice efithe present invertion<an gomprise Ampressing

| ar ]99 pOEESSihze; Litﬁ@WeﬁQmpﬁﬂﬁlg@ﬁ?@%ee%ﬁnﬁf the |f6ral?\fﬁgu§ﬁv}iblrﬂﬁﬁ§ nfélrrliséﬂ $19 into the
and a seoond " ol e YE0B okl bt ek 1306 e e B Smbrivi
relatively | arge powmdag 232 into the molded web 120Bheerdbevathanthien gefsify tthe GROIveln #igh60
Canf havgl a gorpr essdggii{yi rggi?gfloﬁ’?ty?ﬁ\?%@@em&, therebyfincrea%ﬁgﬂﬁé’ tﬁi@f@ltence4i8 density
Bnd 60 percont - ThAe e tgRBt Foind054 oRefbmB go Fieder 1 dendirgl 1o
per cent age caofesiropahe imprinting mewber @l S nirbintbepusedbitweenf the imprinting mamber
given | oadi ng defingg J38laQ¥nprbiion surface at a nip 450. The impression surface can comprise a
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 a creping adhesive, and finally
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 a doctor blade 524.

The method provided by the present invention is particularly useful for making
paper webs having a basis weight of between about 10 grams per square meter 1o
about 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 alternative embodiment of the present invention, the through air-dryer 400
in Figure 1 can be omitted. The second felt 360 can be positioned adjacent the
second face 240 of the imprinting member 219 as the molded web 120B is carried on
the imprinting member 219 from the nip 300 to the nip 490. The nip 490 can be
formed between a vacuum pressure roll and the Yankee drum 510.

An alternative embodiment of the present invention employs a composite
imprinting member 219, and is illustrated in Figures 5, 9 and 10. Referring to Figure
10, the composite imprinting member 219 has a web patterning photopolymer layer
221 joined to the surface 365 of a dewatering felt 360. The dewatering felt 360
comprises a nonwoven batt 3610 which can be needled to a support structure



dewatering felts 320 and 360 should al so have a nodul us of conpression |ess

t han 10000 psi, preferably less than 7000 psi, nore preferably
| ess than 5000 psi, and nobst pref erably between about 1000 and
about 4000 psi. The "nodul us of conpression” as “%‘E‘énﬁﬂlﬁﬁ% is a

measure of tWeepset of change of | oading with change in thickness

of the dewatering felt. The conpressibility and nodul us of conpression are
measured using the follow ng procedure. The ¥ewatering felt is placed on a
paper maki ng fabric fornmed of woven pol yester nonofilanments having a

di aneter of compgiging wogenillaments 3f2d.-er and having a square weave

pattern of about 36 fmhapaBiopolyfier layer 221 haé ACHadrékcpifdilyS hoRbpiafat,! fiterRRd
about 30 filaments l()){ler | ncl}bwl %Z\Ya%econd di reﬁt | o&% ‘ﬁﬁr endicular to
the first directi GRPOPFRES BEWOFNSEPHIPRIEPE SUHEE $47 ciSHERR BofRYSIR grprinung
conpr essi ve | oadi mpmber akfxan compasers fhiotapeiymer (e8in &7 ontechy surBge bf mdewatering

paper nmaki ng felt. TTRRTolfoWisg CAAMBIIY iassignéd AV 81 Paki: €A dliedtiond 8re B BoMAIRI
Wre Conpany of Aﬁ@l eté)n ence for-th WSCO\?@ZI Q .Thq1 dewat er.i na feb\/’:q is .

posi tioned so t hat™teie?sfFeRes FOfthe PuPERE, g Sgving the constructiog gf uch g cofppsite
normel |y in cont admpmiting membgraper Seviab Wumbedj 844611832 h EWela pRatwearitig) ghpparatus
fabric.  The felcmﬁ&ad%ga FeRQayer shd 'a/PBtosGRANE REHH Hayet telkd JAne §0185 &ine
rate V\098/064r e s e .

PCT/ US97/ 10988 name of Trokhan, et al., which is a continuation in part of U.S. Pate|1t6Apphcanon
t ensi | e/ conpr essi derisleNumber /268,154 Gled Tunet 2% nl 99thd eU. S4 P alaNainbearbd843 51435

the Instron "MeRtd TP piEng® CRALRIRQIM 181a &iBtEaA for BRS in Bfpermhdkiti® hiledas
a circul ar conpreiébon f

t . havi n rface area of .aQout 1 uar e
centimeters (2.0 Eiatd ?ﬂchgegé) ‘“afhf’a%ar‘??dg{ g"ig‘m et al.; ap sg{‘@ag‘%m Y a
rate of 5.08 cent iRefleatance Feits with atPattérd Layerh Gled Papril 30,996 )in thia @ame of Ampulski
thi ckness of the fgli-fabric pair is nmeasured at |oads of 0 psi, 300 psi,

divi bing the load in SHERIE SobeiAbmRricoN 120 i asbreda d PSSEPRT Y

t he surface area amptifittngsorfpuec2iof thef cootpositEhimptidting lameser 219.t Tiee web is pressed
in the nip 300 between the first felt 320 and the composite imprinting member 219,
which comprises the photopolymer web imprinting surface 222 and the second felt
360. The deflection conduits 230 of the patterned photopolymer layer 221 are in
flow communication with the felt layer 360, as shown in Figure 10.

Figure 5 is an enlarged illustration of the nip 300 shown in Figure 9. The force
provided by the shoe press assembly urges the feit 320 against the web 120A, causing
discrete portions of the web 120A to be deflected into the deflection conduits 230,
and compacting a continuous network portion of the web 120A, thereby forming a
molded web 120B. At the exit of the nip 300, the felt 320 is removed 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 roll 299 and the Yankee drum 510. The pressure roll 299 can be
a vacuum pressure rolf which removes water from the second felt 360 at the nip 490,
or alternatively, the pressure roll 299 can be a solid roll. With the composite
imprinting member 219 positioned adjacent the face 124 of the molded web 120B, the
web is carried on the composite imprinting member 219 into the nip 490 to transfer
the moided web 120B to the Yankee drum 510.



fabric alone is also neasured at 0 psi, 300 psi, 450 psi, and 600 psi

| oads. The conpressibility and nodul us of conpression in psi are
cal cul ated using the follow ng equati ons:

Conpressi bili Wo 98/00604 100 x ( (TFPO-TPO - (3EPH8E1ude8450)
)/ (TFPO - TPO) Modul us of Conpression =

(300 psi) x (TFP300-TP300) / ( (TFP300- TP3001 (TFP600 - TP600)
where TFPO, TFP300, TFP450, and TFP600 are the t hi cknesses of the

respectivel y. - and eo, "REpiARE seRuRBhs of REpSe ARl heen ffekiet v

of the fabric al ordeseribed, ipsyould3pmrbyious torpospskilledamthesB0that various pfier kinmges
respectively. Suitail modifeatibey ¢ai el MhdeSwisitidt ARNRR0

avai | abl e as SUPWE}FLHE‘ BAMESH style X3 | 3 roia@'?ﬁ*e‘&ﬁff‘ﬁ% Sob¥ of he

| nt er nati onal any o any, New Yor k. Alternatlvely, t he
dewatering felts 320 and 360 can have different constructions. For

i nstance, the felt 360 can be selected to have an air perneability

of at |east about 30 cubic feet per m nute per square foot. The felt 320

can have an air permeability which is |Iower than that of felt 360.
In one enbodi nent, felt 360 can be an Antl ex-3S Style 5615 having a
1:1 batt to base ratio (1 pound batt material for every one pound of

woven base reinforcing structure) and a 3 over 40 |ayered batt
construction (3 denier fibers over 40 denier fibers, where the 3 denier

fibers are adj acent the surface 365 of the felt layer). Such a felt
is available from Appleton MIIs of Appl eton, Wsconsin and can have
an air perneability of about 40 cubic feet per m nut e per square
foot. Felt 320 can be an AnSeam 2, Style 2732 having a 1:1 batt to
base ratio and a 3 over 6 |ayered batt construction. Such a felt is
avai l able from Appleton MIIs of Appleton, Wsconsin and can have an
air pernmeability of about 25 cubic feet per mnute per square foot.

The internediate web 120A and the web inprinting surface 222 are positioned
internediate the first and second felt layers 320 and 360 in the
conpression nip 300 The first felt layer 320 is positioned adjacent
the first face 122 of the internediate
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web 120A. The web inprinting surf%cn:rgmz?g;ﬁg!\és%@oted adj acent the second
face 124 of the web 120A. {The s elt yer 360p .15,” £R5bdss Oned
in the conpr B&XI88AGCA; p 300 such that the second felt ayer 360 is
in flow comruni cation with the deflection conduit portion 230.
Referring to Figures 1 and 4, the first surf#ce 325 of the fi‘hrs§fne

felt 320 is positioned adjacent the first face 122 of i

i nternedi ate web MW iseainted if;i r st dewat eri ng fel t 32

over the belt 710. Simlarly, the first surface 365 of th second
dewatering felt 3 0 [ ed ad acent . the secon d feIt contacting face
240 of th ?a‘ﬁf‘ﬁ%%%‘ofjfﬁ’ﬂb‘f‘% f“ﬁ’éwﬁgﬁB‘BP“W S¥eRPL second

dewat ering felt 360 |$'rQ:|rldmgamlaqueousdlSpmtgunﬂpaphenaknuﬁbmSJ 362. Accordingly,
as the internedi ate %fm%dslf&%%gmember t hrough the conpression nip

300 on the foram nous i i nt r he i nternmedi ate web
120A, the inprinting 1"5&%‘{ rétgd"‘é'ﬁg"‘f\"ﬁée ¥B¥&y and second
dewatering felts 320 armmmmummnigfs}geydner bet ween t he opposed

conpr essi on g:&f\ﬁtﬁﬁf aOJon{pPa%sth Qu;?’ﬂ&??&%ga% g d‘irQ&:dn%ﬁgtﬁ“%#' ARlifasi®

120A in the conpression ni ecfs t er
fibers into the deflecti oﬁt? ﬁd)u'i“fheﬁ'o?’f’fe 5"2‘?:‘6“’6?“3 out 3 and {l’r‘?épsﬁﬂlpf‘ Fﬁ‘fg
menber 219, and renoves waloer prifecaliyttizovéen mbourddind tlouned intRSA t o

formthe nol ded web 1208;4dden Rirffin Wﬂh% %Sé&ﬁﬂcﬂn% fa@&@br}{gﬁirﬁya and

contained in the dewateri 8% felts 32 G@? ter s received b
dewat eri ng felt 386°{mRuwgHsirfce ‘EH‘PCGB AUYortion 230 of
the inprinting nmenber f&fing an embryomc web ofhthei pupeshikislp ofibersveb th@ Géramimout d

have a consistency of betysen 1 r he
entrance to the conpressi on ni-p g'g%er e're H‘Jer?ce?vg%lhg‘?‘%jh ﬁ?& 1R/ £ sétond

i nt er medi ate web 120A has #¢econsi stency between about 15 and about 35
percent at t harapsferring clte émbriybrdc miep OO the TRoanthaine formlnggembdransthe n

an internedi ate web 120A n}(x}?ﬁﬂepgo %H&hor@ti@rs%f:&{drﬁgerg a@éﬁbegﬁe/agﬁls

relatively few fiber to ferpnnnB atjye
rearranged and deflected Higesnt foéﬁP@é‘E‘?"&rf“@d\ﬁHl?lf?mW? wpriptpe Hgmber,
the first dewatering fdefléctisg@.portion of the papermakifiefibens av the @mbtyenineizbizidAhe S

preferably pressed in the dQQ&BBﬁ@&ldﬂﬂ thBn?aQQ r?xﬁoving water from the embryonic web

through the deflection conduit portion to form an uncompacied, non-
monoplanar intermediate web of the papermaking fibers;

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 intermediate web, wherein the web imprinting surface is
positioned adjacent the second face of the intermediate web, and wherein
the deflection conduit portion is in flow communication with the second
felt layer; and

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

2. The method of Claim 1 wherein the step of pressing the intermediate web
comprises pressing the intermediate web at a nip loading of between about 400
pounds per lineal inch of cross machine direction nip width and about 10000
pounds per lineal inch of cross machine direction nip width.

A



a nip pressure of at |east 100 pounds per square inch (psi), and nore
preferably at | east 200 psi 'TH{‘]S] SMERT afAsr BEEN énbodi nent, the
internedi ate web 120A is pressed in the ﬁEPLACED conpiession nip 300 at a
nip pressure greater than about 400_pounds—per—sgtare i nch. pcruse7/10988
The machi ne diYQ®W®PHH nip | ength can be between about 3.0 inches and about
20.0 inches. For a machine direction nip |enggpn between 4.0 inches to 10.0
i nches, the press assenbly 700 is preferably operated to provide

bet ween about 400 PPUNASe method of CRimé PHEE ARfEr EdriiRidng HRGRpRbECT 0SS machi ne

direction nip width and about 10000, pounds ol forcge per, lineal inch
of cross machine di r ectSFERARHEBAR ra't#)waﬁ%gé‘?hoié%“rf’&%ﬁhﬁém?aw D?thedf’&gﬁf{ e
nip width i s nmeasured per pafietithzinaiied oveb passqslithnoegiothe Bogpressioh nip, WO

98/ 00604

rting the molded web on the web imprinti if: th Ided
SHPPOTINE h‘T’he ni ressuer g,l N nsnl " s?uc%fleca&eét eedm%ye

PCT/ US97/ 10988 p P

dividing the nip force exe™eB@ayss hfpueh the compigsyionyidi he area of the nip

300. The force exert ed poyvidilgeamimpré36ion mwfacgnt rol | ed by t he pressure

source P, and can be c i, E i : rs
Hnfitdbétistifle Wab Mipaiink Qbitack 1 %egrﬁ%}g%@?gﬁlﬁimw Lt

famliar to those skille e ar e area 0 , asu usi ng
a sheet of carbon p&widedwep etwisen theppved, imprinting i udfagea gy the impression
The carbon paper is pl acedsmfact refostaeimprintgd wetnagghper. The car bon paper
and t he sheet of i ,g@.gg pl aced in the conpression nip 300
with the first and drﬁh@ggén ééiv\g%bgri ng felts 320, 360 and the

i nprinting nmenber 219. The carbon paper is positioned adjacent the
first dewatering felt 3He metbd SEChint N NAPS wheeipQhd inindRly member haad] Reent

the inprinting menber 219 efaﬁp%%"@ﬁgﬁ? ﬁaﬁ,ﬁmoﬁ'}d@gg{oﬁoﬁi 80»9%{ Wxﬁ{gﬁgg

to provide the desired presscforce, e area nrp
| evel of force is surfga€asured fromthe inprint that the carbon paper
inparts to the sheet of plain white paper. Likew se, the machine

direction nip | engtg]. a%etnbe?ho%rm%cwhnf og i4r\91¥etrci=ix? the imprinting member has & wet;
contacting face comprising a macroscopically monoplanar, patterned,
continuous network web imprinting surface defining within the foraminous
imprinting member a plurality of discrete, isolated, non-connected deflection
conduits.

6.  The method of Claims 1, 2, 3, or 4 wherein the imprinting member has a web
contacting face comprising a plurality of discrete, isolated web imprinting
surfaces.

7. The method of Claims 1, 2, 3, or 4 wherein the imprinting member has a semi-
continuous web imprinting surface.

8.  The method of Claims 1, 2, 3, 4, 5, 6, or 7 wherein the imprinting member
comprises a composite imprinting member having the web imprinting surface
joined to the second felt layer.
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nip width can be determined fromthe inprint that the carbon paper inparts

to the sheet of plain white paper . The nol ded web 120B
is preferably pressed to have a c ¥ | gast about 30
percent at the exit of the conpr es;r%s ﬁ'ﬁ % regsing thgqigds/piogedi ate
web 120A asWoRBMF%%n Figure 1 nolds the BAED provilde a first relatively
hi gh density region 1083 associated with the web inprinting surface
222 and a second relatively | ow densfty region 1084 of the web

ot ormoutac o v B0 TR 3 o scobRsnel ot °°5y"0 {1
macr oscopi cal | y nonopdreviding ap atpirintimge chemberitaving o disst webwomkctmgtfauermmpnsmg\g
surface 222, as SQOWﬂcHoEEoEDch %ng?lénar pE)Q:Yérﬁjﬁs c%nﬁRJoQ?%Y\#&H%Q@

having a nacroscoplcally ) terned, continuous network
regi on 1083 having a rel &PPRALIng Fﬂr&ﬁe ’““S %I ehfusality of rilisceetey iplafed; ynogs
di screte, relatively | owcdaestet defibotimscdh@éidk; aindsper sed t hr oughout t he ]

continuous, relativel eéﬂin hh@ﬁ%&éﬂa?%ﬂﬁﬁ ?her%g'\cnﬁ 51?:9% to?&mﬁgbalﬂoided web

nol ded web 120B is s n Figures R‘
advant age that the contl r‘i’ﬂ\?ﬁ%aﬂaﬁF"&F \‘i%‘?‘?“‘i’ﬁsgfh’“ﬁ%‘ﬁs’r"g’?" é‘f‘%?l&"”ﬁ‘é‘ﬁf"o 84083

provi des a cont i nuensity) angchyditrhlity of disarete iomes havingi o relaticdylow density,

The nol ded web 120B i s algpn&n@sr@&xgie;éﬁ%dl mﬁ]@g&ﬂqt@ CI’%&“E’Q“%E%}E{' iﬁgﬁe

density region 1074 exten g Inter

1083 and 1084, as dsmimeivprkregione and isqlpted ppe framyasgthen by dherreldingly i ses
a transition region highld¥dsitylesidrk egpsh. adj acent the first relatively

hi gh density region 1083. The i nternedi ate density region 1074 is
formed as the first dewatering felt 320 draws ernaklng fibers
into the deflecti bh cHirdnsthodet hsn 2303, 4rld Shass. #r 9pe @dncludmg the step of
general | y trapezoi dal cregiggthe 3@B1 i on. WO 98/ 00604
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The transition region 1073 is fornmed by conpaction of the internedi ate web
120A at the perinmeter of the deflection conduit portion 230. The region
1073 encl oses the internmedi ate density region 1074 to at | east

partially encir ¢ostgéed Of the relatively | ow density,
The transition re[g? on 1073 is characterized in havi ng%%égg
T which is a local mnima, and which is |l ess than the thickness K of

the relatively high density region 1083, and a |ocal density which is

greater than the density of th¢Pelativel yhi gh density region
1083. The relatively | ow density dones 10 have a thickness P
which is a local maxima, and which is greater than/jthe t hi ckness K
of the relatively high density, contin '*-\./f—' regi on 1083. Wt hout
being limted by theory, it is believe( at theytr@nsition region 1073
acts as a hinge whi ch enhancestiveb fl exgbijity. The nol ded web
120B formed by the process shown |n Figile 1 is characterized in
having telatively high tensile strergdth 8% fI|b| ity for a
given | evel of web basis weight &nd 0 | i fr igure 8).

The difference in density betwee@the reI ) @ gdensity region 1083
and the relatively | ow enS|t %qi o V‘ provi ded, in part,
by deflecting a portion gf =~ JAC e S yoni \-. 120 |nto‘-t-|he

defl ection conduit porti & 23(Nof Re i mprgnt an \ menber. 219 to

. \
provi de a non-nonopl anar At erxpdl ate web 120& upstleam of the Qb
conpressi on nip 300. A ngRokl af) wel ed \t dh the conpgession nip

300 ‘'woul d be sule tip sony {oLm cArpag) i on, thereby
i ncreasing the mni num | densi ‘/':T‘\ﬁ/- web 120B. The

portions of the non-nongpl anyr gnter
defl ection conduit por on 230 kvoid
therefore maintain a E Iatlve | ow ¢
in density between thg rel ati -' h| )
relatively | ow densityy regi onmi s al

© web 120A in the

jinffconpacti on, and

X The di fference

ﬁg‘\\\.::_:"__;ﬁ Lon and t he
A0 by pressing with

both the first f and SNcondd déwe ng fl )} and 360 to renobve
wat er from both fac of the web (§ and pr e,wetti ngy of the web.
Water is expelled fgoMthe first ahd secondwe® / s§22 and 124
as the internedi at {(» b 120A is pressed in &gle // {‘-’\

300. It is |rrportan§at the water E(pellefroﬁ e web be
renoved frg oth faces of the YEF =G0 o.\- ed wat er
can re-enter the rml Che d web WO i . 00. For
instance, if the de yng felt 360 ) expel | ed
fromthe second web ac 124 into t % c@ portion

230 can re-enter the Ided web 1 \’
230 of the inprintingywénber 219 e

g O\

\
N

,dU|t portion

{\§ &
N

18
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Re-entry of water into the nolded web 120B i s undesirabl e because it

decr eases the consistency of the nolded web 120B, and reduces
drying efficiency. In addition, re-entry of water into the nol ded
web 120B di sruptwgolofigoshd PEr bonds formed during pr essipegzbriobes

internediate web 1 20A and de-densifies the web. In particular, water
WD 98/ 00604
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returning to the nolded web 120B will disrupt the bonds in the relatively
hi gh 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 form ng the transition region
1073. - The dewatering felts 320 and 360 prevent rewetting of

t he nol ded web t hrough both web faces 122 and 124, and thereby help

to maintain the relatively high density regi on 1083 and the
transition region 1073. In sone enbodlng%(g?lt can be desirable to
remove the first dewatering felt 320 fromthe first face 122 of the nol ded

web 120B at the exit of the conpression nip 300 to prevent water
held in the dewatering felt 320 fromrewetting the first face 122 of

the web. Simlarly, it can be desirable to renove t second
dewatering felt 360 fromthe 23P~ nti >

to prevent water held in the cqeinpise ‘;_’ftj;%ﬂ??ﬁhg the web
t hrough the defl ection conduigigaP 1 )¢ -““ﬁodkgrnt shown in
Figures 1 and 4, the , R o &0 ts 320 and 360
can be supported such Shd@30-35P o TP\ WL ) odtirom t B web at the
exit of the nip 300. Y ) Weblihg| t | afers, and
inprinting nmenber in a 2% ha Rgidr éction Tength of at
| east about 3.0 inches

gi ven paper nachi ne speeq542
resi dence

exit

I ,- f -,;:i[!i'u E N, of 51l 9 qrEeb. For”D a
e relative y\\~ engt h i ncreases the




time of the web and the felts in the nip. Accordingly, water can be nore
effectively renoved fromthe web, even at hi gher machi ne speeds.

A sixth step in the practice of the present invention can conprise
pre-drying the nmol ded web 120B, such as with a througlkecrusyniogdsdr
400 as shown |HV??§WP%" 1. The nol ded web 120B can be pre-dried by
directing a drying gas, such as heated air, t hrough the nol ded web
120B. In one enbodi ment, the heated air is directed first t hr ough
the mol ded web 120B fromthe first web f3¢& 122 to the second web face
124, and-subsequently thro ok t he | ection conduit porgdi,on 230 of t he
|npr|nt|ng . MRITRG O on | c} the molded web i 3 . air
dlrectedthrou%;g'rh 208 partially dr|e e r%gjed web
120B. In additi N\ IR [ limted by theory I eyed

that air passig h{ o0y e portion of the web ‘§ﬁ$ he
defl ection condui t'sgor thNo\ 280 can further defbect the x N\V

defl ection condU|\\c»/ and reduce the densi r*‘

| ow density \\w ;w l ]\Sﬁ“ ghggéégt
softness of th m“&\\v‘;“ he nol d

120B can have me 424 e Zhy and abouts 445
percent upon entering@30e I;p’r“;», i stency
of between about 3ad_abouy 80 Uitz e Per 400

Referring to Figurg,J ?%% t,rough ai dryer 400 coyprbgﬁ a~0j | ow

rotating orrn14 He nol ded ‘wedp 120B can be c around the
hol | ow drum 410 320t he WO 98/ 00604
PCT/ US97/ 10988

OLORINANR WX

AN NNNNRRNNNN AN

I mprinting nmenber 219, and h ated E#h be directed rgdially outward from
t he hol | ow drum 41 'o pas rough it he web70208 dnd the inprinting
menber 219. Altern tvehb the hdatéd air can bg §rected radially
i nward (not shown). Surtable; s g
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through 'air dryers for use in practicing the present invention are

disclosed in U S Pat ent 3,303,576 issued May 26, 1965 to Sisson
and U.S. Patent 5,274,930 issued January 4, 1994 to EnS|gn et al.
whi ch patents Lo 3} por at ed herein by reference. déﬁ'dy’

one or nore throughair dryers 400 or other suitable drying deV|ces can
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 t he web
imprinting surface 222 of the foran1n0u5|€H¥tﬁt|ng menber 219 into the

nol ded web 120B to forman inprinted web 120C' | npressing the web

i mprinting surface 222 into the nol ded web 120B serves to further
densify-the relatively high density region 1083 of the nolded web,

1084t ween the regions

&b 120B i s LZQB
tfvken the i mprinting

thereby increasing the differenqggg3n
1083 and 1084. Referring to Figure 1
carried on the inprinting nmenbe 3
menber 219 and an_i npr el The i npression

surface can conprise a yi ng ®#rum 510, and

the nip 490 can be forned%gs} o g o o} Mt he diyer drum

510. The inprinted web 12 SJe: o et ; gf-—-- surface 512
”‘ < d as it is renoved

fromthe dryer drum 51 e inprinted web 120C

fromthe dryer drum Wit

nmet hod provided by the present invention gpa&ilcularly useful for making

paper webs having a basis wei ght of between about 10 grans per square neter

of the dryer drum 510 wit and finally
dried. The dried, irrprintgg}aeb
‘a docto blade g@g The

to about 65 granms per square neter. Such paper webs are suitable
for use in the manuf acture of single and nmultiple ply tissue and
paper towel products. In an alternative enbodi nent of the
present invention, the through air-dryer 400 in Figure 1 can be
omtted. The second felt 360 can be positioned adjacent the second
face 240 of the inprintj menber as t | ded 20B | ried on
the inprinting menber ;d?%p M W?&éé Wﬁ?g 490 can

be f ormed SRRUUJ (] the;ﬁﬁgkee drum 510.
An alternative enb ne ' X ; A \ } 2 conp05|te

i nprinting nmenber 219, G F=5=9 9 and=xe Ref erri ng
to Figure 10, ! Y fﬂ %@agas a web
pat t erni ng phot opol ynmer | ayer 22 10|ned to the SUrface 365 of a

dewatering felt 360. The dewatering felt 360 ' conpri ses a nonwoven
batt 3610 which can be needled to a suppfﬁt stﬁycture
1g.

1083
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conprising woven filanents 3620. The phot opol yner | ayer 221

has a macroscopi nopl anar, patterned cont i nuous &%gg b
i mprinting surfé@@Lé%E&PSuch a conposite inprinting neﬁggr ﬁé”%gn

conpri se a photopol yner resin cast onto the surface of a dewatering
felt. The followi ng comonly assigned U. S. Patent Applications are

i ncor por at ed herei n by referenfy/ﬁpr the purpose of showing the
construction of such a conposite i nmprintingqrenber: Serial Nunber
08/ 461, 832 "Web Patterni ng Appar at us Conprigrng a Felt Layer and a
Phot osensitive Resin Layer," filed June /¢;4<ﬁ9« t he name of
Trokhan, et al., which is a continuation/gn partN\of @.S. Patent Application

Harial Nunber 081391, 372

Serial Nunber 08/268,154 filed June 29, 1F94; Uus

"Met hod of Applying a Curable Resin tg substrat g~for Use in Papermaki ng"
filed February 15, 1995 in t .§; okhan et al.; and "High
Absor bence/ Low Ref | ect ance Fgft. \‘;f’§% eérn Layer" filed Apri
30, 1996 in the name of Anpul ski;y & el A Q In Figure 9,
the enbryonic web 120 is transféﬂraﬂ to p “yﬁbr web

imprinting surface 222 of the colpadsitg i fenper 219. @ye web is
pressed in the nﬁ% 308 t Y\ ¢ 320 and the

conposite inprinting nenb&r 219
web inmprinting surface 22
conduits 230 of the patte}
conmmuni cation with the fgft I\
Figure 5 is an enl arged ﬁ | us
force provided/cy t he
agai nst the web 120A. c i

/lv

i ses the plaft opol yner
360. T defl ection
ire in flow

opol ynmer | aye
360, as shown i




di screte portions of the web 120A to be deflected into the deflection
conduits 230, and conpacting a continuous network portion of the
web 120A, thereby formng a nol ded web 120B. At the exit of the
nip 300, the fel d4S renmoved fromthe nol ded web he
nol ded web is cgfrgag on the conposite inprinting nmenber }89n§%@3w&
The nol ded web 120B is carried on the web inprinting surface 222 of the
conposite web inprinting nenber to the nip 490. The nip 490 in Figure 9 is

f or med . between a pressure roll 299 and the Yankee drum 510. The
pressure roll 299 can be a vacuum pressure roll which renoves
water fromthe second felt 360 at the nip 490, or alternatively,

the pressure roll 299 can be a solid BffY Wth the conposite
i mprinttng nmenber 219 positioned adjacent the face 124 of the nol ded web

120B. the web is carried on the conposite inprinting nmenber 219
into the nip 490 to transfer the nol ded web 120B to t he Yankee
drum 510. WD 98/ 00604
PCT/ US97/ 10988 23
Wil e particul ar enmbodinents of the present invention have been illustrated
and described, it would be 2? ous t% hose skill ed the art that
vari ous ot her changes f Ncat(l R e e t hout departing
fromthe spirit and scope ‘« pr Sl on
365 a—22
3610
T_, “—~360

230 220
222 2220 ¥ 219

222 1
N MD
Do
24}
242 230 230

Fig. 11



1. A nethod of formng a paper web conprising the steps of:

provi di ng an aqueous di spersion of papernaking fibers; providing a
f oram nous form ng nenber; providing a first dewatering felt |ayer
provi ding a second dewatering felt |ayer; provi di ng a QeAArIseHissN
nip having a neWAi%#8984 rection I ength of at |east about 3.0 inches,
wherein the conpression nip conprises convex and concave opposed
conpressi on surfaces; provi ding an inprinting nmenber having a web
contacting face conprising a web i mprinting surface and a defl ection
conduit portion; form ng an enbry@ @ web of the paperneking fibers
on the foram nous fornﬁggz menber, the enﬁ&ignic web having a first
face and a second face; t erri e ryonigg web he
foram nous form ng nmenber t he i | nt g membér \t o pfosi ti on sge
second face of the enbryoni b adfagent the we ontactinﬁp?éce of
the foram nous inprintin er; defledtihg a i on of the

paper maki ng fibers in ﬂa# yohi t1i1t t pe ﬂne [

portion and renovi ngYVRGS T 1} Sxavsj) al N ‘

defl ecti on conduit,po t nco e il opl an

I nternmedi ate web o r £} pos briiN
intermediate the fi&sdfa hadfer 2

nip, wherein the figxstf f H-¥ i driet e niH-tH4

t he internmedi ate web,_jtwh Ly i suf [fac S

adj acent theﬁgﬁe rmedi a

defl ecti on condui teT—=
felt layer; and

thrr t H 230
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pressing the intermediate web in the conpression nip to forma nol ded wgh.

2. The nethod of claim 1 wherein the step of pressing the internedi ate
web conpri ses pressing the internedi atle wab:piA(EMOUPKEEETON SKj P
having a machi ne direction | ength2af Herwegn, ergglt 3ol tfoma]pgp,g —20 0
| nches. , , : ﬁ Umm s ng ..... - 1o w; .....

met hod of claim 2 V\/nerel n the step of pressing ‘Wm L m% 4 -
conprises pyressin internediate web in ajc é‘ XX Yite r‘? aV|n pogs o
machi ne at jgic aé’é‘F Bh length of between aHo np‘ﬁ"‘(‘)“ And a%’é ieFhcheks.
4. The method of claim | wherein the steg of pressin the [ (?@?l ate
web conprises pressing the internediatle T%lora 5 P badiha

bet ween abolt 401&method offpaumeag@pcrw‘tmmmsnmhgﬁtepwﬁs machi ne direction

nip width and about. i pounds ;%gr | i, ne i nch of cross machi ne
direction nip wRjCK mg‘g‘aqueoulsﬁiésr’ AN BSherein the step of

pressing the i ntﬁ{)mmg?é@rmlgous fommgqgémbérses pressing the internedi ate
web at a nip |oading of between about 400 pounds per lineal inch of

cross machi ne dipreeidingea ftspdewaletngieH lajssut 10000 pounds per |ineal
inch of cross machi gl L61d Qlvalihe Vel idber,

providing a compression nip having a machine direction length of at least about

3.0 inches, wherein the compression nip comprises convex and concave opposed
compression surfaces;

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;

deflecting a portion of the papermaking fibers in the embryonic web into the
deflection conduit portion and removing water from the embryonic web through
the deflection conduit portion to form an uncompacted, non-monoplanar
intermediate web of the papermaking fibers;

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 intermediate web, wherein the web imprinting surface is positioned adjacent
the second face of the intermediate web, and wherein the deflection conduit
portion is in flow communication with the second felt layer; and

pressing the intermediate web in the compression nip to form a molded web.
2. The method of claim 1 wherein the step of pressing the intermediate web

comprises pressing the intermediate web in a compression nip having a machine

direction length of between about 3.0 to about 20.0 inches.

R ) A



6. The met hod of claim| further conprising the steps of:

separating the first dewatering felt layer fromthe first face of the

nol ded web after the nol ded web passes through the conpression nip;
supporting the nolded web on the web inppsnting surface after the nol ded
web passes through the conpression nip; provi di ng an

| npressi on surface; inpressing the web inprinting surface into the

nol ded web by interposi ed web etmeen he web nprlntlng
surface and-the 1B %oﬁ% §&“F’a3e""b‘3€m CLe Ste?o‘? PS8 ?rff‘@ém il WRp

drying the inpr 'd&xﬁgxs@?ﬁres ing/ the 1ntem€d1§i%t\ii@>dmoaf c&hﬁ’x‘egﬁﬁén %ﬁ‘fgq{a‘%ir% 4 Bfichine

i mprinting nenber tontacting face conpri sing

macr oscopi cal | y dizeogd kngth ofibbtweasp abeittidiharsiaboat KQ.0 incBes. The net hod of
claim7 wherein the inprinting menber has a web contacting face

conprising a macroscopi call'y nonopl anar, patterned, continuous network web

inprinting gurfapg @RENJE BY cMidhl Nwhélein| @ieaBlep Os¥s fe@ﬁﬁg Nhé NAtcFREASE Feb
plurality of discrete, i1solated, non- connected defl ecti on conduits.
26 9. Thesomarrisexiprstsing tierintermbdints weh Aea initp loadinigraf trebwiea aboas 480 web
contacting face pounds per lineal inch of cross machine direction nip width and about 10000

pounds per lineal inch of cross machine direction nip width.

5. The method of claim 3 wherein the step of pressing the intermediate web
comprises pressing the intermediate web at a nip loading of between about 400
pounds per lineal inch of cross machine direction nip width and about 10000

pounds per lineal inch of cross machine direction nip width.

6. The method of claim 1 further comprising the steps of:
separating the first dewatering felt layer from the first face of the molded web
after the molded web passes through the compression nip;
supporting the molded web on the web imprinting surface after the molded web
passes through the compression nip;
providing an impression surface;
impressing the web imprinting surface into the molded web by interposing the
molded web between the web imprinting surface and the impression surface to
form an imprinted web; and

drying the imprinted web.

7. The method of claim | wherein the imprinting member has a web contacting face

comprising a macroscopically monoplanar web imprinting surface.

8. The method of claim 7 wherein the imprinting member has a web contacting face
comprising a macroscopically monoplanar, patterned, continuous network web
imprinting surface defining within the foraminous imprinting member a plurality

of discrete, isolated, non-connected deflection conduits.

A



conprising a plurality of discrete, isolated web inprinting surfaces. 10.
The nmethod of claim 1l wherein the inprinting nmenber has a sem -conti nuous
web i mprinting surface. 11. The nethod of claim| wherein the

i mprinting nmenber conprises a conposite i mprinting nmenber having the
web inprinting joined to the second felt %ayer. 12. The net hod of claim
11 wherein the inprinting nmenber has a web contacting face

conprising a macroscopi cally nonopl anar, patterned, continuous network web
inmprinting surface defining within the foram nous inprinting nmenber a
plurality di.scr i d -, fl i nauits
T3 The mdt noa B R e £ PRt ne AR AR AERBE IS A SR bt tile
contacting face compnsmgl@ﬁﬁfralﬁzBgdﬁcrﬁ{el,l[salaitédy&véﬁinﬁirﬁﬁihg'fs@r,fadesm ated web

i mprinting surfaces e method of claim 1 conprising the steps of:
providing an inprinting menber having a first meb contacting face

conprising gg hF In{ng?t%rd%%%lncl% é{'eﬁmg@ Heie ng g@l{xﬂe?ﬁ?&e?senﬁo& DU veb

network web rnprin surface urality of discrete,
i sol ated, non- cournpmttﬁtg suefhteect i on condui ts; and pressing the
internediate web in the conpression nip to forma nDIded web havi ng

a patterned continuous network region having a relatively high density,

and a plurality qte %e‘i&soeapcﬂﬁﬁqswha%im&eain{p@inahg Yﬁérﬂbe‘r%Wnﬂw%@éé aseomktaste

dones bei ng di spersed t hroughout the contfnuous, relatively
density network fmepinting memdber having theswhlaireptinging jsineticethe sérend it layére
relatively high density network region. 15. The nmethod of claiml
further including the step of creping the web.

12. The method of claim 11 wherein the imprinting member has a web contacting face
comprising a macroscopically monoplanar, patterned, continuous network web
imprinting surface defining within the foraminous imprinting member a plurality

of discrete, isolated, non-connected deflection conduits.

13.  The method of claim 11 wherein the imprinting member has a web contacting face

comprising a plurality of discrete, isolated web imprinting surfaces.

14.  The method of claim 1 comprising the steps of:

providing an imprinting member having a first web contacting face comprising a
macroscopically monoplanar, patterned, continuous network web imprinting
surface defining a plurality of discrete, isolated, non-connected deflection
conduits; and

pressing the intermediate web in the compression nip to form a molded web
having a patterned continuous network region having a relatively high density,
and a plurality of discrete domes having a relatively low density, the domes being
dispersed throughout the continuous, relatively high density network region, and

isolated one from another by, the relatively high density network region.

15.  The method of claim 1 further including the step of creping the web.

K O R A



27 16. A nmet hod of nolding a paper web conprising the steps of:
providing a wet web of papernaking fibers, the paper web having a first

face and a second face; providing a first dewatering felt

| ayer; provi di ng a conpression nipyhaving a machine direction |ength
of at |east about 3.0 inches, wherein the conpression nip conprises
convex and concave opposed conpr essi on surfaces; provi di ng an

i mprinting nmenber having a first web contacting face and a second

face, the wéh coftmethodel maldengcopaper wehgomprsies BsstpE €&l | y nonopl anar,
patterned, conti ' 1.0k 1 spr.f | N WA e
foram nous inpri %?@%%%%%Pﬁ%ﬁ%%@ér {Silxg gﬁ%‘g?og%%véé‘%%%%g%& aﬁlla
connecting a sebehdl &xkj on condui ts; supporting the second face of
t he paper web on the web _contacti ng f%ce of the f oram nous

i nprinting menbeProviding a firshdeyateing 54 12¥7& first dewatering felt |ayer

adj acent the fir e : ; : ' ,
t he foram nous i érttﬁ)rvlI nti %ggrrrr%%se}rgﬁa ngé[\?ﬁgeafr?arcg%ne ditetion %h\%‘/gh{]‘gfr@ﬁggs? 3}9?9
| ayer in the conpldassiesyiwherpinttbe compreasiom hipecbmymischeviveyg aad concave gpabddedr ned
conti nuous network region hfavi ng a relatively high density, and a
plurality of di s‘é?r%?réggé‘ah%’é f%ving a relatively low density, the domes
bei ng _di spekaBsh D HRMSHIRGYmanSer ROt £8rs00Rb bt AOtBE tndY sthifid
relatively high density net wor k.

face, the web contacting face comprising a macroscopically monoplanar,

patterned, continuous network web imprinting surface defining within the
foraminous imprinting member a plurality of discrete, isolated, non connecting
deflection conduits;

supporting the second face of the paper web on the web contacting face of the
foraminous imprinting member;

positioning the first dewatering felt layer adjacent the first face of the paper web;
pressing the paper web, the foraminous imprinting member, and the first
dewatering felt layer in the compression nip to form a molded web having a
patterned continuous network region having a relatively high density, and a
plurality of discrete domes having a relatively low density, the domes being
dispersed throughout and isolated one from another by the relatively high density

network.

17. The method of claim 16 wherein the step of pressing the intermediate web
comprises pressing the intermediate web in a compression nip having a machine

direction length of between about 3.0 to about 20.0 inches.
18.  The method of claim 17 wherein the step of pressing the intermediate web

comprises pressing the intermediate web in a compression nip having a machine

direction length of between about 4.0 and about 10.0 inches.

19.  The method of claim 18 wherein the step of pressing the intermediate web

comprises pressing the intermediate web at a nip loading of between about 400

) BN



17. The nethod of claim 16 wherein the step of pressing the internediate

web conprises pressing the internediate web in a conpression nip
havi ng a machi ne direction |l ength of between about 3.0 to about 20.0
i nches. 18. The method of claim 17 waerein the step of pressing the

i nternedi ate web conprises pressing the internediate web in a
conpression nip having a nmachine direction | ength of between about

4.0 and about 10.0 inches. 19. The net hod of claim 18 wherein the step
of pressing the peitglsrmsailineal insh of cross weehine dirsctipnesipi wislth 1adiadeut ARGt e

web at a nip | Oagb&%sg’%ﬁ ﬁ’r?eaﬁ%ﬂ of‘%%ﬁ# mdine dxrectlﬁ en \gldt

28 pounds Cross mac ITéction nip width and
about 10000 pounds per Ilneal i nch of cross machine direction nip
wi dt h. 20, The met hod of claim 1 wherein each of the first, and second
dewat ering P&t IThygtethod of claimclowpereiserach of Bisviverndraeandstevaigsimestelt laysss
The net hod of cl Hradee first and second dewatering felt
| ayers agéa 5%9%%§%§%a I |tylo "bet ween about 15 and about 110
cubic feet per mnute per square foot.

21.  The method of claim 1 wherein each of the first and second dewatering felt layers

has an air permeability of between about 15 and about 110 cubic feet per minute

per square foot.

22.  The method of claim 16 wherein the first dewatering felt layer comprises a

nonwoven batt of fibers.
23.  The method of claim 16 wherein the first dewatering felt layer has an air

permeability of between about 15 and about 110 cubic feet per minute per square

foot.
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The present invention provides method for making a wet pressed paper web. An embryonic web (120A) of papermaking fibers is
formed on a foraminous forming member (11), and transferred to an imprinting member (219) 1o deflect a portion of the papermaking
fibers in the embryonic web into deflection conduits in the imprinting member. The web (120A) and the imprinting member (219) are then
pressed between first (320) and second (360) dewatering felts in a compression nip (300) to further deflect the papermaking fibers into the
deflection conduits in the imprinting member and to remove water from both sides of the web. The compression nip (300) has an extended
length, and can comprise convex and concave opposed compression surfaces,




