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Papermaking is a well known art. In papermaking cellulosic ﬁbers and a liquid

carrier are mixed together. The liquid carrier is drained away and the resulting
embryonic web of cellulosic fibers is dried.

Drying is typically accomplished in one of two manners, through air drying or
conventional drying. Through air drying relies upon blowing hot air through the
embryonic web. Conventional drying relies upon a press felt to remove water from the
web by capillary action.

Through air drying yields paper having regions of different densities. This type
of paper has been used in commercially successful products, such as Bounty paper towels
and Charmin and Charmin Ultra brands of bath tissues. However, there are or may be
situations where one does not wish to utilize through air drying.

In these situations, conventional felt drying is used. However, conventional felt
drying does not necessarily produce the structured paper and its attendant advantages.
Accordingly, it has been desired to produce structured paper using conventional felt
drying. This has been accomplished utilizing a conventional felt having a patterned
framework thereon for imprinting the embryonic web. Examples of these attempts in the
art include commonly assigned U.S. Patent Nos. 5,556,509, issued Sept. 17, 1996 to
Trokhan et al.; 5,580,423, issued Dec. 3, 1996 to Ampulski et al.; 5,609,725, issued Mar.
11, 1997 to Phan; 5,629,052, issued May 13, 1997 to Trokhan et al.; 5,637,194, issued



June 10, 1997 to Anpulski et al.; 5,674,663, issued Cct. 7, 1997 to
McFarland et al.; and 5,709,775 issued Jan. 20, 1998 to Trokhan et al..,
t he di scl whi ch are incorporated herein by refere er,
t here may ‘25@@3?9 ons when one wi shes to use a conventi onaf'&f/lquwxﬁmgt hout
a patterned framework thereon. Such flexibility in the manufacturing
process is provided by the present invention. U S. Pat. 4,421,600 issued
Decenber 20, 1983 to Hostetler discloses an apparatus having two felts,
and three hmed9i Pp7apexmpulskist allgRo™,66T, isnedOet §i MAP7tthdokHdland et al.; and

transferred on_a woven inprinting fabric to the Yankee dryer. Such an
attenpt ind7AR7E? tssv%ﬂapnf%ﬂ?%% guTw}ch@?@ala,tb@&S@aWP%%ﬁj charg 5, 1982 to

Hulit et al. Huli al Lbes three configurations where a nipis .
formed bet %8@*&\%“%%1 Ibgl.rgfégeqlrecg'ch configuration, an inprinting fabric and

a felt are inteypases, MRIMBNbE bEcasions when AndPaides Walkelatoaddntioas fop t he
inprinting fabric and inprinted by the inprinting fabric. Hulit then

carri es thwithely o patterned ifsamewerk ther¢na. Sn@rnﬁmlblhgv gthe manufapturipg process is

enbodi nent s, l}llitﬁf’hen transfers the web fromthe inprinting fabric to a
Yankee dr yPioyidegbyhe Prysei ieRtoY enhodi nent, Hulit does not use a Yankee
drying drum Thes &g t4 81T @GSIRADLEKBSRY 808 10415 R QLRRSS anfdpparatust WO
sets of nips are required, a first nip toinprint the web and a Second nip
wher e t he heling svd feltasdndrtheed prassing loperdtinke eAghiy,i afigr pressing thel web isecogni zes
that dryer drums may be utjlized instead of, or . in addition to, the Yankee

dryi ng dr ubansfersas,r a ween Wﬁiﬁﬁ@grf%l?ncrﬁoﬁh?nyiékqef%yeéx pense and .
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transferring the paper web to the Yankee drying drumin a second

oper at i on, réiisi iln eaghecomBguratipp.parimpringng fabsis and eitelhasgtinierposed bivweemthe in a
subsequent eration, action.of. Huli.t's web  necessarily .occurs between
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The Hulit arrangement have several disadvantages. First, two sets of nips are
required, a first nip to imprint the web and a second nip where the web is transferred to
the Yankee drying drum, Hulit recognizes that dryer drums may be utilized instead of, or
in addition to, the Yankee drying drum. However, Hulit does not minimize the expense
and inconvenience of requiring two separate nips for the configurations relying upon the
Yankee drying drum - as most commonly occurs in the art.

Furthermore, by imprinting the paper web in a first operation, and transferring the
paper web to the Yankee drying drum in a second operation, Hulit creates caliper in one
operation which he destroys in a subsequent operation. Compaction of Hulit’s web
necessarily occurs between the compression roll and the Yankee dryer. This compaction
destroys the caliper that was built in by imprinting the web in the first place.

Another attempt is shown in European Patent 0 526 592 B1 granted April 5, 1995
to Erikson et al. Erikson et al. discloses another two nip configuration. In the first nip,

the paper is imprinted between a the press roll and a lower press roll. There, Erikson et



WO 99/ 47749 PCT/1B99/00418 3 al. dewaters the paper by placing the press
felt directly against the paper. This allows the press felt to deforminto
t he areas imprinting fabric not supported by knuckl i ng the
di fferent i"ﬁgéc/iie}ﬁ‘!sgi ty effects of the conpaction caused by tﬁpzcﬁﬂﬁ'%??dr%ﬁ ng
fabric. Erikson inprints the paper and t3ransfers it to the Yankee at a

| ower press roll. The paper is transferred to the Yankee drying drum at
this point. However, the second press drumagain inprints the paper. The
pr obl em prasdswaeds the faper tyr plksiag thet preds. felt diredtht agaitssthegaperd Thipalidwe the
inprinting belt is never in registration with the inprinted pattern

_provi ded dtresselt {q deform ingo thearsas of thewenyiniing dakricratsaprastedhy kaseldes and
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still reoidbfi€es a conplex two nip system Erikson also requires the press

felt loop to be outboard of the inprinting fabric Ioop. This arrangenent
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as additiopal space, drives, .ete.. are required t.o ad he separate felt
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t he di scl oisigeeomf niphheimprintingdeitponatee th teeisaatiobwith eliecmerined mhtteal oses an
alternative paper machine enbodinment where a felt is positioned adjacent a

p ! .
face of tHerovidsd RHhE Algst ni nblys, Enikson ynsbyganpactsdhe Barer apg A$sto¥s thse nol ded
web and cafrr. es.. | h gl_n-gfga i drum Anpul ski et al. teaches that
the inpri na‘.llﬁgrs‘ﬁ%}r?%{é"?b?é‘%aﬁeé %tPég?}/Slttﬁg)(')ugh- air drying and the web is
nol ded i nto thefFhdfiRimbid, Beiksandial. likéhhd gfolmpntiskéd Atendts in thepfegdint s a
significant inprovenent over the prior art, Anpulski et al. still does not
provi de f utehuisesra cosnpled twaaipwebieng dirtkson alye regaiiee thedrossrdglt droprie bSUMMARY OF

THE | NVENTI The .j.nvent.i on nri ses..a papermakj ng apparatus. The
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a web. The inprinting nmenber has a sheef side for
to add the separate felt loop. The cost of installing such a separate felt loop on an

existing papermaking machine is estimated to be in excess of $10 million.

Commonly assigned U.S. Patent. 5,637,194 issued June 10, 1997 to Ampulski et
al., the disclosure of which is incorporated herein by reference, discloses an alternative
paper machine embodiment where a felt is positioned adjacent a face of the imprinting
member. The imprinting members imprints the molded web and carries it to the Yankee
drying drum. Ampulski et al. teaches that the imprinting member is useable for through-
air drying and the web is molded into the imprinting member. While Ampulski et al.
represents a significant improvement over the prior art, Ampulski et al. still does not

provide full contact of the web against the Yankee drying drum.

SUMMARY OF THE INVENTION
The invention comprises a papermaking apparatus. The apparatus has first and
second rigid surfaces juxtaposed to form a nip therebetween. An imprinting member is
interposable in the nip and catries a web. The imprinting member has a sheet side for

contacting the web and an opposed backside. The web is in contacting relationship with



contacting the web and an opposed backsi de. The web is in contacting
relationship with WO 99/47749 PCT/1B99/00418 4 the first rigid surface

wher eby the bh_can be sinultaneously inprinted and transf he
first ri gi%oé\%‘Wégce. A capillary dewatering nenber is al soe}itén ergglgés)“é le in
the nip and is contacting relationshipgwith the second rigid surface and
with the backside of the inprinting nenber. A conpressive force can be
sinmul taneously applied to the web, the inprinting - nmenber and the capillary

dewat er i ngh&RrR Eibid AL WhefBy Mepwel Eantbesimiikiteods! g irapintee aid tridierredp i S
formed by two coaxial rolls. One of the rolls may be a Yankee drying drum
-t he ot her todhd firstigidesurfagn- essure rol |l and nore preferably a vacuum

pressure roll. BRI E CRI| PTI ON THE DRAWNGS Fig. 1 is.a verti.cal side
el evational vi e‘g/c _lﬁmﬁﬁémi%edn &%55%"5?588?%%8%‘3&?@% P éaechﬁ g

i nventi on.pefiifnsifp With@hd §REMPALRY Yirth@Pardl wiith WeVAcdd d¥ahé IMpridtieng menber
shown in Fig. 1. " Fig. 3 is a vertical sectional view taken along lines 3-3
of Fig. 1.mémber. A temprefsivgfoecet anybesentlitanabusly efeplied e titei voeba thevimpnintihg an

alternative enbodi nent  of paper maki chine according to the present
i nvent i on.mEEyyyandith Fmeﬁﬁgﬂq@q’%\@ﬂ‘ﬂhéﬁf"ﬁé’ferri ng to Fig. 1, the

present | nvent I gf BERNIS ibbllin®h AAYERHS (eHiRE By 3hoflial blILSHR: BPHES! &

froma headbox wn I n e art. aqueous dispersion of

fibers yi gbismayRRREYankde dhjighdiuay, theothér rolintdyctt a prassuse il gldtmae nmay
conmprise nultiple basis weights. If desired, the paper 20 nmay have
mul ti pl e bersfesablen yaeusim preefuss Bl y the nultiple basis wei ght paper 20 has

two or nore distinguishabl i : i 1 ?Jﬂ% ively high basis
wei ght, and regions with a%%@ﬁ@é?ymégmﬁ% . grsef erably the high
basi s wei ght reglboNg £AFEL IRIcRVAESRINVIeH bfa FapREhiAY MabEh¥REdordiif e | oW
basis weight regions nmay be discrete. If desired, the paper 20 according
t o pr esentthe prsadtiioventiay. al so  conpri se i nternedi ate basis wei ght regions
di sposed within_t he,|0¥¥ basi s wei pt r.evgi ns.. . .. -

Fig. 2 is a fragmentary topg an view of the imprinting member shown in Fig. 1.

Fig. 3 is a vertical sectional view taken along lines 3-3 of Fig. 1.

Fig. 4 is a fragmentary vertical side elevational view of an alternative

embodiment of a papermaking machine according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1, the present invention begins with an aqueous dispersion of
fibers deposited from a headbox 10 as is well known in the art. The aqueous dispersion
of fibers yields a paper 20 which may be of constant basis weight or may comprise
multiple basis weights.

If desired, the paper 20 may have multiple basis weights. Preferably the multiple
basis weight paper 20 has two or more distinguishable regions: regions with a relatively
high basis weight, and regions with a relatively low basis weight. Preferably the high
basis weight regions comprise an essentially continuous network. The low basis weight
regions may be discrete. If desired, the paper 20 according to present invention may also
comprise intermediate basis weight regions disposed within the low basis weight regions.
Such paper 20 may be made according to commonly assigned U.S. patent 5,245,025,

issued Sept. 14, 1993 to Trokhan et al., the disclosure of which is incorporated herein by



Such paper 20 may be made according to commonly assigned U.S. patent
5,245,025, issued Sept. 14, 1993 to Trokhan et al., the discl osure of

which is %g%ggggat ed herein by WO 99/47749 PCT/1B99/ 00418 &f/ﬁﬁ%?ﬂge' | f

t he paper only two different basis weight regions, an essentrally
continuous high basis weight region, wtf discrete | ow basis wei ght regions
di sposed throughout the essentially continuous high basis weight region,
such paper 20 nay be made according to commonly assigned U S. patents
5,527, 428 jesaumet. Jifnthe PaperlBDBad only Tvak Hidferatt tabis,wégli3tgidns, amssssentiallyl y 9,
1996 to Trokhan et al.; and 5,654,076, issued Aug. .5 1997 to Trokhan et
al ., the deingeuy BighggasighveighiFegions cwith dissrelyy 1%%@?“?. e trTSSIQP%HbSé’PS%]e
may furthep w sh d i f gsTol . er 20
Wit have Butieitul ety RBLEALES AANS sieth SRUBERREN Pper AP RABARTT

Such paper mdfe ab&Yding tTREMNIGIP Askig@dt10.5C pataR| 352741 8RatkdUule 181296 ®
5,277,761, issued Jan. 11, 1994 to Phan et al.; and 5,443, 691, issued Aug.
22, 1995 t Grdkihan ebal. 2,534,806 ighed MWy B d996fto Tapkhen eirad; apd Sr38rHbetsswsl ei n
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protuberan&géreﬂ(geg upstanding from the plane of the forming wire 15 and are
preferably discrete. The protuberances obturate drainage through sel ected
regi ons of the Dmemaygfurheewish to demsifycictegtddavgiansiofihgipapasiOs Sugbipgher 20
regions in the paper 20, respectively. The formng wire 15 for use with the
present i nyakhhawnbeth ynubépladersitycegpat Ayt myltip WIQ{VCI&IQsIF%‘ﬂ’é% %“%paB?ft ts

5, 503, 715, E&%??eu%gﬁg&onﬁng i(? %gmﬁg)gi%?is%d QY s2bate A8 2176761, Qided FaiSYed

March 25, t ane sures of whi'ch’aré 1 ncor por at ed

herei n by nedLiFLPIs. et ANanidaner3, 69, issactsAag 2 199w Ritaa ef al,ntha discioswred 6f t 0
an inprinting belt 30. The inprinting belt 30 like the formng wire 15, is
macr oscopi adiichareinvomoaazied herginebypiesgienceof the inprinting belt 30 defines

1S T, oot R ShBSNEL £8,8ky onbR o S Ay el AR
paper 20 ao§qhsl BEmp@sel BluPAIR R proti¥@BhdedN TiRHrE@béAAE Hre @pstafding from
macroscopi cally nonoplahar and I'ying in an X-Y plane. Perpendicular to the
X-Y direct itlensiamnolf thh dorming wire 15 and are preferably discrete. The protuberances obturate
drainage through selected regions of the forming wire 15, producing low and high basis
weight regions in the paper 20, respectively. The forming wire 15 for use with the
present invention may be made according to commonly assigned U.S. patents 5,503,715,
issued Apr. 2, 1996 to Trokhan et al. and 5,614,061, issued March 25, 1997 to Phan et
al., the disclosures of which are incorporated herein by reference.

The paper is transferred from the forming wire 15 to an imprinting belt 30. The
imprinting belt 30 like the forming wire 15, is macroscopically monoplanar. The plane
of the imprinting belt 30 defines its X-Y directions. Perpendicular to the X-Y directions
and the plane of the imprinting belt 30 is the Z-direction of the belt 30. Likewise, the
paper 20 according to the present invention can be thought of as macroscopically
monoplanar and lying in an X-Y plane. Perpendicular to the X-Y directions and the
plane of the paper 20 is the Z-direction of the paper 20.

The first surface 31 of the imprinting belt 30 contacts the paper 20 carried thereon.
During papermaking, the first surface 31 of the imprinting belt 30 may imprint a pattern

onto the paper 20 corresponding to the pattern of a framework 42.



pl ane of the paper 20 is the Z-direction of the paper 20. The first surface
31 of the inprinting belt 30 contacts the paper 20 carried thereon. During
paper maki irst surface 31 of the inprinting belt 30 i gnt a
pattern gg?g&gﬁg;paper 20 corresponding to the pattern of 55?@%?@%g?k 42.
WO 99/ 47749 PCT/1B99/00418 6 The second gsurface 32 of the inprinting belt
30 is the nmachine contacting surface of the belt 10. The second surface 32
may be nade with a backsi de network having passageways therein which are
di stinct from Hefseeond snfave3duifttbe #bprintinguit 3this theackife cofMhetingassiagevhly s
provide irregularities in the texture of the backsjide of Lae secoEd surface

32 of the WHerielt3d0. Thbe sgeandye Ry Permager withsp Sackside mebvegkvhayjing, o

of the bel ' . d [ [ s gl tion
hr ough « Hers S el fhih SAE0 Brc A ndt ol FRABRRI kP 6 BrchE e BE 30

i mpri nti ngTiRepdssaRwany plvauk idlegalanitiesninahs tdkiuie bf €. batkside df teaptdndumdface
knuckl es made by a particul ar weave of warp and weft yarns. The paper = 20
made on suthofitheibeBriOnt Thegpassageways pliovaer air lerkagepatthe XnYarlang efcthe belt 30,
inprinted areas. ., lnmprinting belts,, whic al.so use ar . hr.ough. ai I,

aryi g, andnieAdsateEd Boss e ety 9o inihe L frBld8 ofpieh hRlachphfirtonfut
commonl y agshoiRedel/3lp. Patents 3,301, 746 issued Jan. 31, 1967 to Sanford
et al.; 3,905,863 issued Sept. 16, 1975 to Ayers; and 4, 239, 065 issued

Dec. 16, 1982 tAlt@metively, thehimpirginigobair 88 mdy have ldissortinuoue kpoeklesd Ther ei n

by reference. If desired, the inprint.i belt 30 used for_the sent

i nvention ﬁiﬁgprﬁéuwﬁgwcgﬁs n&‘d\?é’é’qaua?rﬂc‘mgbﬂ‘?amféf Ware e et 86‘???:02[' S1PPBed to
have the a WeIN § RLdd j LE

Beampl oo of! BFE 8 58th B BAbAAE botl G4 e 4 Vi Balh dreiicids MipfAed greas.
5,672, 248 Impriethgttelthavkitingietiiso wed ffar thfvugh airhiryingpariditriong toddetsuidfible for

according to the present invention conprises__two prlnar¥ conponents, a
framewor k s puBose areilhpaater iy cemmeabiassigngd Uthdateninaa8i 446 issugst Bned bl y

conpri ses | yOBLI G I esin. f.r k.42 [ L.NEin have
SO & e L PRl PR AR o0 d 33 SHeT oo lcé:l’oln%g'toi‘%g"'rré’i " oR0ds {hed"SY
and an oppesa®, $eEORA kIR diskl ettt Yhidioma iktdridifed oI Mkichgertrchi ne

on which the belt 30 is used.
If desired, the imprinting belt 30 used for the present invention may be woven on

a Jacquard loom. The Jacquard loom is alleged to have the advantage of providing
flexibility in the resulting belt. Examples of belts woven on Jacquard wounds are
disclosed in U.S. Pat. No. 5,672,248 issued to Farrington.

Preferably, the imprinting belt 30 according to the present invention comprises
two primary components, a framework 42 and a reinforcing structure 44. The framework
42 preferably comprises a polymeric resin. The framework 42 and imprinting belt 30
have a first surface 31 which defines the paper contacting side of the belt 30 and an
opposed second surface 32 oriented towards the papermaking machine on which the belt
30 is used.

Preferably the framework 42 defines a predetermined pattern, which imprints a like
pattern onto the paper 20 of the present invention. A particularly preferred pattern for the
framework 12 is an essentially continuous network. If the preferred essentially continuous
network pattern is selected for the framework 42, discrete conduits 46 will extend between
the first surface 31 and the second surface 32 of the imprinting belt 30. The essentially

continuous network surrounds and defines the conduits 46.



Preferably the franework 42 defines a predeterm ned pattern, which inprints
a like pattern onto the paper 20 of the present invention. A particularly,

preferred‘?g%%{;ﬁgbfor the franmework 12 is an essentially cppfidvdpbas
network. | e preferred essentially continuous network pattern is

selected for the framework 42, discrete ronduits 46 will extend between
the first surface 31 and the second surface 32 of the inprinting belt 30.
The essentially continuous network surrounds and defines the conduits 46.
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according to the present invention is .the reinforci tructure 44. Th
-reinfor c?nﬁ‘@?ipfﬂ?g’@gémﬁ}nq e }terfélnlf?r&wg“@%ﬁﬁ‘%?%ge %?‘P%‘f’or‘f(o@’ B%Fpae-ﬁrrs(?
facing sid i i . i ; .
fact ng suft BB TR 3 fls TRENAE! BEkRfe THIHE SERRPGobAe W PR heine o

t he opposegurfdeef aQRSeinféreiniestiietire 30 iapamatly disped bstwdenake oppased denfidces he
backsi de of the belt 30. The reinforcing structure 44 provides squort for
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wel | known in.the art. Th ortions of the reinforeing I Ug
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t hereby reduces the occurrences of pinholes. |If one does not wish to use a
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net, or a plate having a plurali of. hol es.therethrough rovi de
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Trokhan; 5,098,522, issued March 24, 1992; 5,260,171, issued Nov. 9, 1993
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1996 to Tr an et al.; 5, 23, issued May 7, 1996 to Trokhan et al.;
5, 554, 467, al.s $h28,238ptissu¢d Julyo 96, 1985 ®r diolchanetS,(98,522, 5ss9ed, Mawh 24512

et 22 9%, Teonan el othog, G400, 4 STUe AT 8 JEET o g
di scl osur e QfnWhi 658 565, issued July 12, 1994 to Rasch et al.; 5,334,289, issued Aug. 2, 1994 to
Trokhan et al.; 5,431,786, issued July 11, 1995 to Rasch et al.; 5,496,624, issued March 5,
1996 to Stelljes, Jr. et al.; 5,500,277, issued March 19, 1996 to Trokhan et al.; 5,514,523,
issued May 7, 1996 to Trokhan et al.; 5,554,467, issued Sept. 10, 1996, to Trokhan et al.;
5,566,724, issued Oct. 22, 1996 to Trokhan et al.; 5,624,790, issued April 29, 1997 to
Trokhan et al.; and 5,628,876, issued May 13, 1997 to Ayers et al., the disclosures of which
are incorporated herein by reference.
Preferably, the framework 42 extends outwardly from the reinforcing structure 44 a
distance of less than about 0.15 millimeters, more preferably less than about 0.10
millimeters and still more preferably less than about 0.05 millimeters. Still more
preferably the patterned framework 42 is approximately coincident the elevation of the
reinforcing structure 44. By having the patterned framework 42 extending outwardly such

a small distance from the reinforcing structure 44. By having the patterned framework 42

extending outwardly such a small distance from the reinforcing structure 44, a softer



are incorporated herein by reference. Preferably, the framework 42 extends
outwardly fromthe reinforcing structure 44 a distance of |ess than about

0.15 m i nmore preferably less than about 0.10 ml}iigi nd
still mévr%%%i’éfabw e Than oout 0 pa i heters. ot (¢ HsEicu8

preferably the patterned framework 42 i g approxi mately coi ncident the

el evation of the reinforcing structure 44. By having the patterned
framework 42 extending outwardly such a small distance fromthe

rei nf or ci n@odict usdyube phdducBy. Bpecifigalinethpraptovidesdof tizrebsenée 42 deBsdtondomg
outwardly such a small distance fromthe reinforcing structure 44 a softer
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20 wi I I have & #iRahHR! b§ UHakRpethe Elarh@s6rkt 41 teklefd I@uGATABS SomFthet Reifoling by
havi ng the framework 42 extend outwardly fromthe reinforcing structure 44

such a shottuctirs#4nedh a shoat distandep thsi neinfercingcstmeirg 44 wyill copteet: the papdiat paper
at top surface knyckles di sposed wi thi.n the deflecgtion conduits 46 his
ar r angemert™ et lkﬂlé‘%ﬁescg‘ﬁ&}%f‘@a swﬁ_HB tﬁ%\;ﬁlgbe‘%’na‘fo is 3‘51 n?glscﬂaﬂg?lagﬁt fuf%%r

knuckl es a&%é%?{es d&lggg ae s Heypaits ik thdkanQass @iﬁshehwaﬁp&calgmagnd

bet ween conp ons. Thus, greater contact between the paper 2
t he Yankeeadréfh 70 de¢rsasirdstha 0¥ spacalgthetweammngfacteleedemef i t s of the present

invention is that the inprinting of the paper 20 nd transfer to the
Yankee 70 occuFhusi gisetes senias Betwesn the Papeh th?u??‘ﬂ@ﬁfﬁa‘f‘icﬂﬁalgs 8pkfs of
the prior art. By t erer | it . . of 20
to the vaewt 9 o BEBHERS fEune HRREATEENN 't ORhARIND of (iFpaRR%D °

prior art andf ithdsfé&omt @et Yardkey i700ocan shtulthkaisig Glinfinstinpe tHEomaltiopyrational
simul taneously inprinting the paper 20 and transferri n(% It to the Yankee
70 cal i perstéps ofaibatpaionadt. Bhndrapstemingasubsientialipfl porsact idhe pAPS Y Bpdeat i on

d transfgrred to t kee 70 | d tion .Th
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oper at i on S H S e B e et hue abviat i hi s
probl em Tinansfeariag it26 theaYarkies @0 balifen ishintdingded, as is known in the art.
Foreshorteni ngThe prior art attempts imprinted in one operation and transferred to the Yankee 70
in a second operation. The second operation, with its own separation nip, compacts the
paper 20 - destroying the caliper imparted to the paper 20 at the first nip. The present
operation simultaneously imprints and transfers thus obviating this problem.

The paper 20 may also be foreshortened, as is known in the art. Foreshortening
can be accomplished by creping the paper 20 from a rigid surface, and preferably from a
cylinder. A Yankee drying drum 70 is commonly used for this purpose. Creping is
accomplished with a doctor blade as is well known in the art. Creping may be
accomplished according to commonly assigned U.S. Patent 4,919,756, issued April 24,
1992 to Sawdai, the disclosure of which is incorporated herein by reference.
Alternatively or additionally, foreshortening may be accomplished via wet
microcontraction as taught in commonly assigned U.S. Patent 4,440,597, issued April 3,
1984 to Wells et al., the disclosure of which is incorporated herein by reference. The

creping blade will selectively and differentially crepe the compacted and relatively

noncompacted areas of the paper 20.



can be acconplished by creping the paper 20 froma rigid surface, and
preferably froma cylinder. A Yankee drying drum 70 is commonly used for
this purp ing is acconplished with a doctor bl ade ' known
in the arﬁg&?/g&%r?g may be acconplished according to comﬁé&d@gwg%ed

U. S. Patent 4,919, 756, issued April 24, ¢ 1992 to Sawdai, the disclosure of
which is incorporated herein by reference. Alternatively or additionally,
foreshortening nay be acconplished via wet mcrocontraction as taught in
comonly assi gnefle PreSentRataiionda detiehtiohal Fas6®RE jAapdsed withliB8batlaidéadflthe et
al ., the disclosure of which is incorporated herein by reference. The
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batting with a denier of less than 5, and preferably I ess than 3. This

surf ace baPtefergblgothe delt 60 tdhes notdraive hisaparbtel gattéh theredbmgso thatphe Makti smgfaceThe
felt 60 may_have a hasis wei ght of 200 to 1400 gra per squar ter.. .

Pr ef er abl yof fhadelt &9 élre%fquqmletﬁw@n@cgs&éagaqkéldﬁg’?ﬂ%er Fariing delt 20 This
the first ad: Irect | I he
backsi do. ofo S arsiek 1 piek Rinp o i ik 306 30 2R HEREE HoRRL Babe 2007,
from the i HpweWd: (fuddsied, tBE felnd0 hesycie: providet Reitlpapatterdld frahleweyie therédn, as
desired, the felt 60 may be provided with a patterned franmework thereon, as
di scl osed dlisclpsrd infthy afpromenaerdl prigreninsoiperedlasreindy rafgraice: by ref er ence.
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conpact ed. npacting the felt 60 decreases the average volune of the
pores of theyd. eFirstothe felt éleraadieyconmpaetefle| Gongigacting ithehtzitedOadecasnsesaidre aponage

volume distribution of |ess_th O.m.crops,. A suitable press felt 60 is
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W sconsi n. %§H tigB%ﬂeEs 89, B8%niRrdnk! Ckness of about 2-5 mllinmeters, and a
basis weight o to 2000 grams per square meter, and an average density

of 0.16 to 1.@ guieibbe pessscliehi 60 denni Aeipfex 2Thenbfctur&D byathehAppleam Mitls

perneabi lity between about _ . ) . —
Company of Appleton, Wisconsin. Such a felt 60 has a thickness of about 2-5 millimeters,

and a basis weight of 800 to 2000 grams per square meter, and an average density of 0.16
to 1.0 grams per cubic centimeter. The felt 60 may have an air permeability between about
5 and about 300 SCFM per square foot, with an air impermeability of less than 50 SCFM
per square foot being preferred for use with the present invention.

Additionally to improve the hydraulic connection, the imprinting belt 30 may have a
batting needled therethrough. The batting may extend outwardly from both the machine
facing surface 32 and the sheet facing surface 31 of the imprinting belt 30. More
preferably the batting extends outwardly from the backside of the belt 30 so that intimate
contact with the felt 60 is provided. If desired, the imprinting member 30 having the
batting thereon may be compacted to decrease its average pore volume distribution.

Compaction to decrease pore volume distribution of either a batted imprinting
member 30 or the felt 60 can be accomplished by a calendar nip, as is known in the art.
Preferably, the average pore volume distribution monotonically decreases from the paper

20 to the added imprinting member 30 to the capillary felt 60. Such a monotonic decrease



5 and about 300 SCFM per square foot, with an air inperneability of |ess
than 50 SCFM per square foot being preferred for use with the present

i nvention L‘)Aﬂsg ionally to inprove the hydraulic connectio i inting
belt 30 n&{, a‘%‘ba batti ng needl ed t herethrough. The batti%n%“r%%@% end

outwardly fromboth the machine facingjgurface 32 and the sheet facing
surface 31 of the inprinting belt 30. More preferably the batting extends
outwardly fromthe backside of the belt 30 so that intinate contact with
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batting thereon may be conpacted to decrease its average pore vol une
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The felt 60, imprinting member 30, and paper 20 are interposed in a nip. Preferably,
the nip is formed between two coaxial rolls. More preferably, one of the rolls is heated,
and still more preferably comprises a heated Yankee drying drum 70. The other of the rolls
35 may be a vacuum pressure roll.

The felt 60, imprinting belt 30 and paper 20 are interposed in the nip such that the
paper 20 is adjacent the heated roll, preferably the heated drying drum and more preferably
a Yankee drying drum 70. The imprinting belt 30 is juxtaposed with and in contacting
relationship with the paper 20. The felt 60 is juxtaposed and in contacting relationship
with the backside of the imprinting belt 30 and the periphery of the other, or second, roll
35.

If desired, a vacuum may be applied through the second roll 35 to the felt. This
vacuum assists in water removal from the felt 60, and hence from the paper 20. The second

roll 35 may be a vacuum pressure roll. Preferably, a steam box is disposed opposite the

vacuum pressure roll 35. A steam box ejects steam through the paper 20. As the steam



the nip is formed between two coaxial rolls. Mre preferably, one of the
rolls is heated, and still nore preferably conprises a heated Yankee
drying dr e other of the rolls 35 nay be a vacuum ol I.
The felt %Zg‘ﬁﬁ;}lﬁnti ng belt 30 and paper 20 are inter posedl%ln iﬁé&rlép such
that the paper 20 is adjacent the heatefd roll, preferably the heated
drying drum and nore preferably a Yankee drying drum 70. The inprinting
belt 30 is juxtaposed with and in contacting relationship with the paper
20. The f glasses@hroagh thet prpers2@] itreducas tho miseastity g wadratontamsdu therein, phomdteng
backsi de of the inprinting belt 30 and the periphery t he other, or
_second, rdettendrying Thesstgagyis %}I%%W%VCWQEFﬁF‘FEBOIf %?-ough t he second
roll 35 to th ' [.Stis. d . r t
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pressure roll 35. A steam box ejects steamthrough the paper 20. As the

st eam WO 93) at tirepositiony wisge tigoppper 20 isgeansierred by g predyippedrung/0. ¢ reduces
the viscosity wat er conf ai ped t ei.n, pronotj.n bet t drying.. The
steamis collé€ {88‘“5?’ ?‘}?eO{/QEﬁW pstrp(gg éﬂﬁereg‘%ﬁqlz%g‘.ag e Flmlﬁ{?ﬂ?o%e??g’?&flg’a
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box will allow fdor a positive draw of air, and hence water, through the
paper 20 ¥ankeheryingidnimn Rohexanplhstvaafiar sizfacéssmby hagidapasdd tagethze toréorkee
drying drum 70. O course, one of ordinary ski]l wl| recognize that .the
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roll is heated. The rolls may be, for exanple, part of a cal endar stack, or
an oper at i saludevhiletionsr ¢melientss dimethiernss. sofignertsy peranes, mpeathals, foie sViyeh afe
web. Funct] | additives include: lotions enollients, dinethicones,
softeners,wglggf‘%%gl,&lﬁéﬁt hols, etc. which are well known in the art.
Referring to FRé&ferrthg tolFigesiif 86kirel e capillhlyadevat@iMat MEmbBe CoBrifeanh
conprise an extended | oop. The extended |l oop is nested with the inprinting
menber 30 exseridetl disxipr afheckxtemded loop is nested with the imprinting member 30 as illustrated in

Fig. 1. However, the extended nested loop of Fig. 4 provides the advantage that
dewatering can occur at a first nip, with subsequent dewatering and transfer occurring at a
second nip. However, the total number of clothings required for the embodiment of Fig. 4
does not increase over that shown in Fig. 1.

One of ordinary skill will recognize that many other variations and permutations are
feasible. For example, a single roll and an elongate flat surface may be combined to form a
nip therebetween. However, it is only with the present invention that the simultaneous
three functions of dewatering the web and/or the capillary dewatering member by
compression, imprinting the web, and transferring the web from the imprinting member
can simultaneously occur. All such apparatuses and processes are within the scope of the

appended claims.



Fig. 1. However, the extended nested | oop of Fig. 4 provides the advantage
that dewatering can occur at a first nip, with subsequent dewatering and

transfer S&é&{/‘ﬁg‘ﬂ’g at a second nip. However, the total nu lﬁglo&hﬁt hi ngs

required enbodi ment of Fig. 4 does not i ncrease over own in
Fig. 1. One of ordinary skill will recogpize that many other variations and
permutations are feasible. For exanple, a single roll and an el ongate fl at
surface may be conbined to forma nip therebetween. However, it is only

Wi th the pnvaaeRiclaimvedision that the sinultaneous three functions of
dewatering the web and/or the capillary dewatering nmenber by conpression,
dnmprinting the web, and transferring the web fromthe inprinting nenber

can si mul tango > ratuses and processes are within the
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surfaces juxtaposed to forma nip therebetween; an inprinting nmember
i nterposable in said nip and carrying a web thereon sai d |npr|nt|ng

menber having a sheet side f r cont act i b. durin |ng and a
back si de oppos¥y! ”f‘ﬂ'é’?t&%me Sl 'W%%ﬁbﬂ% R ﬁ%dﬂ?é’@fjl‘ﬁgﬁp’ﬁﬁt"\’ ship with
said first rigi aGfd riefPeh R h glf'tﬁéﬁgeﬁ'l‘ al i nt ed
and transferredmt Eé&ial d Tﬁr‘@? rl gle éjrfaced@% ggg&gap{) ary de%atvgér? ng
menber i nt er posddniirey papsanaking pndra back sideiopposed|theietorshi p wi th sai d

second rigid surface, said capillary dewatering nenber being disposed in
contacting relationship with said backside of said inprinting nenber,

uher eby @ compr esglch barGy CANARNANBBACHD wiR LA R igRlstrgger nt i ng

menber, and sal N appar at us

according to Cl\ahéreb ¥4i@ Waibcarfbd sithiltaseduslyRapintet Whdoeansfetred to! | s
j uxt aposed to forma n| p therebetween, and preferably wherein one of
said first rigid surface; and

a capillary dewatering member interposable in said nip in contacting
relationship with said second rigid surface, said capillary dewatering
member being disposed in contacting relationship with said backside of
said imprinting member, whereby a compressive force can be applied to
said web, said imprinting member, and said capillary dewatering member

in said nip.

2. An apparatus according to claim 1, wherein said nip is formed by two coaxial
rolls juxtaposed to form a nip therebetween, and preferably wherein one of

said rolls is a Yankee drum.

3. An apparatus according to claim 2, wherein one of said rolls applies a

vacuum to said capillary dewatering member.

4. An apparatus according to claim 1, 2 and 3, wherein said capillary
dewatering member comprises a woven felt and preferably said capillary

dewatering felt has a denier of less than about 5.



said rolls is a Yankee drum 3. An apparatus according to claim2, wherein
one of said rolls applies a vacuumto said capillary dewatering nenber. 4.

An appara ding to claim1, 2 and 3, wherein said capj
dewat er i ntggvvérg%%% conprises a woven felt and preferably sai gét/gpl I P418

dewatering felt has a denier of |ess thag about 5. WO 99/47749
PCT/ 1 B99/ 00418 13 5. An apparatus according to clains 1, 2, 3 and 4,
wherein said inprinting nmenber conprises a woven belt having a Jacquard
weave. 6. An apparatus according to claim5, wherein said inprinting nenber

conprises a reinforcing structure and a patterned framework di sposed
‘thereon, séi d\pappaatiesiaceerdingoiocianny, 4r3 ande V\{l’lﬁxﬁhnd?'@émﬂ”m whil e
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fromsaid foram nous belt, a distance less than 0.15 nillinmeters and
preferably a distance |less than 0.05 millinmeters. 8. A papernaking
appar at us 8onm appagitusiateorking tir glaing Sdwherainsaid pnmmimgememherj uxt aposed

to forma nip therebetwe ,,anl rinti nber, inter ble in said nip,
sai d i npri ntGORPIRSSR FeIRtREne Stig léferaélcﬂg Br"‘”%?ﬁlfde‘r%'f?@ aﬁpﬁae patt er ned

framework extt péd?}gsgﬁﬁf\gﬁépnlégtﬁh‘?ﬁé\%%el §'dlichtdd & (yvrfreg sEaWPBWhIIe

contacting an Imprinting sal I'n sal nip, sal si mul'taneousl y

contacting anshi®webdarid saidfigpriating member Xeniresaidmyp.ng drumin said nip;
and a felt, said felt being juxtaposed with said pressure roll in said nip,
whereby said felt can dewater said inprinting belt in said nip. 9. A

b ovi ding & i sppagte Ao AE o MRrEnSRR P e b B 1y o i p
extends outwardly from said foraminous belt, a distance less than 0.15

millimeters and preferably a distance less than 0.05 millimeters.

8. A papermaking apparatus comprising:
a Yankee drying drum and a pressure roll juxtaposed to form a nip
therebetween, an imprinting member interposable in said nip, said
imprinting member comprising a reinforcing element having a patterned
framework extending outwardly therefrom, said patterned framework
contacting and imprinting said web in said nip, said web simultaneously
contacting and being transferred to said Yankee drying drum in said nip;

and

a felt, said felt being juxtaposed with said pressure roli in said nip,

whereby said felt can dewater said imprinting belt in said nip.

9. A process of removing water from a web, said process comprising the steps
of
providing a first roll and a second roll juxtaposed together to form a nip
therebetween,;

providing a celiulosic web to be dried;



t her ebet ween; providing a cellulosic web to be dried; WD 99/47749
PCT/ 1 B99/ 00418 14 providing an inprinting nenber having a sheet side for

i mprintin b and a backsi de opposed thereto; placi '
cel | ul osi %V\&Neg%ggysai d inprinting nenber; providing a capin\g?@?d)?g/g%‘vl\%t ering

nmenber; juxtaposing said capillary dewajgring nenber with said backside of
said inprinting nenber; interposing said web, said capillary dewatering
nmenber and said inprinting nenber in said nip, whereby a first said roll

i's interposi peovading aEitnprinding meaer havingce snéstrdidg forampeinting Gahiveb
inprinting nenber n said nip with said web in contacting relationship
with said fiasd abacksigrioppesedtisireloary dewat eri ng menmber in contacting

relationship with segon oll: ereby. water may_be renoved from sai d

i nprinting rrB#t?é’?g wﬁagﬂvhsaweﬁ“m %EHéj 'mPHBE’i‘%F]@K’QP%rai d web with said

i mprinting "?P&ﬁ&ihg%’@aﬁiléﬂ?'d%%ﬁbYnerhbéﬁSf erring said web to said first
roll. 10. A process according to claim9, wherein said paper is inprinted by
a patternedjixtapasiog kaid cdpilaryidgwaterisg memben witn saiok backsidelohspido sai d
framewor k, said patterned framework being associated with said inprinting
menber, pref SPABNYNEHOI0ES ng an essential |y continuous networ k.

interposing said web, said capillary dewatering member and said imprinting
member in said nip, whereby a first said roll is interposing said web, said
capillary dewatering member and said imprinting member in said nip with
said web in contacting relationship with said first roll and said capillary
dewatering member in contacting relationship with second roll; whereby
water may be removed from said imprinting member by capillary action;
imprinting said web with said imprinting member; and simultaneously

transferring said web to said first roll.

10.A process according to claim 9, wherein said paper is imprinted by a
patterned framework with a high density pattern corresponding to said
framework, said patterned framework being associated with said imprinting

member, preferably comprising an essentially continuous network.



