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REMOVI NG WATER 5 FROM A CELLULGSI C WEB FI ELD OF THE | NVENTI ON 10 The

present i nwemnesrrel ates to papermaki ng, and nore partigtigdobeqddL an
apparatus and process for renoving water froma cellul osic web. BACKGROUND
OF THE | NVENTI ON Cel | ul osic fibrous strductures, such as paper towels,

facial tissues, napkins and 15 toilet tissues, are a staple of every day
life. The |l arge demand for and constant usage of such consuner products
has created a demand for inproved versions of these products and,

| i kewi se, inprovenment in the nmethods of their manufacture. Such cellulosic
fibrous structures are manufactured by depositing an aqueous slurry froma
headbox onto a Fourdrinier wire or a twin wire paper machine. Either such
formng wire is an endl ess 20 belt through which initial dewatering occurs.

and fiber rearmﬁﬁﬁmﬂm@mmkmﬁmﬁémmﬁﬁ@mﬁm pesRRLteR of the

web, which |ater becones the cellulosic fibrous structure, the paper maki ng
machi ne ¥ransports the web t oFRAM AGELAEQHCWEB nachine. In the dry end
of a conventional machine, a press felt conpacts the web into a single

region, i.e., uniformdensity and basis weight, cellulosic fibrous
structure prior to final drying. 25 The final drying is usually

acconpl i shed by a heated drum such- as a Yankee drying drum One of the
significant inprovenents to the manufacturing process is the use of
through-air-dryi ng to repl acemmmvmeﬂ felt dewatering. Through

air dry g yi el Lfrcant | mprovenent.s in consunger. products.
through i r-dryi @Vﬁ?t@? elgtgsptpmm& & 30d mpRE PRRGY )ngfcr@ on a form ng

wire which dp@fz@ﬂuﬁﬁd;ﬁﬂc@ﬂf&%vﬁiglﬁawf&fnd&ﬁﬁosxéh@lﬂ one percent consistency
(the wei ght percentage of fibers in the aqueous slurry) from a headbox.

Initial dewatering takes place on the formng wire. Fromthe formng wre,

WO 01118307 PCT/ US00/ 24434 A2Ka¥OWED OSTIHE fvh¢fioad to an air pervious
through-air-drying belt. This "wet transfer”
Cellulosic fibrous structures, such as paper towels, facial tissues, napkins and

15  toilet tissues, are a staple of every day life. The large demand for and constant usage of
such consumer products has created a demand for improved versions of these products
and, likewise, improvement in the methods of their manufacture. Such cellulosic fibrous
structures are manufactured by depositing an agueous shurry from a headbox onto a
Fourdrinier wire or a twin wire paper machine. Either such forming wire is an endless

20  belt through which initial dewatering occurs and fiber rearrangement takes place.

After the initial formation of the web, which later becomes the cellulosic fibrous
structure, the papermaking machine transports the web to the dry end of the machine. In
the dry end of a conventional machine, a press felt compacts the web into a single region,
i.e., uniform density and basis weight, cellulosic fibrous structure prior to final drying.

25 . The final drying is usually accomplished by a heated drum, such-as a Yankee drying

One of the significant improvements to the manufacturing process is the use of
through-air-drying to replace conventional press felt dewatering. Through air drying
yields significant improvements in consumer products, In through-air-drying, like press

30 felt drying, the web begins on a forming wire which receives an aqueous shury of less
than one percent consistehcy (the weight percentage of fibers in the aqueous slurry) from
a headbox. Initial dewatering takes place on the forming wire. From the forming wire,



typically occurs at a pickup shoe (PUS), at which point the web may be
first nol de (5Hn&ﬁ?e t opography of the through air dryin shorz 4]'Enrough air
drying yields structured paper having regions of dlfferent en5|t|es

This type of paper has been used in com?¥ercially successful products, such
as Bounty paper towels and Charmn and Charmin Utra brands of bath

ti ssues. Traditional conventional felt drying does not produce the
structured p per and i t t endant a van} a q? er, it has, been
desired to p 3635 ap 25 geyxiony, 2B is "W IRy i ng at
speeds appr Oﬁ?ﬂhlﬁgoacﬁﬁﬁt Dhiclkuphdd 1POBY Bt @mﬁh SUintekk WebShS B firdtGndMddespt s have
been made utilizing a conventional feIt havi ng a patterned framework

t hereon for ﬂwﬁmmmﬂhkpﬁh#m@mﬁr biyimgkelb. Exanpl es of these attenpts in the
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t he conbi nat f&%@ﬂsﬁ@ﬂﬂ@&ﬁbﬁﬂgﬁh@fﬁlﬁ%ﬁgﬁﬁidﬁbﬁ@yﬂ&ﬁk two rolls. US.

Pat. 4,421,600 is ued 0,.1993 to Has r disclos an appar at us
having 9 felts, B e bt oemacnel ey e BB an

i mprinting h&h&w&k tﬂe&ohlﬂs‘rtlﬂpﬂuﬁﬁagttﬂ&rmwﬁnww&r Frsmpled GdhaBattdnerd ifiel Nt i ng
fabric thr ou h, t he essing . operations_before being deliver to the

Yankee dryer? R?B‘flﬁ @%aséllgf‘w Patent Nas. 2,556,599, Fﬁsll‘?ﬂsstePtaﬂ'édf’?ﬁ/wU S.
4,309, 246 | STHREanERE; 5558019:8%sue°eﬁ)éc03 Hgbdio ]g@élqetuw550991253aksue&iﬁﬁ5” bes

t hree conflguratlons anpis two rolls. In each

conf i gur at i obl 19578 RER 36694 D53, hvaci Ny 1o LS o TR ot Al 301108 R0 g
conpact i Qﬂeebﬁﬁﬂt@ﬁﬁ%@gﬂ&a&“yﬁﬁﬁ SOABR: L1909 VRRRIaNE L S5 SOVer

poi nts. rintin ric b and’a felt are conpr essed bet ween t he

roll's. Each &0 TVélﬁ'sﬁGﬂ@mﬁ‘% 1%6@Tmﬁ¢malstherﬂmch§“mofwmmres a conpl ex
nip system 'ﬂl ’§9 tb%r%%r’c@& the inmprinting fabrictpaper web
6 eon clfn

conbi nation Tn a dewatering felt. These systens create very
expensi ve pr oposi®tharaterhpts havetbeaf midei bygraesposting mgaper web on a separate

imprinting fabric and compressing the combination in a compression nip formed between
20 tworolls. U.S. Pat. 4,421,600 issued December 20, 1983 to Hostetler discloses an
apparatus having two felts, three pressing operations, and a separate woven imprinting
fabric. In Hostetler the web is transported on the imprinting fabric through the pressing
operations before being delivered to the Yankee dryer.
Another such attempt in the art is illustrated by U.S. 4,309,246 issued Jan. 5, 1982
25 toHulit et al.. Hulit et al. describes three configurations where a nip is formed between
two rolls. In each configuration, a paper web is carried on an imprinting fabric having
compaction elements defined by knuckles formed at warp and weft crossover points. The
imprinting fabric, web and a felt are compressed between the rolls.
Each of the aforementioned attempts in the art, requires a complex nip system in
30  order to bring the imprinting fabric/paper web combination into contact with a dewatering
felt. These systems create very expensive propositions for retrofitting existing

conventional machinery, as additional space, drives, etc. are typically required to add the
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conventional machinery, as additional space, drives, etc. are typically

required g&%%he This Sheet Has Been Replaced 1111111dldddbldl 11111111

WO 01/ 183 S00/ 24434 3 separate felt |oop. What's nore, 1 n order to
sufficiently dewater the paper web, th® systens are required to operate at
| ower speeds than through air dried systens. Commonly assigned U. S .
Patent. 5,637,194 issued June 10, 1997 to Anmpul ski et al., the disclosure

of which is incorporat herein, by reference, discloses an alternative 5
paper mac hfeﬁga@rfﬂg@PPreﬁgla%’é‘P@’ ey "%‘?“F & s“ﬁ?ﬁ‘?%r_"?ﬁ@‘“f tg? PAREL VRS | oned
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the inprinting nenber froma_ first conpressiop nip fornmed between two
pressure rol | s Gommenly assignad HanBatent %@%%ISSP?F{] °5‘%~(,1§§'6t° ‘Flgg'i on nip

formed bet yeen fscRsERbd Which® incipstatd N G rékenthd didé164Es ad Meerndtiv@r | Nti ng

nmenber inprints the molded web and carries’it to the Yankee dryi ng drum 10
The pr e§enpapenimachine embodimentwhere afizst dewatering feltispositioneg adiaesrén fage of he t wo
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transfer to t a rum e present Invention provides a we

pat t er ni ngfisppempressionip foabédbetwren tuk prespuret rolicandragsgequd dewateringifelt énasent i onal
paper maki ng_magchi ne_w t ho { an L&A Rl&éldgﬁ %@.}i]ﬁ,}ri felt or
conpr essi of AT 9°mm%“’i°ﬁ\9@%%e@%5{r&%\%?aé%§a V\é’g%g&o:%?erm n fi abgggat us
capabl e of imisgrinting riemberinpeipthemdldedsvetcand caviesiit itwtha Y afikdetdrdegdme: | ng

bt oadts nghe btseic Wi fist BITRRRSY B amb bk BBV r RSBttt sy 52634
4 SUMVARY  @sulisHi additigatd] walk reieval foanihe eeb prico irarster papler Yatkeadruappar at us

and process for_renoving water froma cellul osic web.. T aper maki ng
appar at us conpr TRsTeseRt Pyspfipn proyige W%%?a%eﬂ‘g{ﬁ pgaras %@BES?%“@%‘?% vol unme

that enabl eﬁuﬁuwdﬁﬁwd £conoétitiondl paferhskilembehinesitioubhe wesdforarcel | ul osi ¢ web
e

and a capillary dewateri ngl menber when conpressed in,da niwp .
additional dewatering félt or compression nip. The invention provides a web patterning

15  apparatus capable of dewatering a paper web using conventional felt dewatering
techniques. with a single compression nip system while operating at speeds approaching

that of through air dried systems.



The absolute void volunme is predeterm ned based on an estimate of the

vol une of xpressed fromthe cellulosic web at th j t he

pr esent inyg%?ﬂgﬁﬁ the ratio of the volunme of water expg?ﬂgﬁm?ggﬁ1the web
to the absolute void volunme of the inprdnting mnmenber is at |east about
0,5. 10 The nip can be fornmed between first and second rolls juxtaposed
coaxially. The <cellulosic web is carried on the topside of the inprinting

menber. The cellul osic web and i rintiqr;_gs; nmenber are interposed in the nip
such that the top surface of tﬁy%‘éﬂ{ﬁﬂ THE INEBNTION  cont act i ng

rel ationship wi tﬁé%ﬁ@{&&@s&eﬁ{)@ﬁﬁﬁn&ﬁ tuls Ghd probeis foR ferftivitg Wik

backsi de of the inprinting mber is in contacting relationship with the
top surf ace fiom aceligodapeh.| Broypapamaking pppgratns spmaprisghias inprintingraembesur f ace of
the capillagy.. i : LS [ [ Lp wth the
peri phery 0?1 X%ﬁ%%g{rl\tgg?lol ) r%alt %?%Qgggg&rr%gfscggﬁeh@nq%g%g%gﬁb, t he

i nprinti6g hetweenr 3 celinksic web ambad tapillary ddevatetieg memberevier compidssad in aaimel | ed

fromth t by ough £ he .i npr.inti mh h i 1|
ewat et ng. THERBRE SRR S g i el o el AR o
01/ 18307 PCEApiSea] fotd fxé celRul R ¥b DESGR). AFbr B pSert tiveBRAVAGS0 Whikke t he

o stinot |y SPuPRPREHETPHladdom B Hoe R Pei o ao PG BAIPPIoGE be ¢ or
under st oo_d fnfeﬁiﬁbﬂi_h@tleafs@iﬁoﬁm.ﬁg d_escri pti on take_n in conjunction w t_h t he
ubst antbal 1y | doHURR A el G betvo st R AP AT PG appoed Gongialr TRl o, o
rvent | on. B . . member
shown in Fi gt.ldg i@pﬂnMmebq@eéme@pﬁqdéla&e sBcueithalthe fop Wriagk e hasedlgsiei nes 3- 3
of Fig I mbﬁ%%@ngéﬁ%éﬁﬂ%@EF%@W%@&H&E%%,WS: As used

herein, the follow ng ternms have OW ng neani ngs:
backside of the imprinting member is in contacting relationship with the top surface of a

15  capillary dewatering member while the back surface of the capillary dewatering member
is in contacting relationship with the periphery of the second roll. The nip compresses the
paper web, the imprinting member, and the capillary dewatering member. Water
expelled from the web passes through the imprinting member to the capillary dewatering
member forming a hydraulic connection therebetween.

20



Hydraul i c connection is a continuous |link formed by water or other simlar
l'iquid. 9&35{17vol unme (W) is the open space providi ngg or fluids:
Rel ative \Jyg?gl olume (WR,,au,) is the ratio of W to t%éﬁq%?&a 4oI une of
space occupied by a given sanple. Absdl ute Void Volume (WAbw.j is the

vol unetric neasure of VW per unit area cm in cnR 20 Machine direction,
designated MD, is the direction parallel to the flow of the «cellulosic web

t hrough t he product manuf i | (Y 0SS [ ne direction,
designated CD, is the di r%%ﬁ%%&%ihﬁ%aﬁ?giﬁﬁ%chi ne direction in
the same pl ane whilk e speificdtigbdonclaid. wilhaddimk Bartic mﬁcﬂmn%gmﬂaﬂber is a
device for renpving water via capillary 25 attraction. liper is the

macr oscopi QistRAtlyelEats fe messabipreation e iregton vk ergandegped rom thes s

vei ght  ( BWHoWridgtRsatphightaka in cBhjlubtiion wmfmmaépﬁﬁgngam sG) whRh 1iKEi t area
(cm) of a sanple of a cellulosic web reported in Ycm 2 y\¢§0_1/ 18307

PCT/ USOB) 2desigpatigns aresused toglesigraie substantiplly ideptical plements, agd inomljigius wi t h
cel l ul osi c web, g:IThe: A ted : | : ;ﬁ)%ﬁn or. dewat eri ng
a cellulosic vve%l-g'ggl.sa v%é%@rS}qe%g&?%dn%%ﬁ\?gp ‘{lLb an %(gl eous ng}atb}?ﬁ}&ébtgrrpri si ng
cel | ul osi ctheippesens invedtionat er i s di scharged from a headbox 10 onto a forning

wre 15 and thegt r N . I..S] n

pri nti ng men 50 AanEhkiy gy Ml tedd e BRI SEP B R TL 5
carries the cel Figl bsiaventichl se@ionalntiew takergalongioies 383 ofFigndt er to a nip 38

f ormed 0between two coaxial rolls. The first roll 70 can be heated roll
such as} a Yankee drying drumas shown in Figure 1. The second roll 35 can
be a pressure roll havi n®ETAIEEDDESCRIPTIOMO:R TEHPINVENTION:Wat er i ng nenber
60 di sposed tﬁséfzon. The capillary dewatering 10 nmenber 60 can be a felt
and the press MBS can be a vacuum pressure roll. The capillary

dewat eri [ t f 2.and a.bott f 64. |
Uhe nip 38, e % POFRCtF ralpemasog ke PE SpeMa B or i ng member 60

Hydraulic-connection is a continuous link formed by water or other similar liquid.

15 Void volume (VV) is the open space providing a path for fluids.
Relative Void Volume (VVy i) iS the ratio of VV to the Total Volume of space
occupied by a given sample.
Absolute Void Volume (VV,,....) 15 the volumetric measure of VV per unit area
. cm’
in —5.
cm
20 Machine direction, designated MD, is the direction parallel to the flow of the

cellulosic web through the product manufacturing equipment.

Cross machine direction, designated CD, is the direction perpendicular to the

machine direction in the same plane of the cellulosic web.

Capillary dewatering member is a device for removing water via capillary

25  attraction.
Caliper is the macroscopic thickness of a sample measured as described below.

Basis weight (BW) is the weight of cellulosic fibers (in grams, g) per unit area

(cm?) of a sample of a cellulosic web reported in %mz .



interfaces with the second roll 35 while the top surface 62 interfaces with
a -backside 32 of the inprinting nenber 30 such that the cellulosic web 20
carried on tWeOVE de 31 of 15 the inprinting nenber 30 PCX/BSOAHESE Wwith
the first roll 70. The nip 38 conpressesgthe capillary dewatering menmber
6Q, inmprinting nmenber 30 and cellulosic web 20 conbi nation, squeezing a

vol une of water fromthe web, through the inprinting nenber 30 to the
capillary dewatering nenber 60. At the sanme time, the inprinting nmenber 30
inprints the cel | Alsogi asedtbbreitl) piper w00 Shrehymerd with ceulbdiewdtankee drying drum
70. 20 If desired, a vacuum may be applied through the second roll 35 to

the capillar y devmmsmgmrm@aron@ﬁsesm bpareaR o dedaeting & cdliilosRivab 20enoval
fromthe cap ar 0gsewaterl ng nmenper 60, ~and hence_fromthe cellulosic web
K

20. The seco 15Ty athadueens Sy Gampringsidosio fibers andsyaiends box i s

di sposed oppaié ealﬁ@mvmu&wxnogﬁtaurf@nﬂ@wlréﬁsandmmﬁﬁ%dq 8% di tS st eam
t hrough the cel |l ul osic web . As the steam passes through 25 dn

condenses?i nanm@ﬁ@épmnnw@lmsnm mqmbeémsbamgs fthend} F aﬂlgrreprmug reduces
e o MémBlr 3ies BRBHAIAR 0 BhiRinind s SERING wBB LSl uif SURAREL N0, The
co cte 0 . O

steam and/or condensate I s vacuum pressure r
course, one b*FthﬁdWﬁ&Piyﬂ’é klls| Thg fuist ml:!é'@g:m l)péleathfétolltsndl @larﬁﬂnkMg

i mprinting, F?%ﬁje rrent S

ot her than t se EE%W| % a%ﬁﬂ?&ﬁﬁh%@i rum %ﬁgrp?p ,

flat surf acewithaypapilary dmamgmmbeg@ldmwosdddhdrmnml‘hac@hlththg 38

t her ebet wgen a | zed, nejther of which
roll is \kil\gat eﬁf%élr %ﬁ }e%a?&%\igprefs&ergﬁg%b?eavaﬁgﬁ Py 1lly ongar stack, or
an WO 01/ 18307 Pﬂlﬂeldﬁiﬁmirzdéxaétcn@rﬁmﬂfeﬁﬁ(i mamddamcxhpm&&& aadhbordmonal
additive ontg rf.ace e, . web. Fu nal ves incl ude

| oti ons enol ﬁr%‘ |ﬁf’?é](“?1?gc6lﬁg’ ttorgglfr{agﬁg%g%tgbg}pfl@% wat?é‘ﬂgfﬂ? 6&

which are Weinkerﬂ'amméwgﬂﬂtﬁe $ebendabll 35 Whildras tdp%gnacfe ) Iildedrfa?éstvn"i:}pif] ba%kﬁdliél/ﬂln )
i mprinting nepber t he removed fromthe cellul osic we
2071 1"t he i B BSTREITpg BERPY D SpeR il e GeNess e 2AReted OB S 1BesdecH o or e
bet ween the ﬁehhprmg&em&mn@ﬂ&cmﬁh%mrmﬁm dﬁ%iﬁ@daal FR{kee 60 via
the inprinting,_nenber 30. The inprinting nenber 30 has an absol ute void

vol ume whi chcaPillintdewatesing member$Ogimprintingmernfer ﬁ9mdea911ul9s1@mhé@t i on and

maxi m ze combination, squeezing a volume of water from the web, through the imprinting member

30 to the capillary dewatering member 60. At the same time, the imprinting member 30
imprints the cellulosic web while transferring it to the Yankee drying drum 70.

20 If desired, a vacuum may be applied through the second roll 35 to the capillary
dewatering member 60. This vacuum assists in water removal from the capillary
dewatering member 60, and hence from the cellulosic web 20, The second roll 35 may be
a vacuyum pressure roll. A steam box is disposed opposite the vacuum pressure roll 35.
The steam box ejects steam through the cellulosic web 20. As the steam passes through

25  and/or condenses in the cellulosic web 20, it elevates the temperature and reduces the
viscosity of water contained therein, promoting better dewatering. The steam and/or
condensate is collected by the vacuum pressure roll 35.

Of course, one of ordinary skill will recognize that fhe simultaneous imprinting,
dewatering and transfer operations may occur in embodiments other than these requiring

30 2 Yankee drying drum 70. For example, two flat surfaces may be juxtaposed together to
form an elongate nip 38 therebetween. Alternatively, two rolls may be utilized, neither of

which roll is heated. The roils may be, for example, part of a calendar stack, or an



correspondi ng water renoval. 10 The anount of water in a cellulosic web 20
I s eval uat | erns of consistency which is the perc wei ght of.
ceIIqusiéﬁafgggé maki ng up a web of fibers and mater.%%%ﬂgﬁ 4cy S
determ ned by the follow ng expression7g of Fibers Consistency = g of
Fibers + g of Water 15 and g of Water _ 1 g of Fibers Consistency - 1 Upon
entering the nip 38, a cellulosic web 20 can have an ingoi ng consi stency of

about 0.22 conprising, aboyt 4.54 g of wate The desired consistency for a
gof fibers 02?5*‘%‘?54"?’181’}62‘!’55 %\E‘B"W’e@a’ﬁvﬁ@m?% surfacepd thegweby Fynctionalo conpri si ng

about 2. 50 agdif¥es\thidle: 10Hdfs @RSl difetticdiles, Yok Gikers] ]?jerfuﬁﬁ'ﬁ’,\fﬁ&ilﬂﬁis, the nip. g
of fibers _of fibers G.ven the Basi s wei ght of the cellulosi¢ web upon
exi ting t h&highgre welbknaynipghesrt. wat er expelled at the nip is deternined by
the fol|l owing: g baf bobsiind thaPfor higheh SmprintdS nfbnfdbr 30 E x P where
BW = basis weight of the we_l:fl e°>fit|.n t%"en n?p. V\Dr%dlt;ilé%?)@tgycgl{% SOQ 24434 8
pPWU~r =5dememavpd fomghe eallulosic el 2 in e nipl 38 is didestly relateditoi the nalrandic er r enoval
at the nip, e - ' . e [ O el lulosic
neb 20 to cRuEi bR TentclR BKRCMTEOuR B Pk el IBRES |

| east about60@ia3he ifitpeinting membér 30h dhe ohprinting fnemhercd0 hax predbiselitefvoain t he

gglnl Ele();![ Clv\é\fag e%vq\iéhocaﬁ 'ﬂ:g d&?&% H::[ %ti\r/nclee%é/ l?)lrcfilarﬁ?ic %I)mltect:hepnlawmagitnlﬁgeq renber 30

corresponding water removal.
10 The amount of water in a cellulosic web 20 is evaluated in terms of consistency
which is the percentage by weight of cellulosic fibers making up a web of fibers and

water. Consistency is determined by the following expression

f Fi
Consistency = - g of Fibers
g of Fibers + g of Water
15 and
gof Water 1

g of Fibers - Consistency

Upon entering the nip 38, a cellulosic web 20 can have an ingoing consistency of about
0.22 comprising about 4.54 gof wat% of fibers+ 1he desired consistency for a
20  cellulosic web 20 exiting the nip 38 is about 0.40 comprising about 2.50
f water of water . .
golw A of fibers- Ihus about 2.04 g A of fibers 1S removed at the nip.

Given the Basis weight of the cellulosic web upon exiting the nip, the volume of water

expelled at the nip is determined by the following:

_ gofwater g of fibers 1
25 Vi prsio = g of fibers xB cm’ P

where _
BW = basis weight of the web exiting the nip.



about 0.7. In sonme enbodi nents, the ratio can be greater than 1.0. The
i mprinting Wﬁgaogan conpri se woven fabric. Wven fabri m+/%§4l y
conprise warp and weft filanents where warp filanments ar to the
machine 10 direction and weft filanent 8are parallel to the cross nachine
di.rection. The warp and weft filanents formdiscontinuous knuckl es where
the filanments cross over one another in succession. These di sconti nuous

knuckl es provide discrete inprinted areas in the cellulosic web 20 during

t he paper maki ng pﬁocga&siﬁf%@rd__(?eﬁe' n the term"long knuckles"” is used
S

to define discontifuous knuckles Yemied as the warp and weft filaments 15
cross over two or nore warp or weft filanent, respectively. The knuckle

i mprint area of the woven fabric nay be enhanced by sanding the surface of
the filanments at Inbxdewﬁmxﬁnﬁdcméﬁrmﬁbmsﬂli@ﬁigmﬂﬁ&of@@&uﬁ@ﬂﬂ@ﬁeﬂ/\DVen

fabrics are nm N cordance W.th the teachi of U S Patent No.

3,573, 164, i%‘B%EeSﬁE"B‘ 23 ’ér‘“ﬁwébf% ¢ absplutgyoid vokne ofgherimpRAtNg, S,  Pat ent

No. 3, 9055 BGderhises @ ot leadyibus 0.8 TROral6 Bt BEVEmA 6f wekS/eRpQRl Froff thithi ch are
Absol ute vaoid volunme of the woven fabric

I ncor por at ed rein by reference. |, )i d V¢

can be dete r‘i"rﬁﬁ@ﬂc Bgo %‘é’%ﬁ’s‘%‘? Fosefute vaidivplme ph theiprinting sremper hgsn be afleasbyen
fabric of krypgit 0. 98 sorlé@nbRIhG®Y, the FatiFRas HE SaterMarPl.@CI N9 the sanpl e of
woven fabric on a horizontal flaf surface and confining it between the

flat surface and The iremintingsembenepmeprzprise woves fabric. [Weugh faprisstypisdly, where t he
25 | oad f oot ' | t 3.14
oad f 00tgohpacl v‘}‘g% ?)#lf Wt flaliens Fn&b WaJSJr fZiérgﬁﬂrf% Lg?&%%% ﬁciath({ &aélﬁr?eu

square inches and es a confinlng en,2 (0.21
psi) to the dimpanand Ve filamenpase paralle] tohe crossuhaching digestioneThveearp btk f | at

surface and ; [9@@ { surenents can be

obt ai ned on aéfﬁléﬂ%ﬁ%%?@ téhnsll;c hitd neg(;gg%ggrte?% Ciﬂlgﬂ%rﬁ%aﬁssgvgiofl%?o " om
Thwi ng- Al bersuccessirinl JtiedepliscontinBeus kBa-kies pravideslistaetedfuptiined frehscimeiet S i S

det erm ned ' . ' f the.void spaces i assuned..to be 0 gn cc.
For exanpl etMa%‘%)lﬁs)}ée‘g%eg?%}ﬁm%@eﬂg‘ﬂ%mﬂ?ﬁg s‘ﬁf@%é‘?‘?‘ﬁt}ﬁ%@ P800 01/ 18307
PCT/ US00/ 244&8dckl8” iy/wsebto difve diseoitin@owfkntickiesforaiedas the wary Sladadts flednedy

yi el din 5t he mass of the test sag%e. The absql ute void volunme (V,,,,,,.
) “per unit SFEROVF NHBSROP XBM @ Wel Tilgment, respectivelts od by the fol | owi ng

fornula (w th uniThe kfiMe ifiprén Sred\BEHE waRR TR ridyee enhanced by sanding the

surface of the filaments at the warp and weft crossover points. Such sanded woven

fabrics are made in accordance with the teachings of U.S. Patent No. 3,573,164, issued to
Friedberg et al. on March 30, 1971 and U.S. Patent No. 3,905,863 issued to Ayers on
20  September 16, 1975 both of which are incorporated herein by reference.

Absolute void volume of the woven fabric can be determined by measuring
caliper and weight of a sample of woven fabric of known area. The caliper is measured
by placing the sample of woven fabric on a horizontal flat surface and confining it
between the flat surface and a load foot having a horizontal loading surface, where the

25  load foot loading surface has a circular surface area of about 3.14 square inches and
applies a confining pressure of about 15 g/cm? (0.21 psi) to the sample. The caliper is the
resulting gap between the flat surface and the load foot loading surface. Such
measurements can be obtained on a VIR Electronic Thickness Tester Model II available
from Thwing-Albert, Philadelphia, Pa.

30 The density of the filaments is determined while the density of the void spaces is
assumed to be 0 gm/cc. For example, polyester (PET) filaments have a density of 1.38



5 WAI,.lute Motet - Vfl..nl _ (t x A - (mr) where, V.., = total volune
of test Savﬁ@bﬁlsfiﬁ X A). 10 Vr,,a"u". = solid volune of phenssaLssf abric
equal to the volume of the constituent filanments alone. t = caliper of
test sanple. A = area of test sanpl e.? m= mass of test sanple. 15 r=
density of filanents Relative void volune is determ ned by the foll ow ng:

_ 'V VAbeol ete V'V Rel edve VToul 20 For the present invention, naxinum

wat er renoy t he can be achiev for .a.woven fahric where the

Wi r anges PRBn The ple R e 8 SR E Bery it M BRI ot TG 10,
to a high bdniﬁlé Thé atsblute void ﬂm@(w&,@pw ugit e bf Woventfataic isthemt 0. 4. For a
sanded woven fabric the high limt of v .y, 1S about 0Q.30. 25 Figure 2

i | | ust r at ecalewatediptthe fallqyingepmapa @UW&F@WW@ WRETPSRPIOBIHE): serves as a
reinforcing structure for a resinous knuckle pattern 42. Figure 3
Illustrates a cross section of unit cell of an inprinting menber 30 in a
conpr es$i on ni pYV¥R.for med bet ¥aenVamawYankee drum 70 and a pressure roll 35.
The inprinting nmenber 30_has @ t(}p?!lagse 31 in contacting relationship with
the cellulosic web 20 and a b&&si 32 in contacting 30 relationship with
a capillary dewatering nenber 60. For this enbodi nent, the knuckle WO

01/ 18307 PCT1US00124434 10 pattern 42 defines deflection conduits 46. The
capillary devvatﬂ“?"i’wg menber 60 conprises a dewatering felt. In the nip 38,

the knuckl e pattern 42 conpeasel vdhané et tbsdbasdi€(txweb 20 conpacting the
fi berslv\,hl | e sinultaneous|” y forcing. the water into the deflection

V iaments = S0lid Volume of the woven fabric equal to the volume of
the constituent filaments alone.
t = caliper of test sample.
A = area of tesf sample.
m = mass of test sample.
15 r= density of filaments

Relative void volume is determined by the following:

Vv,

v v o= Absolute

Relative V

Total

20

For the present invention, maximum water removal at the nip can be achieved for

a woven fabric where the VV,_,,. ranges from a low limit of about 0.05, preferably a low
limit of 0.10, to a high limit of about 0.45, preferably a high limit of about 0.4. Fora
sanded woven fabric the high limit of VV, . is about 0.30.

25 Figuré 2 illustrates an imprinting member 30 wherein the v;roven fabric serves as a
reinforcing structure for a resinous knuckle pattern 42. Figure 3 illustrates a cross section
of unit cell of an imprinting member 30 in a compression nip 38 formed between a
Yankee drum 70 and a pressure roll 35. The imprinting member 30 has a topside 31 in
contacting relationship with the cellulosic web 20 and a back side 32 in contacting

30 relationship with a capillary dewatering member 60. For this embodiment, the knuckle



conduits 46. In the deflection conduits 46, the water flows through the
absolute v llume of the reinforcing structure for raullc
connectionqyﬂpﬁ“%@é capillary dewatering nmenber. The cgkpﬂp§@%% i bers
beconme captured by the solid volume of ihe reinforcing structure 44
formng |ow density pillow areas in the cellulosic web 20. The W..,,.,, of
an inprinting nenber 30 having a resinous knuckle pattern 42 as shown in

Figure 2, is determ ned by inmmersing a sanple of the inprinting nenber 30
in 10 a bathyitemn 43dpfineg d mwfl@ﬁéwmwpﬂhm@“@mgme@ber@ept h slightly

exceeding t ef’cﬁé’ﬁ % ﬁnﬁ}ﬁés

expel | ed fr%@ﬂg&%ﬁﬁﬁffggn{o k7gﬁe gia I ovvec to rglgc():el ééslzy The
PEG above tw&mmmg&eﬁaﬂwwmhemnﬁhfmng&nmmgm@ﬂéleetmes of the
sanple is r t The

di fference |%B§lgflg4 t %H&gﬁ&ﬁégﬁaggﬁ% tﬂg W@M%}{ﬁ%%@%%m he 15

wei ght of5t h@lmﬁthd rbmfn;cingmhmmfounmg\adlydtaudml qonmctl&fmﬂaﬂls oapnhlaey voi d

vol une and t

lid | ' |1
expr aes: ons: SpiTite BPmbR iR el SRR TR eSS B B e il B D "
SV@bs ol ut eP—rcMerclﬁ@ﬂﬁJcthréﬁ%hﬂM@ uSmAﬁmhbqﬁllomﬁziehﬂnﬂrSuﬁeﬂulM\l/Raaam Bauewn
rNKrr Xxncs XPlI re ol ute Ol | ung ;
S P s BV Y AR PR EGEbor SRR oo KPR B R AL 805 of
Lhe, 1 o5i nousylepyelohss 3o gtohed ty ERR ke TE SLANA BBk e D

01/ 18307 PCT. For res I hventi on, maXi num wat er
renoval t&@wfm@QQPWe@ﬂm@b@Iﬂ@QO (PEGbmarﬂe@ﬂmhglgﬂmxmémgrﬂ@ 42 having a

resinous knugileeoPfthSlathpft? Alted RATSTE thiteiGR% MBS from the immersed sample,
the PEG is allowed to resolidify. The PEG above the topside 31, below the backside 32
and along the edges of the sample is removed from the sample and the sample is
reweighed. The difference in weight between the sample with and without PEG is the
15  weight of the PEG filling the absolute void volume. The absolute void volume and the

solid volume of the sample is determined by the following expressions:

grams of PEG
VVM)nohme =
Pees
where
20 P = density of PEG

SV ipsonre = Vilaments T V Resinous Kauckles

m

- filaments + Resinous Kuucklcs
rmamu pkeﬁnwsxmlekles
where
SV spsoie = Absolute Solid Volume
25 Wy, = mass of filaments
T = density of filaments
ramo ki, = Mass of the resinous knuckles

Pressoons kenciies. = d€NSity of resinous knuckles



the W,,,;,. ranges froma lowlimt of about 0.05, preferably a lowlimt
of 0.10, l.,gh limt of about 0.45, preferably a hig L t.of about -
0. 28. l\/bsrtwgsg*sg(babl y, the 5 for a reinforcing structureﬂ%édvs?%%é‘ resi nous
knuckl e pattern disposed thereon is aldout 0.19. IMRrinting Menber The

i mprinting menber 30 can be an inprinting. fabric. The inprinting fabric is
10 nmacroscopi cal ly nonopl anar. The plane of the inprinting fabric defines
its X-Y directions. Perpendicular to the X -Y di rection% and ta pl ane of
the inprinting Feshe Resest inyquntions maxiraup Waier moyplat themn ¢anbg geleys ??f.

Li kewi se, th&anfldgdidnasife 498vidl a &GRS Patidie44 Bikgsedthelety #RétON can be
t hought of as macroscopical Ly nonoplanar and lying in_an X-Y plane.

Per pendi culkhgr VVa.t mngss from gilove imitof abouh 0.0, peefprably @ low Limitof §d, to@ { he

Z- di tion.of. . h | ] ' .20. ' LNt he includ
Cops! de. 31 g tent ohshpa 066 prbiePRlfs MER RN of bEuh B il dbteiaB € || TCRCCD
and a backsvg, 3frahéinforcigysracture Haing d eesioes kmugklk phttern disposeditherent isng

fabric conprisées a woven fabric conparable to woven fabrics comonly used
in the papeuwfdPng industry for inprinting fabrics. Such inprinting

fabrics which are known to 20 be suitable for this purpose are illustrated
in commonly assigned U S. Patents 3,301,746 issued Jan. 31, 1967 to
Sanford et Imprinting Meénbe863 i ssued Sept. 16, 1975 to Ayers; and 4, 239, 065

| ssued Dec. 16, ridRipripfing fal6E B0 chi'e £l kiR BBy T HuphndiipTabddGer pOT At ed

herein by reference. anents o > woven fabric ma_té be so woven and
conpl i @nt amactogcapivaliy monortinan | Theqbaveiof the dmiprinting fabris efinasis X2Ydi rect i on of -

the lam na t o provi . ' r . s
top- sur  acAumnibng Bdenlichlal Sy Rkdilonshing Bt Ok e SRR fric i
pr edet er m niscZ-dizeation ofjthe irppringing fabaics hikewise.dhbeellnlosic web20e@ceordingiobs s. The

arrays are__interspersed,sqg that .porf] . - - 1

crossover s POSFItveRtion Gap bt 8’8?%"5 Esg?@cr@%g 1§a§ll_y H@gﬁ@ﬁa\}'?ﬁ é@%qﬁ% zie]?t op
surface of pidpe. Papérdiculaf kethe XvY diredions anddhsplasad thewetiathgdi-dice8on ofe| at i on
in both _the ma giqne d'{,?gction and the cross machine direction such that
each c itﬁhe%e@ M XFOreast one sub-top-surface crossover. A woven fabric .

havi ng such arr gyeimpintibg fabfie theludecotopsiaep It whictoontmotsythaerdlulpsiedvet28.  Pat ent s
4,239, 065, tf'nast ?sugagrie%etgeerergleagld %%ﬁgk%l (e) 3¥\¢v?vh%yccln§t§rgs7 thggér\xlraltj%r%lt%ﬂ.d"%ée imprinting

fabric comprises a woven fabric comparable to woven fabrics commonly used in the

papermaking industry for imprinting fabrics. Such imprinting fabrics which are known to
20  be suitable for this purpose are illustrated in commonly assigned U.S. 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 to Trokhan, the disclosures of which are incorporated
herein by reference.
The filaments of the woven fabric may be so woven and complimentarily
25  serpentinely configured in at least the Z-direction of the lamina to provide a first grouping
or array of coplanar top-surface-plane crossovers of both warp and weft filaments and a
predetermined second grouping or array of sub-top-surface crossovers. The arrays are
interspersed so that portions of the top-surface-plane crossovers define an array of wicker-
basket-like cavities in the top surface of the fabric. The cavities are disposed in staggered
30 relation in both the machine direction and the cross machine direction such that each cavity
spans at least one sub-top-surface crossover.. A woven fabric having such arrays may be

made according to commonly assigned U.S. Patents 4,239,065, issued December 16, 1980



12 to Trokhan; and 4,191,9, issued March 4,1980 to Trokhan, the disclosures
of- whi ch ar | porated herein by reference. For a wov. the term
shed is usegv?!()) 5eb?i ne the nunber of warp filanments mvof&éédﬂplu“g m ni num
repeating unit. The term "square weave" IRs defined as a weave of 5 n-shed
wherein each filanment of one set of filanents (e.g., wefts or warps),
alternately crosses over one and under n-1 filanments of the other set of

filaments (e. ts or nd each fil anment: of the other set of

filanments al f‘grrﬁgf"& 3pds, 1§Wz§ et Maih 461980 t Erpkin, the disclosweas o5 WhiCk ke £ i r st
set of fil amapbgoratdhervefepdatd ¢ for the present invention is required to
formand support the 10 cellulosic web 20 and all ow water to pass through.

The woven fabric F@ﬂwwen&hgethﬁmheﬁlawﬂ@ define Smymberof svarpsfilamentsyi | |
having a She%v@fve@mmuﬁlﬁmﬁﬁ Be Sglﬂnift' @gavg’v de ﬁe\ﬁQSWCﬁve ol ament s

and under one wef anment ccessi on an |Iarrent passes
over one Wwar p~sh¢d\@hpe¢me@hd’ﬂmm¢fqnwm§ﬁpmw mM@smnWme)cdmamlu The

voven 1abr 1 ¢ clodls ghdBod SRR 0GARNL b IEYLElSS0 BIMRLISEs e BUBL S0 eV

havi ng a she ere eac ment  passes o one
filament andamdniehﬁbmnwﬁhe dthdrmﬁﬁlanmtsaitwmdy passeamoider emcdndweértn-f i | anent

asses over nen nd under one warp filament in succession.
e cal por SRRt o A R : T

The cal i per vary, however, in order to facilitate
the hydraulic cdrmmdv‘emmbhefmprésmlmhﬂmﬂstqmrembf&ﬁn aaaduﬁpbﬂﬁfeapi I'lary

dewat er i me er of th rinti f I C shqul d range
from aboaﬁ %ii’ﬁ’fmlvﬁgﬁg 3%?’ to pgss thip) U%e“%f?’(fi‘ € In an
al ternative ﬁlmhodanrmmpnféa ‘tsbml—tgﬁﬂ’sminglarklhétﬂdflmfheré dlraeh wm@rﬂlmdnﬂtgasie@bwrc may
conprise a multi er fabric havin east twp la i_nt er woven -
yarn, a cell W%@?igy%ﬁs Q'Ef{ ynder 9ng e, ?‘r@‘imqnéwc‘:&??&néngé%it"@ﬁl fymenepassssaci ng
second | ayer o@p RES WP fildheent Addsindéraw6 warpiladi@fidin Isaeéssrsmaf Th'RoveR ERIHAGYEN
yarns is further conprised of interwoven warp and weft yarns. For this

enbodi ment, HémMpRGEE f#“&‘rﬁ% ajsg COTRNIsC A0 ApATeSEeVY .bevrpaﬁ ﬁlseduoﬁg SihRseadh wi t h
the res pQSt | WarpYddiént Bisséshﬁeﬁcﬁk WhQﬁdrﬁenY‘ﬁﬁ waferfoREl l;v@ﬂ fikeER! in ‘E‘Ekgest‘sﬁﬁ and

dewatering felt facing |ayer. lustrative belts having nultiple |ayers of
i Nt er woven ywhyeﬁrféammmsqsmvermmﬁmwgmmd@@evwamﬁlamm5 496, 624
i ssued Marchgpe..4id96 to Stelljes et al.

The caliper of the woven fabric may vary. however, in order to facilitate the

hydraulic connection between the cellulosic web 20 and the capillary dewatering member
20 60 the caliper of the imprinting fabric should range from about 0.011 inch (0.279 mm) to
about 0.026 inch (0.660 mm).

In an alternative embodiment of the present invention, the imprinting fabric may
comprise a multi-layer fabric having at least two layers of interwoven yarn, a cellulosic
web 20 facing first layer and a dewatering felt facing second layer opposite the first layer.

25  Each layer of the interwoven yarmns is further comprised of interwoven warp and weft
yams. For this embodiment, the first lamina further comprises tie yarns interwoven with
the respective yarns of the cellulosic web 20 facing layer and the dewatering felt facing
layer. Illustrative belts having multiple layers of interwoven yarns are found in
commonly assigned U.S. Pat. Nos. 5,496,624 issued March 5, 1996 to Stelljes et al.

30 5,500,277 issued March 19, 1996 to Trokhan et al. and 5,566,724 issued October 22,
1996 to Trokhan et al. the disclosures of which are incorporated herein by reference.



30 5,500, 277 issued March 19, 1996 to Trokhan et al. .and 5, 566, 724 issued
Cct ober 2Zvooih8%® to Trokhan et al. the disclosures of irRBodMaBa

i ncorporated herein by reference. WO 01/18307 PCT/ US00/ 24434 13 The woven
fabric of the inprinting fabric may sd®ve as a reinforcing structure 44

for the belt and provide support for a knuckle pattern 42 as illustrated in
Figure 2. Such knuckle pattern preferably corrprl ses a cured polyneric

phot osensi tive fresin dispos on . .1e el | ul osic V\eb‘ﬁ‘g act i surface
bt e rei nf or e geup R pihe Sbricli wpe g S RiRnfirics Rkl

defines a ﬁf&de‘eleaﬂdpiedd@mppm for wikhwdkle paptem @2 as 1Ihlsik'at$’cﬁn[mgl.ﬁ'62 NSueht o the
paper whi carr reon.. A partlc | ar.l refe ftern for the
knuckl e p;lf“t“@?l %re%?ﬁ‘% SOFRripSs a Yred e F @3& es’ﬁﬁ)?‘s??‘f’ggﬁ? eferred
essenti al lmecammsicwmceﬁhmmrglsu@aiebeﬂﬁrmﬁfo&ﬁigesﬁwaréﬂr the knuckle pattern
42, discrete def Iec conduits wll_ extend between the_ first surface and

the secbnd surf ﬂi‘e’r@uf’lﬂﬁl’ﬁﬁfi%@f’@"?w etermined patiesn which PIF’E“%ntl nuous
net wor k suumetﬁadan%m tREpapBeRhitiNR caefel BfetdoRN AGRIAMMIaHS prefeth@ pRftéth fgit ed

surface area_of the continuous network top surface can provi de about 5 to
about 80 ple kausklepatterp 42 jrag cpsentially cantingons notwerk ¢ Hi thepreferred egsentially cont act i ng

sur f ace 22 finddi6 nde B bt doftblelsSordfithaludial pieH 20 ikcRROWfIeARnPET CONt Lo

about 75 percent _ of web contacting surface and st nor e
pr ef er abl ycoaé‘éjm“'lﬂ@xte@d b&%ﬁﬂﬂ tiee frspurfgeaanddie segadispdacgobthedmpartingng sur f ace

22. They ' SRk rﬂe%sﬁﬁ{lﬁ%ﬁﬁrﬁoﬁ‘s“n&%@ﬁ Gund B Uelindshe ddiRcitAtohdis Pat t ern

42 and can conprise of “various configurations, as previ ouls‘{ﬂ escri bed.
Portions of thé‘hc@rm(fcmdomfgpc ascr\mdtumpenmmplmwemmfsiuUeqrc:scclu@ed:dLn

paner ki (old O B3R B SR TPLELELL AU N MfluiglElLEs) Lgihcrgndui Lo and

t her eby reduces e occurrences o oés not wWrsh 20 to use
a woven f adurface 32mrf tirehieprietimf tabrid :mg 1spm imtbu,ré)ouasmmmt\ﬁe nbal @fpartent scr een,

net, or ugsal ity of ho t v1 de
ndequat e sTad AR Dl iy Rord e Rl "BRR TG B0 coen

i nvent i%n. thimebwrmcmnumgxcéz\brl o haV| ng the knuckl e pattern 42 di sposed

t hereon accordi the sent _inyventio de.according to any of
comonl y assi gr%@’g s(ug‘ﬁ ﬂ BVt ,sgli %f%f&qu%pgﬁr{lﬁfﬂwﬁg% to
Johnson ‘et comprise 6 ﬁﬁ&uéﬁxﬁﬁgu:mg,d\s @tdvymﬂy d&ébﬂﬁed. Pottionk bethe réinfofkthg522,

| ssued Mar Chct%ée Mlx?rgw%nt tsﬁers usex} in ﬁapermaii'ss 2 fr%?n passmg comp‘?etely through the

deflection conduits and thereby reduces the occurrences of pinholes. If one does not wish

20 to use a woven fabric for the reinforcing structure, a nonwoven element, screen, net, or a
plate having a plurality of holes therethrough may provide adequate strength and support
for the knuckle pattern 42 of the present invention.

The imprinting fabric having the knuckle pattern 42 disposed thereon according to
the present invention may be made according to any of commonly assigned U.S. Patents:

25 4,514,345, issued April 30, 1985 to Johnson et al.; 4,528,239, issued July 9, 1985 to
Trokhan; 5,098,522, issued March 24, 1992; 5,260,171, issued Nov. 9, 1993 to
Smurkoski et al.; 5,275,700, issued Jan. 4, 1994 to Trokhan; 5,328,565, 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.;

30 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, ]996, 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



Snmur koski et al.; 5,275,700, issued Jan. 4, 1994 to Trokhan; 5, 328, 565,

I ssued July 94 to Rasch et al.; 5,334,289, issued 994 to
Tr okhan et é‘f’ld.zu;mga,%zSL 786, issued July 11, 1995 to Rascﬁ@eiﬁjssj’l‘f%z.45‘3]a

5,496, 624, issued March 5, 1996 to Stell4jes, Jr. et al.; 30 5,500,277,

I ssued 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 Qct. 2221996 to Trokhan et al:'; 5,624,790, issued Apri
29, 1997 t o SHPBRFmissEd May 13, 14T toviyers e 3w disciystires 96 whizh 4mvincomppraieds 28, 876,
i ssued May Leihds fefeRnéyers et al., the disclosures of which are

I ncorporated herein by reference. Preferably, the knuckle pattern 42

ext ends out war dl Preferably, thednnaklagiatters 43 fextends outwardly Homithegknueklescaftiree a
di stance le : ek i Q. - | . preferably
| ess than a oﬂf{o%g‘g%lai%ﬁ%at%gggé S(%%ﬁﬁtisohé &Tﬁgrgeéé ‘gs'f"m"F “En%i’g“"g? ef erably

| ess thaf atefarsblPlegtthan dboitrfetOemiflici@er® (R004rindh) andBhil moneiplefeeabhaledsalian 42 can

be appr oxi hNCl e ti of t knuckl es. of .t he
rei nforci nggé(f%ké((:)? %’?fg&%%gse@bo%g\%)hgﬁgﬁ%m%ﬁﬁ%ﬂEf%a&%?gp?{oﬁl?a }?’[ endi ng
out war dl y sueihcidens theretevationtofithe &niiokizsof the reisforeingstrudngre 44, Bghavigp the a sof t er

roduct may, be.proguced. Specifically, the short distance provides for the

gbsence 10y8?u°5§fﬂa§'a? ?g et W é)‘y%‘?cr'ta‘rfgo"b Bté?"e&?‘l’?‘b Fanf"W&giSHP‘i“H&

surf ?tce of hb@ﬁdrf;@{d}mtr:]ﬂawebﬁaﬁ&ea.t ﬁﬁeciﬁbﬁﬂ%ﬁlﬁe shéit gibllﬁndérﬂr&lt‘ide@'tférl-the'ra{w&c% t he

resul ti aper aye a snoot her surface and | ess acti] e roughness.

Fur t her r a0t @iﬂe?\'ﬁ?wadﬁ@ qufaepg?ﬁameéwaﬂrzt@gé%@ﬁef B EmaEng OFIGA 1 he

rei nf or ci ngoédufsif tepRioBatt has, IhOrebultgSlapaGall hivea shrRbbfushfdmatdssict ure wil |

contact the paper at 15 top surface knuckl es di sposed within the

defl ection @Gﬁlgﬁ‘i"fg?‘.‘es*hi s arrangenent further conpacts the paper at the

poi nts coi nci demmma%dsawmﬁ%ﬁgﬁﬁﬂaﬁe phtin ZPOKER ddtwerdlg ARURR  decr easing
cte

the X-Y spacing between conpa | regions. Thus, nore frequent and closely
spaced cont gdnforsig aiugture gech@shert distance, the eirforcing gtruatyre witheatast e pepesat One of

the bengji tﬁ)p%{xrfﬁé@%%k%gﬁﬂbosl:@%ﬁﬂigﬂ%ehgctfoﬁ@(Erid&x?fe"'h?%%ag%%nﬁ%tt eer20 the web

and transfer”to the ee” occur  si taneous mul ti

oper at i onal ceyupagts thepapénat fhg psists aoincident thegmuckids @gainst the Yahkeehdryipg tom, ar t .

Al so, by t er b i.al | l, ¢ act of the paper to the
! baRalik it ngyaﬁggﬁm bafmatel rSpRR.

Yankee -
Thus, more frequent and closely spaced contact between the cellulosic web 20 and

the Yankee occurs. One of the benefits of the present invention is that the imprinting of
20  the web and transfer to the Yankee occur simultaneously, eliminating the multi-
operational steps involving separate compression nips of the prior art. Also, by
transferring substantially full contact of the paper to the Yankee - rather than just the
imprinted region as occurs in the prior art - full contact drying can be obtained.
If desired, in place of the imprinting fabric having the knuckle pattern 42
25  described above, a belt having a jacquard weave or dobby weave may be utilized. Sucha
belt may be utilized as an imprinting member 30 or reinforcing structure. Illustrative belts
having a jacquard weave or dobby weave are found in U.S. Pat. Nos. 5,429,686 issued
July 4, 1995 to Chiu et al. and 5,672,248 issued Sept. 30, 1997 to Wendt et al.

30  Capillary Dewatering Member

The capillary dewatering member 60 can be a dewatering felt. The dewatering
felt is macroscopically monoplanar. The plane of the dewatering felt defines its X-Y



I nprinted region as occurs in the prior art - full cantact drying can be
obt ai ned. wdoesrred, in place of the inprinting fabricpbaysssedsie knuckl e
pattern 42 25 descri bed above, a belt having a jacquard weave or dobby
weave nay be utilized. Such a belt mdy be utilized as an inprinting menber
30 or reinforcing structure. Illustrative belts having a jacquard weave or
dobby weave are found in U S. Pat. Nos. 5,429, 686 issued July 4, 1995 to

Chiu et al ) et al.. 30
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Suitable materials fromwhich the nonwoven batt.can be forped include but

are not | iynthetic fibersich aspolyssisepnd nylon, The ﬁ\‘RE}EF"°§h‘Hh1°‘59‘ﬁP%IS|f%mFF15%‘F s such
as pol yestgie aa&l&Wf@&we&h@oom m{@abt)ﬁ dgfﬁi?ﬁﬁkr 5060 Rabrs of SlameAtBEEEan  have

a deni er of between about 3 and about 2 ans per. 9000 neters of fil anent

| ength. The devﬁlpéw#gmf&ﬂekt C@ahfWﬁawe%vdPa@ﬁew@wncma CRIRRTISA 2 IHKHIEC an
conpri §g aomwt#ﬁé‘san&%zeé ﬁﬂeg{ye rstof FiBaré fimad % om&b&d.@uﬁbﬁwa&felt are

formed to pronofe transEort wat er received fromthe web contacting
surf ace ofrwﬂ@dlffﬁmthﬁwe gommmw@eaﬁ&ymmnammﬂomtﬁ@mﬁ@&e and

toward a S £ Ghd o%fdf ?%Fond-li@l?sxjrfalcé f@l’ila AR relafil 111 l'y high
y s e

den5|ty an re atIV ma ore Sl ze adj ace felt sur e in contact
with the deasiksindaclativelf smalﬂepore madmccmghqfehmfacem mtaetanﬁvathed to the

contact i PHREEsZIrEh: Biorihiifs deyhdt'sh o Bfberdily Hbheily Mg itelurBUF 48 CC, | 1
per neabd | |f61tlayf=r¢mowehﬂ 2l surfacs nam!ltagbwuhﬂ@@ﬁesswmlld‘lﬁ eet per minute (cfm

(0.002 nB/sec - ' tahan 50 cfm
(0 24 8/ soc) DUSgEEeiii GRS Hivt U 80 pBlephiiy BBl Jool s adibour a0,

per meabi | i ¢upid fnetcpﬁrmlmte@(cﬁlﬂa(eﬂﬁknﬂﬁect-lﬁ)elmm?tsecr) vofh anaiipernieabilityodf lessr  per
mnute t haﬁmp §0°Gfm (0.24 m*/sec) being preferred for use with the present invention. Air

permeability in cfm is a measure of the number of cubic feet of air per minute that pass

20  through a one square foot area of a felt layer, at a pressure differential across the dewatering
felt thickness of about 0.5 inch (12.7 mm) of water. The air permeability is measured using
a Valmet permeability measuring device (Model Wigo Taifun Type 1000) available from
the Valmet Corp. of Helsinki, Finland.

If desired, other capillary dewatering members may be used in place of the felt 60

25  described above. For example, a foam capillary dewatering member may be selected. Such
a foam has an average pore size of less than 50 microns. Suitable foams may be made in
accordance with commonly assigned U.S. Patent No. 5,260,345 issued Nov. 9, 1993 to
DesMarais et al. and 5,625,222 issued July 22, 1997 to DesMarais et al., the disclosures of
which are incorporated herein by reference. -

30 Alternatively, a limiting orifice drying medium may be used as a capillary
dewatering member. Such a2 medium may be made of various laminae, superimposed in

face to face relationship. The laminae have an interstitial flow area smaller than that of the



20 through a one square foot area of a felt layer, at a pressure
di-fferential_across'the dewatering felt thickness of about 0.5 inch (12.7
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measuring device (Mddel Wgo Taifun Typgg1000) available from the Val net
Corp. of Helsinki, Finland. If desired, other capillary dewatering nenbers
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The Paper
The tissue paper produced according to the present invention is macroscopically

monoplanar where the plane of the paper defines its X-Y directions and having a Z
direction orthogonal thereto. The tissue paper of the present invention has two regions.

20 The first region comprises an imprinted region which is imprinted against the knuckle
pattern 42 of the imprinting member 30. The second region of the paper comprises a
plurality of domes dispersed throughout the imprinted region. The domes generally
correspond in geometry, and during papermaking, in position to the deflection conduits
46 in the imprinting member 30.

25 The first region can comprise a plurality of imprinted regions. The first
plurality of regions lie in X-Y plane; and the second plurality of regions extend outwardly
from the X-Y plane. The second plurality of regions has a lower density than the first
plurality of regions. The density of the first and second regions can be measured
according to U.S, Patent No. 5,277,761 issued to Phan et al. January 11, 1994 and U.S.

30 Patent No. 5,443,691 issued to Phan et al. April 22, 1995 both of which are incorporated
herein by reference.



The Parser The tissue paper produced according to the present invention is
macr oscopiwglgigsesonopl anar where the plane of the paperpcdaidofiegsd ts X- Y
directions and having a Z direction orthogonal thereto. The tissue paper
of the present invention has two regi olls. 20 The first region conprises an
inprinted region which is inprinted against the knuckle pattern 42 of the.
i nprinting nmenber 30. The second region of the paper conprises a plurality
of domes dispers e‘i)u}.‘ﬂg ?&Qéﬂgﬂéﬁl}iﬁﬁﬁ dedBBbLL U5 de, 2P RbH Bne %&%1?619 o3 e ally
correspond in geoffetry, ana during papermaki'ng, In position to the

def | ect i on peeinchdiit the sééonid phurdiity ofirpgiomst iSnch atdedstoneIGreshdBeniigeridgerist r egi on

can conprise a,plurali f Lnmprinted. regions. The first plurality of
regions |i épiicﬁd5@#%9“&%;1’%3%’%%%%%&9% plurality of regions extend
outwardly fromthe X -Y plane. The second plurality of regions has a | ower
density than thg first. pluralijty of regions. The density of the first and
second’ rPegi ons elﬁé“'ﬁ’élg%‘?wté’dlm%&%mﬁﬂ%ﬁe‘?tdn@%@ haxe E?ﬁ“ 1“15?“@?2‘7‘{7, 761

i ssued to RBBafb&, itdvouldR ubioys tblthosé SRifledindhd hrEthat3rifia! otiir chidgesand43, 691
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by ref er end#odifispfiens canhpma auing fromithe spiftt and sqope atihe MverioRg It
descri bed abgiRdeddb coRRHH the BspehdRBNAE AIPRICH BhankeldRd nfodifRbSshs ERe aren t he
second plurality of regions. Such at |east one foreshortening ridge is
spaced aparithin 9epope obfhg mventions he 7 direction. 5 Wile particul ar

enbodi r{gnts of the present invention have been illustrated and descri bed,
it would be obvious to those skilled in the art that various other changes
and nodifications can be made w thout departing fromthe spirit and scope
of the invention. It 1is intended to cover in the appended clains all such
changes and nodi fications that are wthin the scope of the invention. 10
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Whatis clainmed is: 1. An apparatus for dewatering a cellulosic web

conpri sing 3yp bieigy Nt i Ng nenber wherein the inprinting nmenber conprises a
reinforcing structure with a resinous knuckle pattern dl”scﬂﬂé%W‘f‘Wereon
the inprinting nenber having a rel ati vé®void vol une rang| ng from about
0..05 to about 0.28. 2. An apparatus according to etra-m2,—wherein-the

knuckl e pattern extends outwardly fromthe reinfy
di stance | ess than about 0.15 mllinmeters. 3. An|Hil Hmﬂ”@ﬂg‘é' ng to
claim1l, wherein the inprinting nenber has a backsi ce I de
carrying a I web containing a volunme of water to be expelled

t herefrom iﬁ],&ﬁcgg%%rgtus according to claim3, wherein the ratio of the
vol ume of wat etn appmetus éut deateringtaellaledit wb@sdmprm@aﬁanﬁrhﬁn Biepibet € voi d
vol ume of the i ting.menber is at , | east_about O. An inprinting
nmenber for de\nﬁ’F%‘q ‘5?5 QBFE‘F?; me@??réoweﬁseéaﬁﬁvﬁomg@trac%o@ﬁ XTRPRQUE,  t he

i nprinting memgdkid e d@b@ﬁkﬁé&oﬁ%ﬂxnﬂnﬁﬂ%mbﬁﬁérhhﬁn @&‘faﬁvl@fa&dabout 0.3.

6. An inprinti.n rrenber accord 81 I'ai m 14 wherein the woven fabric is
sanded. 7. AfORFRSTHENEfrmahNE?.05 GrabetletBer i ng a cel I ul osic web conpri sing

an_ unsandeds. WaBBarb@Okdcbligs chimls et AHTRAREle pifkSn Bk A fagagmgym d vol ure

t hat |slessthan about I mprinting nber accor to claim?7
or 9, wher ei niomdhe WHFfPthBﬁEUW%éﬁfaHMQSSthNmOdé mﬂme@prs .opsi de carrying

a cellulosig ‘ﬁﬁba b l‘lQilnP . erefrom
wherein the rat| of t 1[\;121 une %%%Py@xg;é‘wneglg LSQC“%P?JI osi c web
to the absol uged a@p@idwxm ackllulosic Wetpgontaitiimgn vréurbeof Wa;erao b¢ eqelledabout
0.5. 9. A progRssgogf renoving water froma cellulosic web, the process

conprising the steps of providing a first roll and a second roll
j uxt aposed 4.o0dstpparatupactendingdo elaim 3, wherethovstio of the voluindiofigrater expkllad| osi c web

containing a Lng.an.inprinting penber haV|n
topsi de for |%Jrnl ?c(ri?gb%ﬁ%{) tqotgécl 01%3 @é@?&?lg%Of&B%Wg’B{ff%@%{’g is gt he
i mprinting nelbgrbiiandiSng an absol ut e voi d vol une;

5. Animprinting member for dewatering a cellulosic web comprising a woven fabric,

the imprinting member has a relative void volume that is less than about 0.3.

6. An imprinting member according to claim 14 wherein the woven fabric is sanded.

7. An imprinting member for dewatering a cellulosic web comprising an unsanded
woven fabric, the imprinting member has a relative void volume that is less than
about 0.4.

8. The imprinting member according to claim 7 or 9, wherein the imprinting member
has a backside and a topside carrying a cellulosic web containing a volume of water
to be expelled therefrom wherein the ratio of the volume of water expelled from the
cellulosic web to the absolute void volume of the imprinting member is at least about
0.5.

9. A process of removing water from a cellulosic web, the process comprising the steps
of
providing a first roll and a second roll juxtaposed together to form a nip therebetween;
providing a cellulosic web containing a volume of water;
providing an imprinting member having a topside for imprinting the web and a
backside opposed thereto, the imprinting member having an absolute void volume;

placing the cellulosic web on the sheet side of the imprinting member;
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pl acing the cellulosic web on the sheet side of the ipgprinting nenber; This
Sheet Has § J§§‘-P' aced 111111111 WO 01/18307 PCTlUSOOl&gr‘}lﬁb provi di ng
a capillary dewatering nenber having ggtop surface and a on1surface
j uxtaposing the top surface of the capillary dewatering nenber with the
backsi de of the inprinting nmenber; interposing the cellulosic web, the
i mprinting nmenber, and the capillary dewatering nenber in the nip, the
cel lul osic web belng in contacting relationship with the first roll and

the bottom s&Faviting eapHlaey degystering member haviae 24P sreaerandpdotemisirfacsnt act i ng
rel ationshi pljﬁﬁdtipbsﬁé‘&emﬂgcer(ﬁ"tﬂec ﬁﬂlﬁfy&i@&(ra Rz MeIbERyif th¥BdcRéidd ¢ expel | ed
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dewat eri ng rrgl{{p@, t elled from
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about 0.5. 1@nemkeringkamip,shgrellulgsitiweb heing in mnmcmmbumhlphmh the figst 7
direction or h t
ol Ural ity of SRR bl Bl es JeOR coblS LuB AR mERTR O RE MekAE | | 0. and
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ri dge therei Mptutehethabellwastwebmmd theoapidlwyrdewatering meniber sbehﬂlgtbtpauedf apart
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imprinting member is at least about 0.5.

10. A tissue paper defining an X-Y plane and having a Z direction orthogonal thereto, the
tissue paper comprising a first plurality of regions, the first plurality of regions lying
in a plane; and a second plurality of regions extending outwardly from the plane, the
second plurality of regions has a lower density than the first plurality of regions, the
second plurality of regions has at least one foreshortening ridge therein, the at least
one foreshortening ridge being spaced apart from the plane in the Z direction.
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