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« STRUCTURE 5 FI ELD OF THE | NVENTI ON The present invention is related to
processes and apparatuses for nmaking strong, soft, absorbent oS
webs. More pﬂpt”g‘ﬁﬂlérly, this invention is - ~, concerned w tﬁsjﬁ}rvg%%@s
and apparatuses for nmaking foreshortened pager webs. 10 BACKGROUND THE
| NVENTI ON Paper pro are used for a variety of purposes. Paper ,éwel S,
facial tissu \“N\\\\Mﬂ\\ssues, and the like are in constant use in nodern
i ndustriali zm\\ S. The large demand for such paper products has
created a demand #sowo2t nproved versions of 15 the products. |f the paper
products such as paper towels, facial tissues, toilet tissues, and the |like
are to performtheir intended tasks and to find w de acceptance, they nust
possess certain physPROCESSIAND APPARATUS RORNMAKRNGBORESHORTEMNED! t hese
characteristics are absorbency, softness, and strength. Absorbency is the
characteristic of the paper that AEIGRSLOBEC SARKICTURE ake up 20 and retain
fluids, particularly water and aqueous sol utions and suspensi ons. | nportant
not only is $he absolute quantity of fluid a given anount of paper wl |
hol d, but also the rate at which the paper will absorb the fluid. Softness
Is the pleasing tactile sensation Fé@hﬁtﬁﬁﬁwv@%en t hey use the

paper for its intend purposes. Strength is the ability of a paper web to
retain its physical 28¢iPRESERYy FVFnURH il%getl‘ﬁg‘i.m FrRAesses and” apparatuses for makiog

| ati onshi p bet t d ity of t b..Therefgre efforts,
have. been mado. PEOHE ot cRRPENT-SAURGRF| Ha0Tap SO aEicHATE o fb EKeTRBb il

o ST A i ot S e B S ek

Al ternative{y or additionally, foreshortening nay be acconplished via wet-
m crocontraction, as taught in conmmonly-assigned U S. Patent 4,440,597,

i ssued April 3, 1984 to Vel ls BAKRGROUND OFSTHRE INVENTITON ch patent is
i ncorporated by reference herein. 5 In any process where the prinmary

purpose is to form Rapbpiptetiudisyarel@sed fok @ rafibtyWThuRRIREs. Papeiabweid] fRleh fkdues, as
a paper board), the use of foreshortening is
toilet tissues, and the like are in constant use in modern industrialized societies. The

large demand for such paper products has created a demand for improved versions of
15  the products. If the paper products such as paper towels, facial tissues, toilet tissues,
and the like are to perform their intended tasks and to find wide acceptance, they
must possess certain physical characteristics. Among the more important of these

characteristics are absorbency, sofiness, and strength.

[

Absorbency is the characteristic of the paper that allows-the paper to take up
20 and retain fluids, particularly water and aqueous solutions and suspensions.
Important not only is the absolute quantity of fluid a given amount of paper will
hold, but also the rate at which the paper will absorb the fluid. Softness is the
pleasirig tactile sensation consumers perceive when they use the paper for its
intended purposes. Strength is the ability of a paper web to retain its physical

25  integrity during use.
There is a well-established relationship between strength and density of the
web. Therefore efforts have been made to produce highly-densified paper webs.

One of such methods is disclosed in the U.S. Patent 4,112,586 issued Sept. 12, 1978;
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hi ghl y- obj ectionable. In contrast with the methods for producing uniformy
, densified papers, cellulosic structures currently made by the present
assignee contain nmultiple mcro-regions defined nost typically

di fferences iWOA¥MII€y. The 10 differential -density cel| ul osi c"‘?;‘%’VQ?é’@W%S
are created by -- first, an application of vgcuum pressure to the wet web
associated with a papermakl ng fabric, thereby deflecting a portion of the
papermaki ng fibers to generate | ow densi ty mcroregions, and -- second,

Compri 8ng non. dEEPBRIE Yy RISl kR MlerhddiB Sl s epli%f@@?ﬁw as
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The high density mcro-reglons e resultrn ulosic s

generat e strengtpatendiia 440 Swlshﬁéﬁﬁﬁil% HY8A LS WRIIS %ilgélort‘l% &Sb&rOuf @/hﬁﬂfptaféfi?Se

bul k and absorbency. Such differe density cellulosic structures may b
produced using tigisvégporated eréfeﬁhy¢melﬂapermkl ng belts conprising a
reinforcing structure and a resinous 20 framework, which belts are

descri bed i n5comonl ynassi gtloed;s biifére Betmithard, fuipbs8@45to fstes uhiforhildsadifies
al. on Apr. 30, 1985; U S. Patent 4,528,239 issued to Trokhan on July 9,
1985; U.S. Pat erﬂtroﬁg&%pﬂ&ﬂxchsfsuedamnlﬂamIahpapemboal'd) ythé&;selcﬁBﬂ)resﬂoﬁem@hsant
4,637,859 issued to Trokhan on Jan. 20, 1987, U.S. Patent 5, 334,289 issued
to Trokhan et alhigilymbjectionableo4In Teatrashr withi thg petheds Jommeoducing poifermdy-
herein by 25 reference. Now it has been found that soft and, at the sane

time, strong di f‘*e@Fl@ﬁfi P&PefélvéﬁHPlP?c ﬁﬁ\s@mﬁ/@s@ewﬁm by fhe present|assignsesantai

Do, pr ess sur f acBuliBiE niftaiveins iRt HoRl pically e ditesmces. 8 n?@geémfrgn
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s~ua~ed 6uy06aao a4l ~ 66 Z '6nd uo to ~a Ueu~oal o0~ panssy 6gZ
lua~ed 'S f1 1&6glonQZmdUE—‘§ecuﬁd,ltﬂé afor(a“reﬁﬁﬁaf})ﬁh&gﬁeﬁ&ﬂof‘umbl nsdffthe

:986 91 ~In(' uo ueu~o~l o~ panssy 6Z9 ~ ~ua~ed 'S'f1 :8866 6 ~Inf uo
ued~t oal O~ pansesb Gﬁﬁpnﬂ@non-dm pap8imdking fibés agaxﬁffdbm‘d surfade, yweh-a3 a
4osuuo~ o~ panssy g-~, E ~ 8 ~, ~ua~ed 'S n paubysse ~(!uowiaoo uy

paqt aosap adé sﬂ:achmofanﬁankeyabnwadmmw forme ijghedenaity umicrosregions. The high-
6ut oao~utaa a 6ut syadwoo s~taq 6u! ~yew. raded fiu!~f.~p .r!le-46noy~ 6uysn
paonpoad aq ~Oev€1°§§é)hnﬁemsfesl%Pﬁ)'/%Eﬁs‘ﬂGmBscﬁﬂbbﬂé'SHBW%W%Q) steength, while

-~(ouaqaosqe pue, ~ §ssau~0s ar- upo. sugyébaro o ~|su -nno! auk
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ao~ " 6utssa.rd aguggﬂﬂg%%pue%oy a?‘g%‘&ﬁ pﬁﬁf; %@cag(ee Pégiﬁo@s
rag~ 6 V=Tel=Te W ! g% ~

fsiu' Ngu ug:je :1 4~I'nn pa~ P%’sﬁs&ggﬁﬁéﬁgwggﬁﬁ&gﬁnssmg s ﬁ&’tent,4514345

uot ~eo! ! dde ue 1§§xeﬂ to Johﬁdoﬁ ePl. @A 3Pra3c, [933/1U1S) PateRty 328,039 9ssued to Trokhan

| (~!'suap-!e! ~ua~a~!'p a4l '~~!suap u! saoua~a~!'p ~tq ~(y|eo|d~(~ sour paut;
ap suo! 6ar oaoyw ¢ ahhly'sn\w&s €180 Patenti 4)5295180 Lissued do Arskhandjor Fely 165198524580
saan-~ru-~ s\o'sotnyyao saaded par;ysuap-~(!no;!un 6u!onpoad "" ,; 1'ti ;, ,

Patent 4,637,859 1,ssued~to Troklan on-Jan. 20,,198% U:S. Patefit 5,334,289 issueds z
@sias o ~ to Trokhan et al on Aug. 2, 1994. The foregoing patents are incorporated herein by
25  reference.
Now it has been found that soft and, at the same time, strong differential-
density paper \_vebs may be successfully produced by first — highly densifying at

least selected portions of the web between two press surfaces, and then - creping the



1,11 ,1° D ' ~,,,211r117,, 111111, 111111

d 71111111 )y111 ~~1" .11, ~1,1, 1,51 ,1, i, wherein
*'the web is supported ow endl ess, flexible netall band ,whose novenent
.i's essentially planar. e, under'si de of ' the hand'i eated, preferably by

" Jinfrared radiation, to a tehperature of' 140200C. for, a suffi'cient length to
Yensure conpl ete drying of the web, and s'the web'is held agdinst the upper
surface of the band by a synchronously-nmning drying felt. An exhaust hood
above the band renoves the water vapour expelled fromthe web. Now it has
been found that soft and, at the same tine, strong differential-density

paper webs f@%ocfl?ci@%ﬁﬁﬁ?ﬁﬁ{l*—\ﬂe@é@f%@%@%rs{,i Eefiulosi® Qb?%}bveﬂmrémlwg at

| east sel ec portrons o 3 WO press su ces, and then -

creping the m‘?%’eﬂig #ﬁéﬁ%ﬁp aBSRjee ﬁbh%ﬁsnm&ﬁf%;ﬁhcﬁdmegmwdeﬁadder ed

during pressing. y assigned co-pendin tent applications

entitled "D Aloutenpisklipeny ifERdd e dirisity Ur eTtee dditerential-densiiki ng

1s Sane" filed on June in the nane of okhan et al., and "Fi brous

Structure andefulosts Stiuvtutéskiang GFeatéd fby ed fipst, A uapplicatiary of VACYWB nane
of Trokhan et al. are all incorporated by reference herein._ It hﬂ;eal SO

been fourfd t pressuredertive: wet wetbissbeiatedapith apbpermakingifabrig) fRersdY

acconplished in these processes) 2o conpletely elimnating Peed f %} he

Yankee dryerdefleating a portionmf papermaking dibesstp genegaén %T‘%%’? B the
t i ti t I d t d [ Jd

eSSt 1o TR ghacs i GGG e o a Pl s STBH BEFRET

U 561 32716 tmasResansclEte-whkCaRtprisid TR -aetieciestiap Sinaking. fibers

direction. The firs ress surface may be_ s th , NAL)

E’at,terned. S?ﬂ?f%ﬁilé/,rpqrﬁes'ﬂi??e' s\k‘é’%%ﬁ ﬁeswggg%é)fgét\(gbkgé a‘&cﬁ@%’gbé?t

avi ng at el S s oel T Vi : [eS : h®iofdlet o a

et nror dbg W EIGH RSy GoriEdiober % gty HiefSuetiong o cd 10

create a te LB e it ' ' iae -densi

surfaces. T%@%‘ggdcgﬂ%@gkg%?@%@nw ai ggé]%é‘fénﬂgbégwﬁgéaﬂﬁgggg’r Y

' enper atur e, nilefabyRrisdcantHIRe seftiessObulkend apsomseeysur f ace.

Al ternati vel econd surface nay be naintained at anbi ent tenperatyure,

or be cool ed. Th@uchnEiffeiential ddénsitye ddlRllositushtictates may dierody
web to nove froma relatively 10 hot area to a relatively cold arlgfa &ﬁtbe to
QAT web

at | east parusiig dhepmghraiodryiog paperimakingdbeltat comprising.a rei
into the fabric, thereby dewatering the web. Under the pressure é@éﬂd“}gy
the first5 angtrusbged & resineus Sramawork,: wWhiehr belts are <i¢f

PNt e monly assigned U.s” Patent 4,574 345 512418 Joinsbiet'8P. on
Apr. 30, 1985; U.S. Patent 4,528,239 issued tO Trokhan on
July 9, 1985; U.S. Patent 4,529,480 issued to Trokhan on
July 16, 1985; U.S. Patent 4,637,859 issued to Trokhan on

20 Jan. 20, 1987; U.S. Patent 5,334,289 issued to Trokhan et al on
Aug.2, 1994. The foregoing patents are incorporated herein by
reference.

PCT Application WO-A-97/43483 describes cellulosic webs that
can be dewatered to consistencies of about 70% or greater in high

25 intensity extended nip press while retaining a substantial amount of
bulk.

French Application, Publication No. 2520770, describes a drying

process for a web formed at the wet end of a papermaking machine,

)
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-becone densified and adhered to the first press surface which can be
treated with a 15 crepiq adhesi.ve. The creping ad i ve, may: be applied to
the first press surface unifoprmly, 'or'-- alternatively’--. according to a
Jpre-selected pattern. An adhesjve appli cator may conprise a" p'ri nting roll,
sprayi ng nozzl es, extrusion deyices,, dndsqther 'devi‘ces khown in the art.
After the web is released fromthe pressure, the web is foreshortened by a
20 foreshorteni ng neans. Foreshortening nay be acconplished by creping, by
transferring the web fromthe first press surface to_a slower noving
transfer fabwhgrein the wed ivrapporied amha@neendiesepfleyible metalicaband
performed with a crepi ng doctor blade juxtaposed with the creping surface
havi ng t he wWaQEhBIEMNEat 4§ £ssamdiallyeplangrs ul hecundesside ofciher ggﬁdt iSe
first press surfacge. ternatjvely, the creping surface conprises, a surface
separate fro finré%er&b&sb)éu\'%@,r@d W!agloc?ﬁ et Ry mpﬁg%@dofmi‘t ~bot h

e e
e, o oS L WM AR AR iAot SRR, AP B e,
e | OSBRI TR AN emAer o e b

appar at us of ’éﬁﬂ)ﬁme&@y@aﬁﬁge@gm’ HorfA thekwegi Ng foreshortened by

transferring 1t froma paperm ric to a transter fabric, using a

vacuum pi ck-up shi¢owFit has beer? fGGhE TBat Softi dAdeiat el Same tinge! %iroﬂg
continuous process and an apparatus of the present invention, show ng a web

bei ng for eshdiffererdiahderisity papéeweabwmdy be suctessfully produced biyafrgtt-o a
tiransfer fabric, then pressing the web using an auxiliary press surface,

and crepiag highlyedensifyingc ab\east rsepectgds poftiors ofl the web betwdemdwioc

si de-el evational view of a continuous process and an apparatus of the

present invepress, suiaeesg andvdbepengrepings tee t webd 058 anexreft the i press

fromthe first press surfa,cle_' to the transfer fabric, then pressing the web
Suxd S

15 usi ng an acesr ytop whiehs theaweb ahasc adhiergd: HUNRG Bfessingoncdhe
creping surface. FlI 7 is,a schematic side-el evational ..view of a
conti nious. promoNivg #55idhads  Bp-RenBBcs ARtehy o ADPURETERW: Etilemks
bel ng,{ or eshabieb, HeHKILE! G, SRR, add pRaSaSs o Mk ' 15
FIG 7A 1§ agaie™ofiled 'drfUTY B, 1987 H theS ndiRé" 8f Yrdkhiah" et! 819 dritf
"Fibrous Structure and Process for Making Same" filed on
August 15, 1997 in the name of Trokhan et al. are all incorporated by
reference herein. It has also been found that foreshortening of the
paper web may beneficially be accomplished in these processes,
20 completely eliminating a need for the Yankee dryer drum as a creping
surface.
Accordingly, it is an object of the present invention to provide an
apparatus and an improved. papermaking process for making a
foreshortened strong and — at the same time — soft paper web,

25 eliminating the need for a Yankee dryer.

T
pEpED SHEET



arrow 7Ain FIG 7, and showi ng an adhesive applicator conprising a
v printing roll in contact with a creping surface. FIG 8 is a schematic
‘fragmental cross-sectional view of a web and a papernaki ng belt being
pressed bet WH&HIB2T6r st press surface and a second. press 25 s®RCTAS88/2645%
first press surface having an extendi ng thrqe-di nensional pattern therein.
FIG 9 is a schematic top plan view of the first press surface shown in
FIG 8, and taken along lines 9-9 of FIG 8. WO 99/ 32716 9

PCT/ US98/ 26459 A nea f y . ture differential between
the first press surfggga%}f aglgéﬁ{ ﬁghggggﬁdﬁ%?@%@ﬁ&%"ﬁggm‘l%f:gitrﬁr%?ﬁségégcqhe
means 40 for crgahl e | I b4 chenpat.ical ly in
several draw ngs gs&gsrﬁ%%fﬁ{arﬁ’gﬂ%?g?ﬂgsﬁrﬁﬁr Q%%%ll)ﬁgg%gﬁg i“r’ersgfis%er ey be
surface 11, andpawerngdl | Foalthe Bkt RFimPR 5 r,C Molel

press surface 18. The neans 40 for clfgga??aﬁ{gﬁgedtvevén%g{rdgi Srgagi@?g%eaﬁlg%ﬁ&ﬁay
al so conprise - frambworkgbined Ity a o¢infoetdhg stAdlrk ¥s prefeslegam heating of the first
press surface 11 and/or water-cooling of the second press surface 12. O her
convent i onal5 means f Bhe first préss gudacedmheated tr ereatefd ermpeidngle dIFEMREN Yelfeen
first and second press surfaces 11, 12 nmay also be utilized in the

appar atus 10 of thefstgnd seqond poess auréaces.ofihe @condpresesurface neyciswbdiieasd to a
surface 12 does, not need to be affirmatively cooled: it nay be maintained
havi ng an anbi elfESef Lmneratusey eslatiye to p temperatyrs ofithe Kisstipaesstsurface. eAftematively
which is less than the tegperature of the first press surface 11. The

i mpor t ant  f act of%;3€°qng SEiaRe may e fuaintaingd: at; ambieny; temperatireapr beicosled.e Thet o

d/r,ivethe wat er i n_ t.he diéect'onfromthefirst

. e o
pr ess isur face 1%@?*%&3&&?@?@g%uggsowgt%bf‘?—}g@m 4,1 the &b to moeofrem agelativelyt

: . . o 50
o Yool LU, BY SRNGBETRN R b A H P B S
oo e v st ) g o8, 0kl 1

transporting neans, known I1n the art, y

of the 20 present i nygderitRdpredsufe cdvBe By tie St dndl deBSHd ﬁ@?@é%drfaﬁgs &g%‘eiélothles

foreshorteni ng neans 70 for foreshortening the web 60 ‘af

rel eased from tfist pressssurface ingpriveethe Wb infoathie belYlat AaSEselebtedlportiditof the web
foreshortening neans 70 will be discussed in sufficient detall herein

bel ow. 25 As ushedomedensified aed adherad'tpahe firstipresy stdlivei Which Taf beReafel Grvitles M
i ncluding stationary paperneking plates and endl ess paperneking belts. In
the cont extlSof arepingediesivee dTho Atepingrshesive owysees applied gorethe Sirst predyi sulffass €
shown in FIGS. 1 - 7. the papernaking fabric 20 conprises an endl ess belt
traveling int HEniformiy, 98 -oaltermativly - according to a pre-selected pattern. An adhesive

applicator may comprise a printing roll, spraying nozzles, extrusion devices, and

other devices known in the art.
After the web is released from the pressure, the web is forcshc;rtened by a
20  foreshortening means. Foreshortening may be accomplished by creping, by
transferring the web from the first press surface to a slower moving transfer fabric,

or by the combination thereof.
Creping is preferably performed with a creping doctor blade juxtaposed with
the creping surface having the web adhered thereto. The creping surface may
25  comprise the first press surface. Alternatively, the creping surface comprises a
surface separate from the first press surface. While creping may be used with both
the smooth crepe surface and the patterned crepe surface, preferably the creping



‘" TWD 99/327i 6 11 PCT/ US981Z6459 In the preferred continuous process
schematically illustrated in FIGs. 1 -- 7, the first press surface 11 is a
. surface of a first endl ess band 31, and the second press surface 12 is a
“surface of WOYWEHS endl ess band 32. The transporting neans S§T4588/26459
schematically illustrated as conprising rokating return rolls around which
the endl ess 5 bands 31 and 32 travel in the nachine direction MD. The first
endl ess band 31 travels around return rolls 51 and 52; and the second
endl ess belt 32 trayehsSaar ret.ur g : i first and
second bands 31, 32 a\/galgozfi'gg}se?ﬁs}glgc%%%?%@"ﬁiﬁﬁ@néﬁﬁ%?@% © nggéﬁae?‘z(?fgay

the directionakoginuays Mo%eés"h:ﬁ'a%fghrams of the g?em{t iRrERadh "EHwind b uFeB%eﬁﬂg[ ﬁ 'é

and second press surfaces 11 and may be 10 used in the apparatus of
present i nvent ifg@shofenétblsy B@esferiing Rdronia fife pidss BAIC O dAnsfeh aabtie! | owi ng U.
S. Patents, incorporated by reference herein, show different arrangenents
of the pressing surFi@es iva sthematiceside-clevatiohsl: vidwldlf2 béiftinusas prbcEssmind dh?,
1978; 4,506, 456 and 4, S06, 457 both issued Mar. 26, 1985; 4,899, 461 issued
Feb. 13, 1990; apgpdas 130 the quesdnt] unvention, 5HOWing5 a594bo Heings Soreshojtaned Ay,
1997; 4,622,758 issued Nov. 18, 1986; and 4, 958, 444 issued Sept. 25, 1990.
As an exanpl e, trepsfersinginom;a papermaking 3¢ tcitransies febric; using @oiseuym pick-up
surface 12 may conprise a surface of a rotating cylinder (not shown). In
FIG. 1 -- 7, #PR%-fi rst and second press surfaces 11, 12 define an X-Y

pl ane. 20 25 As used. herei.n, the X-Y.plane . s .a.reference plane which is
parallel to the geng}é paageﬁnapﬁéu%éﬁ?vager_xalxlw Pgétcf’ﬁﬂn BEHGTLHEAR t o
the X-Y plane is_ a .z-di i Thi S e.b ..ang cal i per. qQf the
vieb 60 are mea SORRHUS nOt{ ﬁ}ié f?gsleweg{“l%éﬁ?ﬁ’aﬁg&?%‘g \ﬂegj‘%ogg’ﬁ'g S?{gﬁ)t%tg{xedzgay
associ at edyghe i b ar. asgﬁapee nd j

Z-directi orlé m@%‘é‘?ﬁ"?éﬁ@??ﬁ&ﬁ %(ssw uﬁgg%%%ﬁf%gﬁgt ﬁ%eﬁ rf)sréé\ sﬁgh%?’aces
11, 12 need noyg; SssRfade0 B ¢ o406 11al RSk (rdfihg SGMYR) . 1 N
whi ch instanceh?lﬁgagl?%a?e t or? isaa di rée%?in(g)n nor mal at‘% theétanée%?%n any
poi nt of the curvedFpGE63s & $bhenttis. sidelelpritiohdlekiewhf 4 Bentimiels pRceds'@dtdnon
MD i ndicates that direction which is parallel to and has the sane direction
as the flow of apparatuebofc@hd gresenthaneintion, tshewingl a\\@eBobaiigl foreshortened by
PCTNS98/ 26459 13 conbination thereof. Qher types of the fluid-Iatent

i ndi genous pol ymesferrimgyit fvmdhdfrstipiess susface fo the sriansfer fabricthemprepringthe web
Application EP 0 61b 074 A discloses a paper sheet formed by a

wet - pressi A pisios es auxitiapressguefacee andsereping the webs off atconeave giening saafaceg
fibers. 5 Alternatively_or additignally, the fluid-Iatent jndigenous

pol yners may be suppifed isn‘blégﬂ@@ﬁtql‘ig?l\’m"f‘ﬂe“ﬁ?{pﬁfﬁa‘i‘@“ﬂgu?‘i‘somesén%l’d
added to the web 60 (or.to the fihers). before.the we 0. has been fo d.

| ndependent deﬁB%qI?tf’gnOfoftﬁ)? HE*F i’ﬁvﬁ"éPghtSR?Wgén&fg S’San?lggqoﬂte??ér{&eb

60 or in the fi 5?5'3 i i ent |

contain a suff%ﬁ%@?ﬂgﬁﬁﬁﬁﬁgkﬁéﬂfgfhl - g(t)f&\étoﬁﬁfl gg%%%jsah%ﬁ%o({}@r% gh,e or

do-not i nher entyey gtPik Fabclepigislifacd: | at ent indi genous polyners at all (as,
20 FIG. 7A is a schematic fragmental view of the apparatus taken along the

arrow 7A in FIG. 7, and showing an adhesive applicator comprising a printing roll in
contact with a creping surface.
FIG. 8 is a schematic fragmental cross-sectional view of a web and a
papermaking belt being pressed between a first press surface and a second press
25  surface, the first press surface having an extending three-dimensional pattern therein.
FIG. 9 is a schematic top plan view of the first press surface shown in FIG. 8,
and taken along lines 9-9 of FIG. 8.
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'for exanple) synthetic fibers). The fluid-1atent indigenous polymers may be
deposited in/on the web 60 (or the fibers) in the formof substantially

.pure cheni cafyo@pagnds. Alternatively, the fluid-latent indi genoLss264so

" polyners may be deposited in the formof cellulosic fibers containing the

fluid-1atent indigenous polyners. The 15 fl%id-1atent indigenous pol yners
may be added uniformy, or - alternatively - in discrete spots. Such

di screte spots may conprise a predeterm ned pattern and nay or nmay not be
registered with highlmeasnsl ffordreating o-temperatize clifferbmtiap bptweencthe Mise prdshe
web 60 enters the press nip between the first and second press surfaces 11,
12, the web 60 Pweel heng thesecond pressisutfaces | Lisamevideds Theomeansyl) fof crieatimg 20
about 5% to about 60% Sl\ég e preferably, the fiber-consistency of the web 60
just prior to LEMBgraPHEE éfﬁfeﬂg%lv\}é OWHeschprBatically rin sererah dragvings) as pheating

b h i Bin F L b 5% 50% T b 60 d
oBout L1 20 B o B AR AR e B 3
| 2 h th th irst.. f tacts th b 60,. d the 25
L2 k1 0 ARl R bR e s

30 g4 d , L ds each
A S0, e Shrkligl ) BRI RGNS Aoty elpipif T

pressing the c i (1 afdh j i f n

B 32 Conar do. e Rar ufbel | Dahdlr FpckERaa ) (aREkngIrs sl g 20a0so
15 rel atively hainvadtfmal ehdahe forcbbtingeh empbidturé efferéntial betwEinodhe Sirddnd Nt O
the belt 20. Therefore, the belt 20 should preferably have a sufficient
anount of voi d seobndPresvsurfacedl | 12anayc alsorbk atitizédnia thehsparstas Y6 of thet predene
felit 20 fromthe web 60. If necessary, an additional fabric juxtaposed with
t he belt 200mayinkentione Of courses thei secory presshenrface £2 dobsinoe nedd nbd dfirmaetivedo.
FIGs. 8 and 9 show one enbodi nent of the first press surface 11 which is
patterned. |n Rogld: 8t may & mainaine¢d bavipg @psamshiertdempdratucengar it geay even be
essentially continuous, macroscopi.cally nonoplanar, and tpatter ned network
area 11 a, and heated to s tgmperatyre grhich isdpsstthanythe tamperatyte of)the\frsicpress surface

di spersed t hrougho and

0 d by .the network 11 a. . Th
network area 11 tMpgEant ﬁcpﬁgg ngf%?%g’f’i tgﬁ ‘?‘Pﬁ?ﬁ“ﬁﬁ‘éﬁ{ﬂf&%{“‘%ﬁﬁ“ﬁ@nt L
d i 11 h. i . i
o ove cropi ng SHvee Yadks HaNbaiR dd Sk Bo i e GARULE HOUPuR MO besihrflce
ot it Ci o . . .
So oot o pdB:  ohL IgataR th Sbeing s Shifacdl Btue 45 b R Baltfh EVdioratibnTBiioed

the network ar dohdéndatiohhe first press surface 11; and portions 62 of the
web 60 correspond (in the Z-direction) to the depressions 11b of the first
press surface 11. TAufanspditing hieens 50 8tprovideadsfos wiovinpathd plespsasres 11,1, wab 60
agai nst the belt 20, the network area 11 a of the first press surface 11
densi fi es pri nathelfgbric20 withdhe adociated meb @@sin G@lmadhim\diregtion @MDY stA wdriethef web
60, including the portions 62) undensified (or 20 densified, if desired, to
a si gni fi cant | ythe ¢ransportingymeans, welh known in thg agtsmay, be pseddn the anppratusdd afite web
60 according to a specific pattern of the network area 11 a. In the
finished pa?g)er presamhnveniion: densified portions 61 of the web 60 forma

_conti nuous _networlg 1 having a ﬁ)atéqg n which, in flﬁn vixfw.i S essentj' agé
i dent |hcal with the dt ) S te ?‘?ﬁor"k’mﬂlée%fft Esh‘i; ?’Pll r meansg 70 fo
11. T i .25 i £ 61 j

ot ovi des ot r engriesaRemiEE e of i Bie Vo, 6 RrafResch Sop B Prodi R Hophbel the

B0 My al'so be ien Aaded RO/ CECHHe hienORBUGE ol 'R RPN bl PERupEAT sl FEAT]

11. In this ins§ARERereidaPeiow e portions 61 WO 99132716 , PCTNS98I 26459 17

25 As used herein, the term "papermaking fabric" is a generic term including
stationary papermaking plates and endless papermaking belts. In the context of the
preferred continuous processes, fragments of which are shown in FIGs. 1 - 7, the

papermaking fabric 20 comprises an endless belt traveling in the machine direction



"against the first press surface 11 and thereby densified, while the
por.tions 62 of the web 60, corresponding in the Z-direction to the

. deflection conduits 22, are not subjected (or subjected to a significantly
"| esser degr 8Q99327Hesired) to densification. In the enmbodi rreH’FTg-fﬁ?W‘F%
FIGS. 10 and 11, the framework 21 conpriseg;an 5 essentially continuous
pattern, and the plurality of deflection conduits 22 conprises a plurality
of discrete orifices, or holes, extending fromthe web-side surface 21 ato

condui ts 22 are. ar ia et Grib@IRARpEs€ SohelefiBh tivtrabed A IER 17 ana
rore preferabl y,. fhe Pﬁﬁ%&&rﬁ{& 9% i QWC%B%EQ%%F%S gﬂﬁ $OY HieSsebnd Fress

non-random and repea such as

continuousl y-r ehifsad 83 8% RtkebNa scbofd RAMBEGAKE B, bﬁ{e_tua%@%&ﬁng Aekafls 50

continuous framework 21 and di screte deflection conduits 30 1S primar iafey
di scl osed in t RkeheiRativany NhaGated BEEbnitthing WAL r@uRTroNY afdiing WAIEIEthE RN 8Te

U S. Patents 4,528,239 1ssued Jul. 9, 1985 to Trokhan; 4,529,480 issued
Jul . 16, 1985 tvandy 3khad;324trHRY 18 {2 machinel ditection?WID.19%¢é first dnidlédacband 31
5,098, S22 issued Mar. 24, 1992 to 15 Trokhan et al.; 5,275,700 issued Jan.
4, 1994 to Tnkhmvelsarasd, i2®en iodls 3édndidg; add thkomdonderidiedsbelt;324ravels, B6und504
i ssued Nov. 15, 1985 to Snurkoski et al. The belt 20 nay al so have the
franmework 21 caetpm millsfSaand 36 Bothythe firsjand second handsuble Parhave adistevrldeity
fromthe reinfqQrcing structure ég a@g separ aLed from on&' 1 anot her by an
area of essent i‘dl sshewaticallyndicatetby Berdisrionahemew 1 miilGschtyddi ment 207 i s

e

defl ection

cur  ace 2118 1 ¢shanpliRL SRt B hE SRSt Shoo?, AL b iBesRaRL  he

paper maki ng bel ﬁdﬁ)ﬂ@ kq 2 i Si i .

pr ot uber ances iésA%rl mar | y’éﬁégfl{)se@i n ?hgatgﬁgm%fﬁﬁﬁ%é@?gﬁgﬁcgéﬁ%ﬁlﬁm’

i ncor porated b%hé@fa‘%ff&@ﬁﬁar%g%éhtyoﬁhep s3hg stirfacks of Aveit ente Y, 115861993
to Trokhan et al. and U 'S. Patent 5,527, 428"i ssued June 18, 1996 to irokhan

et al. Also, thgubdSupiakengotsel 14,505,458 and 4306,457S BoMl Bsiddo MRERENASSS;
rai sed above the 99132716 , PCTNS98/ 26459 19 the inpact angle ranges
from about 70 digBH94H issuediFebl 13)Q99604932,13Aissheabinmd2pionte £,804,09K isswed | N
the art and therefore not shown) may al so be used to renpve contani nant

bui | d-up add eXersH, d987; 4632 Hd istued Nexpi 18y 1986;f cand. 4,95;44¢ issbé@l Septl 25.abl vy
beconmes adhered to the first press surface 11 during the step of 5

pressi ng. Accorl@Pfg Asan ¢xamplee onof the fisstipress surfacer Hpandythg gerenid\nsesssyriace
applied directly to the creping surface. Creping adhesives conprising

pol yvi nyl al coH@ may¢nmpmse acenigretafing cylander 8T°t BROWR) es t her eof , wel |

§?§22, 716 1 ssued t JoHICRS %éé“fmé?%&?@%éﬁ%%388?%?@@1%&3%%@&

f , YV | I .
4?5852228  ssudss BsRdRe By WER R ayrelerblB RS FRUCKT B rto the Bong
i J . : . i ;

IEZ\?\/;re ds t gt Eglr %%HCF%fbtpg }f Ee%g 9% %:'ie S c?ql? 8@3@?‘?‘@%@6{@ fj E(S&gﬁh@? ?asp%‘ ?3&5%‘59'
adhesi ves. Opt i ffidire¥s of e i@l 20 Phé%&lirilﬁér%?"tlfe WY 60 Gre Rakurdl F0RE P0GikdcBBn Vi t N

t he crepi ng adhesive. For exanple, the plasticizer cormmercially sold as
CREPETROL 15 R #d%Re Wweb ®0aint R self 20048sbiiated tinpewift avelpesabd By ahd Yétween gieon,
DE. The creping adhesive may be uniformy applied to the first press
surface 11. Al tbands81,32 in,thé¢ Aalirection. MOneaskibad inctherart witl whdpmstand ¢lht tthe press

di screte spots, continuous , areas, or conbination thereof. In the instance
of the non-uni fsurfacesdio? neesimobbe planarand payomiss cyrved surfacgs (nos showmlyinbe
randomor - alternatively - non-random and 20 repeating. The non-random
pattern is 2§r efwhich instange theiZsdirestien s dizecpon aerugl tothe tangeyt nany point of the
pre-selected pattern. The pre-selected pattern may be registered with the
portions 61 of Q“ﬁ‘éedv%ﬁsséﬁl{fo%i ch portions 61 are highly-densified relative

to the rest of the web 60, .i.ncluding.the.porti .62  Such devi.ces as a
, and extrusi on ice 8¥¥m [ g@f
utilized as an paaaﬂgeihgnigg@%g%@?%g In ?sh\@ rt)]roesgn ei‘?ﬁ/beﬁ‘?l(%ﬁ.th I el“%
schematically shows the adhesive applicator 94 conprising a plurality of
sprayi ng nozzles 91. The nozzles 91 may be arranged in the cross-machine

WO 991 32716 21 PCTI US98/ 26459 fil anent of adhesive as it is discharged from
the nozzl e and extrudes to the face of




.
'

pattern cl o093 rol s the cross-directional positioning of P¢HES%

‘the lam na to be adhesively joined. U S. Patent No. 4,949, 668 issued August
21, .1990 to Heindel, et al. discloses an apparatus for depositing hot nelt
adhesive onto a substrate in a sem -cycloidal 5 pattern. The sem -cycl gi dal
éﬁ‘b"gi ve
filament to reduce overspray and waste. U $3 Patent No. 4,891, 249 issued
January 2, 1990 to McIintyre and U. S. Patent No. 4,996,091 issued February
26, 1991 to McIintyre disclose an apparatus and ' process for generating
fluid fiber ad j : gﬁ,gp i fil I :
The fi bers, dr%gﬁg@tlgﬂgﬂégg%i%tg f S tb Eie}%ee@?&é@émglg%ggg?%w ?Ignnag)l %ﬁ%\o; a
cone of pressulhezfilizad if 86HEB! IEukShdakt Pé?é}”tAﬂphl@at%hEP'Q/glé o7 2N Hisc1d8sS
results in a pattern of randomy laid criss-crossing fiber deposits onto
the face of theapérsheet. fofeaedBy b Ywebpsdssifg Pradess ard, atidihg /o Fet-bisdiglreSARD @EIET
1, 1992 to G vens and incorporated herein by reference teaches the adhesive
applied in a | papérmallingAieys.15 oriented stripe. The stripe is deposited
either in a spiral pattern, or, preferably, in a nelt blow pattern. The
patterned appl i cat iAdtermdtivelye on@ddisionally, cthe Hinid-ladgit nigdigenéusc polymgrsomay be
beneficial because it allows one to control the |evel of adhesion of the

D B L e B O e A 0
5 o o o1 i ot e B b e ity el
; gﬁegﬁgﬁsg}/et L éatF‘Ffem&ggﬁﬁ?%gp W?ﬁ’iége@:‘r géﬁedé) ‘%o‘ﬂcfp‘f‘ lﬂg’ﬁ’ss tfr:'@f .%_aiﬂrifg'f’féf{e iatgi}en ]
e o SRR pERpbfnt) SohE SRl WiunP BF g M el ieRbls

L ti , h : f . i 4€ . i 1
ona 6y 11 4P"C PRt or 3R fifiefERily PRin s hEfAent AR ou N RES 0l AR 1/
shown in FI G FoR¥ahplel Qiilei@SitRrd)eS the ShidliBRniftfigéHols GhutgReksbhal e

creping blade 73. Alternafively or additionally, the Concave CTreping
surface VO 9Ykpdsite8 in/oltHd Wt 80 (&4he fibers) in the Forhi HLsubBRARGAIY Flre Xhéthichihe
web used in the wet-m crocontraction nethod descried in the

above- r ef er enc edmpatuadst . Altdrativelys thecflue d-lateztindipenolis golyasers maglbe depdsitedinof
the web 60 creates conditions for "mcrocontracting” even the relatively
dry web 60 in 4helfamoohcellulesicvBbers containing the finiddatenty imdigenousepeliymersd The
densified to a 5 significantly |ower degree relative to the areas 61. |n
accordancel@i t iﬂ“ﬂ‘«'hbﬂ%w dndigenqus\podymers may, be gddadepniformly,ner - adiematvely cyinof
‘the web 60 after it has b enh'ﬁressed between the first and second press
surfaces 11, 1SliSEFie sRAty Sup W&@tet%%@a%pﬁ?%ﬂ@dﬁemarpaﬁ%ﬁne may) s

at least 30% The preferred . vel oGkt ifferential V2/.V 1 is fromabout 0.95
" to about 0.75 (8 i%ggﬁ%ggstfrﬁgwt@gﬁﬂﬂygdgg%ﬁ ‘r%"??r‘%‘?ﬁ";t}ﬁ%{’a“ﬁm"",",' J 10 to

oot 25751 Ouer NS ARl s S B o e
surface. The  gufaces 11, 12, the web 60 preferably has a fiber-consistency in the range of from
20  about 5% to about 60%. More preferably, the fiber-consistency of the web 60 just
prior to being pressed between the press surfaces 11 and 12 (at or about the point B
in FIG. 2) is from about 15% to about 50%.
The web 60 and the belt 20 are interposed between the first and second press
surfaces 11, 12 such that the first press surface 11 contacts the web 60, and the
25 second press surface 12 contacts the backside of the belt 20. A pressing means 30
presses the first and second press surfaces 11, 12 towards each other. The pressing

means 30 shown in FIGs. 1 -- 3 comprises members pressing the corresponding (in

the Z-direction)‘sections of the bands 31 and 32 towards each other, wherein these



'paper meki ng belts nmade by the present assignee according to several patents

referenced herein nay be used as the transfer fabric 111. In the enbodi nent

".shown in FIG 2, the belt 20 carries the web 60 from,the 15 press mJ)

“formed bet wQ9%¥RAE1G | rst and the second press surfaces, 11, 1FGTHUIRE6459
transfer fabric 111. The roll 55 with the g gsociated second band 32) and

the roll 72 with the associated transfer fabric 111 forma transfer nip

t herebetween into which the web 60 is continuously directed. Mre

Phe.transt er 1 abArect oty | PR eB Lot s 55 DRRGRIF Eh P dpé el %‘5“"

desi gned to recgie¥&otehthe Vif;é?trﬁpshom@prtef& 2515 Bhve @mfﬁe ettt dmBTt otf%og@ﬁrﬁg it

adhesive to facilitate ad ence of the b 60 t e transfer

thereby assi st ivRgaBlBaoSaRaMmAldO e vatdtediRA BR ftﬂeoabﬁ% ekt tDweb M50 hfif
enbodi mrent shown in FIG 3, the web 60 is continuously directed into the

transfer nip f olebesdarynan bdditisest fabNcljextapeyed it thobdlt 20 nfag\benBed AR recejving
associated first 25 band 31 thereon and the roll 72 having the associ ated

transfer fabri chdwater devemfromithe wepi66ci sely, in FIG 3, the transfer nip is
formed between the first band 31 and the transfer fabric 111, to receive

t he web 60. ' WOHGs38 and Pehovwons/crthpdinas of 3he Agstsressnsurface |l GSvhibh 1s
the transferal of the web 60 to the creping surface 75 may invol ve

f or eshor t eni ng Petermed moRiGa mah Sothe Fest \psess Gurfagthdi ciompaisos b esseptially
differential exists between the first press surface 11 and the transfer
fabric 111. | ntcORHRRAUS: masaswwaé)aprawa&éawomdoa%trfmwenstémls A6 hips 1sedta 20

Ef‘d.tggt%a“?k%&#‘:’gé?b? %g%%éoea%@aﬂo%ﬁ,gb cB'Eseﬁ?fﬂSwﬁeSﬁm 5 oy o
Cranst ofal 01 CRETHEE R, B e nbERE AR G5 t@%t WEBICRER 105 Phiuaet i e
111 BT Appl | SREFARP o SR L oF Rtk PEKRIRs 11Dy wg Y R EiGTA PR ©

met hod of usi NGofteloud ebvdsrk! Blia AR J&}ﬁng)t@s@ﬁ&f&ﬂédwfﬁs@&p@h&wac Rhthtde
present invention may be utilized in naking a paper web having no

differential depgilgybladeiaediscudsed irhsufficient detiilcherdifbblowhe first press
surface |l and the web-side 20a of the belt 20 should preferably be snooth,
as one skilled in tAsshown ini FIGsr & and Pyseiqrpadamirtions. 6 IRefithe oteb3® airesponadt(impe
of 15 the paper web nade by the proposed a@gar atus and process, the web 60

may opti ondbl y theZdireshomrtedhemetwprkoaes 14 ofrthe first prase surface\idy gl ptiars 62 ~
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of the web 60 correspond (in the Z-direction) to the depressions 11b of the first press

surface 11. Thus, when the first press surface 11 presses the web 60 against the belt

20, the network area 11a of the first press surface 11 densifies primarily the selected

portions 61, leaving the rest of the web 60, including the portions 62, uncicnsiﬁed (or

20 densified, if desired, to a significantly lesser degree). The first press surface 11

embosses the web 60 according to a specific pattern of the network area 11a. In the

finished paper product, the densified portions 61 of the web 60 form a continuous

network 61 having a pattern which in plan view is essentially identical with the

pattern of the network 1la of the first press surface 11. The continuous and

25 densified network 61 of the final paper product provides strength, while the low-
density portions 62 generate bulk providing softness and absorbency.

If desired, the portions 62 of the web 60 may also be impressed by the

depressions lll:; of the first press surface 11. In this instance, both the portions 61



"apparatus further conprising an adhesive applicator for depositing a
crepi ng adhesive on said creping surface. 3. The apparatus according to

. Claim 1, wherein said foreshortening means conprises a transfe i
“desi gned to WM/ said web after said web has been pressed @Y@\%Bh“@&l d
first and second press surfaces, said trangsfer fabric noving in said
machi ne direction at a second velocity less than said first velocity,
preferably said transfer fabric conprising an endl ess belt having a

textured web-regaind e My Jra&Suriafd 1 105}}"& &Xreﬁﬁhg?ﬁﬁ’&ﬁ et tﬁg 'p&gbdﬁg FIf the

further conprising a vacuum apparatus for transferring sal romsaid -

paper nmeki ng f abydke 6b,0cedésPofidind $h Che Zadifdction 40 tHé AeAPRRINAL RIS C, Gir& Giof O
Claim 3, wherein said foreshortening nmeans further conprises a transfer nip
preferably fornmbjebtet (@asubfeaied td i sigaificantlyolesset depgpek, ¢f dd3fred)stal déngifipgionpki ng
belt or said first press surface. 5. The apparatus according to Cains 1,

2, 3, and 4 wher ei finshe embadimenteshowy if HBGS. d Oaodyilj thedramework 21 comprises an
macr oscopi cal | y-nonopl anar and fl ui d-permeabl e paper maki ng belt having a
web- si de and a dssentisllyieonsinuous pasterm andithe plaralisy efedeflectior camdujts 22i epnipsises
further conprising a framework having a web-si de surface, a backside
surface opposi taplpplighelidisersteqrifices; of hales, extending fsom the wep-side spsfacedia

Card web- o1 do S0 Parkg mudacet i o o GEpenaTk of nbraaPab Al drage ondRines
bel t, d f . id,belt f h rigi i nf '

Struet re | of ndll BEEAN i P PREsim paiL e OB o 2Dl Sar bl s
surface and sl baClSLe B T AREo e SO ITPIAL endor B PR E S e

PCTNS98I 26459 provi ai - per meabl e paper maki ng

a web- si de ygnd £Br %g??ﬁé,?ﬁg&gﬂﬁéﬁsiﬁr&@uﬁéh%a&@ﬁ? STt papkimholBh Y 120hadinhSP Of

wet cellulosic I sposing sald web on sai of sal

paper maki ng f alohaudus franftivi Q% iand disetete detiecasi cormfusts BBNAS prMidriMg diseldkéd
between said first and second press surfaces; (f) pressing said & st and
second press suffthe econumvalydassigned andhitcoiporated bgsrefrenct hefin MK rRatdnddr i C
into said web, thereby densifying at | east selected portions of said web,
preferably sai d,528,239 ipsued Juls Oy ¥a86 ¢o Trokham;t4,529,480i issued Julaind, K85do Tecldrad; -
press surface contacting said papermeking fabric; {g) creating a

t enperat ure di 4,&78H9 issuddeianef, 4987 to iTrekhapy 65)98§32fiawdamr.s&4,dlﬁﬂi’ctmd
press surface, thereby m)viz% water fromsaid web into said paper nmaki ng

fabric; (h)5rellakhangtahi &.20000ssHed Fan. Ay E94 e drekdhanie SsB34:359 issued tAugn

second press surfaces; .and (i short enj ng id weh tg formsaid
foreshortened pagato M“‘B g‘#@g%{-%%‘eg%r bﬁﬁagngﬂaﬂm& et\Bifrer ein said
step of foreshortenin rises creping said b off.a crepi surfac
with a dootor bl addbemetivrsy §o ity fandom i solmeristh s Plislily 3t disgiete
adhering said i i : i dhurd i j.ve .
The process accor P%Q‘E SCLééél?%tgﬁgﬁger g&lﬁﬁléogchlﬁ‘%%s% ep ogﬁ)urg agérii egljlo}rfllg(meg
conprises tran | ' i ' ' I ey i er
COPr | Ses 1 NSkl B AL RN SSAUBEPSITIKAN Solblll TP erbldingil e
is clainmedos: idnof$hodRPialtBé dfawingsMut indy d¥Bily BE vidulpied VY0sriccskeeddianAE aneb
(60), in conmbination with an endless papernmaking fabric (20), said
apparatus (10) Tenpdividual protulierdngés may o8 nay ot heve( the ldigcrete deflectiaccondpites s
surface ( 12), said first and second press surfaces ( 11, 12) form ng a
press nip ther elisgosed thexeid e exterdingidram dble twebrsideisurface Qb t0 603 batksids
cellulosic fibers in association wth said papermaking fabric

20
i nt er posed bet vausfaces 21k of thesframewprk @d o ikhepapemmaking balb20 élﬂi,nsltﬁs fr)wemﬂmr
ress surfane. (Aosompias the st BpBPRERTAS AR (B45/056 i e SPREPORDA
press surface (42 : _ ) r ns
(o) bohel Bo° Absiel Lt oty SeincP bt 0 Bafahalhbond bl 13

id web (60); 40) . f Lng £ f i
said 1irst presDoRNf AiokieR by a7 Phidh £33 ERARM Yind 14, RSB i OO0
water from sai dynaljsd ﬁ@m@:&g@@%}@gﬁg@&ﬂaisé@wﬂﬁms&%eesarafsagm@&ﬁe ng

means (50) for noving s Ine direction at a firs
velocity; and a foreshortening neans (70) for foreshortening said web (60),
sai d apparatus being characterized in that each of said first and second
press surfaces ( 11, 12) conprises an endl ess band, said first press
surface ( 11 ) is parallel to said second press surface ( 12), and said
foreshortening neans is disposed in the machine direction imrediately after
said press nip, wherein said apparatus does not use a Yankee dryer. 2. The
apparatus according to Caim1, wherein said foreshortening neans (70)

o . o .

D)




"4, The apparatus according to Clains 1, 2, and 3, wherein said belt
~conprises a framework having a web-side surface, a backside surface

. opposite to said web-side surface, and a plurality of deflection its
“extendi ng bB¥MAWERWai d web- si de: surface and sai d backsi de suFF&G&“gg’S&%rhe
apparatus according to Claim1, wherein sajgd foreshorteni ng neans (75)
conprises a transfer fabric ( 111 ) having a textured web-receiving surface
and structured to receive said web (60) after said web (60) has been
pressed bet weeheSigipct higld raipés FRMP ABoWR! BP edrblst RC&HoUL 90 Hegreds. £ @dning
transfer fabric ( 111 ) noving in said nmachine direction al a second
velocity | ess blade(well dndvi i theedroand theredord moashbwaombp Qo Ibeuséd to remove

fi ber-consistency of at |east about 30% after said web (60) is rel eased
from t he pr esscorgammastdhikiyupsaidextesssoatingiframn tncreping sarfacer f aces The1iveb12)
and before said transfer fabric 111 ) receives said web (60). 6. The
appar at us accof@iprefetablyChedomes, adhigeadeton theafiest fpsessstusface dil nduningathe §tgp )of
further ( conprises a transfer nip forned ejther between said transfer

fabric ( 1PL )DIesingaAGCorame ioalbr MyeseRbnventony) a Srepiig ybhesive snay be applied,

L b Sshort enctilyaR Beiiible Bufi, SUERRRhebtel comoral sONGR ol "
Pt aposad i t P oRR el Ehel, O miBR etSE AR RBER (B Ak, st
oot on at oozl | Vied BoRhRGkeigE "R EAGRS 9B AE ighed HEHHA® on

paper maki ng fab&é.%g?@?s, %&iiﬁagrﬁox\&%- Réreia t%f@éfkreﬁé@é t@a@% E%J?Yiflﬁfmzohol

opposite to said web-side (20a); (c) providing a web of wet” ce osI C

fi'bers (6000 (&hepiigSHanssive) The U.SEPateri(), 50164004560 eded- Sdettis (020Peb. @6, 3985
papermaki ng fabric (20); (e) interposing said web (60) and said paper nmaki ng
fabric (20) betUvkd®atennsd87,2t% isswstcto Faomnmy JproaFebs U6, 1908 U S. Patent 3)494(55%
pressing said first and second press surfaces (11, 12) towards each ot her
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25  shown), well known in the art, may be utilized as an adhesive applicator 90 in the

present invention.
FIG. 1A schematically shows the adhesive applicator 90 comprising a plurality

of spraying noziles 91. The nozzles 91 may be arranged in the cross-machine
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610% u&' () -, 5188fmess, (bulk, ddSordéacy, and stretchability of the paper web after creping. The

patterned application of the adhesive to the creping surface creates conditions for
differential adhesion of the paper web to the creping surface, and thus — for creating
a paper web having differential regions.

25 According to the present invention, the creping surface may have different
shapes: convex (FIGs. 1 and 6), flat (FIG. 7), and concave (FIG. 5). The concave
creping surface 75 shown in FIG. 5 may be formed as a result of the pressure caused

by the creping blade 73. Alternatively or additionally, the concave creping surface



"' 10%08 () - yys10%08 ()-!" Z(10%008 ()-F Z(10% & () - F!: 109008 () -t F10% & () -
j ZaBYNC@Y"'109%0& ()- !(ff (10% O 0% ()-m 1090 ()- 1090 ()- 10%0& ()-

©, 110908 ()- I 5AEYNGY) ' 10908 () - (10%0' () - @L0%K: ()-

$109%08 () - WRMNK' ()- & 10%08 () - . ~#1aBYNC@BEL0YOS: () - LPCAKSESRG459

1 <* 1" 10900008 () - / 10%08 () - ’

S 10%08! () -, +G' 10%0% () - 1} #$%' bC@10%&: ()-W.: 109 ()- 100 100 100

L 10%0% ()-  810%08 ()

710908 -/ K 09 - 04 0 /
o 10%&.( %) /awi)%l it g /&s@(t?&k ég‘ Otg%%& d(,%i,lQ{@% tﬁ@)vg‘g Haictochhiraction Ondetrd() -
109& () - ' 10%Rdéskribed APk 355&16(-9efer¥nde3 ?ﬂéﬁ? o1t l{elxevéﬁsﬁitot?{ﬁ Zedligt:c(ﬂmal Paudd

10% S>&109%& () - | +@ LOUME' () - +&s 100/ 1t BWX6~\ - 1 1006 b

10%& () - of the web 60 creates condltlons for "microcontracting” even the relatlvely dry web
| SS#10%ren& () - ! SH10%b&' () - ! S#10%b&' () - ! SH10%& f’) Bz3xV4~\: "10% bvb&

()-G ! S " 10%b6® & (andCarbhnd 1E)Guebs Siréas- 62 Iwhidl) drd nb.dégsified ébﬂ%l&lﬁéd to a

5 significantly lower degree relative to the areas 61. In accordance with the present

invention, the preferred fiber-consistency of the web 60 after it has been pressed

between the first and second press surfaces 11, 12 and before it was transferred to

the transfer fabric 111 is at least 30%. The preferred velocity differential V2/V1 is

from about 0.95 to about 0.75 (meaning that the second speed V2 is from about 5%

-
'
R

10  to about 25% lower than the first velocity V1). The preferred transfer fabric 111
comprises an endless belt having a textured web-receiving surface. The
papermaking belts made by the present assignee according to several patents
referenced herein may be used as the transfer fabric 111.

In the embodiment shown in FIG. 2, the belt 20 carries the wel'; 60 from the

15 press nip formed between the first and the second press surfaces 11, 12 to the
transfer fabric 111. The roll 55 with the associated second band 32, and the roll 72
with the associated transfer fabric 111 form a transfer nip therebetween into which
the web 60 is continuously directed. More precisely, the transfer nip is formed

; between the papermaking belt 20 and the transfer fabric 111 in the area TN in FIG.

20 2. The transfer nip is designed to receive the web 60. The transfer fabric 111 may
be treated with adhesive to facilitate adherence of the web 60 to the transfer fabric
111 thereby assisting the separation of the web 60 from the belt 20.

In the embodiment shown in FIG. 3, the web 60 is continuously directed into
the transfer nip formed in the area TN between the roll 51 having the associated first

25 band 31 thereon and the roll 72 having the associated transfer fabric 111 thereon.
More precisely, in FIG. 3, the transfer nip is formed between the first band 31 and

the transfer fabric 111, to receive the web 60.
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Snit1099°& () - may involve foreshortening by microcontraction of the web 60, wherein a velocity
differential exists between the first press surface 11 and the transfer fabric 111.

Intermediate belts, separate from both the papermaking belt 20 and the transfer

5  fabric 111, may also be used in the present invention. U.S. Patent 5,607,551, issued
on Mar. 4, 1997 to Farrington and assigned to Kimberly-Clark Corporation is
incorporated by reference herein. Also, the transferal of the web 60 from the belt 20

to the transfer fabric 111 may be accomplished by using a transfer gap between the

belt 20 and the fabric 111. PCT Application WO 96/13635, published on

i

10 9 May 1996, shows a method of using such a transfer gap.

The process and the apparatus of the present invention may be utilized in
making a paper web having no differential density regions. In this instance, both the
first press surface 11 and the web-side 20a of the belt 20 should preferably be
smooth, as one skilled in the art will readily appreciate. Regardless of the type of

15  the paper web made by the proposed apparatus and process, the web 60 may

optionally be calendered after being foreshortened.
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O comprises( transfer fa@tgé (Qsigne to recei@ said web after said web has been
pressed between said first and second press surfaces, said transfer fabric
moving in said machine direction at a second velocity less than said first
velocity, preferably said transfer fabric comprising an endless belt having a
textured web-receiving surface, optionally said foreshortening means further
comprising a vacuum apparatus for transferring said web from said

papermaking fabric to said transfer fabric.

4.  The apparatus according to Claim 3, wherein said foreshortening means further
comprises a transfer nip preferably formed between said transfer fabric and

either said papermaking belt or said first press surface.

5.  The apparatus according to Claims 1, 2, 3, and 4 wherein said papermaking

fabric comprises a macroscopically-monoplanar and fluid-permeable

i papermaking belt having a web-side and a backside opposite to said web-side,
preferably said belt further comprising a framework having a web-side surface,

a backside surface opposite to said web-side surface, and a plurality of

deflection conduits extending between said web-side surface and said backside

surface, said web-side surface of said framework defining said web-side of said

belt, and more preferably said belt further comprising a reinforcing structure

joined to said framework and positioned between said web-side surface and said

backside surface of said framework.



010%T& ()- /10%& ()- e88888888*9bC 10T! 9y10% h&' () -#10% h& ()-y10%
. h& ()-sMLO% h& ()- 10T 10T 10T 3: 109& ()- *999-:}::':dEbC 10T! 10%
. h& ()-10% R&: (da10% h& ()-10% h& ()- 910% h& ()-Y 10% h& ()grmindainsas<dEDC
10T! & 10% %8@7 % h&' ()- FF"10% h& ()- 9f 10% h& () - - YL0% H& ¢ 982633
h& ()- <<F===&>w>dEbC 10T! 93(10% h& ()- f&0P0% h& ()- $10% h& ()- "10%
h& ()- 10% h& ()-10% h& () - w>z>} >@AAAAAJYNC 10T! 10 h 10 h 10 h : 10%
h& ()-L910% h& ()-* 10% h& ()-S510% h& ()-, 10% h& () - AAAABBQCaBYNC 10T!
1099& ()-!109%0& ()€éb)S providing a fluid-permeable papermaking fabric having a web-side and a
10988 ()-f109& ()-!1" (109%& () - F&109%@& () - MQCCCDEBFFA?YNC 10T $
1099& ()-! @BY" (109%&' () -backsiderapposite @akwab-gifle;” 109d& () -
109%7&' () - FF~GRHJI ?JCJWUGQ,C 10T 10" ,
10" ' 1 (&10% ' & ()-.Az]f-‘(&103?&“(’5"8!6(“@00/@&%‘)@&@%&6%8;()-! |, &&10%u& () -

O K b o i S b P g )

Lova ()2~ 078 U (e O Cintetposig Yol e BHe i Pepertialfng dubtic btueen shid First and

second press surfaces;

® pressing said first and second press surfaces towards each other to
impress said papermaking fabric into said web, thereby densifying at
least selected portions of said web, preferably said first press surface
contacting said web and said second press surface contacting said
papermaking fabric;

(g)  creating a temperature differential between said first press surface and
said second press surface, thereby moving water from said web into said
papermaking fabric;

(h)  releasing said web from the pressure between said first and second press
surfaces; and

(i)  foreshortening said web to form said foreshortened paper web.

[ 8. The process according to Claim 7, wherein said step of foreshortening
comprises creping said web off a creping surface with a doctor blade,
preferably said process further comprising a step of adhering said web to said

first press surface with a creping adhesive.

9. The process according to Claim 7, wherein said step of foreshortening comprises
transferring said web from said papermaking fabric to a transfer fabric moving at

a second velocity less than sald first velocity.
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receive a web (60) of wet cellulosic fibers in association with said papermaking
fabric (20) interposed between said first and second press surfaces (11, 12)
such that said first press surface (11) contacts said web (60), and said second
press surface (12) contacts said papermaking fabric (20);

a pressing means (30) for pressing said first and second press surfaces (11, 12)
towards each other to cause densification of at least selected portions (61) of
said web (60);

a means (40) for creating a temperature differential between said first press surface
(11) and said second press surface (12) to move water from said web (60) into
said papermaking fabric (20);

a transporting means (50) for moving said web (60) in a machine direction at a first
velocity; and

a foreshortening means (70) for foreshortening said web (60),

said apparatus being characterized in that each of said first and second press surfaces
(11, 12) comprises an endless band, said first press surface (11) is parallel to
said second press surface (12), and said foreshortening means is disposed in the
machine direction immediately after said press nip, wherein said apparatus does

not use a Yankee dryer.

The apparatus according to Claim 1, wherein said foreshortening means (70)
comprises a creping blade (73) juxtaposed with a creping surface (75), said creping

surface (75) comprising said first press surface (11).
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framework having a web-side surface, a backside surface opposite to said web-side

surface, and a plurality of deflection conduits extending between said web-side

surface and said backside surface.

5. The apparatus according to Claim 1, wherein said foreshortening means (75)
comprises a transfer fabric (111) having a textured web-receiving surface and
structured to receive said web (60) after said web (60) has been pressed between said
first and second press surfaces (11, 12), said transfer fabric (111) moving in said
machine direction at a second velocity less than said first velocity, and said web (60)
has a fiber-consistency of at least about 30% after said web (60) is released from the
pressure caused by said first and second press surfaces (11, 12) and before said

transfer fabric (111) receives said web (60).

6. The apparatus according to Claim 5, wherein said foreshortening means (75) further
comprises a transfer nip formed either between said transfer fabric (111) and said
papermaking fabric (20) or between said transfer fabric (111) and said first press

surface (11).

7. A process for making a foreshortened paper web, said process comprising the steps
of:

(a) providing a first press surface (11) and a second press surface (12) juxtaposed

with the first press surface (11) to form a press nip therebetween, the first and

second press surfaces moving in a machine direction at a first velocity.;
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(c) providing a web of wet cellulosic fibers (60);

(d) disposing said web (60) on said web-side (20a) of said papermaking fabric
(20);

(e) interposing said web (60) and said papermaking fabric (20) between said first
and second press surfaces (11, 12);

(f) pressing said first and second press surfaces (11, 12) towards each other to
impress said papermaking fabric (20) into said web (60), thereby densifying at
least selected portions (61) of said web, said first press surface (11) contacting
said web, and said second press surface (12) contacting said papermaking
fabric (60);

(g) creating a temperature differential between said first press surface (11) and
said second press surface (12), thereby moving water from said web (60) into
said papermaking fabric (20);

(h) releasing said web (60) from the pressure between said first and second press
surfaces (11, 12); and

(i)  foreshortening said web (60) to form said foreshortened paper web,
said process being characterized in that in said step (a ) of providing said press
surfaces each of said first and second press surfaces (11, 12) comprises an
endless band, in said step (e) of interposing said web (60) between said first
and second press surfaces (11, 12) said first press surface (11) is parallel to
said second press surface (12), said step (i) of foreshortening is performed
immediately after said web (60) is released from the pressure between said

first and second press surfaces (11, 12), and wherein said process is conducted

without the use of a Yankee dryer.

8. The process according to Claim 7, wherein said step (i) of foreshortening comprises

creping said web (60) off said first press surface with a doctor blade (73).
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transferring said web (60) from said papermaking fabric (20) to a transfer fabric

(111) moving at a second velocity less than said first velocity.

10. The process according to Claims 7, 8, and 9, wherein said web of cellulosic fibers

(60) comprises fluid-latent indigenous polymers.
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