WD 96/ 41053

PCT/ US96/ 10303 _ 1

MULTI PLE ZONE LI TM TI NG ORI FI CE DRYI NG 10 OF 'CELLULCSI C
FI BROUS STRUCTURES, APPARATUS THEREFOR,

AND &ﬁ#ﬁ . OSI C FI BROUS STRUCTURES PRODUCED THE

RIELD oF THE I'Y¥@! The present invention relates to

absor bent enbryoni c webs which are through air dried, and particularly
to cellulosic fibrous structures whith are through air dried. 20
BACKGROUND OF THE | NVENTI ON Absor bent enbryonic webs are a
stapl e of evergday |ife. Absorbent enbryonic webs include cellulosic
fibrous structures, absorbent foams, etc. Cellulosic fibrous '
structures have becone a staple of everyday life. Cellulosic fibrous
strugtures are found in facial tissues, toilet tissues and paper
toweling. 25 In the nanufacture of cellulosic fibrous structures, a
wet enbryoni c web of Emﬁgﬁ %qw d carrier

I s deposited to a fornlng oni c web may be dried
by any one ofqgr conblnatlongb@ CfﬂﬂﬁﬂbS% TRUGRURES, cach” of which
drying neans will affect the properAPRARATUS THBREROR,i ng cell'ul osic

fibrous structure. For exanple, the dryingaggpns and process can 30

i uence the sof tness cafaby Bffe rlbibd SrRbEFORE melSS0BEE Fliley ' "

15
FIELD OF THE INVENTION
The present invention relates to absorbent embryonic webs which are through
air dried, and particularly to cellulosic fibrous structures which are through air dried.
20 BACKGROUND OF THE INVENTION

Absorbent embryonic webs are a staple of everyday life. Absorbent embryonic
webs include cellulosic fibrous structures, absorbent foams, etc. Cellulosic fibrous
structures have become a staple of everyday life. Cellulosic fibrous structures are -
found in facial tissues, toilet tissues and paper toweling.

25 In the manufacture of cellulosic fibrous structures, a wet embryonic web of
cellulosic fibers dispersed in a liquid carrier is deposited onto a forming wire. The
wet embryonic web may be dried by any one of or combinations of several known
means, each of which drying means will affect the properties of the resalting
cellulosic fibrous structure. For example, the drying means and process can

30 influence the softness, caliper, tensile strength, and absorbency of the resulting
cellulosic fibrous structure. Also the means and process used to dry the cellulosic
fibrous structure affects the rate at which it can be manufactured, without being rate

v limited by such drying means and process.



cellulosic fibrous structure. Al so the neans and process used to dry the
cellulosic fibrous structure affects the rate at which it can be
manufactured, without being rate limted by such drying neans and
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An exanpl e of ‘Eﬂgs'ﬂm ng neans is felt belts. Felt drying belts have | ong
been used to dewater an enbryonic cellglosic fibrous structure through
capillary flow of the liquid catrier into a perneable felt nedium held
in contact with the enbryonic web. However, dewatering a cellulosic

fib][ous struc;teéjrg in;ﬂoﬂand yef;qusbiang_agfeltié *t . Felt resll s#vghg‘\érall

uni f-orm conpr e%si on Wﬁ?‘a (TYiRS meas Wﬁl g rous
structure web to dri . Hﬁg ' ngg#‘ %ﬁﬂﬁl@sﬂ. by
a vacuum or may 'E’gdg%g?‘gf'gdmb%‘%cse Mﬁg%lrgesstgjc}ﬂgﬁ S. e pr ssﬁo | s

maxi m ze the mech@ggiligait caRiEP RS SipRindable il mbdiluh lelibinrcohtact with thehembryonic

cellulosic fibrous structure. Exanples of felt belt drying are illustrated
in US. Pat eweb. ZHe@ever,iewateting:al cellnlpsic fibrowpgnuctuse mto andby-usiag o falt beltyt ent

4,888,096 issued 15  _Decenper,19, 1989 to Cowan et al ' . i ng
cel I ul osi ¢ fi br ousssults/im overall yniformampression, and ermpastion ofthe gmbryonic @ﬁg‘r’%

aid of felt belts.is kno i n,the art,Vacuum dewatering of the cellul osic
fibrous ?ét r%ﬁ@%ﬂ@gﬂe?@%emves noi sture fromthe cellulosic
fibrous structure whigg: s ﬂ!ﬁ ?nag%ﬁsﬂfeﬁ b va g,,,ﬁ,ﬂq,,l,h'ﬁlgeoh,gm{ posed
Furt hernore, the vacuum def c?s I screte fegions 20 of the ce ?Il,.ﬂ osic
fibrous struct ur epressirolls. TEhedstédsaolls muximieehe niechanical dompiesyion of the lfelt against
strongly contributes to having different anounts of noisture in the _various

regions of the selbdosic fitrous:struchne uExasiples of filtcbeltginying arq flusteated;in JJ.8.
Flow using & por Bt A0 408 ismed May T SPE CREFR nd O3 eice 680es 14 o
in the art asjyel b hb& T, 3888 Coiall @Cuum driven drying
Drying cellulosic fibrous structures through vacuum dewatering, without the
aid of felt belts is known in the art. Vacuum dewatering of the cellulosic fibrous
structure mechamcally removes moisture from the cellulosic fibrous structure while
the moisture is in the liquid form. Furthermore, the vacuum deflects discrete regions
20 ofthe cellulosic fibrous structure into the deflection conduits of the drying b_elts and
strongly contributes to having different amounts of moisture in the various regions of
the cellulosic fibrous structure. Similarly, drying a cellulosic fibrous structure
through a vacuum assistedcapiliaryﬂow, usingaporous.cylinder having preferential
pore sizes is known in the art as well. Examples of such vacuim driven drying
25 techniques are illustrated in commonly assigned U.S. Patent 4,556,450 issued
December 3, 1985 to Chuang et al. and U.S. Patent 4,973,385 issued
November 27, 1990 to Jean et al. | |
In yet another drying process, considerable success has been achieved drying
the embryonic web of a cellulosic fibrous structure by through-air drying. In a
30 typical through-air drying process, a foraminous air permeable belt supports the
embryonic web to be dried. Hot air flow passes through the cellulosic fibrous
structure, then through the permeable belt or vice versa. The air flow principally



25 techniques are illustrated in commonly assigned U S. Patent 4,556,450

I ssued Decenber 3, 1985 to Chuang et al. and U. S. Patent 4,973, 385
i.ssued Novenmber 27, 1990 to Jean et al. I n yet anot her
dryi ng process, conS|derabIe success has been achi eved drying t he
enbryoni ¢ web éﬁ} | ul osic fibrous structure by t hrough- i peflabeAgsos | N 2
30 typical 3§H r drying process, a foram nous air perneable belt
supports the enbryonic web to be driedg Hot air flow passes through
the cellulosic fibrous structure, then through the perneabl e belt or
vice versa. The air flow principally WO 96/ 41053
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i ncreased. Regi Onmﬁ%lﬂﬂﬁﬂcﬁﬂ?&n‘%ﬂﬁ@dﬂe%ré&ed Regions finciicht 1€ Gn bel t

are dried to a | esser éxtent. Sever al mprovemants to the air

permerabl e bel ts usisechid permiéableibelt aridriedito/d le@erléktent.have been acconplished in
the art. For exanpl e, the air perneable belt may be made. W|th a high

(r)ggﬂcg(rjezl Eat | (rargs';)l i pRgp ?metﬂr:eabl | i ': onplished b
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em ssivity or, al resubed divserveabllibe Rbdiicediripetrheability iy be acconiliktel by piging 1 O

a phot osenS|t|ve resin conprising a continuous network. The
a resinous mixture to obturate the interstices between woven yarns in the belt. The

drying belt may be impregnated with metallic particles to increase its thermal

15  conductivity and reduce its emissivity or, alternatively, the drying belt may be

constructed from a photosensitive resin comprising a continuous network. The

drying belt may be specially adapted for high temperature airflows, of up to about

815 degrees C. (1500 degrees F). Examples of such through-air drying technology

are found in U.S. Patent Re. 28,459 reissued July 1, 1975 to Cole et al.; U.S. Patent

20 4,172,910 issued October 30, 1979 to Rotar; U.S. Patent 4,251,928 issued

February 24, 1981 to Rotar et al.; commonly assigned U.S. Patent 4,528,239 issued

July 9, 1985 to Trokhan; and U.S. Patent 4,921,750 issued May 1, 1990 to Todd.

Additionally, several attempts have been made in the art to regulate the drying

profile of the cellulosic fibrous structure while it is still an embryonic web to be

25 dried. Such attempts may use either the drying belt, or an infrared dryer in

combination with a Yankee hood. Examples of profiled drying are illustrated in U.S.

 Patent 4,583,302 issued April 22, 1986 to Smith and U.S. Patent 4,942,675 issued
July 24, 1990 to Sundovist. -

The foregoing art, even that specifically addressed to through-air drying, does

¢ 30 not address the problems encountered when drying a multi-region cellulosic fibrous

structure. For example, a first region of the cellulosic fibrous structure, having a

lesser absolute moisture, density or basis weight than a second region, will typically



drying belt may be specially adapted for high tenperature airflows, of up
to about 815 degrees C. (1500 degrees F). Exanples of such through-air
dryi'ng technol ogy are found in U S. Patent Re. 28,459 reissued July
1, 1975 to Cole et al.; U S Patent 20 4,172,910 issued Cctober 30, 1979 to
Rotar; U. S. Patent 4, 251,928 issued Februay 24, 1981 tpcfoésshnoeses al . ;
commonly assi JN@86MI®E Pt ent 4,528, 239 | ssued July 9, 1985 to
Trokhan; and U.S. Patent 4,921,750 issued Mgy 1, 1990 to Todd.
Additionally, several attenpts have been nade in the art to regulate the
drying profile of the cellulosic fibrous structure while it is still

an enbryonic web to be_ 25 dried, Such atte S y use either. .t he dryving
belt or an i nf Sar daverejatively greater ﬂrﬂ%meﬁam W{I\%_*‘Mm-ﬁ'@aﬂ. | es
of profiled drying are illustrated in,UsS. . ﬁ%%ﬁemwﬁd
April 22, 1986 to%ﬁ?wﬂﬁm*’%% fifst gegion.of lesser 40% uy? 24,
1990 10 Sundovi St pags wej presmtgllwm ldéek AW Pedistaliat! 10> RRCAF ipadbingy
addressed to throug gl’ngh}j yi ng, does 30 disgnot address the probl ens

encount ered when dhsshfigsuzh fegidn, - r €gi on cel l ul osic fibrous structure.
For exanple, a first region of the cellulosic fibrous structure, having a-

| esser absol ute noi st (Fhig problemiis exacerbatedsihen\the muiti-region cellulnsic dibrpus styneture

will typicall 96/ 41053 . ‘ .
PCT/ USQ'E, 1030%/;0 to be dﬁex\g)s transéflerreﬁ to a Yankee drying drum. On a Yankeg drying drum, .

relatively greater,_airfl . Q @ ﬂﬂﬂ ﬁﬁﬂgﬁie EEQ'hqmmu-EPicﬁnuct

relatively gl‘?w d‘%{}gébg%’zé@?g ecaus{(iaﬁ}ﬁlhsz ITSt region o esser

absol ut e 1Di St uUr € wifdEhe thdnerence of a hkt&d dylindr Ghd hat! sfedih & hdodis ARpdduted vt el y

| esser flow resistance to the air passing t hr ough. such regi on.

This problemis exhesurfaod oftthebelinlosit fibrous structuegioppositecthe béatedicyliridet; ' However,

structure 10 to be dried is transferred to a _Yankee, drying drum )
Doy e digh

Yankee drying dr urtypically the mosjintimate eantact with theo¥ankas deying;
fibrous str UCtl%r € cg;mQItyior} lﬁgrl]ltﬂwrrg% torgéigncsf which are not as dry as the low density or low
' basis weight regions. Preferential drying of the low density regions occurs by
convective transfer of the heat from the sirflow in the Yankee drying drum hood.
Accordingly, the production rate of the cellulosic fibrous structure must be slowed,
to compensaté for the greater moisture in the high density or hfgh basis weight
20 region. To allow complete drying of the high density and high basis weight regions
of the cellulosic fibrous structure to occur and to prevent scorching or burning of the
My dried low density or low basis weight regions by the air ﬁ'om.the hood, the
Yankee hood air temperature must be decreased and the residence time of the
cellulosic fibrous structure in the Yankee hood must be increased, slowing the
25  production rate.

Another drawback to the approaches in the prior art (except those that use
mechanical compression, such as felt belts) is that each relies upon supporting the
cellulosic fibrous structure fo be dried. Airflow is directed towards the cellulosic
fibrous structure and is transferred through the supporting belt, or, alternatively,

30 flows through the drying belt to the cellulosic fibrous structure. Differences in flow
resistance through the belt or through the cellulosic fibrous structure, amplify
differences in moisture distribution within the cellulosic fibrous structure, and/or



with the circunference of a heated cylinder and hot air froma hood is

I ntroduced to the surface of the cellulosic fibrous structure
opposite the heated cylinder. However, typically the nost intinate
contact with the Yankee drying drumoccurs at the high 15 density or

hi gh basi s VW”&H“&J ons, which are not as dry as the | ow dp@fsédé10503! oW
basi s wei ght reglons Preferentlal drying of the |ow density regions occurs

by convective transfer of the heat frgmthe airflow in the Yankee
dryi ng drum hood. Accordingly, the production rate of the cellulosic
fibrous structure nmust be sl owed, to corrpensate for the greater

noi sture int hi gh depsity or, hi gh bas',s regi on., To al

conpl ete dryi % of‘%ﬁ%ﬁ&ﬂf’%ﬁ’e 'F?’%PFFCI s?”é‘“ﬁe ng ed.
the cellulosic fiﬁEQU\ﬁr r % Qlces

bur nisng of the al’rea gi;% en5| €'§ as?ﬁgtgv\tgél]g reg| ons
by the air fromtﬁ@aﬁmdeg,mfmeceummWH terrperature must be

decreased and the residence tinme of cellulosic fibrous structure
in thé Yankee hood muOne limpmmennmetﬂg asﬂ which gddriessed this pmbb@xstﬂlmudthy

Anot her drawback to the approaches in the prior art (except those that use
nechani cal corrpre%‘!!\"ﬁﬂsym% &EWT%;Q‘?%&“M& to-Ensign et al.

supporting t f OuS S tur ried. Airfl.owis
directed towards We%ﬂ"ﬁﬂ@ﬁ@mﬂgdm Bt:%e” wogt B'?Pﬁ? S ? %rred
t hrough the supp qg.op?{ dﬂ;‘in_g f hepldis W?’Tt

drying belt to tﬁg&ﬂéel | ul' osi ¢ "t brous stru\éflkﬁﬁg 3lc[))‘lt‘?‘dferené‘gs I n "Fis
resi stance t hr ougpaténs eeatless ian @ppatatusutilizing 8 micropore iyingediver whith hds'agreaterc,

anplify differences in noisture distribution within the cellulosic
fi brous struct ur eflowresissance than the interstios/ betwesn the fibers of the cellulosic fibrous

PCT/ US96/ 10303 structure. The micropore medium is therefore the limiting orifice in the through-air

15  drying process so that an equal, or at best a more uniform, moisture distribution is
achieved in the drying process. | |

The limiting orifice through-air-drying apparatus of the Ensign et al. patent
teaches having one or more zones with either a subatmospheric pressure or a
positive pressure to promote airflow in either direction.

20 However, this patent (8:17-26) also teaches that as the basis weight of the
embryonic web increased, greater residence time on the micropore medium would be
necessary, as logic would dictate. Specifically, it taught a common tissue paper basis
weight (12 pounds per 3,000 square feet) would require a residence time of at least
about 250 milliseconds on the micropore medium.

25 Applicants have unexpectedly found that the necessary residence time in the
first zone can be reduced, providing the limiting orifice through-sir drying apparatus
is divided into plural zones. Furthermore, it has unexpectedly been found that the
overall energy consumption of the apparatus can be reduced utilizing proper zones.
Speciﬁcally, less fan horsepower is required if the zones are properly sized and

» 30 selected. Fan horsepower reductions of up to 10 to 15 percent over the original
apparatus disclosed in the aforementioned Ensign et al. patent can be by utilizing the



5 creates differences in noisture distribution where none previously

exi st ed. However, no attenpt has been nmade in the art to tailor the
airflow to the differences in varios regions ofthe cellulosic fibrous
“structure. 01e inprovenent in the art which addresses this

problemis ill @@3@2 : commonl y assigned U.S. Pat errCTRISSFH3IB30
1ssued January to Ensign et al. 10 and disclosing limting

orifice drying of cellulosic fibrous stucturés in conjunction with
t hrough-ai r drying, which patent is incor porated herein by reference. This
pat ent teaches an apparatus utilizing a mcropore drying medi um which has a

?Lgatc:ﬁ ul osi ¢ é: WM?‘;{‘Q%M m croB%?%&ﬁEédgf}um 'S ttéueref

the limting orifi&ﬁ,% Bwéﬂﬁr tHePorential sdvings cali bé sighifidaicess so that an
equal, or at best a re uni ormq’?oi sture distribution is *achi eved

in the drying procAscordingly, it is an object B ¢his invéntion tp provide adintiingoarifice shirough-air ng
apparatus of the Ensign et al. patent t eaches havi ng_one or pore

zones with either mwmm@wmwrmwchmbwﬂmmjmm to
pronote airflowin_either directio

(8:17-26) al so tea@'Fl‘§'§n a‘g'y'ﬁg% R@qﬁ%f"(j‘"mm‘ﬁf M‘t%b
i ncreased, greger Wefin

necessary, as Fé)gl 8‘;1%[??3&& ctate. rsbfoem ical Ty |t taugﬁt a congroﬁt tissue

paper basis WhicH [teducas? tHeOheeeRary) Cresideridl Qinte wid Pequited Jesyvenibrgy rtsh had a
resi dence tinme of at |east about 250 milliseconds on the mcropore
medi um 25 prepibistybeen thonglt inthe pdecared| y f ound that the necessary
residence time in the first zone can be reduced, providing the
limting orifice through-air drying apparatus S di‘vi ded into plural
zones. Furthernore, it has unexec r}ﬁé&ﬁfﬁ overal |
‘energy consunption of the appa’ratggwaﬂﬁce ut’l |2| ng proper zones.
Speci fically, ss fan ﬁgaﬁgﬁrwln lokifiée) threriphQfr-diyiRg RpPERSINS in

si zed and 30 hgel ected. Fan horsepowe reduc lons of up to 10 to 15

percent over the Oémumbnwnhmabﬂjimtambqadcsﬁ)daadglmmhedahﬂmmdmwmned
Fnstgn et al. pat e%eﬁwfﬁc%%%ﬁagﬁﬁlmcﬂbmwm The embryonic web
mayhaveaconmstencyofatleastls percent. The apparatus comprises a limiting
orifice for airflow through the embryonic web. The apparatus further comprises a
20  plurality of distinct zones, in order, at least a first zone and a second zone. The
zones have mutually different differential pressures relative to the atmospheric
pressure.
Inoneanbodhnau,theappamms_hasawaterrunovalrateintheseconfl
mneofatleastspoundsofwaterperpoundoi_‘embryonicwebpersecond. Ina
25 second embodiment the apparatus has a water removal rate in the second zone at
least 0.10 times as great as the water removal rate in the first zone, while the water
" removal rate in the second zone is at least 5 pounds of water per pound of
enlﬁryonicwebpersecond. In a third embodiment, theapparatushasaresidence
time in the first zone of less than about 35 milliseconds.
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5 present invention. At an advertised annual operating cost of $200 to

S250 per hor sepower per year the potential savings can be significant
Accordingly, it is an object of this invention to provide a limting
orifioe throu.%ggli dryi ng apparatus having a m croporggidétsshi ch
can be used in conjunction with t hrough-air drying to produce

cellulosic fibrous structures. It is, furthernore, an 10 object of this
i nvention to provide a limting orifice through-air drying apparatus
whi ch reduces the necessary residence tinme and requires |l ess energy than

had previ ously been thought in the prior art.

SUMVARY OF THE | NVENTI ON 15 The invention conprises a limting
orifice through-air-drying app %W ! H{Em\mﬁ n with an absor bent
enbryoni ¢ web having noisture ?i?g ripute thEI’EI n. 68 The enbryoni c web

may conprise a cell ulFigare] is abchenmatic bide elbvational Vie® oFalhitdPbre ndim accordinB®Y
have a consistency of at |east 18 percent. The apparatus conprises a

lim ting api fhec prasent aivedtionweinbodiedyfont lae pervioug ocylindereland Thawing a
apparatus further conprises,a 20 plurality of distinct zones, in order,
at least a first Subjtmo Gintegnalpressu®ne. The zones have mutual |y

pressure, 10 ™" Mok £ R ERMNGE sl of ot Belfnet coniten 00
rate in the secoq&mwmﬁggﬁmm b’ per pound of
5

enbryoni c web per second. In a second enbodi nent the apparatus has a

wat er renoval rate i Figufee3siscopehphicilcreptesentation of! @redy GorksOmpfidie andd wagereat

as the water renoval rate in the first zone, whil e t he wat er . r enoval
rate in the secorfemovshas & fungtion eftime for the prescntinivention (CEk 2 poion ar mi¢ropore

Fesi donce | " medl® tving, dopariy BBHand(a POk apRpaCHE, e SRR dBon s
15  commonly assigned U.S. Patent 4,556,450 issued December 3, 1985 to Chuang et al.
(AA). '
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, the present invention comprises a limiting orifice

though-air-drying apparatus 20 in conjunction with a micropore medium 30. The

20  apparatus 20 and medium 30 may be made according to the aforementioned U.S.

Patent 5,274,930, the discjosure of which is incorporated herein by reference. The

apparatus 20 comprises a pervious cylinder 32 and the micropore medium 30

circumscribing such a pervious cylinder 32. A support member 28, such as a
through-air-drying belt, wraps the pervious cylinder 32 from an inlet roll 34 to a

25  takeoff roll 36, subtending an arc defining a circular segment 40. This circular

segment 40 may be subdivided into multiple zones 41, 42 having mutually different

differential pressures relative to the atmospheric pressure. Alternatively, the

apparatus 20 may comprise & partitioned vacuum slot or an endless belt .The

apparatus 20 removes moisture from an embryonic web.

v 30 The limiting oriﬁce through-air-drying apparatus 20 according to the present
invention may particularly be divided into a plurality of zones. A preferred apparatus

20 has two zones, a'ﬁrst zone 41 and a second zone 42. The embryonic web
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DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic side

el evational view of a mcropore nedi um accordi ng to the present.

I nvention enbow eﬁmg‘gsa pervi ous cylinder and having a pEv/oRdgiasmheri c
internal press ke Figure 2 is a graphical representation of

rel ati onshi p between consi stency and gesidence tinme on an apparatus
according to the present invention. =~ Figure 3 is a graphical
representation of energy consunption and water renoval. as a function

i yi ng. appar at . (e B Ser e B mad aF bl pe G B ripen o
ol r Y PSS! OARy Hn, TR ThedRit ok |10 HuiiERRE AF i oo Cest T 2"

| NVENTI ON ~ breakthrétiphepréssiitg of thehippata®is 20. The sétof® SoHe 42'TY Ridlritdiied at a

conprises a limting orifice t hough-ai r-dryi ng apparatus 20 in

conj unction with cpressereogreater thasi the: Beaktitoogh Poessure ppfa tiwt uppafius 20. NeXhieum

Che'di scl osure of WPARLTHE FrFRSUP JbRUBLAAER 19 the Speirtof Auiomative Hogineirs

PP LS 20 T ASSRR RECHHMALM B S Wb, TSR0

gzr ?ggg- ai r - dryi nopdaft Test Méthod; ahd'Modifisd iose a 59 nilliseder FrimériiotidHh, '8l Which©! !
Practice is incorporated herein by reference.

Collectively, the first and second zones 41, 42 may subtend an arc from about
180 to 270 degrees, more preferably 210 to 240 degrees. The first zone 41 may

15 comprise up to 60 degrees of the total arc subtended by the first and second zones
41, 42 and more preferably 20 to 30 degrees.

The support member 28 transports the absorbent enibryonic web relative to
the apparatus 20 and across the zones 41, 42 at a rate providing the embryonic web
a residence time in the first zone 41 of less than 35 milliseconds, preferably less than

20 25 milliseconds, more preferably less than 15 milliseconds. The residence time in the
second zone 42 should be at least 125 and preferably at least 175 milliseconds.

Ag used herein, an "absorbent embryonic web" comprises a cellulosic fibrous
structure, or any other web which is deposited wet and must have the water removed
tobeinadrystatetobeﬁm_ctiongl. As used herein, a web is considered "absorbent"

25 if it can hold and retain water, or remove water from a surface. As used herein,
“cellulosic fibrous structures” refer to structures, such as paper, comprising at least
fifty percent cellulosic fibers, and a balance of synthetic fibers, organic fillers,
inorganic fillers, foams etc. Suitable cellulosic fibrous structures for use with the
present invention can be found in commonly assigned U.S. Patent 5,245,025 issued

30 September 14, 1993 to Trokhan et al., which patent is incorpoﬁted herein by
reference.
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to 240 degrees. The first zone 41 may 15 conprise up to 60 degrees of
the total arc subzonedidcduy, asilinstratedsby Fipate 2econd zones 41, 42 and

nore preferably 2

15

20

25

0 to 30 degrees.
By properly selecting the residence time in the first zone 41, then transfemng

the embryonic web to the second zone 42, the efficiency of the drying process can be
maximized and the fan horsepower reduced. For the invention described and
claimed herein, the apparatus 20 has a water removal rate in the second zone 42 of
at least 5, and preferably at least 7, pounds of water per pound of embryonic web per
second.

The proper transition point between the first and second zones 41, 42 is that
point at which the water removal ral_:e-pt"the second zone 42 exceeds the water
removal rate of the first zone 41. The actual transition point is where the differential
pressure through the apparatus 20, relative to atmospheric, goes from less than the
bmlnmugxpresmtogrmerthanmebremmugh pressure. The system is
optimized when the actual and the proper transition points are coincident. It is
recognized that the exact transition point will depend upon the porosity. and drainage

~ capabilities of the absorbent embryonic web, the flow characteristics and size of the

30

orifices in the micropore medium, and perhaps other factors as well.

The second zome 42 may be partitioned into one or more subzones, each
havingadedicaedfanorﬁaybemaimﬁneduﬁthoutapaﬂhionmdhaveasingle
large fan as desired. Alternatively, a single zone 41 or 42 may have its differential
pressure generated by two or more fans. The fans may be arranged in series or in
parallel. It is generally believed that the horsepower requirements of two smaller



The support nmenber 28 transports the absorbent enbryonic web relative to
t he apparatus 20 and across the zones 41, 42 at a rate providing the

enbryoni c web a residence tine in the first zone 41 of less than 35
m | liseconds, preferably less than 20 25 mlliseconds, nmore preferably

| ess than 15 Wkéépﬁ§§gnds. The residence time in the SpERtsheAtdes 42
shoul d be at | and preferably at least 175 mlliseconds.

As used herein, an "absorbent enbryonic webfp conprises a cellulosic fibrous
structure, or any other web which is deposited wet and nust have the water
renoved to be in a dry state to be functional. As used herein, a web

i's considered [ absorbent'. 25 i,f .1t,can ho and retain water, Or repove
vt or T 1 om o0 & TR GRe taret fan, bevitg e Sind Btal nlithneh el i s & ush I
structures” ref erTJ,qg- netionUath the Prescht berfidn ParPer . conprising at | east

fi berg, angl &

fifty percent cellulosic a bal ance of synthetic fibers, organic.

fillers, i nor g&Siice the fifstzone 4108 filn sttless thani bredkitidongh , & doebherus
structures for use with the present invention can be found in

comonl y assi gnedregnis. a fax andt may woek welb with auaduung pumpSeFhus;ther firstizong 313 t o
Tr okh t al., which tent s | dh in b - f .
V\E)096?21853a i C gamﬁyn S o neorpora eeapperel . Xocordmg o e elLence
PCT/ US96/ 1030 . . . .

By providing fbwo 'HY?P?nﬁctAszgsr?‘e‘sh% %,Whhé’ww %_oﬂ ﬁ?agl!%nmssure
less than tRaedin fkérlite e Uittt prénité in'the apgafiinis 200 afll 3de8 dotdhéibdes ©

apparatus 20, and the second zone 42 having a pressure greater than

t he breakt hrough korsspowersmeedssdryto transport theémbreoniciively rebative esthe appaeatis 200s, it

has been found that the fan horsepower necessary to provide the

di fferential pressur&otthe ineentiomdeserihed and laimed herein, therptio efthe sirying zateiof
unexpect edly foung, Lhaly fur et odriing;e, S DB Sk 1 S8l SRS LY
15  water per pound of embryonic web per second per unit horsepower, is at least 0.10
times as great, and preferably at least 0.12 times as great. Of course this ratio can be
 artificially inflated by running an inefficient first zone 41. For purposes of the
present invention, the first zone has a water removal rate of at least 40 pounds of
water per pound ofétnbryonic web per second. ' There is minimal horsepower
20 involved in the water removal rate of the first zone 41, since the first zone 41 relies
upon capillary dewateéring which occurs below the breakthrough pressure, and does
not rely upon a fan to create airflow above the breakthrough pressure. |
" The aforementioned residence times are useful for an embryonic web having a
pulp filtration resistance (PFR) of 5 to 20, and preferably from 10 to 11. Pulp
25 filtration resistance is measured according to the procedure set forth in commonly
assigned U.S. Patent 5,228,954 issued July 20, 1993 to Vinson et al., which patent is
incorporated herein by reference.
Referring to Figure 2, it is to be recognized that the drying rate in the first
zone 41 varies according to PFR. The drying rate in the second zone 42 is the same
30 for all three curves A, B and C. Curves A, B and C in Figure 2 show, in order,



substantially increase after nore than the aforenenti oned residence tines
in the first zone 41 occur, as illustrated by Figure 2

By properly selecting the residence time in the first zone 41, then
transferring the enbryonic web to thée second zone 42, the efficiency

of the drying ﬂ,r%ﬁiué%can be 15 maxi m zed and the fan hor pepedsineses
reduced. For t (? tion descri bed and cl ai ned herein, the

apparatus 20 has a water renoval rate in thdtsecond zone 42 of at
~least 5, and preferably at |east 7, pounds of water per pound of enbryonic:
web per second. The proper transition point between the

first and secogd zone&eﬂ%gtn .pmmﬂ:tnmg Ep' t r val
rate of the second zone yéxcee‘t’jéuj;l?‘%‘“aleftﬂl&CH rermvaf“hg%f‘ Wrst
zone 41. The act u20 if difeetly pfoportiofil 16 the pulp Bltratidn'residtirice.c TREni embryonic

pressure through the apparatus 20, relative. to atnospheric, goes fromless

t han the brv&hllmawxgistepcyefsumt l&pgmtandpbssﬁyatmusw ough

pressure. The system timzed vvhen the actual and the proper

transition points ar e@?)l'ﬂm 0 aceording tothe present invention thas;a gneater weater
transition point w onth oL 0Sj t dr.ai na

capabilities of tﬁg"%‘ﬂg%q?’g‘gﬂ?%% Méﬂb MMM% Parous cylinders , |
size of the 10 whith We Wbt ifidr{ PatirSctith q&w@ﬁgp

factors as well. W Theb‘ﬁe‘%i(’)nd zone 42 mayaf)ée‘ par |t|one§’ o one

or nore subzones, beeakfhrough, as nmmgnacmmahsmrusmm 4)556,450Nissed e d
w thout a partition and have a single | arge fan as desired.

Alternatively, a szolﬁﬂsthchmgzt %ﬂlemmgf!&hlpl\vnmomtedhmby

pressure gener at ed two.or nore fans. The fa be arranged,in series
or in par al F QT 3L, Waven suppast, member P@%&V@F

requi renments of t Fﬁhélﬂ; WO 96/41053
PCT/ US96/ 10303 \'wp"% ers 28.

15 Waterremova!rateismeawredintemsofpoundsofwaterremovedper.-
pound of fiber divided by the time the fibers are subjected to the process

rate = (pounds of water removed/pounds of fiber)/time in seconds

The water removal rate is ascertained by measuring the consistencies of the
embryonic web before and after the zone 41, 42 in question using gravimetric
20  weighing and convective drying to achieve a bone-dry baseline, The residence time
can be easily calculated knowing the path length of the zone 41, 42 and the velocity
of the embryonic web.

Referring to Figure 3, one will note that the water removal rate in zone 2 is
considerably higher in the apparatus according to the present invention than is the

25  water removal rate from the cylinder made according to the aforementioned Chuang
et al. patent ‘

The apparatus 20 according to the present invention has a water removal rate
of at least 5 pounds of water per pound of embryonic web per second, and more
preferably at least 7 pounds of water per pound of embryonic web per second in the

30  second zone 42. The apparatus 20 according to the present invention has a water
removal rate of at least 40 pounds of water per pound of embryonic web per second,



5 fans or one larger fan, having the sane total horsepower, are very
simlar as used in conjunction with the present invention.

Since the first zone 41 is run at |ess-than breakthrough pressure, it does
not require a fan and may work wel'l with a vacuum punp. Thus, the
first zone 41 nsunmes -only mnimal energy in the appaperwusssiosos
according to t WO o6{8Y d 10 invention. As used herein, the unit

hor sepower refers only to the horsepower 12 necessary to create the
differential pressure in the apparatus 20, and does not include

hor sepower necessary to transport the enbryonic web relative to t he

appar atus 20. v, {

the ratio of. tﬁe mm?ﬁ@@’gﬁ éﬁﬁﬁﬁ%e gg@g%p&gwﬁﬂg?ﬂe@b e (rﬁe?/)l ng
rate of the first s%ﬂ&nnﬁﬂeﬁ&&oﬁ?ﬁmed in pounds of 15 water per pound of
enbryoni ¢ web per second per unit horsepower, is at |east 0.10 - tinmes

as great, and pref er aifh¢/apphratus 26 acdordia foi the present inwentivn ha¥ a pawersensumiption at i o
can be artificially inflated by running an inefficient first zone

41. For purposes of leshthan5, andm%ublrtlessrtb@hﬁ per squarefoptcofiweb aredat er
removal rate of at | east 4 ounds t d of .enbryonic
web per second THRehigstedsto ?IBWF“ ﬁ?ewzga M% yt?;e
renoval rate uﬁ;emﬁ ﬁgm}lﬁﬁ P@;&&ﬁﬁ,

upon capillary de&aﬁﬁ%l ng r}ﬁh %ccurs el"ow toziéi)r eaE€ rough”pr essure and

does Not I ghd/ moROpteftrablylesh Ehafi 116 Hofsepovidr ipai\sqhlie \fSot! dfavebagedsubljected
pressure. The af orenenti oned residence tines are useful for an

enbryoni ¢ web havitotheprocess in thesécond zdneddt i on resi stance (PFR) of 5 to 20,
and preferably from 10 to 11. Pulp 25 filtation resistance is neasured

according to the procedure set forth in commonly . assigned U. S. Patent
5,228,954 issued July 20, 1993 to Vinson et al., which patent is

i ncorporated herein by reference. Referring to Figure 2, it is
to be recognized that the drying rate in the first . zone 41 varies

according to PFR. The drying rate in the second zone 42 is the sane 30 for
all three curves A, Band C Curves AL Band Cin Figure 2 show, in order,



i ncreasi ng PFR V\DM%\
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Generally, it has been found W i[lﬂf’l’w resi dence tinme on the

‘appar at us- 20 is directly propo ”l)the pulpfiltration

resi stance. The ng enbryonic web has a consi st | east
.18 percent, egﬂﬁ’sﬂgg‘lbl y at |east 19 percent. _ ?’ e appar at us 20
according to the present invention has a greater water renoval

capability for  a given PFR than is Obtainable with prior art porous
cylinders 10 which dry the web by capillary attraction and are maintai ned

at less than br eakt hrough, as illustrated in commonly assigned U S
Pat ent 4, 556, 450 i ssued Decenber 3, 1985 to Chuang et al., the

di scl osure of which is incorporated her di3n by reference; prior art
woven support nenbers 28, and prior art photosensitive resin support
menbers 28. 15 Water renoval rate is neasured in terns of pounds of
wat er renoved per ppund of fiber,djvided by the time the fihers are

subjected to the Ypr odelimiting orifice thwshﬂmrmmshas apparatys e pRMBIEBOB N dS
of fiber)/time in semilhdmabsorbunembryﬁtceww thaving emviseire distibmitédstharelic rshidi ned

by nmeasuring the Congé@{'ﬂﬂ&lﬂ&ﬁq af ter
the zone 41, 42 in qu I On US ng graV| r’rgtrl r@% wel glhl ngg &?Mlve

drying to achieve a eshc Wherein  said apparatus farther compeises @ plusghity
easily cal cul ated knmmﬁwmmmummwmhﬂmd%méﬁddmm

vel ocity of th mm,g ‘“ﬂ?ﬁ f M@.ﬁ one
will note that the water- reno zonelg P& con5| er a

hi gher in the appar aPTRESU® e WW@“%N@@@H%‘MWW
of less than about 35 milliseconds, and preferably said residence tnne is less

than 25 milliseconds, and more preferably said residence time is less than 15
milliseconds, and preferably characterized in that said plurality of zones
comprises two zones, a first zone and a second zone.

2. A [limiting orifice though-air-drying apparatus in combination with an
absorbent embryonic web having moisture distributed therein, and a
consistency of at least 18 percent, said apparatus comprising a limiting orifice
for airflow through said embryonic web, wherein said apparatus further
comprises at least two distinct zones, 2 first zone and a second zone, said first
and second zones having mutually different differential pressures relative to the
atmospheric presmfe, said apparatus having a water removal rate in said
second zone at least 0.10 times as great as said water removal rate in said first
zone, wherein said water removal rate in said second zone is at least 5 pounds
of water per pound of embryonic web per second, and preferably said water
removal rate in said second zone is at least 0.12 times as great as said water
removal rate in said first zone, and preferably characterized in that said
plurality of zones comprises two zones, a first zone and a second zone.

3. A limiting orifice though-air-drying papermaking apparatus in combination
with an absorbent embryonic web having moisture distributed therein, said
apparatus comprising a limiting orifice for airflow through said embryonic
web, wherein said apparatus further comprises at least two distinct zones
comprising, in order, at least a first zone and a second zone, said zones having -
mutually different differential pressures relative to the atmospheric pressure,
said apparatus having a water removal rate in the second zone of at least 5
pounds of water per pound of embryonic web per second, and preferably said
water removal rate is at least 7 pounds of water per pound of embryonic web



25 wat er removal rate from the cylinder nade according to the

af orenenti oned Chuang m“l uwﬂmEnm The apparatus 20
according to the present i” um ter renoval rate. of at
1east 5 pounds of water per*pound of* efbr§onic web per second, and nore

preferably at least 7 pounds of water per pound of enbryoni cp&gsﬁﬁqmgecond
in the 30 seWOR¥4YWdhe 42. The apparatus 20 according to the present

i nvention has a water renoval rate of at |east 40 pounds of water per
pound of enbryonic web per second, -° V\D 96/ 41053

PCT/ US96/ 10303 and
nore preferably at s%?n tcﬁimﬂ 8k \YehkgP el
second in the first zg&t d:') ara us 23"a2§:‘0 ng to the
present invention haswmmmf‘e“ #W€s than 5, and

preferably |ess tHan Anhppmmwordhytos@mel ﬂpmd bfchmhteazedanthatsa:dﬁm -
subj ected to the procgsgm fad &%,ﬂ.g rsgking

to the 10 preset |nvent|on S a Hg r. consy tlo an
preferably |ess than Yeparats, W@% s%‘“ W&?P“fG“H’G Swer

per square foot of mwmummmmmmgxmmmmnd
zone 41. 5.  Anapparatus according to Claims 1, 2, 3, and 4, characterized in that said first
| zone consumes less than 5 horsepower per square foot, and preferably said
apparatushasapowerconsumpuonof!essthan7horsepowerpersquaretbot
of embryonic web in said first zone.
-~ 6. An apparatus according to Claims 1, 2, 3, 4, and 5 characterized in that said
apparatus has a power consumption of less than 20 horsepower per square
foot of embryonic web in said second zone, and preferably said apparatus has a
power consumption of less than 18 horsepower per square foot of embryonic
web in said second zone, and more preferably said apparatus has a power
consumption of less than 16 horsepower per square foot of embryonic web in
-said second zone. -
7. A process for limiting orifice through-air drying a cellulosic fibrous structure,
said process comprising the steps of.
providing an absorbent embryonic web to be dried and having a moisture
distribution therein;
providing a means for causing airflow through said embryonic web;
providing a support member to support said embryonic web;
providing a Emiting orifice through-air-drying apparatus on the side of said
embryonic web opposite said support member, so that said embryonic -
web is intermediate said support member and said apparatus, wherein
said apparatus is the limiting orifice for said airflow, said apparatus
having a plurality of distinct zones for airflow therethrough, said zones
havmgnmmallydnﬁ'erentd:ﬂ'eremﬂpressuresrelahvetothe
atmospheric pressure;
disposing said embryonic web on said support member; and
causing airflow through said embryonic web and said apparatus; and
transporting seid embryonic web relative to said apparatus, whereby said
' embryonic web has a residence time in said first zone of less than 35
-milliseconds, and preferably said residence time is less than 25
mﬂiseconds,andmorepreferablysmdresxdenceumemlessthm 15
milliseconds. .



13 1. Alimting orifice though-ai r-dr yi ng paperneking apparatus in

conbi nati on with an m |\t“ﬂnlmm BMLC web having noisture
distributed therein, saldét “ nprising a limting orifice for

airflow through sai d enbryoni ¢ "web, Wherein said apparatus further
conprises a plurali t* of distinct zones conpri sing, i Np@¢nGdk103ed
least a first ZOR¥MA¥Y a second zone, sai d distinct zones havi ng

mutual ly different differential pressures relative to the atnospheric
pressre, whereby said enbryonic web 'has a rgsidence tinme on said first zone
of | ess than about 35 mlliseconds, and preTerabl y said residence tinme is

| ess than 25gm | kippGesy @ hmﬁﬁg ﬂﬂéﬁhﬁﬁg?. SPdbEorbERt | entdiyofiiciwede | S
| ess than 15 ml | tdseconds referaply characterized inthat said

plurality of zones a first zone and a second

zone, 2. A ||mt|ngoudmgmeamwmdzmmyehgo&pmedtm§hmgmmW
with an . absor bent eraas"mmoat g efBryHic e tRvitlg 8 (cohsiitdnRy of Ret N,

and a consi st ency of | east 1 percent sai d apparatus conprising a

lini¥ing orifice for18 eﬁ"’f"@w through said enmbryoni c web, wherein said
apparatus further pmudhgmmes&tmmﬂmlmnushsmmhvnmsweb. first zone
and a second zone, sapviliing &'support mékitiér rifchic web; Tut ual |y

itling SRl @b

different differentia rel.ati at. nos ri, ure,
sai d apparatus havi ngp'gaﬂk?g Uﬁ‘F@% é‘f‘ﬂ*ﬁ'ﬂ“@i’w 8'8% g‘ngi.ﬁ‘j
least 0.10 times as greatembsyosis webnopposite said) support seesbien, sothat said- embryonic
zoned wher ei nfsalfl wat er m\diﬁbnﬁdh&éam &tWaﬁ’@Bﬁd' o Qﬂfﬁhﬁbl
pounds of water per und of el nLc and,preferably
sai d wat er r emoval 'HP@ %mﬂ%@g%’ gla@ﬂg?’ d ppargtus o
great as said water haunguaﬂhmhtyefﬂ:ﬂxm&mdmﬁfomrﬂnwrﬁaeﬁﬂgbraﬁdazmﬂy
characterized in that sal g“maw kq CM*& Selatif® 248Nqfe 2

first zone and a second zone I mtl ng orifice though-air-drying
paper maki ng appar at us i n SBAIPheRR Rressure; wi th an absorbent enbryoni c web
havi ng noi sture di st rﬁwmmmmcmmwdmmmam%ri Si ng a
limting orifice for ginkhd QUASE' RiL andsatd whifeby ai d
apparatus further conprises at |ea di ct zon conprisin in
order, at |east a first ZBUSRIY 'ﬁ"@&%gﬁﬁ ’?%ne@‘?’ ot e’gldt‘fg?ﬂ"ﬁp 9

mut ual | y different differretetofzdt lgast Sspoupds ofivater per poundhef qnbtmmwbmer

pressure, sai d appargtdad. having a water renoval rate in the second

zone of at | east unds of ter pe u of enbr L PE,
second, and pref e?abl?‘%@ﬁ?f‘c “\ﬁ@“?&%ﬁ%ﬂgﬁ? t#ﬁggéﬁﬂ??%’oﬁgds of
wat er per pound of entndyoni-c web

10. A cellulosic fibrous structure produced by the process of Claims 7 and 8.
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per second, and preferably characterized in that said plurality of zones
conprises two zones, a first zone and a second zone. 4. An apparatus
according to q,&' 033 2, and 3, characterized in that said gdyrgdes10303

zone has a difterentral pressure |less than the breakthrough pressure of

sai d apparatus, and preferably characterized in that said second
zone has a differenti al ﬁresiyre . greater than the breakthrough
pressure of said apparatus. 5. A 1pparatus according to Clains 1,

2, 3, and 4, characterized in that said first, zone consunes | ess
than 5 horsepower per square foot, and prefera appar at us
has a power consunption of |ess thal hor sepgwer

of embryonic web in said first zone: ME—oRpearat us according to
CGaims 1, 2, 3, 4, and 5 charact erggzec w / appar at us

has a power consunption of |ess than 2§ ﬁuare

f oot fof enbryonic web in said secqu zonmne sai d appar at us

has a power consurdidQn O I;;ﬁ SEpower per square

foot of enbryonic I? web i 7 and nore preferably
sai d appar atus has égbdker 28— | ess than 16

hor sepower per square foot of enbryoni

L Web Th said second zone.

7. A process for limting orifice V&UO'-alr yi/ng a cellulosic fibrous
: N .

structure, sai d prodgks CONPRNY eps of:

provi di ng an absorbent enbryoni c web t a/Ds d having a noi sture

di stribution therein; .providing a S, J,0r causing airflow

t hrough said enbryoni c web; provi di ng a4gﬁpport menber to

support said enbryoni c web; providing a limting orifice

t hrough-air-dryi ng apparatus on the side of said A enbryoni c

web opposite said support nenber, so that sa
web is internedi ate sai d support ﬁ?

said apparatus is the limiting®r
having a plurality of distinct go
having nutual ly different diffe2ent ve to the

at nospheri c pressure; — d24pog 0~ enbryoni ¢ web on said
support nenber, and usi hgZarTf| ow t hrough said embryonic web
and said apparatusIﬁggq% ® 181 ansportijng said embryonic web relative:
to said appar at us, rreby sai (% 1 enbryoni ¢ web has a
residence time in said first z%@e %' | ess than 35 '

gherein _
appar at us
& said zones

6-
)
Zone 1 Zone2 o
Time
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e .
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mlliseconds, and preferably said residence time is |ess than 25

mlliseconds, and nore preferably said residence tine is |less than 15

mil | i seconds. WO 96/ 41053 55§65 -

PCT/ US96/ 10303 9 J 1. 15 8. A

process for limting orifice through-air dryi J‘% %‘{rbent ega¥oani c web,
bent

sai d process corrpg’@'ghg t he swed NYELLECTUAL PROPERTY ORGANEINTIGN N an A
enbryonic web to be dried and havi ng orea} e
di stributi mﬁDNALMHCAMHBHSmUNBBR THE RATENE COORERATION TREATE §4IT)

18 per C§ 1) nternational Patent Cllbiiitbn i N 1TEANS | Hg, %@&ﬂmthroug@@g’m{m
enbr yonijc 518 provi di ng dIF )port er to support sai
enbryonifc web; p_rOV| ding g [l ms)ummmvmmgmmmmmzm

appar at s—onmthe—srdeof —sard eMbryonT T Web- OpposT te-—sard
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sai d entpr yoniowsress on saiule 995¥70625 nmenmbews and MC, NL, PT, SE), OARI et
t hrough|si d enbryoni c web and sai d appar atfus, FRLM]> MR, NE, SN, TD, TG).
noi sturel(ﬁm Vv ofhel ruerEaisd cRrbIs ¢BMp b in said second zone at a
rate of Imm,a)npmud&mﬁm\mzerc:mm rRuibligied ebr yoni c vveb per
second. 4802 UR. ce| | ul osic fibrous str ctur% efonstseqrd) PRI BLUS, e
of d ai fmz)hve&rr%»zsx‘én Bonald, Bugene; 7325 xmad}CLm@, and/e be i Bkl Rceipt of
structu# pr Coicimert| OF ¥5242{US) 175 7 oomehdigents.
Jr.; 8354 Ashley Hall Court, West Chester, on4sos9ws>
TROKHAN, Paul, Dennis; 1357 Warvel Road, Hamilton,

OH 45013 (US).

(74) Agents: REED, T. David et al.; The Procter & Gamble
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45217 (US).

(54) Title: MULTIPLE ZONE LIMITING ORIFICE DRYING OF CELLULOSIC FIBROUS STRUCTURES, APPARATUS THEREFOR,
AND CELLULOSIC FIBROUS STRUCTURES PRODUCED THEREBY

(57) Abstract

A limiting orifice through-air-drying apparatus for papmnakmg
ar other absorbent embryonic webs. The apparatus has a first zone
(41) and a second zone (42). 'l‘hnﬁxst(tl»l)mismanminedal
a differential pressure less than the breakthrough pressure, while the 30
second zone (42) is maintained at a differential pressure greater than
the breakthrough pressure. The residence time of the embryonic
web to be dried with the apparatus is maintained at preferably less
than 35 milliseconds on the first zone. Using the dunal zone system
described above, the overall energy required to run the apparatus can
be reduced.
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