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10 LIMITING ORIFICE DRYING OF CELLULOSIC FIBROUS STRUCTURES, 
APPARAT.US THEREFOR, AND . 

CELLULOSIC FIBROUS STRUCTURES PRODUCED 
THEREBY 

·•·-... IS 

FIELD OF THE INVENTION 

20 The present invention relates to cellulosic fibrous structures. and particularly to 

ccllulosic fibrous structures having an embryonic web which is through-air dried. . . . 

BACKGROUND OF THE INVENTION 
Cellulosic ~brous structures have become a staple of eveiyday life. Cellulosic 

2s fibr~us structures are found in facial tissues, toilet tissues and paper toweling . 

. One recent adv~ce in the art of cellulosic fibrous structures is to provide multiple 

r~~o~- in ·the cellulosic fibrous structUre. A cellulosic fibrous structure is considered .to 

have multiple regions when one. region of the cellulosic fibrous structure differs in either 

basis ~eight. density, or both, from an adj~nt region of the cellulosic fibrous structure. 

30 Multiple regions in a. ceUulosic fibrous structure provide the advantage of 

economization of the fibers used in manufacture. Furthennore, the regions can be tailored 

to different functions desired by the consumer . of the cellulosic fibrous structure. 

Functions such as providing absorbency, tensile strength and even opacity may be 

provided by the different regions. 

35 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 w.eb-\may_ be dried by any one of or combinations of several known means, each 

~f which dryin_g .. m~ will affect the properties "of the resulting cellulosic fibrous 

structure. Fof-C~xarttpl~ the drying means and process can influence the _softness, caliper,. 

40 tensil~ stren~ and.·.,absorb~cy of the resulting cellulosic fibrous structure. Also the 
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. s means and process used to dry the cellulosic fibrous structure affects the rate at which it 

can be manufactured, without being rate limited by such drying means and process. 

An example of one drying means is felt belts. Felt drying belts have long been used 

to dewater an embryonic cellulosic fibrous structure through capillary flow of the liquid ... 

carrier into a permeable felt medium held in contact With the embryonic web. However, 

10 dewatering a cellulosic fibrous structure into and by using a felt belt results in overall 

unifonn compression and compaction of the embryonic cellulosic fibrous structure web to . 

be dried. 

Felt belt ~rying may be ·assisted by a vacuum, or may be assisted by opposed press 

rolls. The press rolls maximize the mechanical compression of the felt against· the 

15 . cellulosic fibrous structure. Examples of felt belt drying are illustrated in U.S. Patent 

4,329,201 issued May 1l,1982_to·Bolton and U.S. Patent 4,888,096 issued December 19, 

. 1989 to Cowan et al. 

Generally~ however, a felt belt is unsuitable for .th~ production and· drying of a 

cellulosic fibrous structure having multiple regions. Other means of drying ~ cellulosic 

20 fibrous structure having multiple regions are preferred, due· to the different amounts of 

water contained in different .regions, in addition to avoiding overall compaction of the 

cellulosic fibrous structure as noted above. 

· For exampl~ drying Cellulosic fibrous structures through vacuum dewatering, 

·without the aid of felt belts is knoWJ1 in the art. Vacuum dewatering of the cellulosic 

·2s fibrous structure mechanically remoyes moisture from the cellulosic fibrous structure while 

the moisture is in the liquid fonn. Furthennore, the vacuum deflects discrete regions of 

the cellulosic fibrous structure into the deflection conduits oft~e drying belts and strongly 

contributes to having different amounts of moisture in the various regions of the cellulosic 

.fibrous structure.. Similarly, drying a ceUulosic fibrous structure through a vacuum 

JO assisted capillary flow, using a porous cylinder having preferential pore sizes is kno'wn in 

the art as well. Examples of such va~um driven drying technique5 are illustrated in 

~mmonly 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. eonsiderable success has t>een achieved drying the 

35 embryonic web of a . cellulosic fibrous structures by through-air drying. In a typical 

through-air drying process, a foraminous air penneable 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. Regions coincident with and deflected into the foramina in 

the air penneable belt are preferentially dried and the caliper of the resulti~g cellulosic 
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s fibrous st~cture. increased. Regions coincident. the knuckles in the air penneable_ belt are 

dried to a lesser exterit. The air flow principally dries the embryonic web by evaporation. 

Several improvements to the air penneable belts used in through-air drying have been 

accomplished in the art. For example. the air penneable ~elt may be made with a high 

open area (at least forty percent). Or, the belt may be made to have reduced air 

10 penneability. Reduced air penneability may _be accomplished by applying a resinous 

mixture to obturate the interstices between w~ven yams in the belt. The dryir_ig belt may 

be impregnated with metallic particles to increase its thermal conductivity and reduce its 

emissivity or, alternatively, the drying belt may be constructed from a ph_otosensitive resin 

. comprising a continuous network. The drying belt ~y be specialty adapted for high 

IS temperature air flows, of up to about 815 degrees C. (1500 degrees F). ~amples of such 

through-air drying technology are found in U.S. Patent Re. 28459 reissued July 1, 1975 to 

Cole et al., U.S. Patent 4,172,910 is~ed October 30, 197? 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. I, 1990 

20 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 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 

25 22, 1986 to Smith and·u.s. Pat~t 4,942.6?5 issued July 24. 1990 to Sundovist. 

The foregoing art, particularly that addressed to through-air drying. does not address 

the problems. encountered when drying a multi-region cellulosic fibrous structure. For 

~pie. a fi~st fegion of the -cellulosic fibro~s structure. having a lesser ~solute 
moisture. density or basis weight than a· second region. will typically have relatively 

30 greater air flow. therethrough than the second region. This relatively greater· air flow 

occurs because the first region. of lesser absolute moisture, density or basis weight presents 

a proportionately lesser flow resistance to the air passing through such region. 

. This problem is exacerbated when the multi-region ceilulosic fibrous structure to be 

dried is transferred to a Yankee drying drum. On a Yankee drying drum, isolated discrete 

35 regions of the cellulosic fibrous Structure are in intimate contact with the circumference of . . 
a heated cylinder and hot air from a hood· is introduced to the surface of the cellulosic 

fibrous structure opposite the heated cylinder. However, typically the most intimate 

contact with the Yankee drying drum occurs at the high density or high basis weight 

regions, which are not as· dry as the tow density or low basis_ weight regions. Preferential 

40 drying of the low density regions occurs by convective transfer of the heat from _the air 

SUBSTITUTE s·HEET 

This I if ii lti11[1il1il\aced 



. . 
W094/00636 PCT/US93/0SS70 

4 

s flow in the Yankee drying drum hood. Accordingly, the production rate of the ceUulosic 
fibrous structure must be slowed, to compensate for the greater moistu:re in the high 
density or high basis weight 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 already dried low density or low basis weight regions by the air from.the 

10 hood, the Yankee hood air temperature must be decreased and the ·residence time of the 
. cellulosic :fibrous structure in the Y 8nkee hood must be increased, slowing the production 
rate. 

Another drawback to the approaches in the prior art (except those that use 
mechani~ compression. such as felt belts) is that each relies upon supponing the 

15 cellulosic fibrous structure to be dried. Air flow. is directed towards the cellulosic fibrous 
structure and is transferred through the supporting belt, or. alternatively, flows through 
the drying belt to the cellulosic fibrous structlire. Differences in flow resistance thro~gh 
the belt or through the cellulosic fibrous structur~ amplifies differences in moisture 
distribution within the cellulosic fibrous structure, and/or creates differences in moisture 

20 distribution where none previously existed. However, no attempt has been made in the art 
to tailor the air flow to the differences in various regions of the cellulosic fibrous structure. 

Particularly. no attempt has been made in the art_ to refine or direct the air flow away 
from the low density or low basis weight regions which need such air flow the l~ to the 
high density or high basis weight regions. which have relatively more moisture. Lik~se. 

25 no attempt has been ~de to promote uniform drying of each region of the cellulosic 
fibrous structure . 

. Accordingly. it is an object ·of ~his invention to provide an apparatus and p~~cess to 
direct air flow in a limiting-orifice-through-air-drying proeess su~stantially equally to and 
thfough t~e low density and low basis weight regions and the high density and high basis 

30 · weight rCgions. This apparatus and process are intended to be uied with the manufacture 
of paper utilizing limiting-orifice-through-air drying. conventional press felts, infr8red 
drying, etc. and combinations thereof. ·It is also an object of this invention to provide an 
apparatus and process for reducing oceurrences of being rate limited in the production of a 
cellulosic :fib~ous structure by the through-air drying or Yankee drum drying ~eps of the 

35 manufacturing process. It is finally an object of this invention to produce a multi-region 
cellulosic fiJ>rous stru~re using such process and apparatus. 

SUMMARY OF THE INVENTION 
The invention comprises a ~icropore medium for use with a 

40 , limiting-orifice-through-air-drying apparatus. The micropore medium is used in 
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s combination ·With an embryonic web of cellulosic fibers having a moisture distribution 

therein, and provides the limiting orifice for air flow through the embryonic web. 

In one embodiment, the inventio~ :comprises an apparatus having a 

thi'ough-air-drying belt on one side of the embryonic web for transporting it, and a 

microi)ore medium disJ>osed on the opposite side of the embryonic web in an attempt to 

10 provide substantially unifonn air flow to or through the embryonic web. The apparatus 

also has a means for causing air flow through the embryonic web, wherein the micropore 

medium is the limiting orifice for the air flow through the embryonic web. The ~oisture 

distn"bution is equally or m~re uniform after drying by this apparatus. 

In another embodiment, the invention comprises ·a process for 

IS limiting-orifice-through-~ drying a cellulosic fibrous. structure. The process comprises 

the steps of providing an embryonic web to be dried, _a means for causing air flow through 

the embryonic web, a dfying belt to support the embryonic web froi:n one sid~ arid a ' 

micropore medium opposite the drying belt. Air flow through the embryonic web is 

'caused, wherein the micr~pore medium is the limiting orifice in the air flow. The moisture 

20 distribution in the embryonic web is equaUy or more unifonn after drying by this process: 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the Specification concludes with claims particularly pointing out and distinctly 

claiming the present invention, it is believed the same will be better understood from the 

2s following description in accordance with the drawings, in which like components are given 

the same reference numerill and: 

Figure l _ is a fragmentary ·top plan view of a multiple region cellulosic fibrous. 

structure ~e ·according to the present invention; . 

Figure 2 is a schematic side elevational view of a papermaking machine according to 

30 the present invention; 

JS 

Figure 3A is a schematic side elevational view of a micropore medium according to 

the present invention embodied on a pervious cylinder which has a 

subatmo$pheric internal. pressure~ 

Figure 3B is a schematic ~ide el~tional view of a micropore medium roll according 

to the present invention embodied on a pervious cylinder which has a positive 

intemaJ pressure; and . . 

Figure 4 is a fragmentary top plan view of a micropore medi~m according to the 

present ·invend~>n showing the various laminae. 
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DETAILED DESCRIPTION OF THE INVENTION 

· The present invention may be used to manufacture a cellulosic fibrous structure I 0, 

as illustrated in Figure 1. The cellulosic fibrous struciure I 0 may be composed of a single 

region 12, or preferably comprises multiple r~gions 12, as described above and illustrated 

by the figure. The cellulosic fibrous structure I 0 is suitable for use as a consumer product 

10 such as ~oilet tissue, facial tissue or paper toweling. 

· The fibers of the cellulosic fibrous stru~ure 10 are comp~nents which have oneJICry 

large dimension (along the longitudinal axis of the fiber) compared to the other two 

relatively small dimensions (mutually perpendic\Jlar, and being both· radial and 

perpendicu~ to the longitudinal axis of the fiber), so that linearity is approximated. While 

15 microscopic examination of the fibers may reveal two other dimensions which are small, 

compared to the principal dimension of the fibers, such other two small dimensions need 

liot be substantially equivalent nor constant throughout the axial length of the fiber. It is 

··only important that the fiber be able_to bend about its axis, be able to bond to other fibers, 

and to be 8ble to be distributed by a liquid carrier and subsequently dried. 

20 The fibers comprising the cellulosic fibrous structure 1 O may be synthetic, such .as 

polyolefin or polyester. and are preferably cellulosic, such as cotton !inters, rayon, or 

bagasse; and more preferably· ·are wood pulp, such as soft woods (gymnosperms ·or 

·coniferous) or hard woods (angiosperms or deciduous). A cellulosic mixture of wood 

pulp fibers comprising soft wood fibers having a length of about 2.0 to about 4.5 . 

25 millimeters and a diameter of about 25 to about 50 micrometers, and hardwood fibers 

having a length of less than about 'I millimeter and a diameter of about 12 to about 25 

micrometers has been.found to woric well for the papers described herein. 

· · The fibers may be prod~ced by any pulping process including chemical processes, 

such as sulfite, sulfate and soda pro.cesses; and mechanical ·processes such as stone 

30 groundwood. Alternatively. the fiber:s may be produced ~y combinations of chemical and 

mechanical processes or may be· recycled. The type, combination, ~d processing of the 

fibers used for the cellulosic fibrous structures 1 () described herein are not critical to the 

present invention. 

Refening to Figure 2 and util~ng an apparatus 15 for papermaking, the first step in 
. . 

35 practicing the process acc<>rding io the present invention is to provide an aqueous 

dispersion of cellulosic fibers. The aqueous dispersion of cellulosic fibers is disposed in a 

headbox 20. A single headbox 20, as shown, may be utilized~ however it is understood 

alternative arrangements utilize multiple headboxes 20 in the papermaking process. The 

headbox ·20 or headboxes 20 and . equipment for preparing . the aqueous dispe~ion of 

40 papermaking fibers are adequately disclosed in commonly assigned. U.S. Patent 3,994,771 
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s issued No~ber 30, 1976 to Morgan et al. and in commonly assigned U.S. Patent 

4,529,480 issued July 16, 1985 to Trokhan, which patents are incorporated herein by 

reference for the purpose of showing equipment useful in the preparation· and d~spersion of 

· papennaking fibers. 

The aqueous dispersion of papennaking fibers is supplied in a liquid carrier from the 

10 headbox 20 to a Conning belt such as a Fourdrinier wire 22. The Fourdrinier wire 22 is 

supported by a breast roll and a plurality of return rolls. Additionally, commonly 

associat~ With a Fourdrinier wire 22 are forming boards, vacuum boxes, tension rolls, 

cleaning showers, etc., which are well known in the art and not further discussed or 

illustrated herein. 

IS The aqueous dispersion of papermaking fibers is used to fonn an embryonic web 21 

on the Fourdrinier wire 22 or other forming section ·wire. As used herein an "embryonic 

. web11 refers to a deposit of fibers subjected to rearrangement on a Fourdriliier wire 22 or 

other Conning belt during the course of the papermaking process prior to the drying steps 

discussed below. Conventional vacuum boxes 26, etc. may be utilized to continue the 

20 removal of water from the aqueous embryonic web 21. 

The embryonic web 21 is transferred to a second papennaking belt, particularly a 

drying belt 28. Any air pervious through-air. drying belt 28 may be utilized. A particularly 

preferred drying belt . 28 utilizes a continuous photosensitive resinous network. A 

particularly preferred drying belt 28 may be made in accordance with commonly assigned 

25 U.S. Patent 4,528,239 issued July 9, 1985 to Trokhan, which patent is incorporated herein 

by reference for the purpose of showing a drying. belt 28 suitable for use with the present 

invention. If desired, the drying belt 28 may be provided with a textured backside. A 

drying belt 28 having such a textured backside may be preferentially made in accordance 

with comm0nly assigned U.S. Patents S,059,283 issued October 22. 1991, to Hood et ~l. 

30 and 5,073,235 issued December 17, 1991, to Trokhan. 

The embryonic web 21 may be transferred from the fanning section wire 22 to the 

drying belt 28 by applying a pressure differential to the embryonic web 21. Particularly, 

the embryonic web ·21 may be transferred by a transfer head 24 which separates the 

embryonic web 21 from the forming section wire 22, deflects the embryonic web 21 into 

35 the foramina of the drying belt 28 and simultaneously dewaters the. embryonic web 21. 

The·embryonic web 21 may be held in place on the drying belt 28 by a vacuum box 26. It · 

is understood however other means for applying a fluid pressure differential to the 

embryonic web 21 may be utilized, so long as the embryonic we~ 21 is transferred from 

the fanning Wire to the drying belt 28. 

Thi•1if i~ flii1milli1rced· _...... ·- --·-~ ·-- -. ·------
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s . The vacuum box 26 provides for additional deflection of the regions 12 of the 

cellulosic fibrous structure 10 into the foramina of the drying belt 28. The deflection 

causes the regions 12 so deflected to have a different density and/or basis weight than the 

regions 12 .not so deflected. The vacuum box 26 causes mtchaDical · dewatering of the 

· embryonic web 21. Alternatively or in addition to the vacuum box 26, a roll made in 

10 accordance with commonly assigned U.S. Patent 4,556,450 issued December 3, 1985 to 

Chuang et al. may be utilized as well, which patent is incorporated herein by reference for 

the . purpose of showing an apparatus 15 suitable for mechanically dewatering an 

embryonic web 21. 

. The drying belt 28 may be cl~ with water showers (not shown) to remove 

is · cellulosic fibrous structure l 0 fibers, adhesive. and the like which remain attached to the 

drying belt 28 after the embryonic web. 21 is removed therefrom. The drying belt 28 may 

also have an emulsion applied to act as a release agent and· extend the useful life 9f the belt 

by reducing oxygen degradation: Preferred emulsion ~d distribution methods are 

disclosed in the aforemention~d · commonly assigned U.S. Patent 5,073,235 · issued 

20 December 17, 1991, to Trokhan. 
. . 

The embryonic web 21 has moisture from the manufacturing process distributed 

therein. The moisture distribution may be substantially uniform, but is more likely 

nonunifo~ corresponding to a repeating pattern in the embryonic web 21. The· rei)eating 

pattern in the embryonic web 21 is due tQ' a like pattern of regions of differing basis 

2s weights and/or de~ties. This moisture distribution may be qualitatively deterlnined on a 

scale corresponding to the repeating· pattern by image analysis of soft X-rays or other 

means well known in the an. 
The drying belt 28 transpons the embryonic web 21 to the apparatus 15 for 

directing air flow in a through-air drying process equally to and through the low density 

30 and low basis weight regions 12 and the high density and high bas~s weight regions 12 

. acc0rding to the p~t inven~ion. This apparatus .15 according to the present invention 

comprises a micropore d[ying medium. a means for supporting this medium and an 

embryonic cellulosic . fibrous structure 10 to be dried. and a means for causing air flow· 
. . 

through the micropore drying medium 30 and embryonic cellulosic fibrous structure 10. 

3S Particularly, the drying.belt 28 transports the cellulosic fibrous structure 10 to an 

. axially rotatable porous cylinder 32. The circumference of the porous cylinder 32 is 

peripherally covered with a micropore medium 30 according to the present invention.· The 

porous cylinder 32 may be internally provided With a S!Jbatmospheric pressure for the 

embodiment described herein. although it will be later described that the porous cylinder 

40 32 may be provided with a positive pressure relative to th~ atmosph~e. The positive 

...._, •'"" --·-· ·-- ........ -.---. 
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s pressure must be sufficient to provide flow through the cellulosic fibrous structure 10, and 

preferably exceeds the breakthrough pressure of the micropore medium 30 in case any 

li_quid water is present in the pores thereof. For the embodiments described herein a 

sobatmospheric pressure of about 2.S to about 30.5 centimeters of Mereury (1 to- 12 

inches ofMercury), and preferably about 17.8 to about 25.4 centimeters ofMercuiy (7 to 

10 IO inches ofMercuty) has been found to work well. 

Referring to Figure 3A, the drying belt 28 wraps the porous cylinder 32 from an inlet 

roll 34 to a takeoff. roll 36 and subtends an arc defining a circular segment. A 

subatmospheric pressure is applied throughout this circular segment to remove water from 

the embryonic web 21 and to the inside of the porous cylinder 32. The web then exits the 

IS porous cylinder_ 32 at the take. off roll 36, being substantially dtjed, preferably to a 

consistency of at least about 30 percent:.and more preferably at least about SO percent. 

During the period the embryonic. web 21 is in contact with the porous cyli~der 32, 

the aforementioned drying belt 28 is on the outside of the circular segmen~ the porous 

·cylinder 32, covered by the micropore medium 30 is on the inside of the circular segment, 

20 and the embryonic web 21 is between the outer drying belt 28 and the inner micropore 

·medium 30. Due to the s~batmospheric pressure internal. to the porous cylinder 32, air 
. . . . 

flow is drawn du;ough the laminate fonned by the ·drying belt 28, the embryonic web .21, 

the micropore medium 30, and the porous cylinder 32. 

Referring again to Figure 2, . the apparatils 'S used to manufacture the cellulosic 

25 fibrous structure 1 O is further provided with a hood 54, to ·supply hot air to dry the 

embtyonic web 21. ~articularly, the ~09d S4 provides dty, hot air for the air flow through 

the embryonic web 21." It is important that the air flow not add water to the embryonic 

web 21, but instead be capable of remOVing water through evaporation and mechanical 

entrainment. ·Jt is not~d however, that saturated air ·may _be suitable, if only mechanical 

30 dewatering is intended. Preferably the hood S4 is able to provide air flow at a temperature 

from ambient to about 290 degrees C (soo degrees F) and pr~erably about 93 to about 

1 SO degrees C (200 to 3QO degrees F) for the air flow through the embryonic web 21. 

One adVa.ntage to using relatively lower temperature air is· the reduced proclivity of 

the drying belt 28 and cellulosic fibrous structure 1 O to prem~turely fai~ or to scorch, 

35 bum, or develop malodors, respectively, during the manufacturing process when using 

lower tem~erature air flows. as well as potential energy savings. Such a ~ood 54 ·.m•y be 

constructed and supplied in accordance with the means and skills ordinarily known in the 

art and will not be further herein described. 

When the embryonic web 21 is introduced to the micropore mediu~ 30 and porous 

40 cylinder 32, the embryonic web 21 may have a ci>nsistency of about s to about so percent. 
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. . 
s . Such a web may be dried to a consistency of about 25 to about 100 percent, depending 

upon the incoming moisture, fiber c::ompositio~ micropore medium 30 geometry. the basis 

· Weight of the embryonic web 21, the residence time _of the embryonic web 21 on the 

micropore medium ~o. and the air flow rate and moisture content and the temperature 

. through the embryonic web 21 . 

10 Generally, as the basis weight of the embryonic web 21 increases, greater residence 

time of the embryoDic web 21 on the micropore medium 30 is necessary. For eXa.mple, the 

apparatus 15 should provide the embryonic web 21 a residence t~me of at least about 250 

milliseconds on the micropore medium 30 for an embryonic web 21 having a basis weight 

of about 0.02 kilograms per square meter (l2 pounds per 3,000 square feet) and a 

ts consistency. of.30 to SO percent. 

As used herein a •micropore 111edium11 refers to any component whi_ch ·allows air flow 

therethrough and can be used to direct, tailor:, refine or reduce air flow to another 

component. The other 'component may either be upstream or downstream of the 
. . 

micropore medium 30. The ·micropore medium 30 may be generally planar, as shown. or. 

20 embodied in any desired co~guration. Preferably, the pores in the micropore medium 30 

are. of lesser ·hydraul~c radius tlu~n the interstices in the cellulosic fibrous structure 1 O and 

. are well distributed to provide substantially uniform air flow to all of the cellulosic fibrous 

structure 10 within the range of such air flow. Alternatively, air flow through the 

micropore medium 30 may be influenced by providing a high resistance flow path (several 

25 turns, flow restrictions, small ducts. etc.) through the micropore medium 30, providing the 

limiting orifices are still unifonnly distributed. 

Referring to Figure 4, the micropore medi~m 30 creates a limiting orifice for the air 

· flow through the drying belt 28. and panicularly through the embryonic web 21 ~ As used 

herein, a "limiting orifice" refers to the oomponent which provides the greatest individual 

30 co~ponent of flow resistance to the air flow. It is important that the combination of the 
. . 

flow resistances_throug~ the drying ~elt 28~ embryonic web 21, micropore medium 30, and 

cylinder, and the pressur~ differential across the same, be such that the micropore medium 

30 is the limiting orifice in such air flow. By having the limiting orifice to the air flow at 

the micropore medium 30, uniform air flow to substantially all o~the various and different 

35 · re8ions 12 of the cellulosic fibrous structure 10 is believed to be provided, although the 

present invention is not limited by any such theory. 

°As illustrated by Figure 3A, ~he same air flow that dries the embryonic web 21 finally 

passes through the micropore medium 30 to the porous cylinder 32 and its interior. 

. Therefore, the flow path through the micropore medium 30 must be sized and configured 
. ' . . 

40 to provide a limiting orifice in ·the path of such air flow._ As used herein, the "flow path'' 
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s refers to an area.or combinatiori of areas through which air flow is directed as part of the 

drying process. 

The . micropore medium 30 and the cellulosic fibrous structure 10 should be in 

contactins relationship, particularly for the flow arrangement of Figure 3B, to prevent a 

plenum from being created therebetween and the air flow to or through the cellulosic 

IO fibrous structure 10 being limited by the flow resistance .of the individual regions 12 

thereof. The plenum allows air flow lateral to the ·embryonic web 21 to occlir and 

prevents the desirable unifonn air fl~w to or through the embryonic web 21. As used 

herein, air flow is considered to be 11 latera~11 when such air flow has a principal direction of 

travel which is parallel to the plane of the micropore medium 30 when such air flow is in 

15 the vicinity of the embryonic web 21. 

After the embryonic web 21 is dried by the riticropore medium 30 and the associated 

process. the moisture distribution therein is equally unifonn, or more uniform than prior to 

drying. In any event, differences in moisture distribution are not created and/or amplified, 

as occurs in through-air-drying processes according to the prior art. This inoisture 

20 dis~bution is again considered on a scale corresponding to the repeating pattern in the 

· embryonic web 21. Qualitatively the relative unifonnity of. the mQ.isture distribution may 

be determined by image analysis of soft X-rays or by any other means which provides a 

relative measurement suitable for the scale. 

Prophetically, for the embodiment of Figlire 3A, the cellulosic fibrous structure 10 

25 may be spaced a small distance from the micropore medium 30, providing an intennediate 

grid seals the· air flow therebetween. This arrangement . min.imizes contamination and 
. . . 

abrasion of the micropore medium 30 by the cellulosic fibrous structure 10 . 

. As illustrated in Figure 4, the micropore medium 30 may be made· of .a laminar 
construction. However. it is understood that a single lamina micropore medium 30 ·may 

30 be feasible, depen~ing upon its strength, ·the particular combination of pressure 

differential_s and flow resistances described above utilized for the seleeted paperm8king 
process. 

The micropore medium 30. and the entire apparatus 15 used to manufacture the 

cellulosic fibrous structure l O. may be thought of as having warp and shute directions. As. 

JS used herein the "warp" direction refers to the direction within. the plane of the cellulosic 

fibrous structure 10 and paralJeJ to its transport throughout the papennaking apparatus 15. 

As used herein the "shute" direction refers to the direction within the plane of the 

cellulosic fibrous. structure 10 web orthogonal to the warp· direction 11-nci is generally 

transverse the direction. of transport. during manufacture. 
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5 The first through fifth_ laminae 38, 40, 42, 44, and 46 of the micropore medium 30 

may be made of any· material suitable to Withstand the heat, moisture, and ·pressure 

indigenous to and incidental to the papennaking process without imparting deleterious 

effects or properties to the cellulosic fibrous Structure 10. It is important that the · 

micropore medium 30 laminate not excessively deflect or defonn nonn.al to the plane of 

10 the embryonic web 21 during manufacture, otherwise the desirable unifonn air flow 

therethrough, may not be maintained. Any combination oflaminae 38, 40, 42, ·44, and· 46 

or other components which provides a flow resistance .that is the limiting ori~ce In the 

flow path and does not deflect or less than adequately support the cellulosic fibrous 

· structure 10 in operation is ~uitable for the micropore medium 30. It is only necessary that 

15 each lamina 38, 40, 42, 44, or 46 be supported by the subjacent lamina 38, 40, 42, 44, or 

46 without excessive deflection. 

For the embodiments described herein, a laminate having a first lamina 38 which is 

closest to, and may even be in contacting relation5hip with the· embryonic web 2l, and 

having a functional pore size of about six to seven microns across may be utilized. Such a 

20 first lamina 38 may be fonned by a Dutch twill weave of.metallic warp and shute fibers. 

The warp fibers may have a diameter of about 0.038 millimeters (0.0015 inches). The 

shute fibers may have a diameter of about 0.025 millimeters (0.001 inches). The warp and 

shut~ fibers may be woven into a first lamina 38 having a ,caliper of about 0.071 

lnillimeters (0.0028 inches) and a count of about 128 fibers per centimeter (325 fibers per 

25 inch) in the warp direction and about 906 fibers per centimeter (2,300 fibers per inch) in 

.the shute direction. The first lamina 38 may be calendered, as desired. to increase its flow 

resistance. 

For the_ embodiments described herein, a laminate having a second lamiJUl 40 which is 

subjacent and in contact with the first lamina 3 8. and having a square pore size of about 93 

30 microns may be utilized. Such a second lamina 40 may be fanned by a plain square weave 

of metallic warp and shute fibers. The warp fibers may have a diameter of about 0.076 

millimeters (0.003 inches). The shine· fibers may have a diameter of about 0.076 

millimeters (0.003 inches). T~e warp and shute fibe_rs may be woven into a lamina having 

a caliper. of about 0.152 millimeters (0.006 inches) and a count of about 59 fibers per 

35 . centimeter (150 fibers per inch) in the warp direction .and about 59 ~hers per centimeter 

(ISO fibers per inch) in the shute direction. 

For the embodiments described herein. a laminate having a third lamina 42 which is 

subjacent and in contact ·with the second iamina 40 and having a square pore size of about 

234 microns (0.092 inches) and a count of about 24 fibers per centimeter (60 fibers per 

40 inch) in the warp direction and about 24 fibers per centimeter _(60 fibers per inch) in the 
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5 shute direction is suitable. Such a third lamina 42 may be formed by a plain square weave 

of metallic warp and shute fibers: · The warp fibers may have a diameter of about 0.19 I 

millimeters (0.075 inches). The shute fibers may have a diameter of about 0.191 

millimeters (0.075 inches). The warp and shute fibers may b~ woven into a lamina having 

a caliper of about 0.254 millimeters (0.010 inches). and a count of about 24 fibers per · 

10 centimeter (60 fibers per inch) in the warp direction and ~out 24 fibers per centimeter (60 

fibers per inch) in the shute direction. 

For the embodiments described herein, a laminate having a fourth lamina 44 which is 

subjacent the third lamina 42 and having a functional pore size of about 265 to about 285_ 

microns may be utilized. Such a fourth lamina 44 may be formed by a plain Dutch weave 

15 of metallic warp and shute fibers. The warp fibers may have a diameter of about 0.584 

millimeters (0.023 inches). The shute fibers may have · a diameter of about 0.419 

millimeters (0.0165 inches). The warp and shute fibers may be woven -into ·a lamina 

~ving a caliper of about ·0.813 millimeters (0.032 inches) and a count of about 5 fibers 

per centimeter (12 fibers per inch) in.the warp direction and about 25 fibers per centimeter 

20 (64 fibers per inch) in the shute direction. 

For the embodiments described herein. the fifth lamina 46 is subjacent the fourth 

lamina 44 and in contact with the periphery of the porous cylil~der 32. The fifth lamina 46 

is made of a perforate m~I plate. A petforate plate having a thickness 'of about l.S2 

millimeters (0.060 inches) and provided with 2.38. millimeters (0.0938 inches} diameter 

25 holes staggered at a 60 degree angle and equaJJy and isometrically spaced about 4. 76 

~llimeters (0.188 inches).from the adjacent holes .. 

The first through fourth laminae 38. 40, 42. and 44 of a suitable micropore medium 

30 ~ay be made of 304L stainless $leel.: The fifth lamina 46 may be made of304 stainless 

steel. A suitable micropore medium 3~ may be supplied by the Purolator ~roducts . 

30 Company of Greensboro. North Carolina as Poroplate Pan No. 1742180-07. If desired. 

the firSt lamina 38 may be ordered directly from Haver & Boecker of Oelde Westfalen. 

Germany as 325 x 2300 DTW 8 fabric, calendered as d~sired, up to about 10 percent. . 

· The micropore medium 30 may be tungsten inert gas fulJ penetration welded from 

the fifth lamina 46 to the first Jainina 38. to form the desired shape and size of the 

35 mieropore medium 30. A panicularly desired shape is a cylindrical Shell. for application 

onto the porous cylinder 32. The micropore medium 30 shaped lik~ a cylindrical shell may 

be joined to ·the ·porous cylinder 32 by a shrink fit. To accomplish the shrink fit, the 

mi~opore medium 30 may be heated~ without· contamination from the heatin~ means. then. 

disposed on the outside of the porous cylinder 32 and allowed to shrink therearound as the 

40 micropore medium 30 · cools. · The shrink fit should be sufficient to prevent angular 
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5 deflection between the micropore medium 30 and the porous cylinder 32 and sufficien~- to 

overcome any asperities in the· laminae 38, 40, 42, 44, and 46 of the micropore medium 

. 30, without imparting undue stresses thereto. 

. Preferably the porous cylinder 32 is provided with a periphery (not shown) adapted 

to accommodate the cylindrically shaped micropore medium 30.· The periphery may also 

10 be cylindrically shaped and provided ~th a plurality of holes therethrough and axially 

oriented ribs intermediate the holes. The holes and ribs may be circumferentially spaced 

about 15.75 lnillimeters (0.620 inches) apart and the holes axially spaCed about 60 

millimeters (2.362 inches) apart. The ribs may have a radial extent of about 6 millimeters 

(0.24 inches) and a circumferential width of about 3 millimeters (0.19 inches). The holes 

15 may be about 12 ·millimeters (0.472 _inches) in diameter and axially offset about 12.7 

millimeters (0.500 inches) from the holes in the next row. This periphery may be about 43 

millimeters (1.69 inches) in radial thickness at the base of the nbs. This arrangement · 

provides a periphery having approximately 12% open area and a pattern repeat of 

approximately 27 .1 centimeters (10.67 .inches). 

20 Of course, it i~ not necessary that the eXact arrangement, number, or size of laminae 

38, 40, 42, 44, and 46 described above be utilized to obtain the benefits of the present 

invention. Thus, any combination of first lamina 38 and subjacent laminae 38, 40, 42, 44, 

and 4(; having pores or holes which provide the sufficient and proper flow·resistance and· 

.are small enough to prevent deflection of the ·superjacent lamina into the pores or holes is 

25 adequate. 

Internal to t~e .circular segment of the porous cylinder 32 subtended by the 

cellulosic fibrous structure 10 is a means for causing the air flow through the cellulosic 

· fibrous structure 10. Such air flow causing means typically includ~ blowers, fans, and 

~um pumps, are well known in the art and will not be further discussed herein. . 

30 ~ly, a plural lamina micropore medium 30 having increasing pore sizes in ·the 

direction of downstream air flow promotes lateral flow of the .air, i~ the plane parallel that 

of the embryonic web 21, through the micropore mediu~ 30. Of course, it is important 

that die principal air flow occur normal to the plane of the embryonic web 21, so that in 

addition to evaporative losses, water is removed .from the embryonic web 21 while the 

35 water is still in the liquid form. 

40 

·It is particularly desirable that liquid water be removed fro~ the embryonic web 21, 

so that energy is not wasted overcoming the latent heat of v~porization of the liquid in the 

evaporative process. Thus by using the apparatus 1 S and process described herein. energy 

is effici~tly utilized by dewateri_ng the embryonic web 21 through mechanical entrainment 

of liquid water and evaporation of water vapor. Of course. ·all of the aforementioned 
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s dewatering occurs without prejudice or_ preference to the densities or basis weights of the 

various regions 12 of the cellulosic fibrous structure 10, due to the unifonn flow. 

By utilizing a micropore medium 30 having the 128 warp count per centimeter by 

906 shute count per centimeter disclosed above and a pore size of six microns, it ·can be 

assured that such a micropore medium 30 will be the limiting orifice for air flow through 

10 · an embryonic cellulosic fibrous structure I 0 web having a caliper of about ~.1 S to about 

1.0 millim~ers (0.006 .to 0~040 inches), and a basis weight of about 0.013 kilograms per 

square meter to about 0.065 kilograms per square meter {eight to forty pounds per 3,000 

square feet). It is to be recognized, however. that as the·pressure differential across the 

embryonic web 21 and micropore medium 30 increases or decreases and, the basis ~ight 

15 or density of the-embryonic web 21 increases or decreases, the pore sizes of the tarrunae 

38, 40, 42, 44, and 46, particularly of the first lamina 38 in contact with the embryonic 

web 21, may have to be adjusted accordingly. 

Referring again to Figure 2, after -the cellulosic fibrous structure 10 leaves the 

porous cylinder 32 having the micropore medium 30, the cellulosic fibrous struCiure 10 is 

20 considered to be limiting-orifice-through-air dried. The limiting-orifice-through-air dried · 

web 50 is then transported, on the drying belt 28, from the takeoff roll 36 to another dryer 

such as a through-air dryer, an infrared dryer, a ~onthennat dryer, or a Yankee drying 

drum 56, or an impingement dryer, such as a hood 5~. which dryers may either be used 

alone or in combination with other drying means. 

25 The manufacturing process described herein is particularly suited for use with a 
- . -

Yankee drying drum 56. When using a Yankee drying drum 56 in this manufacturing 

p~ss, heat from the Yankee drying drum 56 circumference is ·conducte4 to ~he 

limiting-orifice~through-air dried web 50 which is in contact with the y ankee drying drum. 

56 circumference. The limiting-orifice-through-air dried web 50 may be transferred from 

30 the drying belt 28 to the y ankee drying drum 56 by means of a pressure roll S2, or by any 

other means well known in the art. After transfer of the limiting-orifice.,t~gh-air driCd 

web SO to the Yankee drying drum 56. the limiting orifice through air web SO is dried on 

the Yankee drying drum 56 to a consistency of at least about 95 percent. 

The limiting-orifice-through-air dried web SO may be temporarily adh~ to the 

35 Yankee drying drum 56 thro~gh use of crep_ing adhesive. Typical creping adhesive 

includes polyvinyl alcohol based glues. such as disclosed in U.S. Patent_ 3,926,716 issued 

December 16, l 97S to Bates. which patent is incorporated herein by reference for the 

·purpose of showing an adhesive suitable· ror adhering a_ limiting-orifice-through-air dried 

web SO to a Yankee drying drum 56 by application of such adhesive to either. 
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. . 
s Optionally, the dry web may be foreshortened, so that its length in the warp 

· direction is reduced and the cellulosic fibers are ~ged with disruption of the fiber to 

fiber bonds. ~oreshortening can b~ ·accomplished in several ways. the !l'ost common, well 

known in the . art and . ~ being creping. In· a creping operation, the 

limiting-orifice-through-air .dried web 50 is adhered to a rigid surface. such as that of the · 

U> Yankee drying drum 56, then removed from that surface with a doctor blade 60. After 

creping and removal from the Yankee drying drum 56 , the celb.ilosic fibrous structure 10 

may be calendered or otherwise converted as desired. 

Referring to Figli..C 3B. if desired, the porous cylinder 32 may be provided with a 

positive internal pressure, i.e .• so that the internal pressure of the porous cylinder 32 is 

15 greater than the atmospheric pressure: In ~his ~gement the air flow occurs in the 

direction from the inside of the porous cylinder 32 through to the outside of the porous 

cylinder 32. 

Such an arrangement requires that the drying belt 28 still be disposed radially 

outwardly of the embryonic w:eb 21 aµd that the micropore medium 30 still be radially 

20 inward of.and in contact wi~h the embryonic web 21. In the ammgement illustrated in 

Figure 3B aild having a positive internal pressure, the air flow is from the coarsest and 

fifth lamina 46 ofthe·micropore medium 30 to and through the first lamina 3~. The air 

flow then passes out of the first lainina 38 to and through the embryonic web 21. After 

passing through the embryonic web 21, the air flow then continues the flow path through_ 

25 the· drying belt 28. 

Both the subatmospheric pressure and positive pressure porous rolls illustrated in 

Figures 3A and 3B have certain advantages. For example, the 5ubatmospheric _ _porous . . . . 

cylinder 32 illustrated in Figure 3A provides the advantage. that the embryonic web 21 

stays in intimate contact with the micropore medium 30, promoting uniform distribution of 

30 the air flow. Also. the subatmospheric porous cylinder 32 is judged to more efficiently 

dewater the embryoni.c web 2 l than the JX?Sitive pressure porous cylinder 32. Conversely~ 

the positive pressure porous cylinder 32 illustrated in Figure 38 provides the advantages 

that contaminates entrained in the air, water, or the cetlulosic fibrous structure 10 have a 
. ; 

lesser propensity to dry on and subsequently come to reside on or in the first lamina 38, 

35 which has the finest pores. of the micropore medium 30. 

It is prophetically possible the micropore medium 30 could be disposed on the 

surf_ace of a porous cylinder 32. and the limiting-orifice-through-air dried web 50 held in 

place without a separate drying belt 28. This arrangement would, of course. require the 
. . 

embryonic web 21 _to be dried to a consistency sufficient that it remains intact while it is on 

40 the micropore medium 30 and is preferably used· in conjunction with a subatmospheric 
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5 pressure porous cylinder 32. This arrangement may be particularly advantageous when 

the limitjng-orifice-through-air dried web SO is essentially dry after leaving the micropore 

me4ium 30 or when relatively higher tempe~ture air fl~w is desired. 
The porous cyl~der 32 may have different zones, each with· a different pressure. 

This arrangement· allows a less expensive means for creating the subatmospheric or 

10 positive pressure and for causing the air flow to or through the embryonic web 21 to be 

utilized. For example, a first -zone of the subatmospheric pressure porous cylinder 32 may 

be. provided with a relatively small differential pressure, and particularly a differential 

pressure which is less than the breakthrough pressure of the menisci of the limiting orifices 

in the micropore medium 30; a second zone with a much greater differential pressure; and . 

15 a tbi~ zone with a differential pressure less than or. equal to that of the first zone. but 

which allows for air ~ow therethroug~ due to the second zone having exceeded the 

breakthrough presst.1:re. For example~ the first zone may provide a differential pre5sure of 

about 10.2 to 17.8 centimeters of Mercury (4 to 7 inches of Mercury). The second zone 

20 

· may provide a pressure differential of about 22. 9 centimeters of Mercury (9 inches of 

Mercury) to substantially empty the orifices of the water. The third zone may be held at 

or slightly below the breakthrough differential pressure of the particular system to 

conserve energy, but still provide good air flow. 

The zones_need not provide equal residence times of the embryonic web 21 on the 

micropore medium 30. Particularly, to further conseive energy, the second zone having 

25 the greater pressure differential may be circumferentialJy smaller than the first and third 

zones. 

If it is desired to have only one zone of a particular pressure for a given. porous I 0 

cylinder 32, two or more porous cylinders 32 may be utilized in series, each having a 
different· positive or subatmospheric internal pressure. Also. it is possible to cascade two 

30 or more porous cylinders 32, one having a subatmospheric internal pressure and one 
having a positive internal pressure. · 

In yet another variation (not shown). it is prophetically possible the micropore 

medium 30 is embodied in the fonn of an endless belt. Such an endless belt would parallel 

the drying belt ~8 for a distance sufficient to obtain the desired residence time, discussed 

35 above. The embryonic web 21 would still be intennediate the micropore medium 30 belt 

and the drying belt 28. As discussed above relative to. Figure 3A and 3B, such a 

· micropore medium 30 belt may be ·made of a sirigle lamina of polyester or nylon fiber 

having a mesh size ~d coun~ sufficient. as desired above. to be the limiting orifice in the 

air flow through the ~mbryonic web 21. 

~I -IR~TITt ITC ~UCC'T' · 
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s The embodiment of the micropore medium 30 wrapped around a porous cylinder 32 
. ' 

illustrated·in Figures 2-3B above propheti~ly enjoys cenain advantages over a micropore 

medium 30 embodied in a belt. For example, a porous cyli:nder 32 type micropore 

medium 30 would be expected to have greater integrity and longer life, but imparts more 

differences to the cellulosic fibrous structure Io at the weld seams. 

10 Conversely, the endless belt embodiment of the micropore medium is preferentially 

· easier to clean. as backflushing may be accomplished by normal shower techniques. 

Furthermore, a Single lamina polyester belt has the advantage that more of the backflush is 

actually expelled through the pores in the micropore medium 30 in a uniform manner. 

Such an embodiment can be more easily restored to operability in the event of failure of 

15 the micropore medium than a porous cylinder incorporating the micropore inediu~ and 

have narrower ~s. In a multi-lamina micropore medium JO. such ~ illustrated in 

Figure 4, 11.1Uch of the backflush water is channeled in lateral flow between or through 

adjacent laminae 38, 40, 42. 44. and 46 and due,. in part, to the hole pattern in the 

periphery of the porous cylinder 32, is not uniformly expelle~ through the finest pores Qf 

20 ·the first lamina 38 where it is most needed. 

Instead of the woven laminae 38. 40, 42, 44, and .46 embodiment of the micropore 

medium 30 discussed above, it is possible that the micropore· medium 30 . may be · 

chemically etched, may be made of sintered hot, isostatically pressed sintered metal, or 

may be made in accordance with the teachings of the aforementioned commonly assigned 

25 U.S. Patent 4,556,450 issued December 3, 1985 to Chuang et al. 

In each embodiment of .the micropore medium 30, it is prefeni~le to have the· first 

lamina 38, i.e. that which provides the greatest flow resistance and typically.would have 

the finest pores therethrough, on one surface of the micropore medium 30, and 

panicularly on the surface of the micropore medium 30 which is in contacting relationship_ 

30 with ~e cellulosic fibrous structure 10. This arrangement reduces lateral air flow through 
the micropore medium 30 an4 preferabJy minimizes ·any non-uniform air distributions 

. associated with such lateral air flow .. 

It will be apparent that t_here are many other embodiments and variations of this 

invention, all of which are within the scope of ~he appended claims. 
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1. A micropore medium for use· with ·a limi-ting-orifice-through-air­
dry;ng papermaking appaTatus in combination with an embryonic web of 
cellulosic fibers having moisture distributed there.in, said micro­
pore medium comprising a limiting orifice for air flow through said 
embryonic .web, so that. said mo1Sture distribution is equally or more 
uniform after air flow therethrough. ·. 

· 2. . ~ micropore medium for u·se with a limiting-oriftce-through-air­
drying papermaking apparatus in combination with an embryonic web of 
cellulosic fibers having moisture distributed therein, said micro­
pore medium comprising a limiting orifice for air flow through said 
embryoni~ web, so that said moisture distribution is equally or llOre 
uniform after air flow therethr~ugh, •herein said limiting orifi~e 
comprises a laminate of plural laminae, each lamina of said laainae 
having pores therethrough for said air flow. 

3. A medium according to Clatm 2 wherein the lamina having.the greatest 
flow resistance is on one surface of ·the mtcropore medi•, which 

· surface is in contacting relationship with the embryonic web. 

4. An apparatus for limited-orifice-through-air drying an embryonic web 
of cellulosic fibers having 110isture distributed therein, said 
a~paratus comprising: 

a means to cause airflow through the embryonic web; 
a.through-air drying belt for supporting· the embryonic web and 

in contacttng r.elationship with one face thereof; and· 
a micropori aedium disposed on the oppos-1te side of the 

embryonic web, wherein said mtcropore llldium ts the 
limiting orifice for airflow through said embryonic web, 
so that said moisture distribution is equally or more 
uniform after air flow therethrough. 
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5. An app·aratus according to Claim 4 further comprising a porous 

cylinder, wherein said micropore medium is peripherally disposed on 

said cylinder. 

6. An apparatus according to Claim 5 wherein said cylinder has a 

subatmospheric internal pressure. 

7. An apparatus according to Claim s wherein said cylinder has a 

positive internal pressure. 

8. An apparatus according to .Claim 4 wherein said micropore medium is 

disposed in the form of an endless belt. 

9. A process for limiting-orific~-throug~-air drying a cellulosic 

fibrous structure, said process compris~ng t~e steps of: 

providing a cellulosic embryonic web to.be dried'and ~avtng a 

moisture distribution therein; 
. . . 

providing a means for causing air flow through satd embryonic 

web; 
providing a drying belt to support said embryo~ic web; 

providing a micrapore llldium on the side of said embryonic web 

opposite said drying belt, so that said embryonic web ts 

intennedtate said dr1ing belt and said micropore medium, 

and wherein said micropore medium is the limiting orifi·ce 

for said air flow; . . 

·disposing said e.bryonic web on said drying belt; and 

causing air flow through said embryonic ~b and said micropore 
. . 

medium, ·so that said moisture distribution ts equally or 

more uniform ·after air flow through said embryonic web. 

10. A process according to Claim 9 wherein said air. flaw through said 

~mbryonic web ts in· the direction froia said drying ·belt to said 

mic~opore.medium. 
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11. A process according to Claim 9 wherefo said air flow through .said 
embryoni"c web is ·in the direction from said micropore medium to said 
drying belt. 

12. A cellulosic fibrous structure produced by the process of Claim 9. 

13. A cell°ulosic fibrous structure produced by the process of Claim 10. 

14. A ce 11 ul os i c fibrous structure produced by the process of Cla 1 m 11. 
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