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| - FIELD OF THE INVENTION
20 The present invention relates to cellulosic fibrous strﬁctures, and particularly to

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

BACKGROUND OF THE INVENTION
Cellulosic fibrous structures have become 2 staple of everyday lee Cellulosic
25  fibrous structures are found in facial tissues, toilet tissues and paper towelmg |
' One recent advance in the art of cellulosic fibrous structures is to provide multtple
reglons in the cellulosic fibrous structure. A cellulosic fibrous structure is considered to

o _ have multiple regions when one region of the cellulosic fibrous structure differs in either
'._f_ﬁ' basis wetght, density, or both, from an adjacent regnon of the cellulosic fibrous structure. .
30 Multiple regions in a cellulosic fibrous structure provide the advantage of

economization of the fibers used in manufacmre Furthermore, 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 opac:ty may be

- provided by the different regions. -

35 In the manufacture of celiulosic 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 dtymg means will affect the properties of the resulting cellulosic fibrous
structure. For- example, the drymg means and process can influence the softness, caliper,

- 40 tensile strength, and absorbency of the resultmg cellulosnc fibrous structure. Also the
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hat“noil ti pl e regi ons when one region of the cellulosic fibrous structure
differs in either basis weight, density, or both, froman adjacent region
of the cel IWiP94/08636 brous structure. Miltiple regions in a cBET(YPIHS70
fiprous striucture provide-the advantage of econom zation of the fibers used
in manufacture. Furthernore, the regions can be tailored to different
f-unctions desired by the consunmer of the cellulosic fibrous structure.
Functions such as providi ng absorbency, tensile strength and even opacity
may be provided by the different regions. In the manufacture of cellulosic

r I br 035 strct er&% an@ p&des : sﬁﬁ’@ﬂ!&ﬂ fE‘QQluﬁsmCﬂerdé' sotibtard Ms&héﬂﬁ@ﬁtrﬁﬁdh ith a
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whi ch dryi ng nmeans Aniexhmpié bfone driying micanscs félebeltaf Felhdryingshelts tmg long begh vsadc
[ brous st ;gct wg ewdiel areftPbitic odiiifosi At siFiRiiRe HiRchol ABRRY oW of fHelliyaiac e
carrier lnto a permeable felt medium held in contact with the embxyomc web. However,
10 = dewatering a cellulosic fibrous structure into and by using a felt belt results in overall
uniform compression and compaction of the embryonic cellulosic fibrous structure web to .
be dried. :
Felt belt drying 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 11, 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 the production and drying of a
cellulosic fibrous structure having multiple regions. Other means of drying a cellulosic
20  fibrous structure having multiple regions are preferred, due to the different amounts of
water contained in different regions, in addition to avoxdme overall compaction of the
cellulosic fibrous structure as noted above.
For example, drying cellulosic fibrous structures through vacuum dewatering,
- 'without the aid of felt belts is known in the art. Vacuum dewatering of the cellulosic
25 fibrous structure medhanically rémoyes moisture from the cellulosic fibrous structure while
the moisture is in the liquid form. Funﬁerx_nore, the vacuum deflects discrete regions of
the cellulosic fibrous structure into the deflection conduits of the drying belts 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
30  assisted capillary flow, using a porous cylinder having preferential pore sizes is known in
the art as well. Examples of such vacuum driven drying 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 achxeved drying the
35 embryonic web of a cellulosic fibrous structures by through-air drying. In a 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. Regions coincident with and deflected into the foramina in
the air permeable belt are preferentially dried and the caliper of the resulting cellulosic
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. tensile strength, and absorbency of the resulting cellulosic fibrous
structure. Also the This is the replacenent sheet 2 nmeans and process
used to dr yWOHd/a0686¢ ul osi c fibrous structure affects the rat @GAIUSAI/Q5701t "
cap be’ manufact'ured, without being rate limted by such drying nmeans and
process. An exanple of one drying means is felt belts. Fel.t drying belts
have | ong been used to dewater an enbryonlc cellulosic fibrous structure
t hrough capillary flow of the liquid carrier into a perneable-felt medi um
held in contact with the enbryonic web. However, dewatering a cellulosic

fibrous stryctgh@ud &P&nﬁ&%&lﬁasu&' Regifns’ Dlrlcideft tf\e kfnklel fr the aﬁ"ﬁ@z’i&hﬁle belt are
dried to a lesser extent. The air flow principally dries the embryonic web by evaporation.

Several improvements to the air permeable belts used in through-axr drying have been
accomphshed in the art. For example, the air permeable belt may be made with a hlgh
open area (at least forty percent). Or, the belt may be made to have reduced air

10 permeability. Reduced air permeability may be accomplished by applying 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 conductivity and reduce its
emissivity or, alternatively, the drying belt may be constructed from a photosénsitive resin
. comprising a continuous network. The drying belt may be specially -adapted for high
15  temperature air flows, of up to about 815 degrees C. (1500 degrees F). Examples 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 issued October 30, 1979 to Rotar, U.S. Patent
4,251,928 issued February 24, 1981 to Rotar et al., commonly ass:igned' U.S. Patent
4,528,239 issued July 9, 1985 to Trokhan, and U.S. Patent 4,921,750 issued May- 1, 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. Patent 4,942,675 issued July 24, 1990 to Sundovist.

The foregoing art, particularly that addressed to through-aif drying, does 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 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 cellulosic fibrous structure to be
dried is transferred to a Yankee drying drum. Ona 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 hngh density or high basis weight
regions, which are not as dry as the low density or low basis weight regions. Preferential
40  drying of the low density regions occurs by convective transfer of the heat from the air
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uni f orm conpr essi on and corrpact ion of the enbryonic cellulosic fibrous
:steucture web to be dried. Felt belt drying may be assisted by a vacuum or
-may be assi WQ@#/B9636pposed press rolls. The press rol | s maxi nPCE/USB/05570
mechani cal ‘conpression of the felt against the cellulosic fibrous
‘structure. Exanples of felt belt drying are illustrated in U S. Patent
4,329,201 issued May 11, 1982 to Bolton ande U.S. Patent 4,888,096 issued
Decenber 19, 1989 to Cowan et al. Generally, however, a felt belt is

unsui table for the. production and dryiing of a Ce||U|OSIC fibrous structure

havi ng mul tispl qioweii 88 Yankde i Yin ﬂi?t?h&;d Q{c)ﬁbr‘&ﬂn&@ gﬁ eﬁrU&xﬂ:ﬁhE ngé ?? ‘ﬁlé ellulosic
structure havi rmltl Iere| s ar erre
anounts of wat rﬁ"é’gﬁ’éﬁ flowpd.to compessate ‘?'nthatﬂlﬁt?foﬁ%sﬁ"ﬁ%‘b ﬂm high
overal | conpac tdensltycoi' highdbasieweightasgion.f To altee completeidaying 6fthe Righ demsit witd high
basis weight regions of the cellulosic fibrous structure to occur and to pfevent 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 temperaturé must be decreased and the residence time of the
.cellulosic fibrous structure in the Yankee hood must be increased, slowing the 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
15  cellulosic fibrous structure to be dried. Air flow.is directed towards the cellulosic fibrous
structure and is transferred through the supporting belt, or, altematiirely, flows through
~ the drying belt to the cellulosic fibrous structure. Differences in flow resistance through
the belt or through the cellulosic fibrous structure, 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 least, to the
high density or high basis weight regions, which have i-elatively more moisture. Likewisé,
25  no attempt has been made to promote uniform drying of each regibn of the cellulosic
fibrous structure. ' ' . ' _

' Accordingly, it is an object -of this invention to provide an apparatus and process to
direct air flow ina linﬁtingéoﬁﬁce-through-airsdrying process substantially equally to and
through the low density and low basis welght regions and the high density and high basis

30" 'weight regions. This apparatus and process are intended to be used with the manufacture
of paper utilizing lumtmg—onﬁce-through—alr drymg. conventional press felts, infrared
drying, etc. and combinations thereof. It is also an object of this invention to. provide an
apparatus and process for reducing occurrences of being rate limited in the production of a

- cellulosic fibrous structure by the through-air drying or Yankee drum dlymg steps of the

35 manufacturing process. It is fmally an object of this invention to produce a multi-region

cellulosic fibrous structure using such process and apparatus.

| SUMMARY OF THE INVENTION
_ The invention comprises a micropore medium for use with a
40 ;limiting-oﬁﬁce-through-air-dtying apparatus. 'l'he micropore medium is used in
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For exanple, drying cellulosic fibrous structures through vacuum
dewatering, without the aid of felt belts is known.-in the art. Vacuum

dewat eri-ng @fo 4700638 | ul osi c fibrous structure mechanical |y rRGEAUSE3/05570
noi sture frromthe cellulosic flbrous structure while the noisture is .in t he
liuid form Furthernore, the vacuum deflects discrete regions of the
cellulosic fibrous structure into the deflagtion conduits of the drying
belts and strongly contributes to having different amounts of noisture in
the various regions of the cellulosic fibrous structure. Simlarly, drying
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~drying the micropore medium disposed on the opposite side of the embryomc web i m an attempt to
' ' 10 provide substantially uniform 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 moisture
' disttiblitio_n is equally or more uniform after drying by this apparatus..
' 'In another embodiment, the invention | comprises ‘'a - process for
15 [limiting-orifice-through-air drying a cellulosic fibrous structure. The process comprises
the steps of providing an embryonic web to be dried, 2 means for causing air flow through
the embryonic web, a drying belt to support the embryonic web from one side, anda °
micropore medium opposite the drying belt. Air flow through the embryonic web is
caused, wherein the micropore medium is the limiting orifice in the air flow. The moisture

20  distribution in the embryonic web is equally or more uniform 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
25 following description in accordance with the drawings, in which like components are given
the same reference numeral and:
Figure 1 is a fragmentary top plan view of a multiple region cellulosic fibrous.
structure made according to the present invention;, |
Figure 2 is a schematic side elevational view of a papermaking mﬁchine according to '
30 the present invention;
Figure 3A is a schematic side elevational view of a micropore medium accordmg to
the present invention embodied on a pervious cylmder which has a
subatmosphenc internal pressure;
Figure 3B is a schematic side elevational view of a micropore medium roll according
35 - to the present invention embodied on a pervious cylinder which has a positive
internal pressure; and |
Figure 4 is a fragmentary top plan view of a micropore medlum accordmg to the
present invention showing the varlous laminae.
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enbryonic web of a cellulosic fibrous structures by through-air drying. In
a typical through-air drying process, a foram nous air perneable belt '
supports t hwaeosd/o9636i c web to be dried. Hot air flow passes tmb’éwlpﬁ'ﬂ“
cellulosic fibrous structure, then through the perneable belt or vice
‘versa. Regions coincident with and deflected into the foramna in the air
perneabl e -belt are-preferentially dried andéthe caliper of the resulting
cellulosic fibrous structure, increased. Regions coincident the knuckles
~in the air permeable belt are dried to a |lesser..extent. The air flow

ItOLI nci pal |y gri IbFS the enbr ypgTameb mMpmmMQNpr ovenents to

n the art. For oxAMbPEsSE frehfon Hay hedished pantity DUyRRE Bt et A
as nllustrated in Figure 1. The cellulosic fibrous structure 10 may be composed of a smgle
region 12, or preferably comprises multiple regions 12, as described above and illustrated
by the figure. The cellulosic fibrous structure 10 is suitable for use as a consumer product

10 such as toilet tissue, facial tissue or paper toweling.

The fibers of the cellulosic fibrous structure 10 are components which have one very
large dimension (along the longitudinal axis of the fiber) compared to the other two
relatively small dimensions (mutually perpendicular, and being both radial and
perpendicular 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 dre small,

' compared to the principal dimension of the fibers, such other two small dimensions need
riot 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 able to be distributed by a liquid carrier and subsequently dried.

20 The fibers comprising the cellulosic fibrous structure 10 may be synthetic, such as
polyolefin or polyester; and are preferably cellulosic, such as cotton linters, 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 1 millimeter and a diameter of about 12 to about 25
micrometers has been found to work well for the papers described herein.
- The fibers may be produced by any pulping process including chemical processes,
such as sulfite, sulfate and soda p'rdcesseé‘ and mechanical 'processes such as stone

30 groundwood. Alternatively, the fibers may be produced by combinations of chemical and
mechanical processes or may be recycled. The type, combination, and processing of the
fibers used for the cellulosic fibrous structures 10 described herein are not critical to the
present invention.

Referring to Figure 2 and utilizing an apparatus 15 for papermaking, the first step in

35 practicing the process accordmg fo the present invention is to provide an agueous

' dispersion of cellulosic fibers. The aqueous dlsperswn of cellulosic fibers is disposed in a
headbox 20. A single headbox 20, as shown, may be utilized, however it is understood
alternative arrangements util'fze multiple headboxes 20 in the papermaking process. The
headbox 20 or headboxes 20 and equipment for preparing ‘the aqueous dlspersxon of

40 papermaking fibers are adequately disclosed in commonly assigned.U. S. Patent 3, 994,771
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open area (at

"reduced air perneability. Reduced air perneability may be accoggl i shed by
appl yi ng a meooAMe06361i xture to obturate the interstices betweB

in the belt.. The drying belt may be inpregnated with netallic particles to

| east forty percent). O, the belt may be made to have
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incréase its thermal conductivity and reduce its em ssivity or,

alternatively,
resin conpri si

the drying belt may be constvucted from a photosensitive
ng a continuous- network. The drying belt may be specially

ns

adapted for high tenperature air flows, of up to about 815 degrees C. (1500
degrees F). Ex t LGN B gy AN . _
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1990 to Todd.
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-Ha%%a]cﬁg-ﬁbgéha”’ -and U.S. Patent 4,921, 750 issued May 1,

The aqueous dispersion of papermaking fibers is éupplied in a liquid carrier from the
headbox 20 to a forming 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
associated with a Fouyrdrinier 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. '

The aqueous'dispersion of papermaking fibers is used to form an embryonic web 21
on the Fourdrinier wire 22 or other fonﬁing section wire. As used herein an "embryonic
‘web" refers to a deposit of fibers subjected to rearrangement on a Fourdrinier wire 22 or
other forming 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
removal of water from the aqueous embryonic web 21. .

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

drying belt 28. Any air pervious ihrough-air_ drying belt 28 may be utilized. A particularly _

preferred drying belt .28 utilizes a continuous photosensitive resinous nétwork. A
particularly preferred drying belt 28 may be made in accordance with commonly assigned
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 commonly assigned U.S. Patents 5,059,283 issued October 22, 1991, to Hood et al.
and 5,073,235 issued December 17, 1991, to Trokhan. :

The embryonic web 21 may be transferred from the forming 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

35

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

the forming wire to the drying belt 28.
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Addi tionally, several attenpts have been nade in the art to regulate the
~drying profile of the cellulosic fibrous-structure while it is still an
enbryoni ¢ waoia/doe3glr i ed. Such attenpts may use ei'ther the dPETAISIIENSSTO or
an .infrared“dryer in conbination with a Yankee hood. Exanples of profiled
dry| ng are illustrated in U S. Patent 4,583,302 issued April 22, 1986 to
Smith and U S. Patent 4,942,675 issued July324 1990 to Sundovi st I n
US-A-3 879 858 an air- through process and apparatus is disclosed, using a
f oram nous medi um corrprl Si ng a perforated flexible sheet carrying a

retatively open | el Akl il dfs Blovdie e Rl aloRPBF W rils Y b e

The process -ai ns mnins ngir n rayln I ONs
either at the be@jlumcr@rglﬂs strustute gpngto eéergsur@tqfﬁhaﬂmg beth@8.enkhe qume

web density has caiaameelegw\stmesodreﬂm 0113068 Yiffetenplidnsitpindididiasis weight than the
regions 12 not so deflected. The vacuum box 26 causes mechanical dewatermg of the
" embryonic web 21. Altematively 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 dewatenng an
embryonic web 21.
. The drying belt 28 may be cieansed thh water showers (not shown) to remove
15 céllulosic fibrous structure 10 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 of the belt
by reducing oxygen degradation. Preferred emuision and distribution methods are
disclosed in the aforementioned commonly assxgned U.S. Patent 5,073, 235 issued
. 20 ° December 17, 1991, to Trokhan.
The embryonic web 21 has moisture from the manufactunng process dlstnbuted
therein. The moisture distribution may be substantially uniform, but is more likely
. nonuniform, corresponding to a repeating pattern in the embryonic web 21. The repeating
pattern in the embryonic web 21 is due to a like pattern of regions of differing basis
25  weights and/or densities. This moisture distribution may be qualitatively determined on a
- scale corresponding to the repeating pattern by image analysis of soft X-rays or other
means well known in the art. ) ' :
The drying belt 28 transports the embryonic web 21 to the apparatus 15 for '
directing air flow in a through-air dryipg process equally to and through the low density
30 and low basis welght regions 12 and the lugh density and high basis weight regions 12
.according to the present invention. This apparatus 15 according to the present invention
comprises a micropore drying medium, a means for supporting this medium and an
embryonic cellulosic fibrous structure 10 to be dned, and a means for causing air flow-
" through the micropore drying medlum 30 and embryomc cellulosic fibrous structure 10.
35 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 subatmospheric 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 the atmosphere. The positive
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di fference cpnditibns_exist al ong the cross-machine direction of the web.
Neither specific opening size of the perforated web, nor its effect on air
flow resistance dare disclosed. The foregoing art, particularly,

addr essed t-OVOMRUWE0 ai r drying, does not address the probl ems Z?l%ggtlj%stsg ed

when'drying a nulti-region cellulosic fibrous structure. For- exanple, a
first region of the cellulosic fibrous structure, having a |l esser absolute
. moi sture, density or basis weight than a sedond region, will typically have
relatively greater air flow therethrough than the second region. This
relat[err]ely greater air flow occurs because the first on of | esser
absol ut e ni st upeessute nisttbe sofficieatioproddgfiew throughthe ceilumsspfglwsétfaﬁé{wm and -

- l'esser flowr eSi3lraang ekeelid) theWrbalFSFdH Pretdif PO he SHiEROPbARUMESlum 30 in case any
. liquid water is present in the pores thereof. For the embodiments described herein a
subatmospheric pressure of about 2.5 to about 30.5 centimeters of Mercury (1 to.- 12
inches of Mercury), and preferably about 17.8 to about 25.4 centimeters of Mercury (7 to
10 10 inches of Mercury) has been found to work well. _
Referring to Figure 3A, the drying belt 28 wraps the porous cylinder 32 from an mlet
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
1S porous cyhnde; 32 at the take off roll 36, being substantially dried, preferably to a
consistency of at least about 30 percent and more preferably at least about 50 percent.
During the period the embryonic web 21 is in contact with the porous cylinder 32,
the aforementioned drying belt 28 is on the outside of the circular segment, 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 subatmospheric pressure internal to the porous cylinder 32, air
flow is drawn through the laminate formed by the drying belt 28, the embryonic web 21,
the micropore medium 30, and the i)orous cylinder 32. o
- Referring again to Figure 2, the ipparatus 15 used to manufacture the cellulosic
25 fibrous structure 10 is further provided with a hood 54, to supply hot air to dry the
embryonic web 21. Particularly, the hood 54 provides dry, 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. ‘It is noted however, that saturated air may be suitable, if only mechanical
30 dewatering is intended. Preferably the hood 54 is able to provide air flow at a temperature
from ambient to about 290 degrees C (500 degrees F) and preferably about 93 to about
150 degrees C (200 to 300 degrees F) for the air flow through the embryonic web 21.
One advantage to using relatively lower temperature air is the reduced proclivity of
the drying belt 28 and cellulosic fibrous structure 10 to prematurely fail, or to scorch,
35  bum, or develop malodors, respectively, during the manufacturing process when using
lower temperature air flows, as well as potential energy savings. Such a hood 54'may 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 mlcropore medium 30 and porous
40 - cylinder 32, the embryonic web 21 may have a consistency of about 5 to about 50 percent.
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4 This problemis exacerbated when .the nulti-region cellulosic fibrous
structure to be dried is transferred to a Yankee drying drum On a Yankee

drying dru ﬁd di screte regions of the cellulosic fibrpgs/usSsHssIr €
are ininti-maté contact with the circunference of a heated cylinder and hot
air froma hood is introduced to the surface of the cellulosic fibrous
structure opposite the heated cylinder. Howgyer, typically the nost
intimate contact with the Yankee drying drum occurs at the high density or

hi gh basis weight regions, which are 'not as dry as the | ow density or |ow
basi s wei ght regions. Preferentlal d

ryi.n
by convectivé t-Pushss web sayhediried 1o arco yBﬂ'f‘gLPﬁ! ‘Bmf t D\ %@%Lg%%gn%f%ﬁur >
drum hood. Accoupbmié jhcomning moiswte; fibercompositiarn, nficrepare lrriediuos?pQ:gdomﬂ'mube baSIS

o gﬁCt ure Must. QRighl BPREL echByGRERRBSAL thd Risidbfil SIRE I BHe BRbLHE Web21l B the
' micropore medium :20 and the air flow rate and mo_lsture 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 embryonic web 21 on the nﬁcropom medium 30 is necessary. For example, the
‘apparatus 15 should prévide the embryonic web 21 a residence time of at least about 250
mllhseconds on the micropore medium 30 for an embryonic web 21 having a basis weight
of about 0.02 kilograms per square meter (12 pounds per 3,000 square feet) and a

15 consxstency of 30 to 50 percent.

As used herein a "micropore medium" refers to any component which 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 conﬁguratlon Preferably, the pores in the micropore medium 30

' are. of lesser hydraulic radius than the interstices in the cellulosic fibrous structure 10 and

* are well distributed to provide substantlally 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 - tums, flow restrictions, small ducts, etc.) through the micropore medium 30, providing the
limiting orifices are still uniformly distributed. .

Referring to Figure 4, the micropore medium 30 creates a limiting orifice for the air

~ flow through the drying belt 28, and particularly through the embryonic web 21. As used

herein, a “limiting orifice" refers to the component which proirides the greatest individual

30 component of flow resistance to the air flow. Itis imponé.nt that the combination of the

"~ flow resistanceé_through the drying belt 28, embryonic.\_n./eb 21, micropore medium 30, and
cylinder, and the préssure 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 of the various and different

35 ° regions 12 of the cellulosic fibrous structure 10 is believed to be provfded, although the
present invention is not limited by any such theory. :

As illustrated by Figure 3A. the same air flow that dries the embtyomc web 21 ﬁnally
passes through the micropore medium 30 to the porous cylmder 32 and its interior.

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

40 to provide a lmutmg orifice in the path of such air flow. _As used herein, the "flow path®

/ﬂ
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density or high basis weight region. To allow conplete drying of the high
densi-ty and hi gh basis wei ght regions of the cellulosic fibrous structure
to occur nt scorching or burning of the already dr

density or %@%g@%ggv\el ght regirons by the air fromthe hood, "'Cﬁz"é%z%s’“
hood air tenperature nmust be decreased and the residence tine of the
cellulosic fi-brous structure_in the Yankee hood nust be increased, slow ng
the production rate. Another drawback to thé&!approaches in the prior art
(except those that use nechanical conpression, such as felt belts) is that

each relies upon supporting the cellulosic fibrous structure to be dri ed.
Air flow is i rrefersth ancanea okscanibinatied bfidressi throuigh which artflomcis uirectedvds pat of the

transferred thr' &gsssupportl ng belt, or, alternatively, flows through
t he drying belt ecellulos cflbros strut,ur Differences M({j '
resi stance through ¢ dnigropere mediym ot and the eellufosicofifreus stucture 1 s rbé in

arrpl i fies diff atontacting relationship, Lpamcularly for the flow arrangement of Figure 3B, to prevent a
' plenum from being created therebetween and the air flow to or through the cellulosic
10 . 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 occur and
prevents the desirable uniform air flow to or through the embryonic web 21. . As used
herein, air flow is considered to be "literal" 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 micropore medmm 30 and the associated
process, the moisture distribution therein is equally uniform, or more uniform than pnor 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 moisture

20  distribution is again considered on a scale corresponding to the repeating pattern in the

: embi‘yoriic web 21. Qualitatively the relative uniformity of the moisture 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 embod:ment of Figure 3A, the cellulosic fibrous structure 10

25  may be spaced a small distance from the micropore medium 30, provndmg an intermediate
grid seals the air flow therebetween. - This arrangement -minimizes 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, depending upon its strength, -the particular combination of pressure
differentials and flow resistances described above utilized for the seleéted papenmiking
process.

The micropore medium 30, and the entire apparatus 15 used to manufacture the
cellulosic fibrous structure 10, may be thought of as having warp and shute directions. As

'35 used herein the "warp" direction refers to the direction within the plane of the cellulosic
fibrous structure 10 and parallel to its transport throughout the papermaking épparétus 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 and is generally
transverse the direction of transport during manufacture.

—/
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distribution within the cellulosic fi brous structure, and/or creates
differences in noisture distribution where none previously existed.

However, no wbloargessdias been made in the art to tailor the ai PCTIUN93(055The
dlfferences in various regions of the cellulosic fibrous structure.

Particularly, no attenpt has been made in the art to refine or direct the
air flow away fromthe |low density or |ow basis weight regions which need
such air flow the least, to the high density or high-basis weight regions,
whi ch have relatively nore noisture. Likewi se, no attenpt has been made to

pronote unif rmdr |
Accordi ngly, 5Ol t is an ogj ec'?g%h{?ﬂh s [ %@é% ?%ir:ﬂ%omg?f)dv?f{gbg@]&ggmé%mw

process to dire®ay be madeqf 2y material suitable gp; withstandy thg heat. 9‘5tB'i°y| gtplﬁj?ssé@gss _
substantial Iy eiaaigédom 6 and Gncidenaall g thiehpapefmaldignpiotess aﬁmohommgsdmm
29! ons 20 Nl AR 1l S P RO i o
xmcropore medium 30 laminate not excessively deflect or deform normal to the plane of
10 the embryonic web 21 during manufacture, otherwise the desirable uniform air flow
therethrough, may not be maintained. Any combination of laminae 38, 40, 42, 44, and 46
or other components which provides a flow resistance that is the limiting orifice in the
flow path and does not deflect or less than adequately support the cellulosic fibrous
 structure 10 in operation is suitable 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 Ianunate having a first lamma 38 which is
closest to, and may even be in contacting relationship with the: embryonic web 21, and
. having a functional pore size of about six to seven microns across may be utilized. Sucha
20 first lamina 38 may be formed 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
shute fibers may be woven into a first lamina 38 having a-caliper of about 0.071
millimeters (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 calendei'ed, as desired,‘ to increase its flow
resistance. .

For thg embodiments described herein, a laminate having a second lamina 40 which is

subjacent and in contact with the first lamina 38, and having a square pore size of about 93

30 microns may be utilized. Such a second lamina 40 may be formed 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 shute fibers may have a diameter of about 0.076

millimeters (0.003 ihches). The warp and shute ﬁb'é_rs méy 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 fibers per centimeter
(150 fibers per inch) in the shute direction.

For the embodiments described herein, a lammate having a third lamina 42 which is

subjacent and in contact ‘with the second lamina 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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of paper utilizi ng limting-orifice-through-air drying, conventional press
felsts, infrared drying, etc. and conbinations thereof. It is also an object

of this invagbigareesss Provi de an apparatus and process for redygmyse3/oss70
occurrences: o being rate limted in the production of a cellulosic fibrous

structure by the through-air drying or Yankee drum drying steps of the
manuf acturing process. It.is finally an objggt of this invention to produce
a multi-region cellulosic fibrous structure using such process and
apparatus. = 5 SUMMARY OF THE INVENTICN The invention conprises an

appar at us acgor cln.ltegdu'ectlon is'su Ueh Ahied famina 4 mayr]J% formed by a plain square weave

of metallic warp and shute ﬁbers.-' The warp fibers may have a diameter of about 0.191
- 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 be woven into a lamina having
a cﬂiper 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 about 24 fibers per centimeter (60
‘ fibers per inch) in the shute direction.

' For the embodiments described herem, a lammate 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
having a caliper of about 0.813 millimeters (0.032 inches) and a count of about 5 fibers
per centimeter (12 fibers per mch) in the warp direction and about 25 ﬁbers per centimeter
20 (64 fibers per inch) i in the shute direction.
For the embodiments described herein, the fifth lamina 46 is subjacent the fourth
lamina 44 and in contact with the penphety of the porous cylinder 32. The fifth lamina 46
is made of a perforate metal plate. A perforate plate having a thickness ‘of about 1.52
millimeters (0.060 inches) and provided with 2.38 millimeters (0.0938 inches) diameter
25 holes staggered at a 60 degree angle and equally and isometrically spaced about 4.76
rmlllmeters (0.188 inches) from the adjacent holes. :
The first through fourth laminae 38, 40, 42, and 44 of a suitable micropore medium
30 may be made of 304L stainless steel. The fifth lamina 46 may be made of 304 stainless
steel. A suitable micropore medium 30 may be supplied by the Purolator :l>roducts -
30 Company of Greensboro, North Carolina as Poroplate Part No. 1742180-07. If desired,
the first lamina 38 may be ordered direcily from Haver & Boecker of Oelde Westfalen,
Germany as 325 x 2300 DTW 8 fabric, calendered as desired, up to about 10 percent.
“The micropore medium 30 may be tungsten inert gas full penetration welded from
the fifth lamina 46 to the first lamina 38, to form the desired shape and size of the
35  micropore medium 30. A particﬁla’rly desired shape is a cylindrical shell, for application
onto the porous cylinder 32. The micropore medium 30 shaped like a cylindrical shell may
be joined to ‘the ‘porous cylinder 32 by a shrink fit. To accomplish the shrink fit, the
micropore medium 30 may be heated, without contamination from the heating means, then
disbosed 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 suﬁicierit to prevent angular
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t hrough-air-drying belt on one side of the embryonic web for transporting
it, .and a m cropore nedi um di sposed on the opposite side of the enbr |c_.
web in an awmoeRi00636 provi de substantially uniformair f1 ow tREHUS? ﬂ%

the enbryonic web. .The apparatus also has a nmeans for causing air flow

t hrough t'he enbryoni c web, wherein the mcropore nediumis the limting
orifice for the air flow through the-enbryoic web. The npisture
distribution is equally or nmore uniformafter drying by this apparatus. In
anot her enbodi nent, the invention conprises a.process for limting-orifice-

;ngggg 2'; s?lr ?Sg&t“ﬁ'é th![w}énﬂxg fh%:c rﬁicidpbfeguéd@ﬁ B0 Ghd EHR p%e&ﬁrd;umr B and ﬁlﬂime’ht tahe
means for (r:rgus iOYEreame any gpe ﬁ?so‘ﬁéﬁ {‘ﬂ’lé“r‘]'gr?gr ‘;‘z‘g%%ﬁg wﬂﬁ{}‘g “Qgrt?gye
'support the em30ywithaut imsparfingundun stresseigherstod a ni cropore nedlun1opp05|te
the drying bel't. AiprefelaBly twf,eaéqwmeﬂemg mudadw@. a qdot shbﬁii)&idlptbﬂle
m cropore nmediumis the, [ e Jn the a

_ to accommodate tTe lhaped micropore medlum 3%-. - e penp e f also

10  be cylindrically shaped and provnded with a plurality of holes therethrough and axially
oriented ribs intermediate the holes. The holes and ribs may be circumferentially spaced
about 15.75 millimeters (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 ribs. This arrangement -
provides a periphery having approximately 12% open area and a pattern repeat of
approximately 27.1 centimeters (10.67 inches). ’ ' '

o 20 Of course, it is 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 lantinae 38, 40, 42, 44,
and 46 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 the 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 include blowers, fans, and
vacuum pumps, are well known in the art and will not be further discussed herein.

30 Generally, a plural lamina micropore medium 30 having increasing pore sizes in the
direction of downstream air flow promotes lateral flow of the air, in the plane parallel that
of the embryonic web 21, through the micropore medium 30. Of course, it is important
that the 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. :

Ttis particularly desirable that liquid water be removed from the embryomc web 21,
so that energy is not wasted overcoming the latent heat of v_aponzatnon of the liquid in the
evaporative process. Thus by using the apparatus 15 and process described herein, energy
is efficiently utilized by dewatenng the embryonic web 21 through mechanical entrainment

40  of liquid water and evaporation of water vapor. Of course, all of the aforementloned
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di stribution in the enbryonic web i s equally or more uniformafter drying
by- t.hi s process. BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e the Specification

concl udes - wyidi 944006365 particularly pointing out and distinct|PCE/UEHA§7A he
present invention, it is believed the sane will be better under st ood from
the follow ng descrl ption in accordance with-the drawi ngs, in which |ike
.conponents are given the sanme reference numggal and: Figure 1 is a

fragmentary top plan view of a multiple region cellulosic fibrous structure
nmade according to the present invention; Figure 2 is a schematic side

| ti | f ' :
el eval onal 1 ot e R WA R B RS e sl PO R0k 8, 0f the
medi um accor di merious tegions 12 ofthe cellulasin fibsousstryeturestd, due t9 theynifosndlo®y | | nder

~which has a 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 10 web having a caliper of about 0.15 to about

" 1.0 millimeters (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 weight

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

" 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 structure 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 nonthermal dryer, or a Yankee drying.
drum 56, or an impingement dryer, such as a hood 58, which dryers may either be used

" alone or in combination with other drying means.

25 _ The manufacturing process described herein is pamcularly suited for use with a
Yankee drying drum 56. When using a Yankee drying drum 56 in this manufactunng
process, heat from the Yankee drying drum 56 circumference is -conducted to the
limiting-orifice-through-air dried web 50 Wwhich is in contact with the Yankee drying drum.
56 circumference. The lmuung-onﬁce-through-axr dried web 50 may be transferred from

30 the drying belt 28 to the Yankee drying drum 56 by means of a pressure roll 52, or by any
other means well known in the art. After transfer of the hmntmg-onﬁce-through—mr dried
web 50 to the Yankee dtymg drum 56, the limiting orifice through air web 50 is dried on
thé Yankee drying drum 56 to a consistency of at least about 95 percent.

The limiting-orifice-through-air dried web S0 may be temporarily adhered to the

35 Yankee drying drum 56 through usé_ of creping adhesive. Typical creping adhesive
includes polyvinyl alcohol based glues, such as disclosed in U.S. Patent 3,926,716 issued
December 16,1975 to Bates, which patent is incorporated herein by reference for the
‘purpose of showing an adhesive suitable for adhering a limiting-orifice-through-air dried
web 50 to a Yankee drying drum 56 by application of such adhesive to either.

/
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subat nospheric internal pressure; Figure 3B is a schematic si de el evatlonal
vi.ew of a 'm cropore nedium-roll according to the present invention enmbodi ed
on a pervi owD s4/bdédder which has a positive, internal pressurRCT/HRI3R5Ar e
4 is a fragmentary top plan view of a mcropore medium according to the

present invention show ng the various |aninae. 6 DETAI LED DESCRI PTI ON OF

THE | NVENTI ON The present invention may be used to manufacture a cellulosic .
. fibrous-structure 10, : ' '

5 Optionally, the dry web may be foreshor'tenad,' so that its lerigth in the warp
“direction is reduced and the cellulosic fibers are rea_rfanged with disruption of the fiber to
fiber bonds. Foreshortening can be accomplished in several ways, the most common, well
 known in the art and preferred 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 -
10 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 cellulosic fibrous structure 10
may be calendered or otherwise converted as desired.
Referring to Figure 3B, if desired, the porous cylinder 32 may be provnded 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 this arrangement the air flow occurs in the
direction from the inside of the porous cylmder 32 through to the outside of the porous
cylinder 32.
_ Such an arrangement requlres that the drying belt 28 still be disposed radially
outwardly of the embryonic web 21 and that the micropore medium 30 still be radially
20 inward of and in contact with the embryonic web 21. In the arrangement illustrated in
Figure 3B and having a positive internal pressure, the air flow is from the coarsest and
fifth lamina 46 of the micropore medium 30 to and through the first lamina 38. The air
~ fiow then passes out of the first lamina 38 to and through the embryonic web 21. After
~ passing through the embxyomc web 21, the air ﬂow then continues the flow path through
25  the drying belt 28. :
Both the subatmospheric preséure and positive pressure porous rolls illustrated in
Figures 3A and 3B have certain advantages. For example, the subatmospheric_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 embryonic web 21 than the positive pressure porous cylinder 32. Conversely,
the positive pressure porous cylinder 32 illustrated in F’gufe 3B provides the advantages
that contaminates entrained in the air, water, or the cellulosic 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
surface of a porous cylinder 32, and the lumtmg—onﬁce—through—axr dried web 50 held in
" place without a separate drying belt 28. This arrangement would, of course, require the
embryonic web 21 to be driedto 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

i
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as illustrated in Figure 1. The cellulosic fibrous structure 10 may be
conposed of a single region 12, or preferably conprises nultiple regions
12, as descrWOdd4/M636/e and illustrated by the figure. The cel IRHTYSY/05570
fibrous structure 10 is suitable for use as a consumer product such as
toilet tissue, facial tissue or paper toweling. The fibers of the
cellulosic fibrous structure 10 are conponemrt’s whi ch have one very .| arge
di mension (along the longitudinal axis of the fiber) conpared to the other
two relatively small dinensions (nutually perpendicul ar, and bei ng both

| Tnearity Egéﬁg’ﬂ"“‘r st pfoud Syt $27Thls MR iy i, daltiula Rbiamu ol e
reveal two of he 3?“??5‘?%‘? “&h’a!ir%'egﬁ‘ﬁgls(b' Fgﬂdfyoaqeﬁéea $ﬁ‘&ﬁ'8§r°l°°’
di mensi on of thmeﬂuh@(bqr\ﬂmheloﬁwmghwtmmﬁitumaﬂmmmdesmaéed not be
substantial ly ‘equi v f
S ibor 11 y €q %@ tzggltlf ’]ﬁ?yt%[ velfiRattt Zohés, @%d%tﬂ%rkﬂif&eﬂ rEJ&@re

S onI tant be abl e t LL Its_axls,
be able to bon d ement ess expensive means for creatmg the subatmospheric or

10 posmve 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 third zone with a differential pressure less than or equal to that of the first zone, but

 which allows for air flow therethrough due to the second zone having exceeded the
breakthrough pressure. For example, the first zone may provide a differential pressure of
about 10.2 to 17.8 centimeters of Mercury (4 to 7 inches of Mercury). The second zone
"may provide a pressure differential of about 22.9 centimeters of Mercury (9 inches of

20  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 conserve energy, the second zone having

25 the greater pressure differential may be circumferentially smaller than the first and third
zones. _ .

If it is desired to have only one zone of a particular pressure for a given porous 10
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 subatmosphenc 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 form.of an endless belt. Such an endless belt would parallel
the drying belt 28 for a distance sufficient to obtain the desired residence time, discussed -

35 above. The embryonic web 21 would still be intermediate the micropore medium 30 belt
and thé drying belt 28. As discussed above relative to Figure 3A and 3B, such a

" micropore medium 30 belt may be made of a éirigle lamina of polyester or nylon fiber -
having a mesh size and count sufficient, as desiréd above, to be the hmmng orifice in the
air flow through the embryomc web 21.
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and to be able to be distributed by a liquid carrier and subsequently
dri-ed. The fibers conprising the cellulosic fibrous structur &gpé,%gn
synthetic, WRMAW3Pol yolefin or polyester; and are preferabﬁ?ﬂ% P,
suc¢h as cotton linters, rayon, or bagasse; and nore preferably are wood
pulp, such as soft moods (gymosperns or coniferous) or hard woods

(angi osperms or deciduous). A cellulosic nmi3ure of wood pulp fibers

conprising soft wood fibers having a | ength of about. 2.0 to about 4.5
-mllineters and a dianeter of about 25 to about 50 m croneters, and

har dwood fi Iser s havrhtgpna:okimmgt of thé micesporé inadiumi30uwrafiped drbundﬂt;mroxsruylmder 32

- diameter of ab '
for the papers escrl bed&E&E&.ﬁaﬂﬁlﬁgB@E‘érﬁé@ @36%‘%‘“ uce% %)sooﬁélh% | ng
process i ncl udimesivmd0; embodiadoinea heki. Eorcexamples @ porous °3§|lﬂdF'a? Dipfy Mg eReTe

processes; and mﬁBOWuld)B@W thave goeateq ligtegritg and! lohgerclife, but imparts more

Al ternati vel y, diftéreddeDfd the TRMIRE MIARHirlictuN 0% B Wl @i, of chem cal and
10 Conversely, the endless belt embodiment of the micropore medium is preferentlally
- 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 medium and
have narrower seams. In a multi-lamina micropore medium 30, such as illustrated in
Figure 4, much 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 expelled through the finest pores of
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
medmm 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 assxgned

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 preferable to have the first
lamina 38, i.e. that which provides the greatest flow resistance and typically would have
the finest pores thcrethrough, on one surface of the micropore medium 30, and
particularly on the surface of the micropore medium 30 which is in contacting relationship.

30  with the cellulosic fibrous structure 10. This anangement reduces lateral air flow through
the micropore medium 30 and preferably minimizes ‘any non-uniform air distributions
associated with such lateral air flow. -
It will be apparent that there are many other embodiments and variations of this
invention, all of which are within the scope of the appended claims.
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mechani cal processes or nmay be recycled The type, conbination, and
- precessing of the fibers used for brous structures 10
descri bed heW@ /886 not criti cal an "mnm”“jvent i on. REEGPPRY03Y0
Figure'2 and utilizing an appar at us+ or paper naki ng, the first step in
practicing the process according to the present invention is to provide an
aqueous di spersion of cellulosic fibers. The aqueous di spersion of
cellulosic fibers is disposed in a headbox 20. A single headbox 20, as
shown, may be utilized, however it is understood alternative arrangenents
utilize multiple headboxes 20 in the papernmaki ng process. The headbox 20 or
headboxes 20 dnd dgumiurepére anediumpéor ngget hd thgaedumiti mgperifioce-thtough-air-

ggfg;fagi gg 4f ;Qir Uryifig PABEHRKThY agiaa?ﬁkt?é_‘%ﬂ dombSRIETER! WithSH RETohiSwed of
’ ’ cellulosic fibers having moisture distributed therein, said micro--
pore medium comprising a limiting orifice for air flow through said
| embryonic web, so that said moisture distribution is equal]y or more
~ uniform after air flow therethrough.-

2., A micropore medium for use with a limiting-orifice-through-air-
| drying vaperméking apparatus in combination with an embryonic web of
cellulosic fibers having moisture distributed therein, said micro-
pore medium comprising a liﬁjting'orifice-for air flow through said
embryonic web, so that said moisture distribution is equally or more
uniform after air flow therethrough, wherein said limiting orifice
comprises a laminate of plural laminae, each lamina of said laminae
having pores therethrough for said air flow. |

3. . A medium according to Claim 2 wherein the lamini having the greatest
flow resistance is on one_surface of the micropore medium, which
" surface is in contacting relationship with the embryonic ueb.

4. An apparatus for limited- ortfice-through-air drying an embryonic web
 of cellulosic fibers having moisture distributed therein, said
apparatus comprising: : '

a means to cause airflou through the embryonic ueb.

a.through-air drying belt for supporting the embryonic web and
in contacting relationship with one face thereof. and-

a micropore medium disposed on the opposite side of the
embryonic web, wherein said micropore medium is the
limiting orifice for airfiow through said embryonic web,
so that said moisture distribution is equally or more
uniform after air flow therethrough. '
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E issueg.gggenber-SO, 1976 to Morgan et al. and in comonly assigned U. S,
atent 4, , 480 issued July 16, 1985 to. Trokhan, which pat entpep
showequi pmreWVOIHA63¢ n  t he preparation . and di sper si G/ US93/95570

paper rfaki ng fibers. The aqueous dispersion of papermaking fibers is
supplied in a liquid carrier fromthe headbox 20 to a form
- a Fourdrinier wire 22. The Fourdrinier w1ré°22 IS supporte ﬂiﬂﬁ%

roll and a plurality of return rolls. Additionally, commonly assoclﬂmﬁﬂ! nllf

with a Fourdrinier wire 22 are form ng boards, vacuum boxes, tension roIIs
cl eaning showers, etc., which are well known in the art and not further

di scussed or illu '
fibers is useé to%owg“%%g:;E%wmg%\ggygﬁﬁmpI‘Spﬂi&h&n Eémd???ﬁfg”%'ﬁ&ous
: cylinder, where1n said micropore medium is peripherally disposed on
said cylinder.

6. An apparatus éccording to 'C1aim § wherein said cylinder has a-
' subatmospheric internal pressure.

7. An apparatus according to Claim § 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 1imiting-orificg-through-a{r drying a cellulosic
fibrous structure, said process comprising the steps of:

providing a cellulosic embryonic web to.be dried and having a.
moisture distribution therein; |

providing a means for causing air f1ou through said embryonic
web;

providing a drying belt to support said embryonic web; _

providing a nicropore medium on the side of said embryonic web
opposite said drying belt, so that said embryonic web is
intermediate said drying belt and said micropore medium,
and wherein said micropore medium is the 1imiting orifice
for said air f1ou.

-disposing said enbryonic web on said dnying belt; and

causing air flow through said embryonic web and said uicropore
medium, so that said moisture distribution is equally or
more uniform after air flow through said embryonic ueb.

10. A process according to Claim 9 wherein said air flow through said
- embryonic web is in the direction from said drying belt to said
micropore medium.
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on the Fourdrinier wire 22 or other formng section wire. As used herein an
"enmbryoni c web" refers to.a deposit of fibers subjected to rearrangenent on
a Fourdrini WO #/93€2 or other forming belt during the coursé’(HYU$%é°557°
paper naki ng process prior-to the drying steps di scussed bel ow. Conventi onal
vacuum boxes 26, etc. may be utilized to continue the renoval of water from
t he aqueous enbryonic web 21. The enbryoni @lweb 21 is tr. I

second papernaking belt, particularly a drying belt 28. ﬁm ﬁml,fmﬂﬂllmu"
through-air drying belt 28 may be utilized. A particularly pfeflerrfedsdrying
belt 28 utilizes a continuous: photosensiti ve resi nous network. A

particularly preferred drying belt 28 may be made in accordance with -
commonl y assildmed Brecess,eeedrding o ﬁﬁ@“ﬂ §sUb%TEJBI gatdl aipghlowo thmoyghasaid

whi ch pat ent "shovwembeyahiyiweb 96! fn Ehe FirdctDore fion sise u}i’c??drhﬂnda‘iﬂf%tsaid
invention. |If desdryg'gq Egg drying belt 28 may be provided with a textured
backside. A dryin tb havi ng such a textured backside nmay be

12.' A ce]lu'losi'c fibrous structure produced by the process- of Claim 9.
13. A cellulosic fibrous structure produced by the process of Claim 10.

14. A cellulosic fibrous structure produced by the process of Claim 11..
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preferentlal ly made I n accordance w th corrrmnl y assigned U S. Patents

5, 059, 283 i ssued COctober 22, 1991, to Hood et:-al. and 5,073,235 i %@ L‘lé(ﬂ%
. Decenber 17,1991, to Tr okhan.- The enbryoni ¢ web 21 may be transf £Y)2)
the form ng’secti onpe- 22 to WhEDdWWLLﬁg'UMDPEEﬁdBYAWbyI ng .a \\,s
differential to the enbryonic web 21. 0 ¥y, "t he enbryoni c web

may be transfNTEBNADIONALL ARPLETATION PHELIBHERNIDERS THR PATENT CORPERATIGN MREATHAPCT)

21 fromth " h6.22, defle e .emr D ZT 1T NtQAT, '
f or ani na c%lgﬁ[ %‘mm %&E@%ﬁr&\%ﬂand Si Id‘& ﬁéﬁ)'“tfm‘"ﬂ' %‘er'g"N '“e"enbryotn"lgg 94700636
e cREHUAGSIED 21 f

web 21.- TH may be hel (mlmeﬂman P_ﬁmaudﬂm,ueng_ b @lyinuatB1994/06.01.94)
' I |
pressure g '(f:icﬁ{xﬁﬂ{o%ﬁlppﬁ&mﬁ Rﬁ.m?ﬁbr yg’ewsw& fdmr{%&e ReED! 2 Sﬁlﬁm TR Bho&e? & Gamble

a vacuum k

t he enbryd ; P P rred i rom o dipany] 5289 $pding ved&vyduslg:mcmnau, OH
belt 28. (22) International Filing Date: - .10 June 1993 (10. 06 93) 45202 (US).
(30) Priority data: -' (81) Designated States: AU, BB, BG. BR, CA. CZ, F1. HU, JP.

07/906,962 30 June 1992 (30.06.92) T USs KP, KR, KZ, LK, MG, MN, MW, NO, NZ. PL, RO.
. . : : RU, SD, SK, UA. VN, European patent (AT. BE. CH.
DE, DX, ES, FR, GB, GR, IE, IT, LU, MC. NL, PT.

(71) Applicant: THE PROCTER & GAMBLE COMPANY SE), OAPI patent (BF, B}, CF, CG, Cl, CM, GA. GN.
{US/US]; One Procter & Gamble Plaza, Cincinnati; OH ML, MR, NE, SN, TD, TG). _
45202 (US).
(72) Inventors: ENSIGN, Donald, Eugene ; 7325 Kennedy| Published .
Lane, Cincinnati,- OH 45242 (US). KNIGHT Wilbur, With international search report.
Russell ; 679 Buff Court. Cincinnati, OH 45231 (US). .
“ TROKHAN. Paul, Dennis ; 1356 Warvel Road, Hamil-

ton, OH 45013 (US).
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(54) Title: LIMITING ORIFICE DRYING OF CELLULOSIC FIBROUS STRUCTURES, APPARATUS THEREFOR.
AND CELLULOSIC FIBROUS STRUCTURES PRODUCED THEREBY

(57) Abstract

A method and apparatus for drying of a cellulosic fibrous structure having constant basis weight and/or denslty or multi-
ple regxons varying in basis weight and-or density. Such a cellulosic fibrous structure may have a nonuniform moisture distribu-
tion prior to drying by the disclosed method and apparatus. An equally or more uniform moisture distribution is achieved by pro-
viding a micropore medium in the air Mlow path which has a greater flow resistance than the interstices between the fibers in the
cellulosic fibrous structire web. The micropore medium is the limiting orifice in the air flow used in the drying process. The mic-
ropore medium may be executed in a laminate of plural laminae, each of successively increasing or decreasing pore size. This ar-
rangement provides the advantage that minimal sagging or deformation of each lamina into the next coarser lamina occurs and
lateral air flow between the micropore medium and the cellulosic fibrous structure is reduced. The micropore medium may be dis-
posed either upstream or downstream in the air flow path of the cellulosic fibrous structure to be through-air dried:




8 The vacuum box 26 provides for additional deflection of the regions 12 of
the, cellulosic fibrous sfructure 10 into the .foram na of the drying belt
28. The defl‘g@,td‘t%h(,g@uses the regions 12 so defl ected to have PETHISY3£055M0
density and/or ‘basis wei ght than the regions 12 not so. deflected. The
vacuum box 26 causes nechani cal dewatering of the enbryonic web 21.
Alternatively or in addition to the vacuum box 26, a roll nmade 1'n
accordance with commonly assigned U S. Patent 4,556, 450Th§$me&bEB@%&bRé|§md
1985 to Chuang et al. may be utilized as well, which patenamﬂ N
he

apparatus 15 suitable for nmechanically dg ter| ng an enbry
drying belt 28 may be cl eansed with water- shovvers (not sho

10

Fig.1 -



cellulosic fibrous structure 10 fibers, adhesive, and the |ike which remain
attached to the drying belt 28 after the enbryonic web 21 is renoved ,
therefrom The dr belt 28 may al so have an emul sion- appli a
rel ease ageﬁV ﬂ%@ end the useful life of the belt by reducﬁﬁa%§§€§@ﬁﬁa
degradation. Preferred enul sion and distribution nmethods are disclosed in
the af orenenti oned comonly assigned U S. Patent 5,073,235 issued Decenber
17, 1991, to Trokhan. The embryonic web 21 has noisture fromthe
nanufacturing process distr.ibuted therein. 2Fde noi sture distribution may be
substantially-uniform but is nore |ikelgy nongsiform corresponding to a
repeating pattern in the enbryonic web j). Thé°repeat|ng pattern in the
enbryonic web 21 is due to a‘like pat{g of "regi ons of differing basis

wei ghts and/or -densities. _This nDiEL/_r/418tfib ion may be qualitatively
determ ned on a scal e corjr esponyj g e repgating pattern by inmage

anal ysis of soft X-rays qgr ot hey : '
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means well known in the art. The drying belt 28 transpofts t he enbryohic
web. 21 to the apparatus 15 for directing air flowin a through-air drying

process equﬁ%#@wnd through the | ow density and | ow basis ﬁ_jyg JoR§HoONs
S

12 and the- ity and hi gh basis weight regions 12 according to the
present invention. This apparatus 15 according to the present—invention

an enbryonic cellulosic fibrous structu%i 10-to be dri ed, PRe'a"‘Ed
causing air flow through the m cropore @}ng medi ungs0 and e | |"
cellulosic fibrous structure 10. Particular]ly, the orylng bel t

porous cylinder 32. The circugference of He _poragdis cylipder 32 is

peripherally covered with a mb opor E.0 u_JL- cordifig to the present

subat nospheric pressure for the

»' . 36

conprises a mcropore drying nedium a neans for supportlng thIS nmedi um a
transports the cellulosic fibrous structurg 10 to An axially rotatable
i nvention. The porous cylinder «a§\\ py/ovi ded with a

T : 30 [
\ 21 Fig.3A 50’
28 |
0 - 21
/ 30 /
i ' f.
a6 34

/\ 32
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Fig. 3B



enbedt®ent -descri-bed herein, although it will be |later described that the
patous cylinder 32 may be provided with a positive pressure relative to the
at nosphere. jtive 9 pressure nust be sufficient to ' W
through‘tﬁgw§el ulosic fibrous structure 10, and preferably E??@%%@ﬁ?ﬁzp

br eakt hr ough pressure of the. m cropore nedium 30 in case any |iquid water
I's present.in the pores thereof. For the enbodi nents described herein a
_subat nospheric pressure of about 3380 to about 40560 Pa (1 to 12 inches of
Mercury), and preferably about 23660 to %bout 33800 Pa (7 to 10 inches of
Mercury) has been found to work well. /4 : ' B
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Beiernigg to Figure 3A, the drying belt 28 waps the porous cylinder @220 zf3
fromean'inlet roll 34 to a takeoff roll 36 and subtends an arc defining a
circular segnent. A subatnospheric pressure is applied throughout this
circular segnent to renove water fromthe enbryonic web 21 and to the

i nsi de of the porous cylinder 32. The web then exits the porous cylinder 32
at the take off roll 36, being substamtially dried, preferably to a
‘consistency of at |east about 30 percent and jmor REFalEMENY sAEETSSTHR
' 50 {per CRRPLADED SHEETS_per sad { hp enbryonic lﬂ’mso@ﬁbﬂ gggyde}g_t,
por,maewipnaﬁiepagea?fwk Iﬁ&ﬁﬁ.@ﬁ?[‘ i oned dryin méuaﬂ%&)n S Bikd e.g, sf :
thegﬁcmgﬁbyr sg Ni, cylinder 32é @Qﬁﬁd%@y g g%?{ o

cirkular s

........ o 3.
t 28 and the |nn$e1; m cf dP%f:‘rﬁ“%

I
e internal o,t Qrous ¢ |nder 32, air
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LIMITING ORIFICE DRYING OF CELLULOSIC FIBROUS STRUCTURES,
' APPARATUS THEREFOR, AND
CELLULOSIC FIBROUS STRUCTURES PRODUCED
THEREBY
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FIELD OF THE INVENTION
The present invention relates to cellulosic fibrous structures, and partitularly to
cellulosic fibrous structures having an embryonic web which is through-air dried.

BACKGROUND OF THE INVENTION

Cellulosic fibrous structures have become a staple of everyday life. Cellulosic
fibrous structures are found in facial tissues, toilet tissues and paper toweling. '

One recent advance in the art of cellulosic fibrous structures is to provide multiple
regions 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 weight, density, or both; from an adjacent region of the cellulosic fibrous structure.

Multiple regions in a cellulosic fibrous structure provxde the advantage of
economization of the fibers used in manufacture. Furthermore, 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.

In the manufacture of cellulosic fibrous stmctures, 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 resulting cellulosic fibrous
structure. For example, the drying means and process can influence the softness, caliper,
tensile strength, and absorbency of the resulting cellulosic fibrous structure. Also the
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the mcrqpore medium 30, and the porous cylinder 32. Referring again to
Figure 2, the apparatus 15 used to manufacture the cellulosic fibrous
structure 10 is further provided with a hood 54, to supply hot air to dry
the enmbryonic web 21. Particularly, the hood 54 provides dry, hot air for
the air flow through the enbryonic web 21. It is inportant that the air

fl ow not add water to the enbryonic web 21, but instead be capabl e of
renovi ng wat er through evaporation and nechani cal entrainnent. It is noted
however, that saturated air may be suitable, .if only nechanical dewatering

tormper at 40 FEPEREY ed (o fé@b‘%f&d@‘?ﬁ%%‘%“{ 23‘8@5 Beeale g icn
glr reffelrg\tl)vlc?l:]?&)ngwf'%u@ witheut being rete dimited by sychudyying ﬂ@gm%s F) for the

| ower te rature air is, th Yifing %&gkﬁr%ﬁ (ﬁiuiiﬁﬁﬁgseﬁsqaayslldr?]@b@g}?éeﬂ\éegd

cel I ul osit Bicpae © T’@“ '° Wﬁl @‘%Pa?f:a @‘75% %O‘B uid

carrier into a pemwuble felt medlum held in contact with the embryonic web. However,

. dewatering a cellulosic fibrous structure into and by using a felt belt results in overall
uniform compression and compaction of the embryonic cellulosic fibrous structure web to
be dried.

Felt belt drying 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
cellulosic fibrous structure. Examples of felt belt drying are illustrated in U.S. Patent |
4,329,201 issued May 11, 1982 to Bolton and U.S. Patent 4,888,096 issued December 19,
1989 to Cowan et al.

Generally, however, a felt belt is unsultable for the production and drying of a
cellulosic fibrous structure having multiple regions. Other means of drying a cellulosic
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 example, 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 mechanically removes moisture from the cellulosic fibrous structure while
the moisture is in the liquid form. Furthermore, the vacuum deflects discrete regions of
the cellulosic fibrous structure into the deflection conduits of the drying belts 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
assisted capillary flow, using a pdrous cylinder having preferential pore sizes is known in
the art as well. Examples of such vacuum driven drying 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, consxderable success has been achieved drying the
embryonic web of a cellulosic fibrous structures by through-air drying. In a 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. Regions coincident with and deflected into the foramina in
the air permeable belt are preferentially dried and the caliper of the resulting cellulosic
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burn, or devel op nal odors, respectively, during the hanufacturing process
when,using |l ower tenperature air flows, as well as potential energy
savi ngs. Such a hood 54 may be constructed and supplied in accordance with

the nmeans and skills ordinarily known in the art and fhis shétHabBedrRégMed

herein described. Wien the enbryonic web 21 is intr oducmmmumﬂmpor e
medi um 30 and porous cyl'i nder 32, the enbryonic web 21 '
consi stency of about 5 to about 50 peregent. 10 Such i ed
to a consistency of about 25 to about 100 percent, dependi ng upon the
I ncom ng noi sture, fiber conposition, mcropore nedium 30 geonetry, the
basi s fibrous structure, increased. Regions coincident the knuckles in the air permeable belt are

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

Several improvements to the air permeable belts used in through-air drying have been
accomplished in the art. For example, the air permeable belt may be made with a high
open area (at least forty percent). Or, the belt may be made to have reduced air
permeability. Reduced air permeability may be accomplished by applying a resinous
mixture to obturate the interstices between woven yams in the belt. The drying 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 photosensitive resin
comprising a continuous network. The drying belt may be specially adapted for high
_temperature air flows, of up to about 815 degrees C. (1500 degrees F). Examples 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 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 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, particularly that addressed to through-air drying; does not address
the problems_encountered when drying a multi-region cellulosic fibrous structure. For
exaniple, a first region of the cellulosic fibrous structure, having a lesser absolute
moisture, density or basis weight thas a' second region, will typically have relatively
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 cellulosic fibrous structure to be
dried is transferred to a Yankee drying drum. On a Yankee drying drum, isolated discrete
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 low density or low basis weight regions. Preferential
drying of the low density regions occurs by convective transfer of the heat from the air
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wei ght of the enbryonic web 21, the residence time of the enbryonic web 21
on the mcropore nmedium 30, and the air flow rate and noisture content and
t he tenperature through t he enbryonic weh 21. Generally, as the basis

wei ght of the enbryonic web 21 increases,Th§ fé'#asr%snﬂe eeedt i re of the
enbryonic web 21 on the m cropore nedi um 30 u For exanple, the

apparatus 15 shoul d provide the enbryonic nce tinme of at

| east about 250 mlliseconds on the mfcropore nedi umm or an enbryonic
web 21 having a basis weight of about 0.02 kilogranms per square nmeter (12
pounds per 3,000 square feet) and a consistency of 30 to 50 percent. As

used her abw ig théNYahkerfing Rkt Hood EAEdordingl aﬂx\é PrOdUREIOR Pite \Ufitiiecellulogies ai r
flowthegﬁthrour%h and c Bb used to dlregen %llor ref1 Doré F‘@&e air
flow to Hﬁ’éﬁ o {9 SOMPSRTIL far: thr Bredies, MRstYIE 5% P#Em or
downst r edensitiy of Ingh 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
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 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 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 structure. Differences in flow resistance through
the belt or through the cellulosic fibrous structure, amplifies differences in moisture
distribution within the cellulosic fibrous structure, and/or creates differences in moisture
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 least, to the
high density or high basis weight regions, which have relatively more moisture. Likewise,
no attempt has been made to promote uniform drying of each region of the cellulosic
fibrous structure. ’

Accordingly, it is an object -of this invention to provide an apparatus and process to
direct air flow in a limiting-orifice-through-air-drying process substantially equally to and
through the low density and low basis weight regions and the high density and high basis
weight regions. This apparatus and process are intended to be used with the manufacture
of paper utilizing limiting-orifice-through-air drying, conventional press felts, infrared
drying, etc. and combinations thereof. It is also an object of this invention to provide an
apparatus and process for reducing occurrences of being rate limited in the production of a
cellulosic fibrous structure by the through-air drying or Yankee drum drying steps of the

manufacturing process. It is finally an object of this invention to produce a multi-region
cellulosic fibrous structure using such process and apparatus.

SUMMARY OF THE INVENTION
The invention comprises a micropore medium for wuse with a
limiting-orifice-through-air-drying apparatus. The micropore medium is used in
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m cropor e<medi um 30. The m cropore nedium 30 may be generally planar, as
shown; or enbodied in any desired configuration. Preferably, the pores in
the m cropore nmedium 30 are of |lesser hydraulic radius than the interstices
in the cellulosic fibrous structure 10 and are well distributed to provide
substantially uniformair flowto all of the cellulosic fibrous structure
10 within the range of such air flow ternatively, air flow through the

m cropore nedium 30 may be influenced by providing a high resistance fl ow
path (several turns, flowrestrictions, small ducts, etc.) through the

m cropore nedium 30, providing the [imting orifices are still uniformy

di st ri but cx@mbiuatien Withyan smbrypnicewsb of ieellylpsie diberischayingi 3 molguser distribwtion

l'im ting Ohéreing nd providBEthR ifimitingldyifice T fldvh thretigh the eR®hyon8weband
partlcularlyi roughthe.errbryom a "lindt

web .21, As used herein i ng
orifice" refef PBEt FOLHMSEhe e INYATHBR o\ FORBESSS, 2TYy , ARRATEHS | HAYIDE g
conponent thfougheiv-drying sheltnor dne sides ofiithe fembryonict wieb fonpmanspuorting itatand e
conbi nat i o fpord fedium disposed on the opposite side of the embryonic web in an attempt to
provide substantially uniform 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 moisture
distribution is equally or more uniform after drying by this apparatus.

In another embodiment, the invention comprises a process for
limiting-orifice-through-air 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 drying belt to support the embryonic web from one side, and a

"micfopore medium opposite the drying belt. Air flow through the embryonic web is
caused, wherein the micropore medium is the limiting orifice in the air flow. The moisture
distribution in the embryonic web is equally or more uniform 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
following description in accordance with the drawings, in which like components are given
the same reference numeral and:

Figure 1 is a fragmentary top plan view of a multiple region cellulosic fibrous
structure made according to the present invention;

Figure 2 is a schematic side elevational view of a papermaking machine according to
the present invention; ' _

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
subatmospheric internal pressure; .

Figure 3B is a schematic side elevational view of a micropore medium roll according
to the present invention embodied on a pervious cylinder which has a positive
internal pressure; and |

Figure 4 is a fragmentary top plan view of a micropore medium according to the
present invention showing the various laminae. '

This Sheet Has Been Replaced
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flow resistances through the drying belt 28, enbryonic web 21, mnicropore
medi um 30, and cylinder, and the pressure differential across the sane, be
such that the micropore medium30 is the limting orifice in such air flow

By having the limting orifice to the air flow-at the m cropore nedi um 30,
uniformair flowto substantially all of the various and different regions
12 of the cellulosic fibrous structure g0 is believed to be provided,
al though the present invention is not linmted by any such theory. As
:C!Iuisltrated by Figure 3A, the sane air flow that dries the enbryonic web 21
i nally passes through_the m cr re. nedi us cylinder 32

and its interior. Theraﬁﬁm&%&&? &MWWropoye medi um 30
mJS}1 be si zedThegresemfiinesation niay terused cemanifactute agellulasic fitrousstrueturpdOh of*
such air 104 hatedin Fibule € The chiilffosid fitt¥hs’@hidture 10 may be composed of a single

region 12, or preferably comprises multiple regions 12, as described above and illustrated

by the figure. The cellulosic fibrous structure 10 is suitable for use as a consumer product

such as toilet tissue, facial tissue or paper toweling.

=

The fibers of the cellulosic fibrous structure 10 are components which have one very
large dimension (along the longitudinal axis of the fiber) compared to the other two
relatively small dimensions (mutually perpendicular, and being both radial and
perpendicular to the longitudinal axis of the fiber), so that linearity is approximated. While
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
ot be substantially equivalent nor constant throughout the axial length of the fiber. Itis
only important that the fiber be able to bend about its axis, be able to bond to other fibers,

and to be able to be distributed by a liquid carrier and subsequently dried.

The fibers comprising the cellulosic fibrous structure 10 may be synthetic, such as
polyolefin or polyester; and are préferably cellulosic, such as cotton linters, 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
millimeters and a diameter of about 25 to about 50 micrometers, and hardwood fibers
having a length of less than about 1 millimeter and a diameter of about 12 to about 25
micrometers has been found to work well for the papers described herein.

-The fibers may be produced by any pulping process including chemical processes,
such as sulfite, sulfate and soda processes; and mechanical processes such as stone
'groundwood. Alternatively, the fibers may be produced by combinations of chemical and
mechanical processes or may be recycled. The type, combination, and processing of the
fibers used for the cellulosic fibrous structures 10 described herein are not critical to the
present invention.

Referring to Figure 2 and utilizing an apparatus 15 for papermaking, the first step in
practicing the process according to 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 dispersion of
papermaking fibers are adequately disclosed in commonly assigned U.S. Patent 3,994,771
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refers tqQ an area or conbination of areas through which air flowis
directed as paft of the drying process. The m cropore medi um 30 and the
cellulosic fi bmgsmgﬂ%méeRTa@oul d be in contacting rel ationship,

particularly for genent of Figure 3B, to prevent a plenum
from bei ng createE IHHIHEE and the air flow to or through the
~cellulosic fibrou being limted by the flow resistance of the
i ndi vi dual regions 12 thereof. The pl enlmallows air flow lateral to the
enbryonic web 21 to occur and prevents the desirable uniformair flowto or
t hrough the enbryonic web 21. As used herein, air flowis considered to be
"lateral " ishwed Novémber 30 | 19%6 HasMergani etc klpand dinreommenly @ssigned diS. stesh i s

fﬁfea{/! g! mt-?sﬁgﬁs@hs%ﬂ@d Ry L€ 1539 rzermmmcwén Bhkelt it Stotpotited fbein b | N

reference fgr the purp%o ! ? showmg éLqulpment useful in the preparation and dlspersmn of
- papermaking fibers. . _
The aqueous dispersion of papermaking fibers is supplied in a liquid carrier from the
headbox 20 to a forming belt such as a Fourdrinier wire 22. The Fourdrinier wire 22 is
supported by a breast roll and a plurality of retum rolls. Additionally, commonly
associated 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.

The aqueous dispersion of papermaking fibers is used to form an embryonic web 21
on the Fourdrinier wire 22 or other forming section wire. As used herein an "embryonic
web" refers to a deposit of fibers subjected to rearrangement on a Fourdrinier wire 22 or
other forming 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
removal of water from the aqueous embryonic web 21.

The embryonic web 21 is transferred to a second papermaking 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 photoseﬁsitive resinous network. A
particularly preferred drying belt 28 may be made in accordance with commonly assigned
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 commonly assigned U.S. Patents 5,059,283 issued October 22, 1991, to Hood et al.
and 5,073,235 issued December 17, 1991, to Trokhan.

The embryonic web 21 may be transferred from the forming 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
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 web 21 is transferred from
the formihg wire to the drying belt 28.
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After the enbryonic web 21 is-dried by the micropore nmedium 30 and the
associ at ed process, the m)l sture

|str|but|on therein is equally uniform
or nore uniforirhig In any event, differences in noisture
distribution are u H d/or anpllfled as occurs in
t hrough-air-dryin

cording to the prior art. This noisture
distribution is again considered on a gcale corresponding to the repeating

pattern in the enbryonic web 21. Qjalltatlvely the relative uniformty of
the noisture distribution may be determ ned by i nmage anal ysis of soft
X-rays or by any ot her nmeans which fprow des a rel ative neasurenent swtable

for the scal eThevapme bex 36, pravides fae additionnl feflectign of Hig, tegipns 12, gf the

cel I ul osi (beﬂ!élbﬁlelﬁbrﬁisr#ﬁkﬂfre 10Gntseghe foraming of! tike enyaigl beli 88.arMie amléme

m cr opor e _nedi

t her ebet vv:?é"ﬁses% g %@ﬁ%tﬁﬁ? '?ﬁvgtgrs@g%rﬁit dﬁ?#ei’tal" n. g%ﬂé u@r@g Eh tg"'f t he

M cr opor e negionsiA2 30t isg e| The vadusnt box 36 sauses eechanical glewatering Of the
embryonic web 21. Alternatively or in addition to the vacuum box 26, a roll made in
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 cleansed with water showers (not shown) to remove
cellulosic fibrous structure 10 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 of the belt
by reducing oxygen degradation. Preferred emulsion and distribution methods are
disclosed in the aforementioned commonly assigned U.S. Patent 5,073,235 issued
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
nonuniform, corresponding to a repeating pattern in the embryonic web 21. The repeating
pattern in the embryonic web 21 is due to a like pattern of regions of differing basis
weights and/or densities. This moisture distribution may be qualitat'ively determined on a
scale corresponding to the repeating pattern by image analysis of soft X-rays or other
means well known in the art.

The drying belt 28 transports 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
‘and low basis weight regions 12 and the high density and high basis weight regions 12
according to the present invention. This apparatus 15 according to the present invention
comprises a micropore drying 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.

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 subatmospheric pressure for the
embodiment described herein, although it will be later described that the porous cylinder
32 may be provided with a positive pressure relative to the atmosphere. The positive
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As illustrated in Figure 4, the mcropore nmedium 30 nmay be nade of a
| am mar construction. However, it is understood that a single | am na
m cropore medium 30 nay be feasible, depending upon its strengtty

particul ar conbination of pressure differentials and fl owy,
descri bed above utilized for the sel ected papernaki ng procég§I1| §éen Replaced

m cropore nmedium 30, and the entire apparatus 15 used to na
cellulosic fibrous structure 10. may be §hought of as havin
directions. As used herein the "warp" direction refers to the dlrectlon

within the plane of the cellulosic fibrous structure 10 and paraIIeI toits

Shut o i r BESTER IS SR ILPIRE SO PR eh i C S s Srupyp 0.5
cel | ul osi c pieferably exceeds ther brediahnouph pressurg @f the microporevmediundi 30int ¢ase aand i s
general |y t jigigwedeist peseit i tid Pore® therbdtNSPO thelbthtdBimEmE dERAbeY Berein a
subatmospheric pressure of about 2.5 to about 30.5 centimeters of Mercury (1 to 12
inches of Mercury), and preferably about 17.8 to about 25.4 centimeters of Mercury (7 to
10 inches of Mercury) has been found to work well.

Referring to Figure 3A, the drying belt 28 wraps the porous cylmder 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
porous cylinder 32 at the take off roll 36, being substantially dried, preferably to a
consistency of at least about 30 percent and more preferably at least about 50 percent.

During the period the embryonic web 21 is in contact with the porous cylinder 32,
the aforementioned drying belt 28 is on the outside of the circular segment, the porous
cylinder 32, covered by the micropore medium 30 is on the inside of the circular segment,
and the embryonic web 21 is between the outer drying belt 28 and the inner micropore
medium 30. Due to the subatmospheric pressure internal to the porous cylinder 32, air

. flow is drawn through the laminate formed by the drying belt 28, the embryonic web 21,
the micropore medium 30, and the porous cylinder 32.

Referring again to Figure 2, the épparatus 15 used to manufacture the cellulosic
fibrous structure 10 is further provided with a hood 54, to supply hot air to dry the
embryonic web 21. Particularly, the hood 54 provides dry, 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. It is noted however, that saturated air may be suitable, if only mechanical
dewatering is intended. Preferably the hood 54 is able to provide air flow at a temperature
from ambient to about 290 degrees C (500 degrees F) and preferably about 93 to about
150 degrees C (200 to 300 degrees F) for the air flow through the embryonic web 21.

One advantage to using relatively lower temperature air is the reduced proclivity of
the drying belt 28 and cellulosic fibrous structure 10 to prematurely fail, or to scorch,
burn, or develop malodors, respectively, during the manufacturing process when using
lower temperature air flows, as well as potential energy savings. Such a hood 54 may be

constructed and supplied in accordance with the means and skills ordinarily known in the
art and will not be further herein described.

t [IC

When the embryonic web 21 is introduced to the micropore medium 30 and porous
cylinder 32, the embryonic web 21 may have a consistency of about 5 to about 50 percent.
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This is the replacenent sheet 12 The first through fifth | am nae 38, 40,
42, 44, and 46 of the m cropore nedium 30 may be nmade of any materi al
suitable to withstand the heat, noisture, and pressure indi genous to and

i ncidental to the papernmaki ng process without inparting deleterious effects
or properties to the cellulosic fibrous structure 10. It is inportant that
the m cropore nedium 30 | am nate not exceSS|ver defl ect or deform nornal
to the plane of the enbryonic web 21 duﬁlng manuf acture, otherw se the
desirable uniformair flow therethrough, may not be maintained. Any

conmbi nation ‘of |am nae 38, 40, 42, 44, and 46

Such a web may be dried to a consistency of about 25 to about 100 percent, depending
upon the incoming moisture, fiber compdsitiop, micropore medium 30 geometry, the basis
weight of the embryonic web 21, the residence time of the embryonic web 21 on the
nucropore medium 30, and the air flow rate and moisture content and the temperature
through the embryonic web 21.

' Generally, as the basis weight of the embryonic web 21 increases, greater residence
time of the embryonic web 21 on the micropore medium 30 is necessary. For example, the
apparatus 15 should provide the embryonic web 21 a residence time 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 (12 pounds per 3,000 square feet) and a
consistency of 30 to 50 percent.

As used herein a "micropore medium" refers to any component which 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 upstreém or downstream of the
micropore medium 30. The micropore medium 30 may be generally planar, as shown, or
embodied in any desired configuration. Preferably, the pores in the micropore medium 30
are of lesser hydraulic radius than the interstices in the cellulosic fibrous structure 10 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
turns, flow restrictions, small ducts, etc.) through the micropore medxum 30, provndmg the
limiting orifices are still uniformly distributed.

Referring to Figure 4, the micropore medium 30 creates a limiting orifice for the air
flow through the drying belt 28, and particularly through the embryonic web 21. As used
herein, a "limiting orifice” refers to the component which provides the greatest individual
component of flow resistance to the air flow. It is important that the combination of the
flow resistances through the drying belt 28, embryonic web 21, micropore medium 30, and
cylinder, and the pressure 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 of the various and different
regions 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, the 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
to provide a limiting orifice in the path of such air flow. As used herein, the "flow path”
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or other conmponents which provides a flow resistance that is the limting
orifice in the flow path and does not deflect or |ess than adequately
support the cellulosic fibrous structure 10 in operation is suitable for
the mcropore medium30. It is only necessary that each |amina 38, 40, 42,
44, or 46 be supported by the subjacent |l.am na 38, 40, 42, 44, or 46

W t hout excessive deflection. For the enbodi nents described herein, a

| am nate having a first lamna 38 whichigs closest to, and nmay even be in
contacting relationship with the enbryonic web 21, and having a functional
pore size of about six to seven mcrons across may be utilized. Such a

fi I f ' d
shute f1 beraer Ipan greicon SRl of dhd élophtaic 8P Bwd ofEAE 4 forl BF fhe"
mlli materdf)(ﬂégv@!?@& nches) The shute fibers nmay have a di aneter of about

0.025 mi |1'i metFHes nidto elmédisxhem ana’ 'the \¥@Milosié dibFdis! Snicti?6" F0 BIRILID BeViRY N

into a f_l " ntlagtmg rc:latlonsq-i'i71 , r;ﬂxculacla tJmp &r f?Jw glprgxlljgemem oleigure 3B, to prevent a
plenum from being created therebetween and the air flow to or through the cellulosic
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 occur and
prevents the desirable uniform air flow to or through the embryonic web 21. As used
herein, air flow is considered to be “lateral" 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
the vicinity of the embryonic web 21.

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

process, the moisture distribution therein is equally uniform, 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 moisture
distribution is again considered on a scale corresponding to the repeating pattern in the
embryonic web 21. Qualitatively the relative uniformity of the moisture 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 Figure 3A, the cellulosic fibrous structure 10
may be spaced a small distance from the micropore medium 30, providing an intermediate
grid seals the air flow therebetween. This arrangement minimizes 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
be feasible, depending upon its strength, the particular combination of pressure

differentials and flow-resistances described above utilized for the seleéted papermaking
process.

The micropore medium 30 and the entire apparatus 15 used to manufacture the
cellulosic fibrous structure 10, may be thought of as havmg warp and shute directions. As
used herein the "warp" direction refers to the direction within the plane of the cellulosic
fibrous structure 10 and parallel to its transport throughout the papermaking 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 and is generally
transverse the direction of transport during manufacture.
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mllinmeters (0.0028 inches) and a count of about 128 fibers per centineter
(325.fi bers per inch) in the warp direction and about 906 fibers per
centinmeter (2,300 fibers per inch) in the shute direction. The first |amna
38 may be cal endered, as desired, to increase its flow resistance. For the
enbodi ments described herein, a lamnate having a second | am na 40 which i s
subj acent and in contact with the first lamna 38, and having a square pore
size of about 93 mcrons nay be utilizetf Such a second |anina 40 may be
formed by a plain square weave of netallic warp and shute fibers. The warp
fibers may have a dianmeter of about 0.076 mllineters (0.003 inches). The
shute fibers Thy fitsatwoaghifithiaminae38,4f 42, 44046 46 pf theemicroporomedigm; Hthes) .

The warp %P Yhide' 6050 ngfiul YE Ro | WitiRtdhd! el [kat, adisiige, Sarfdaprebsife Of
about 0.15Z2°mTlineters (0. i nches) and a count qof about .59 fi bers per
cent i net erindigeapusitpaand inddenta] tg) the (PAPERNAKIG,PROFESS YR é‘ﬁBa"a’B%@FjeBeg°f‘? bers
per centi ngifegts or properties to the cellulosic fibrous structure 10. It is important that the

micropore medium 30 laminate not excessively deflect or deform normal to the plane of

the embryonic web 21 during manufacture, otherwise the desirable uniform air flow

therethrough, may not be maintained. Any combination of laminae 38, 40, 42, 44, and 46

or other components which provides a flow resistance that is the limiting orifice in the

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

structure 10 in operation is suitable for the micropore medium 30. It is only necessary that

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 relationship with the embryonic web 21, and
having a functional pore size of about six to seven microns across may be utilized. Sucha
first lamina 38 may be formed 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
shute fibers may be woven into a first lamina 38 having a.caliper of about 0.071
millimeters (0.0028 inches) and a count of about 128 fibers per centimeter (325 fibers per
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 lamina 40 which is
subjacent and in contact with the first lamina 38, and having a square pore size of about 93
microns may be utilized. Such a second lamina 40 may be formed 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 shute fibers may have a diameter of about 0.076
millimeters (0.003 inches). The warp and shute fibers 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
centimeter (150 fibers per inch) in the warp direction and about 59 fibers per centimeter
(150 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 lamina 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
inch) in the warp direction and about 24 fibers per centimeter (60 fibers per inch) in the
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(150 fibers per inch) in the shute direction. For the enbodi nents described
herein a I'am nate having a third | am na 42 which is subjacent and in
contact with the second |amna 40 and having a square pore size of about
234 microns (0.092 inches) and a count of about 24 fibers per centineter
(60 fibers per inch) in the warp direction and about 24 fibers per
centineter (60 fibers per inch) in the 13 shute direction i.s suitable.
Such a third lamina 42 may be forned by1d plain square weave of netallic
warp and shute fibers. The warp fibers nmay have a dianeter of about 0.191
mllimeters (0.075 inches). The shute fibers may have a diranet er of about

0.191 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 0.191
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 be woven into a lamina having
a caliper of about 0.254 millimeters (0.010 inches) and a count of about 24 fibers per
centimeter (60 fibers per inch) in the warp direction and about 24 fibers per centimeter (60
fibers per inch) in the shute direction.

For the embodiments described herein, a laminate havmg 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
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

_ having 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
(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 cylinder 32. The fifth lamina 46
is made of a perforate metal plate.. A perforate plate having a thickness of about 1.52
millimeters (0.060 inches) and provided with 2.38 millimeters (0.0938 inches) diameter
holes staggered at a 60 degree angle and equally and isometrically spaced about 4.76
millimeters (0.188 inches) from the adjacent holes. _

The first through fourth laminae 38, 40, 42, and 44 of a suitable micropore medium
30 may be made of 304L stainless steel. The fifth lamina 46 may be made of 304 stainless
steel. A suitable micropore medium 30 may be supplied by the Purolator :Products
Company of Greensboro, North Carolina as Poroplate Part 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 desired, up to about 10 percent.

The micropore medium 30 may be tungsten inert gas full penetration welded from
the fifth lamina 46 to the first lamina 38, to form the desired shape and size of the
micropore medium 30. A particularly desired shape is a cylindrical shell, for application
onto the porous cylinder 32. The micropore medium 30 shaped like a cylindrical shell may
be joined to the porous cylinder 32 by a shrink fit. To accomplish the shrink fit, the
micro{:ore medium 30 may be heated, without contamination from the heating means, then
disposed on the outside of the porous cylinder 32 and allowed to shrink therearound as the
micropore medium 30 cools. The shrink fit should be sufficient to prevent angular
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mllimeters (0.075 inches). The warp and shute fibers nmay be woven into a
| ami ma having a caliper of about 0.254 millineters (0.010 inches) ‘and a
count of -about 24 fibers per centineter (60 fibers per inch) in the warp
direction and about 24 fibers per centineter (60 fibers per inch) in the
shute direction. For the enbodi ments described herein, a |am nate having a
fourth amna 44 which is subjacent the third amna 42 and having a
functional pore size of about 265 to abbut 285 nicrons may be utilized.
Such a fourth lam na 44 may be formed by a plain Dutch weave of netallic
warp and shute fibers. The warp fibers may have a dianeter of about 0.584
m | | i met erdeflegiopitweenitbe micropereghedium 80 [aad thenporobsmiepinderdi2aandt sufficient tthout -
0.419 m | |dveRdofieSany I3 i r d ' swoven -
into a Iad na,. avi.n%g%‘ciglsi’ﬁ]er of ngzlggi wg'.%igqhaﬁrﬁgfggﬁz%?%%gﬁgﬁ@s)
and a court® 3F %'dﬂ‘g"ﬁ"‘ﬁi"\?gﬁ% dBEOet er (12 fibers per inch) in the

war p direct i onPrefeably thet pazbus cylieder 324 providedrwitles periphery (not shown) adapted
to accommodate the cylindrically shaped micropore medium 30. The periphery may also
be cylindrically shaped and provided with a plurality of holes therethrough and axially
oriented ribs intermediate the holes. The holes and ribs may be circumferentially spaced
about 15.75 millimeters (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
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 méy be about 43
millimeters (1.69 inches) in radial thickness at the base of the ribs. This arrangemént
provides a periphery having approximately 12% open area and a pattern repeat of
approximately 27.1 centimeters (10.67 inches).

Of course, it is 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 46 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
adequate.

Internal to the 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 include blowers, fans, and
vacuum pumps, are well known in the art and will not be further discussed herein.

Generally, a plural lamina micropore medium 30 having increasing pore sizes in the
direction of downstream air flow promotes lateral flow of the air, in the plane parallel that
of the embryonic web 21, through the micropore medium 30. Of course, it is important
that the 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
water is still in the liquid form. |

It is particularly desirable that liquid water be removed from the embryonic web 21,
so that energy is not wasted overcoming the latent heat of vaporization of the liquid in the
evaporative process. Thus by using the apparatus 15 and process described herein, energy
is efficiently utilized by dewatering the embryonic web 21 through mechanical entrainment
of liquid water and evzfporatipn of water vapor. Of course, all of the aforementioned
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(64 fibers per inch) in the shute direction. For the enbodi ments descri bed
herein, the fifth lamna 46 is subjacent the fourth+amna—44 and in

LIL} o

contact with the periphery of the porous cylinder 32._.The flfth | am na 46
is made of a perforate metal plate. A perforate pl um R?S’ess of

about 1.52 mllinmeters (0.060 inches) and provided w ters
(0.0938 inches) dianeter holes staggered at a 60 deg qual |y
and isonetrically spaced about 4.76 m |l |¥neters (0.188 |nches) fromthe

adj acent holes. The first through fourth |am nae 38, 40, 42, and 44 of a
suitabl e m cropore nmedium 30 may be nade of 304L stainless steel. The fifth

| am na 46 rgYvabdin refw.éﬁ% Aidite ¥F prefbRfite toAhE ueﬁsatzk or ww&gﬁ@ offekl um

%2 may be suaBBI i e glé F Pur I‘at.o Prgducé[ls C@ng té ge L ee <)b(?ro Nort h
rol i na asvaBgPYiseions 149f thegs ﬁslﬁ grructyre 1R.dys tothe patormtlow. |5 g 38

may be ordered By uahzmg/afrmmupbm/medxmﬂﬂehdvmg the l@lwhsrp \bountf per eeptimeter 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

an embryonic cellulosic fibrous structure 10 web having a caliper of about 0.15 to about

1.0 millimeters (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 weight

or density of the embryonic web 21 increases or decreases, the pore sizes of the laminae

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 Jeaves the
porous cylinder 32 having the inicropore medium 30, the cellulosic fibrous structure 10 is
considered to be limiting-orifice-through-air dried. The fimiting-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 nonthermal dryer, or a Yankee drying

drum 56, or an impingement dryer, such as a hood 58, which dryers may either be used
alone or in combination with other drying means.

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
process, heat from the Yankee drying drum 56 circumference is conducted to the
'limiting—oxiﬁce-through-air dried web 50 which is in contact with the Yankee drying drum
56 circumference. The limiting-orifice-through-air dried web 50 may be transferred from
the drying belt 28 to the Yankee drying drum 56 by means of a pressure roll 52, or by any
other means well known in the art. After transfer of the limiting-orifice-through-air dried
web 50 to the Yankee drying drum 56, the limiting orifice through air web 50 is dried on
thé Yankee drying drum 56 to a consistency of at least about 95 percent.

- The fimiting-orifice-through-air dried web 50 may be temporarily adhered to the
Yankee drying drum 56 through use of creping adhesive. Typical creping adhesive
includes polyvinyl alcohol based glues, such as disclosed in U.S. Patent 3,926,716 issued
December 16,1975 to Bates, which patent is incorporated herein by reference for the
purpose of showing an adhesive suitable for adhering a limiting-orifice-through-air dried
web 50 to a Yankee drying drum 56 by application of such adhesive to eitl)cr.
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Germany as 325 x 2300 DTW8 fabric, calendered as desired, up to about 10
percent. The m cropore nmedium 30 nay be tungsten inert gas full penetration
wel ded fromthe fifth lamna 46 to the first lamna 38, to formthe desired
shape and size of the mcropore nedium 30. A particularly desired shape is
a cylindrical shell, for application onto the porous cylinder 32. The -

m cropore nmedium 30 shaped |ike a cylindrical shell may be joined to the
porous cylinder 32 by a shrink fit. To H%conplish the shrink fit, the
nricropore nedium 30 may be heated, w thout contam nation fromthe heating
means, then disposed on the outside of the porous cylinder 32 and al |l owed
to shrink ther Optionallg, te tiyeweb anaypbe doreshiortened s dhdtsits Tangths i ithek wWairp

shoul d be gl fibficdliuded ANl WEHiLBR Hbefs at teartanigdd Wil GihAHHEERTBR theSftRPto
fiber bonds. Foreshortening can be accomplished in several ways, the most common, well
known in the art and preferred 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
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 cellulosic fibrous structure 10
may be calendered or otherwise converted as desired.

Referring to Figure 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
greater than the atmospheric pressure. In this arrangement 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 web 21 and that the micropore medium 30 still be radially
inward of and in contact with the embryonic web 21. In the arrangement illustrated in
Figure 3B and having a positive internal pressure, the air flow is from the coarsest and
fifth lamina 46 of the micropore medium 30 to and through the first lamina 38. The air
flow then passes out of the first lamina 38 to and through the embryonic web 21. After
passing through the embryonic web 21, the air flow then continues the flow path through
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 subatmospheric_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
the air flow. Also, the subatmospheric porous cylinder 32 is judged to more efficiently
dewater the embryonic web 21 than the positive pressure porous cylinder 32. Conversely,
the positive pressure porous cylinder 32 illustrated in Figure 3B provides the advantages
that contaminates entrained in the air, water, or the cellulosic fibrous structure 10 have a
lesser propensity to dry on and subsequently come to reside on or in the first lamina 38,
which has the finest pores. of the micropore medium 30. '

It is prophetically possible the micropore medium 30 could be disposed on the
surface 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
the micropore medium 30 and is preferably used in conjunction with a subatmospheric
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14 defl ection between the m cropore nmedium 30 and the porous cylinder 32
and sufficient to overcone any asperities in the | am nae 38, 40, 42, 44,
and 46 of the mi cropore nmedium 30, w thout inparting undue stresses
thereto. Preferably the porous cylinder 32 is provided with a periphery
(not shown) adapted to acconmodate the cylindrically shaped m cropore
medi um 30. The peri phery may al so be cyli drically shaped and provided with

a plurality of holes therethrough and axially oriented ribs internediate
the holes. The holes and ribs may be circunferentially spaced about- 15.75
mllimeters (0.620 inches) apart and the holes axially spaced about 60
m | | i met er spressudsporpus edinilerapdir (ThisTareangementrmyy hepertisulatlyiadvantsgeops when
about 6 il ﬁﬁitﬁfgsor{ﬁ%eaﬂr&?,ﬁliﬁsaﬁeﬂ%@wisréw_ﬁiﬂl)edﬂyiaﬂer Ra@hg 1 mRspere 3
mllimeter Sm n'xr}l%olorul%v %:Sx)rélambe?y &gi'ueerstemperature air flow is desired.

The porous cylinder 32 may have different zones, each with a different pressure.
This arrangement allows a less expensive means for creating the subatmospheric or
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
a third zone with a differential pressure less than or equal to that of the first zone, but
which allows for air flow therethrough due to the second zone having exceeded the
breakthrough pressure. For example, the first zone may provide a differential pressure of
about 10.2 to 17.8 centimeters of Mercury (4 to 7 inches of Mercury). The second zone

’ 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 conserve energy, the second zone having
the greater pressure differential may be circumferentially smaller than the first and third
zones.

If it is desired to have only one zone of a particular pressure for a given porous 10
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
or more porous cylinders 32, one having a subatmospheric internal pressure and one
having a positive internal pressure. _

I yet another variation (not shown), it is prophetically possible the micropore
medium 30 is embodied in the form of an endiess belt. Such an endless belt would parallel
the drying belt 28 for a distance sufficient to obtain the desired résidence time, discussed
above. The embryonic web 21 would still be intermediate 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 single lamina of polyester or nylon fiber

having a mesh size and count sufficient, as desired above, to be the limiting orifice in the
air flow through the embryonic web 21.
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may be about 12 millineters (0.472 inches) in dianeter and axially offset
about 12.7 mllinmeters (0.500 inches) fromthe holes in the next row This
peri phery may be about 43 mllineters (1.69 inches) in radial thickness at
the base of the ribs. This arrangenent provides a periphery having
approximately 12% open area and a pattern repeat of approximtely 27.1
centineters (10.67 inches). O course, Lt IS not necessary that the exact
arrangenent, nunber, or size of | ami nad 38, 40, 42, 44, and 46 descri bed
above be utilized to obtain the benefits of the present invention. Thus,
any conbination of first |lam na 38 and subjacent |am nae 38, 40, 42, _44,
and 46 havi ng Theresbodimenbbthe whtropore mediuge 3@ wsapned rround #Posous YliRdsE 321 | ow

|r esi stanc ﬁlu@Gﬂm@ E@Figﬂ&k h-FS84e prphRfi@g Bhjogebdriiid Advan@aBes dver & wiicropereent
am na into fhe_por ‘@r bol esekl s .adequat.e. aI ntrer nallintdgr 59%,8& rn%HJoS&e
segnent ofmediEn 3 - o oA i achelts > For SXample 2 RPFe: O
medium 30 would be expected to have greater integrity and longer life, but imparts more
differences to the cellulosic fibrous structure 10 at the weld seams.

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
the micropore medium than a porous cylinder incorporating the micropore medium and
have narrower seams. In a multi-lamina micropore medium 30, such as illustrated in
Figure 4, much 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 expelled through the finest pores of
‘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
U.S. Patent 4,556,450 issued December 3, 1985 to Chuang et al. '

In each embodiment of the micropore medium 30, it is preferable 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
particularly on the surface of the micropore medium 30 which is in contacting relationship
with the cellulosic fibrous structure 10. This arrangement reduces lateral air flow through
the micropore medium 30 and preferably minimizes any non-uniform air distributions
associated with such lateral air flow.

It will be apparent that there are many other embodiments and variations of this
invention, all of which are within the scope of the appended claims.
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cel lulosi.c fibrous structure 10 is a means for causing the air fIOM/through
the cellulosic fibrous structure 10. Such air flow ically

i ncl ude bl owers, fans, and vacuum punps, -are melhnmngﬁg and wil
not be further discussed herein. Cenerally, a plura tHé&éé&ﬁR% E%‘P

medi um 30 having increasing pore sizes in the direc ﬂﬂ"m mﬂ

fl ow pronotes |ateral flow of the air, in the plane

enbryonic web 21, through the m croporé?nedi um 30. cour se,

i mportant ‘that the principal air flow occur nornal to t he plane of the
enbryonic web 21, so that in addition to evaporative |osses, water is
renmoved. from the enbryonic web 21 while the water is still inthe liquid
form It l.s anrN@tﬂPar? y mgdisiny Aore ushawith gai d imdt ng-bei fiseothdugh-airs he

o vapor | zat g BapePRIKINGCiPArAfus ) RBLEALIGH AENMA eabrforiE Y oF 0 e
appar gt us 15 %é}d E?ﬂfeél’g‘é&&“b’&j "Hé?téﬁ'{% 3ﬁt”3&ﬂgeg therein, said micro- -
pore medium comprising a limiting orifice for air flow through said

embryonic web, so that said moisture distribution is equally or more
uniform after air flow therethrough.

eam air
of t he

2. A micropore medium for use with a 1imiting-orifice-through-air-.
drying paperméking 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
embryonic web, so that said moisture distribution is equally or more
uniform after air flow therethrough, wherein said limiting orifice
‘comprises a laminate of plural laminae, each lamina of said laminae
having pores therethrough for said air flow.

3. A medium according to Claim 2 wherein the lamina having the greatest
flow resistance is on one surface of the micropore medium, 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 moisture distributed therein, said
apparatus comprising:

a means to cause airflow through the embryonic web;
a.through-air drying belt for supporting the embryonic web and
in contacting relationship with one face thereof; and

a micropore medium disposed on the opposite side of the
embryonic web, wherein said micropore medium is the
1imiting 9rifice'for airflow through said embryonic web,
so that said moisture distribution is equally or more
uniform after air flow therethrough.

I I!II'IJ I"IILI "IJI "IISI I”!II This is the r?pla'cement_ sheet |
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Is efficiently utilized by dewatering t he enbryoni ¢ web 21 through
mechani cal entrainment of liquid water and evaporation of water vapor. O

course, all of the aforenentioned 15 dewat ering occurs-w-thout prejudice
or preference to the densities or basis weights of the variQus regions 12

of the cellulosic fibrous structure 10, due t@higse deed By
utilizing a mcropore nedi um 30 havi ng g@e 128 centineter by
906 shute count per centineter disclosed above a of six
mcrons, it can be assured that such a mcropore nedium30 will be the

limting orifice for air flow through an enbryonic cellulosic fibrous
structure 10 web having a caliper of about 0.15 to about

S. An apparatus according to Claim 4 further comprising a porous

cyiinder. 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 5 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-orifice-through-air drying a cellulosic
fibrous structure, said process comprising the steps of:

providing-a cellulosic embryonic web to be dried and having a
moisture distribution therein; _

providing a means for causing'iir flow through said embryonic

. web; '

providing a drying belt to support said embryonic web;

providing a micropore medium on the side of said embryonic web
opposite said drying belt, so that said embryonic web {s
intermediate said drying belt and said micropore medium,
and wherein said micropore medium is the limiting orifice

| for said air flow; . '

disposing said embryonic web on said drying belt; and

causing air flow through said embryonic web and said micropore
medium, so that said moisture distribution is equally or
more uniform after air flow through said embryonic web.

10. A process according to CIiim'Q wherein said air flow througﬁ said

embryonic web is in the direction from said drying belt to s;id
micropore medium.
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1.0 mllimeters (0.006 to 0.040 inches), and.a basis weight of about 0.013
kil ograns per square neter to about 0.065 kil ograns per square neter (eight
to forty pounds per 3,000 square feet). It is to be recognized, however
that as the pressure differential across the enbryonic web 21 and m cropore
medi um 30 increases or decreases and, the basis weight or density of the
enbryoni c web 21 increases or decreases the pore sizes of the | am nae 38,
40, 42, 44, and 46, particularly of thélfirst lamina 38 in contact with the
enbryonlc web 21, may have to be adjusted accordingly. Referring again to
Figure 2, after the cellulosic fibrous structure 10 | eaves the por ous
cylinder 32 having the m cropore nmedi um 30, the cel lulosic fibrous

structure 10 is considered to be t ce-throu ed The
li mitingldri i BEOGESSoAGFARAINGGES e‘Jd‘\Te §5~3=%r§ %ﬁdt ﬂéﬁsﬁ?% E&"
drying belt 2@brydndt wdle isakeaht divkttivn fromsaeidiericdopore medim o aaid

t hrough-air d r.,an infrared dryer, a nonthermal dryer, or a Yankee
drying drying belt.

12. A cellulosic fibrous structure produced by the process of Claim 9.
13. A cellulosic fibrous structure produced by the process of Claim 10.

14. A cellulosic fibrous structure produced by the process of Claim 11.
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drum 56, .or an inpingenment dryer, such as a hood 58, which dryers may

ei ther be used alone or in conbinationwith other drying neans. The
manuf act uri ng process described herein is particularly suited for use with
a Yankee drying drum 56. Wien using a Yankee drying drum56 in this

manuf acturi ng process, heat fromthe Ygnkee drying drum 56 circunference is
conducted to the limting-orifice-thro -air dried web 50 which is in
contact with the Yankee drying drum 56 circunference. The

cont a
ryi ng RTEERG GREEHGR 'g* TG 6f CELLOROHTY Benho0s RUEIURERT. Mol 52,
or by ‘any ot her Eﬁﬁﬁﬁog’%bal ra TR PhbpUCHEA NSy { he

limting-orifice-throu ried web 50 to the Yankee drying drum 56, the

limting orifice through air web 50 aygstd#d®ed on the Yankee drying drum 56
to a consistency of at |east about 95 percent. The

limting-orifice-through-air dried web 50 nay be tenporarily adhered to the

A method and apparatus for drying of a cellulosic fibrous
structure having constant basis weight and/or density or
multiple regions varying in basis weight and/or density. Such
a cellulosic fibrous structure may have a nonuniform moisture
distribution prior to drying by the disclosed method and
apparatus. An equally or more uniform moisture distribution is
achieved by providing a micropore medium in the air flow”béth
which has a greater flow resistance than the interstices
between the fibers in the cellulosic fibrous structure web.
The micropore medium is the limiting orifice in the air flow
used in the drying process. The micropore medium may be
executed in a laminate of plural laminae, each of successively
increasing or decreasing pore size. This arrangement provides
the advantage that minimal sagging or deformation of each
lamina into the next coarser lamina occurs and lateral air
flow between the micropore medium and the cellulosic fibrous
structure is reduced. The micropore medium may be disposed
either upstream or downstream in the air flow path of the
cellulosic fibrous structure to be through-air dried.

' FIGURE 2
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Yankee dryying drum 56 through use of creping adhesive. Typical creping
adhesi ve i ncl udes pol yvinyl al cohol based glues, such as disclosed in U S.
Patent 3,926, 716 issued Decenber 16, 1975 to Bates, which patent shows an
adhesive suitable for adhering a limting-orifice-through-air dried web 50
to a Yankee drying drum 56 by application of such adhesive to either 16
Optionally, the dry web may be foreshortened, so that its length in the
warp direction is reduced and the cellulosic fibers are rearranged with

di sruption of the fiber to fiber bonds. Foreshortening can be acconplished
in several ways, the nost common, well

1/4

12

10

Fig. |
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known in the art and preferred being creping. |In a creping operation, the
limttng-orifice-through-air dried web 50 is adhered to a rigid surface,
such as that of the Yankee drying drum56 , then renoved fromthat surface
with a doctor blade 60. After creping and renoval fromthe Yankee drying
drum56 , the cellulosic fibrous structure 10 may be cal endered or

ot herwi se converted as desired. Referring to Figure 3B, if desired, the

" porous cylinder 32 nay be provided wt 7 positive internal pressure, i.e.,
so that the internal pressure of the po(ous cylinder 32 is greater than the
at nospheric pressure. In this arrangenent the air flow occurs in the
direction fromthe inside of the porous Byli nd®& 32 through to the outside
~of the porous cylinder 32. Such an arraggemept—requires that the drying
belt 28 still be disposed radially out 2,/ y of #he enbryonic web 21 and
that the mcropore medi unf30—3STN | & T&dially
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I nward of, and in contact with the enbryonic web 21. In the arrangenent
illustrated in Figure 3B and having a positive internal pressure, the air
flowis fromthe coarsest and fifth Iamna 46 of the mcropore nedium30 to
and through the first lamna 38. The air flow then passes out of the first
lam na 38 to and through the enbryonic web 21. After passing through the
enbryonic web 21, the air flow then continues the flow path through the

drying belt 28. Both the subatnospheri.c, pressure and positive pressure
porous rolls illustrated in Figures 3A/4hd 3B have certain advant ages. For
exanpl e, the subatnmospheric porous cylinder 32 illusgpated in Figure 3A

provi des the advantage that the enbryonic web 21 stAys in intimte contact
with the m cropore nmedium 30, pronoting unifformdigtribution of the air
flow. Also, the subatnospherig porous cylinde 32 is'judged to nore

efficiently dewater the enbryomM c wep ; Camatll 005|t Ve pressure porous
cylinder 32. Conversely. //,”—‘m

-\ 36
34

5 N 30 [

\ 21 Flg. 3A 50/

28
0 21
/ 30 /
; , ;

/\\ 32

Fig. 3B
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the positive pressure porous cylinder 32 illustrated in Figure 3B provides
t he advantages that contam nates entrained in the air, water, or the
cellulosic fibrous structure 10 have a | esser propen5|ty to dry on and
subsequently cone to reside on or in the first |am na 38, which has the
finest pores. of the mcropore nmedium30. It is prophetically possible the
m cropore medi um 30 coul d be di sposed on the surface of a porous cylinder
32, and the limting-orifice-through-air dried web 50 held in place w thout
a separate drying belt 28. This arrangenent would, of course, require the
enbryonic web 21 to be dried to a con /étency sufficient that it remains

intact while it is on the mcropore nedium 30 and is preferably used in
conjunction with a subat nospheric
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~17 pressure porous cylinder 32. This arrangerrent ;LJ;zempartlcul arly

advant ageous when the I imting-orifice- t hr ough+ai r qrrmgj _ E
dssentially dry Ay 1y, i cropore nedi uml3({—-eﬁ~ Whea--ret at iyely

hi gher 't enper at uﬁ‘@ $‘rLE 1232 Me& red. The porousllcyl [ n%er 32 A have

di fferent zones| eachE\RM(FFDa difflerent pressure K at ange??é’ga fows a
| ess expensive neans tor creating the subdd nospheri nc lor_positive. piessure
and for causing the air flowto or through the errbr‘yonlc web 21 to b
utilized. Fotlzkmsple, a first zone of the subat nospheri-c--pressur-e—por ous
cylinder 32 may be provided with a relatively snall differential pressure,
and parti cul brl yA amignopare npedinmfer susee withc 3 i Limiting-prifijcetihrough-air-

br eakt hr oughdpr edrying papetdidkiA§ Appiratos lhheonlbliﬂitiohgwml &n @Abryofiid Meb of

m cropore nediu 3€ re

pressure; and a ‘ﬁqu&z E?Qﬁ’t‘hgiﬁamwr‘g t|a fg&@’?gg‘?e e‘éés{s%'tgyﬁ&jceq al

to that of the fparet medivm comprising a limiting orifice for air flow through said
embryonic web, so that said moisture distribution is equally or more
uniform after air flow therethrough. '

2. A micropore medium for use with a limiting-orifice-through-air-
drying papeméking apparatus in combination with an embryonic web of
s ‘cellulosic fibers having moisture distributed therein, said micro-
\ pore medium comprising a limiting orifice for air flow through said
embryonic web, so that said moisture distribution is equally or more
uniform after air flow therethrough, wherein said limiting orifice
comprises a laminate of plural laminae, each lamina of said laminae
‘having pores therethrough for said air flow.

3. A medium according to Claim 2 wherein the lamina having the greatest
flow resistance is on one surface of the micropore medium, 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 moisture distributed therein, said
apparatus comprising:

K/' . a means to cause airflow through the embryonic web; _

a.through-air drying belt for supporting the embryonic web and
~ in contacting relationship with one face thereof; and
a micropore medium disposed on the opposite side of the
embryonic web, wherein said micropore medium is the
liniting orifice for airflow through said embryonic web,
so that siid moisture distribution is equally or more

uniform after air flow therethrough.
I

et Has Been Replaced

\\Il\l\\ LN \ll\

) * [ L M s *



XCG

ai I ows for &iF flow therethrc.“" ._'uue t comd: Lene Tavi g
he br REBQHrTeAAPHF@R%p?%ﬂBF%é first zone may providd -
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eﬁs&yo br Qntﬂflﬁtg Ted1ONL Ué’y&tg in basis ‘weight and/or density. Such a

- cellulosic fibrous structure (10) may have a ionuniform moisture distribution prior to drying by
© the disclosed method and- apparatus. An equally or more uniform moisture distribution i1s ..

_achieved by providing a micropore medium (30) in the air flow path which has a greater flow

resistance that the interstices between the fibers in the cellulosic fibrous structure (10) web..

- "“The micropore medium (30) is the limiting orifice in ‘'the air flow used in the drying process.

‘The micropore medium (30) may be executed in a ‘laminate of plural laminae, -each of
' successively increasing or decreasing pore size. This arrangement provides the advantage that
‘minimal sagging or deformation of each lamina into the next coarser lamina occurs and lateral

" air flow between the mictopore medium and the cellulosic fibrous structure (10) is reduced.
_ The micropore medium (30) may be disposed either upstream or downstream in the air ﬂow
_path of the cellulosic fibrous structure (10):to be through—arr dried. :
Figure 2. .'
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cylinder 32, two or nore porous cylinders 32 may lbegquihggﬁigshg@@ﬁ'% aged .=

each having a different positive or subatnospheri¢ gh:tserr@@} PI SaSHI e, toAhERd 2.

it is possible to cascade two or nore porous cyli d;ar;s.mag pg];agl ngtoapagej

subat nospheric internal pressure an?, one having aipgs};
n

5} JVe nt ..... to paged .=..
pressure. In yet another variation ot shown), |t I's prop tlﬁ#? pe

possi bl efibrhus struntenepinereasedi (Regidds taineidén dheckhuckies fretht ar mcnﬁeahln ST
Ve . SB35 UM b e SN e ek L
sufficient to obtaln esire | trme Cussel apov

enbryoni ¢ wogverali 'mmwmusuo tlweawmmwtsexsem throughts deying: ‘ﬁrhesm bel t
and the s&c;ampﬂsﬂwllh tRS art ASFd# exa; Ee%ea&?py&zﬂewe%ueniy%&hw v‘m% lﬂgﬁl 3B,

oyt orOfeb Bt (el it Fotg etk QptiesBilt et Py GRS e BEL e,
to be t hgenqenbx{nyng B;udu(mb eir i perradability malyl bavacdomapligied: bye apﬂbmgcmrcsmwb 21.
mixture to obturate the interstices between woven yarns in the belt. The drying 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 photosensitive resin
comprising a continuous network. The drying belt may be specially adapted for high
temperature air flows, of up to about 815 degrees C. (1500 degrees F). Examples 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 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 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.

In US-A-3 879 858 an air-through process and apparatus is
disclosed, using a foraminous medium comprising a perforated
flexible sheet carrying a relatively open felt on the side of
the web which is opposite the drying felt. The process aims at
minimising impact of changing drying conditions either at the
beginning of the drying process step and at the end, when the
web density has ctianged by the drying process itself, or when
difference conditions exist along the cross-machine direction of
the web. Neither specific opening size of the perforated web,
nor its effect on air flow resistance are disclosed. _

The foregoing art, particularly that addressed to ihfough-a’.ir drying, does not address
the problems_encountered when drying a multi-region cellulosic fibrous structure. For
examplé, a first region of the cellulosic fibrous structure, having a lesser absolute
moisture, density or basis weight than a- second region, will typically have relatively
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.
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18 The enbodi nent of the m cropore nedium 30 wapped around a porous
cylinder 32 illustrated in Figures 2-3B above prophetically enjoys certain
advant ages over a micropore nedium 30 enbodied in a belt. For exanple, a
porous cylinder 32 type micropore nedi im 30 woul d be expected to have
great er i nt egFhis problem isomxgenarbdted wherbthe muﬂpereglsn reliwosi fifrousstowsture ¢o bhe

cel | ul osi ¢ dl ess
bel t emogPﬁﬁﬁfﬁrﬁiﬁﬁﬁé‘?ﬂﬁ% diik pr & ,#;Ré;f‘ﬁhé olated discrate

as backf | GAPRPEHS celwlostcibrons; %twéwrwervbmmat%m with Q%E'ewféreéc% of "
Fur t her noeheatedseyligier dndriiod AirPfeoni @Shadid i@ ehtrodied tdehashicfase af thet dulliilosier e of
the backf lﬂﬁ?&s' 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 low density or low basis weight regibns. Preferential
drying of the low density regions occurs by convective transfer of the heat from the air
flow in the Yankee drying drum hood. Accordingly, the production rate of the cellulosic
fibrous structure must be slowed, to compensate for the greater moisture 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
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 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 to be dried. Air flow is directed towards the cellulosic fibrous
structure and is transferred through the supporting belt, or, altematively, flows through
the drying belt to the cellulosic fibrous structure. Differences in flow resistance through
the belt or through the cellulosic fibrous structure, amplifies differences in moisture
distribution within the cellulosic fibrous structure, and/or creates differences in moisture
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 least, to the
high density or high basis weight regions, which have relatively more moisture. Likewise,
no attempt has been made to promote uniform drying of each region of the cellulosic
fibrous structure.

_Accordingly, it is an object -of this invention to provide an apparatus and process to
direct air flow in a limiting-orifice-through-air-drying process substantially equally to and
through the low density and low basis weight regions and the high density and high basis
weight regions. This apparatus and process are intended to be used with the manufacture
of paper utilizing limiting-orifice-through-air drying, conventional press felts, infrared
drying, etc. and combinations thereof. It is also an object of this-invention to provide an
apparatus and process for reducing occurrences of being rate limited in the production of a
cellulosic fibrous structure by the through-air drying or Yankee drum drying steps of the

manufacturing process. It is finally an object of this invention to produce a multi-region
cellulosic fibrous structure using such process and apparatus.
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actually expelled through the pores in the mcropore medium30 in a uniform
manner. Such an enbodi ment can be nore easily restored to operability in
the event of failure of the mcropore nmediumthan a porous cylinder

i ncorporating the mcropore nediumand have narrower seans. In a
multi-Ilamna mcropore nmedium 30, such as illustrated in Figure 4, nuch of
t he backflush water is channeled in lateral flow between or through

adj acent | am nae 38, 40, 42, 44, -and 46 and due, in part, to the hole
pattern in the periphery.of the porous cylinder 32, -is not uniformy
expel l ed through the finest pores of the first |lamna 38 where it is nost
needed. |nstead of the woSEWMARNOF BIE INYENEIONI4  and 46 enbodi ment of
the m cropore nmedi um 30 di scussed above, it is possible that the m cropore

nmedi um 30 nElye ineention cormprisey ar tipperatus Eegording twalEmal, thel apparatus Havinga

| S05t 2L Babloh BE835503L BEGRIME S e UnlIRND SRR it 2GR 1 (0 (e
micropore medium disposed on the opposite side of the embryonic web in an attempt to
provide substantially uniform 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 moisture
distribution is equally or more uniform after drying by this apparatus.

In another embodiment, the invention comprises a process for limiting-orifice-
through-air drying a cellulosic fibrous structure according to claim 1. The process comprises
the steps of providing an embryonic web to be dried, a means for causing air flow through _
the ;mbryonic web, a drying belt to support the embryonic web from one side, and a
micropore medium opposite the drying belt. Air flow through the embryonic web is
caused, wherein the micropore medium is the limiting orifice in the air flow. The moisture
distribution in the embryonic web is equally or more uniform 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
following description in accordance with the drawings, in which like components are given
the same reference numeral and:
Figure 1 is a fragmentary top plan view of a multiple region cellulosic fibrous
structure made according to the present invention;

Figure 2 is a schematic side elevational view of a papermaking machine according to
the present invention;

‘ 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
subatmospheric internal pressure;

Figure 3B is a schematic side elevational view of a micropore medium roll according
to the present invention embodied on a pervious cylinder which has a positive-
internal pressure; and

Figure 4 is a fragmentary top plan view of a micropore medium according to the
present invention showing the various laminae.
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U S. Patent 4,556,450 issued Decenber 3, 1985 to Chuang et al.
enbodi'ment of the micropore nedium 30, it is preferable 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
m cropore medi um 30, and particularly on the surface of the m cropore
medi um 30 which is in contacting relatfonship with the cellulosic fibrous
structure 10. This arrangenent reduces lateral air flow through the

m cropore medi um 30 and preferably m nimzes any non-uniformair

di stribut issied dwverabat 3a] W?EhtoSMHﬂgdnaétemalandi' in édnuwonly tassigidd UeS. agpement
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the preparatlon rs on papermaking fibers.

I n each

The aqueous dispersion of papermaking fibers is supplied in a liquid carrier from the
headbox 20 to a forming belt such as a Fourdrinier wire 22. The Fourdrinier wire 22 is
supported by a breast roll and a plurality of retum rolls. Additionally, commonly
associated 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.

The aqueous dispersion of papermaking fibers is used to form an embryonic web 21
on the Fourdrinier wire 22 or other forming section wire. As used herein an "embryonic
web" refers to a deposit of fibers subjected to rearrangement on a Fourdrinier wire 22 or
other forming 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
removal of water from the aqueous embryonic web 21.

The embryonic web 21 is transferred to a second papermaking belt, particularly a
drying belt 28. Any air pervious through-air drying belt 28 may be utilized. A particularly
preferred drying belt 28 ufilizes a continuous photosensitive resinous network. A
particularly preferred dryihg belt 28 may be made in accordance with commonly assigned
U.S. Patent 4,528,239 issued July 9, 1985 to Trokhan, which patent shows 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 commonly assigned U.S. Patents 5,059,283 issued
October 22, 1991, fo Hood et al. and 5,073,235 issued December 17, 1991, to Trokhan.

The embryohic web 21 may be transferred from.the forming section wire 22 to the
drying belt 28 by applying a pressure differential to the embryonic web 21. Particularly,
the émbtyonic 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
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 web 21 is transferred from
the forming wire to the drying belt 28.
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19 dains 1. A process for limting-orifice-through-air drying a
cellul'osic fibrous structure (10), said process conprising the steps of:
providing a cellulosic enbryonic web (21) to be dried and having a noisture
distribution therein; providing a drying belt (28) which is air permeable
to support said enbryonic web (21); providing a means for causing air flow
t hrough -said enbryonic web (21) and sdi d drying belt (28); disposing said
enbryonic web (21) on said drying belt (28);
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 mechanical dewatering of the

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

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 shows an apparatus 15 suitable for

mechanically dewatering an embryonic web 21.

The drying belt 28 may be cleansed with water showers (not shown) to remove
cellulosic fibrous structure 10 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 of the belt
by reducing oxygen degradation. Preferred emulsion and distribution methods are
disclosed in the aforementioned commonly assigned U.S. Patent 5,073,235 issued
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
nonuniform, corresponding to a repeating pattern in the embryonic web 21. The repeating
pattern in the embryonic web 21 is due to a like pattern of regions of differing basis
weights and/or densities. This moisture distribution may be qualitatively determined on a
scale corresponding to the repeating pattern by image analysis of soft X-rays or other
means well known in the art.

. The drying belt 28 transports the embryonic web 21 to the apparatus 15 for
directing air flow in a through-air drying proces§ equally to and through the low density
and low basis weight regions 12 and the high density and high basis weight regions 12
according to the present invention. This apparatus 15 according to the present invention
comprises a micropore drying 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.

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 mediurm 30 according to the present invention. The
porous cylinder 32 may be internally provided with a subatmospheric pressure for the
embodiment described herein, although it will be later described that the porous cylinder
32 may be provided with a positive pressure relative to the atmosphere. The positive
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characterized by providing a mcropore nedium (30) on the side of said
enbryonic web (21) opposite said drying belt (28), so that said enbryonic

web (21) is internediate said drying belt (28) and said micropore medi um
(30), said mcropore nmedium (30) being the limting orifice for said air
flow, causing air flow through said drying belt (28), said enbryonic web
(21) and said mcropore nmedium (30), s@ that said noisture distribution is

equally or nore uniformafter air flow through said enbryonic web (21). 2.
A process according to Caim1l wherein said air flow through said enbryonic

web (21) '(y?esis&ettﬂﬁt gt uEhiditd Mo hrideSiivel tiiFbughntie Bellulosirouostamdte 10 candpor e

Fﬁ?gﬂgq h( :S)’ aﬂ)fif 3 r%%qgrtgg ?esékt Ccuoglildylzrn utt'eoo h%'nnﬁcllopvc\ﬁ']éa tedfint 3b qn hle Llyow
liquid water is present in the pores thereof. For the embodiments described herein a
subatmospheric pressure of about 3380 to about 40560 Pa (1 to 12 inches of Mercury),

and preferably about 23660 to about 33800 Pa (7 to 10 inches of Mercury) 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
porous cylinder 32 at the take off roll 36, being substantially dried, preferably to a
cbnsistency of at least about 30 percent and more preferably at least about 50 percent.

During the period the embryonic web 21 is in contact with the porous cylinder 32,
the aforementioned drying belt 28 is on the outside of the circular segment, the porous
cylinder 32, covered by the micropore medium 30 is on the inside of the circular segment,
and the embryonic web 21 is between the outer drying belt 28 and the inner micropore
medium 30. Due to the subatmospheric pressure internal to the porous cylinder 32, air
flow is drawn through the taminate formed by the drying belt 28, the embryonic web 21,
the micropore medium 30, and the porous cylinder 32.

Referring again to Figure 2, the épparatus 15 used to manufacture the cellulosic
fibrous structure 10 is further provided with a hood 54, to supply hot air to dry the
embryonic web 21. Particularly, the hood 54 provides dry, 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. It is noted however, that saturated air may be suitable, if only mechanical
dewatering is intended. Preferably the hood 54 is able to provide air flow at a temperature
from ambient to about 290 degrees C (500 degrees F) and preferably about 93 to about
150 degrees C (200 to 300 degrees F) for the air flow through the embryonic web 21.

One advantage to using relatively lower temperature air is the reduced proclivity of
the drying belt 28 and cellulosic fibrous structure 10 to prematurely fail, or to scorch,
burn, or develop malodors, respectively, during the manufacturing process when using
lower temperature air flows, as well as potential energy savings. Such a hood 54 may 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 medium 30 and porous
cylinder 32, the embryonic web 21 may have a consistency of about S to about 50 percent.
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web is in the

(28).- 20 4.

ertbryoni ¢ web

direction fromsaid mcropore nmedium (30) to said drying belt
An apparatus for |imted-orifice-through-air drying an
(21) of cellulosic fibers having noisture distributed

therein, said apparatus conprising: a through-air drying belt (28) for
supporting the enbryonic web (21) and in contacting relationship with one

face thereof,

and a neans to cause ailéfl ow t hrough the enbryonic web (21)
and said drying belt (28);

characterized in that a mcropore nedium (30) is

di sposed on the opposite side of the enbryonic
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 uniform 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
an embryonic cellulosic fibrous structure 10 web having a caliper of about 0.15 to about
1.0 millimeters (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 feét). 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 weight
or density of the embryonic web 21 increases or decreases, the pore sizes of the laminae
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 inicroporc medium 30, the cellulosic fibrous structure 10 is
. 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 nonthermal dryer, or a Yankee drying

drum 56, or an impingement dryer, such as a hood 58, which dryers may either be used
alone or in combination with other drying means.

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
proqt:\ss. heat from the Yankee drying drum 56 circumference is conducted to the
limiting-grifice-through-air dried web 50 which-is in contact with the Yankee drying drum
56 circumference. The limiting-orifice-through-air dried web 50 may be transferred from
the drying belt 28 to the Yankee drying drum 56 by means of a pressure roll 52, or by any
other means well known in the art. After transfer of the limiting-orifice-through-air dried
w_éb 50 to the Yankee drying drum 56, the limiting orifice through air web 50 is dried on
thé Yankee drying drum 56 to a consistency of at least about 95 percent.

The limiting-orifice-through-air dried web 50 may be temporarily adhered to the

Yankee drying drum 56 through use of creping adhesive.

Typical creping adhesive

includes polyvinyl alcohol based glues, such as disclosed in U.S. Patent 3,926,716 issued
December 16, 1975 to Bates, which patent shows an adhesive suitable for adhering a

limiting-orifice-through-air dried web 50 to a Yankee drying drum 56 by application of such
adhesive to either
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web (21), such that air is caused to flow through said drying belt (28),
sai d enmbryonic web (21) and said mcropore medium (30); wherein said

m ¢ropore medium (30) is the limiting orifice for said airflow, so that
sai d noisture distribution is equally or nore uniformafter air flow
through said enbryonic web (21). 5. n apparatus according to claim4
further conprising a porous cylinder ( 2), wherein said mcropore nedi um
(30) is peripherally disposed on said cylinder (32). 6. An appar at us
accordi ng ¢@jfysai m 5 wherein said cylinder (32) has a subatnospheric

i nt er nal pTE§§U e. 7. An apparatus according to Cdaim5 wherein said
cylinder (32) has a positive internal pressure.

1. A process for limiting-orifice-through-air drying a cellulosic fibrous structure
(10), said process comprising the steps of:

providing a cellulosic embryonic web (21) to be dried and héving a moisture
distribution therein;

providing a drying belt (28) which is air permeable to support said
embryonic web (21);

providing a means for causing air flow through said embryonic web (21)
and said drying belt (28);

disposing said embryonic web (21) on said drying belt (28);
characterized by

providing a micropore medium (30) on the side of said embryonic web (21)
opposite said drying belt (28), so that said embryonic web (21) is
intermediate said drying belt (28) and said micropore medium (30), said
micropore medium (30) being the limiting orifice for said air flow;

causing air flow through said drying belt (28), said embryonic web (21) and
said micropore medium (30), so that said moisture distribution is equally or
more uniform after air flow through said embryonic web (21).

2. A process according to Claim 1 wherein said air flow through said embryonic
web (21) is in the direction from said drying belt (28) to said micropore medium
(30).

3. A process according to Claim 1 wherein said air flow through said embryonic
web is in the direction from said micropore medium (30) to said drying belt (28).
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8.  An apparatus according to Caim4 wherein said mcropore medi um (30)
is disposed in the formof an endless belt. 21 11. A process according
to Gdaim9 wherein said air flow through said enbryonic web is in the
direction fromsaid mcropore mediumto said drying belt. 12. A cellulosic
fibrous structure produced by the pr oggss of daim9. 13. Acellulosic
fibrous structure produced by the proCess of Claim210. 14. A cellulosic
fibrous structure produced by the process of Caim1l,

4. An apparatus for limited-orifice-through-air drying an embryonic web (21) of
cellulosic fibers having moisture distributed therein, said apparatus comprising:

a through-air drying belt (28) for supporting the embryonic web (21) and in
contacting relationship with one face thereof, and a means to cause airflow
through the embryonic web (21) and said drying belt (28);

characterized in that

a micropore medium (30) is disposed on the opposite side of the embryonic
web (21), such that air is caused to flow through said drying belt (28), said
embryonic web (21) and said micropore medium (30);

wherein said micropore medium (30) is the limiting orifice for said airflow,
so that said moisture distribution is equally or more uniform after air flow
through said embryonic web (21).

5. An apparatus according to claim 4 further comprising a porous cylinder (32),
wherein said micropore medium (30) is peripherally disposed on said cylinder
(32).

6. An apparatus according to Claim 5 wherein said cylinder (32) has a

subatmospheric internal pressure.

7. An apparatus according to Claim 5 wherein said cylinder (32) has a positive
internal pressure. '

8. An apparatus according to Claim 4 wherein said micropore medium (30) is
disposed in the form of an endless belt.

I —————
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LIMITING ORIFICE DRYING OF CELLULOSIC FIBROUS STRUCTURES,
APPARATUS THEREFOR, AND
CELLULOSIC FIBROUS STRUCTURES PRODUCED THEREBY

Abstract

A method and apparatus for drying of a cellulosic fibrous
structure having constant basis weight and/or density or
multiple regions varying in basis weight and/or density. Such
a cellulosic fibrous structure may have a nonuniform moisture
distribution prior to drying by the disclosed method and
apparatus. An equally or more uniform moisture distribution is
achieved by providing a micropore medium in the air flow path
which has a greater flow resistance than the interstices
between the fibers in the cellulosic fibrous structure web.
The micropore medium is the limiting orifice in the air flow
used in the drying process. The micropore medium may be
executed in a laminate of plural laminae, each of successively
increasing or decreasing pore size. This arrangement provides
the advantage that minimal sagging or deformation of each
lamina into the next coarser lamina occurs and lateral air
flow between the micropore medium and the cellulosic fibrous
structure is reduced. The micropore medium may be disposed
either upstream or downstream in the air flow path of the
cellulgpsic fibrous structure to be through-air dried.

FIGURE 2
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