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METHOD FOR MAKING TISSUE SHEETS
ON A MODIFIED CONVENTIONAL WET-PRESSED MACHINE

Background of the Invention

The present Invention relates generally to methods for making paper products.
More particularly, the invention concerns methods for making cellulosic webs having high
bulk and abeorbency on a modlified conventional wet-pressed machine. _

There are generally two different methods for making the baes sheets for papex’
products such as paper towels, napkins, issus, wipes and the like. These methods are
commonly referred to as wet-pressing and throughdrying. While the iwo methods may be
the same at the front end and back end of the process, they differ significantly in the,
manner in which water ls removed from the wet web after fts initial formation.

More specifically, in the wet-pressing method, the newly-formed wet web s typically

" transfermed onto a papermaking felt and theresafter preesed against the surface of a

steam-heated Yankee dryer while it Is still supported by the felt. As the web is tr_anil’emd
to the surface of the Yankee dryer, water is expressed from the web and Is abeorbed by
the felt. The dewatered web, typically hav'lng a consistancy of about 40 percent, s then
dried while on the hot surface of the Yankee dryer. The web Is then creped to soften it
and provide setretch to the resulting tissue sheet. A disadvantage of wet pressing Is that
the ppssing step densifies the web, thereby decreasing the bulk and absorbency of the
tissue shest. The subsequent creping step only partially restores these desirable sheet
properties.

In the throughdrying method, the newly-farmed web is first dewatered using vacuum
and then transferred'to a relatively porous fabric and non-compressively dried by passing
hot air through the web, The resulting web can then be transferred to a Yankee dryer for
creping. Becauee the web ls substantially dry when transfermed to the Yankse dryer, the i
denshy of the web is not significantly increased by the transfer. Also, the density of a
throughdried shest le relatively low by nature because the web is dried-while supported on
the throughdrying fabric. The disadvantages of the throughdrying method are the

1
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relatively high operational energy coets and the capital costs assoclatad with the
throughdryers.

Because the vast majority of existing tissue machines utilize the older wet-pressing
method, 1t is of perticular importance that manufacturers find ways to modily existing wet-
pressed machines to produce the consumer-preferred low-denelty products without
expensive modifications to the existing machines. Of course, It Is possible to re-bulld wet-
pressed machines to throughdried configurations, but this Is ususlly prohibitively
expansive. Many complicated and expensive changes are necessary to accommodate
the throughdryers and aseociated equipment. In addition, the length of a ﬂw_nugh-alr dried
tissue machine Is greater, requiring a building addition or modification. In some locations,
bullding modifications are not practical or possible, or prohibitively expensive because of
the interference with other exdating equipment or limited area available on the eite.
Accordingly, there has been greet interest in finding ways to modify existing wet-pressed
machines without significantly altering the machine design.

In some instances, it Is more convenient and cost effactive to modily the press
section of a wet-pressed tissue machine than the wet end, particularly if the wet end and
headbox are in good condition. In addition, older wet-pressed machines may have
existing equipment assoclated with the bottom felt run that can be readily adapted for
other uses, making the modification simpler and even more cost effective. This Invention
discloses simplified methods of modifying a wet-pressed machine to make an improved
consumer-prefemed low-density product.

As a specific axample of another embodiment of the present invention, an approach
to modifying a crescent-former tissue machine Is particularly desirable, as there are many
axisting crescent-former tissue machines that could benefit from the consumer-preferrad
low-density products that can be made with the improved process. Many older crescent-
former tissue machines were provided with a lower felt run that could be easlly adaptad to
serve as an additional fabric run required for certain ambodiments of this invention. This
invention discloses a simple method for modifying a crescent-former tissue machine.

One eimple approach to modifying a wet-pressed machine to produce softer, bulkier
tissue is described in U.S. Patent 5,230,776 lssued July 27, 1993 to Andersson et al. The
patent discloses replacing the felt with a perforeted belt of wire type and sandwiching the
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web between the forming wire and this perforated belt up to the press roll. The patent
also appears to disclose additional dewatering means, such ss a steam blowing tube, a
blowing nozzle, and/or a separate press felt, that may be placed within the range of the
sandwich structure In order to further Increase the dry solids content befors the Yankee
dryer. These exira drying devices are sald to permit the machine to run at speeds &t least
substantially equivalent to the speed of throughdrying machines. T

It is important to reduce the moisture content of the wab coming onto the Yankee
dryer, to malntain machine speed and to prevent blletering or lack of adheeion of the web.
Referring to U.S. Patent 5,230,778, the use of a separate press felt, however, tends to
denslify the web in the same manner as a conventlonal wet-pressed machine. The
denelfication resulting from a separate press feit would thus negatively Impacting the bulk
and absorbancy of the web.

Further, Jets of alr for dewatering the web are not per ee effective In terms of water
removal or energy efficiency. Blowing alr on the sheet for drying is well known In the art
and used In the hoods of Yankee dryers for convective drying. In a Yankse dryer hood,
however, the vast majority of the air from the jets does not penetrats the web. Thus, If not
heated to high temperatures, most of the air would be wasted and not effectively used to
remove water. In Yankee dryer hoods, the air Is heated to as high as 500 degrees
Fahrenhelt and high residence times are aliowed in order to effectuate drying.

Thus, what Is lacking and needed In the art is a practical method for making tiasue
sheets having high bulk and absorbency comparable to throughdried sheets on a
modtfied, conventional wet-preased machine.

sSummary of the invention

It has now been discovered that a wet-pressed tissue can be made having bulk and
absorbency propertles equivalent to those of comparable throughdried products, while
maintaining reasonable machine productivity. More particularly, wet-pressed cellulosic
webs can be made by vacuum dewatering a wet web up to approximately 30 percent
consistency, then using an Integrally sealed air press to noncompressively dewster the
sheet to 30 to 40 percent conslstency. The wet web ie desirably then transferred to a

3
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"molding" fabric substituted for the conventional wet-pressing feit In order to impart more
contour or three-dimensionallty to the wet web. The wet web is preferably thereafter
pressed agalns.t the Yankee dryer while supported by the molding fabric and dried. The
resulting product has exceptional wet bulk and absorbency exceeding that of conventional
:mt-praued towels and tissue and equal to that of presently available throughdried
products.

As used hereln, "noncompressive dewatering” and "noncompressive drying" refer
to dewatering or drying methods, respectively, for removing water from cellulosic webs
that do not involve compressive nips or other stepe causing significant densification or
compression of a portion of the web during the drying or dewatering process.

The wet wab Is wet-molded hﬂwpmgasstolmpmvaﬂnﬂnme—dirmmlomlltyarlld
absorbent properties of the web. As used herein, "wet-molded" tisaue sheets are thoss
which are conformed to the surface contour of a molding fabrlcwhlloatamlsbeney:of
about 30 to about 40 parcent and then driad by thermal conductive drying meane, such as

a heated drying cylinder, as opposed to other drying meana such as a throughdryer,
beforaopﬂonaladdlﬂoﬁaldrylm means.

The "molding fabrice* sultable for purposes of this invention Include, without
limitation, those papermaking fabrics which exhibit significant open area or three-
dimenslonal surface contour sufficient to Impart greater z-directional deflection of the web.

Such fabrics Include eingle-leyer, muiti-layer, or composite permeable structures.
Preforred fabrics have at least some of the following characteriatics: (1) On the side of
the molding fabric that Is in contact with the wet web (the top slde), the number of
machine direction (MD) strande per inch (mesh) ls from 10 to 200 (3.04 to 78.74 per
centimieter) and the number of croes-machine direction (CD) strands per inch (count) la
also from 10 to 200 (3.64 to 78.74 per centimeter). The strand dlameter Is typically
smaller than 0.050 Inch (1.27 mm);, (2) On the top skde, the distance between the highest
point of the MD knuckie and the highest point of the CD knuckde Is from about 0.001 to
about 0.02 or 0.03 inch (0.025 mm to about 0.508 mm or 0.762 mm). In between these
two levels, thers can be knuckies formed elther by MD or CD strands that give the
topography a 3-dimensional hillvallsy appearance which Is Imparted to the sheet during
the wet molding step; (3) On the top side, the length of the MD knuckies ls equal to or
longer than the length of the CD knuckies; (4) If the fabric s made in 8 muitHayer

4
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construction, It is preferred that the bottom layer is of a finer mesh than the top layer so as
to conitrol the depth of web penetration and to maximize fiber retention; and, (5) The
fabric may be made to show certaln geometric pattemns that are pleasing to the eye, which
typlcally repeat between every 2 to 50 warp yams.

Hence, in one aspect, the invention resides In a method for making a cellulosic web,
comprising: (a) depositing an aqueous suspension of papermaking fibers onto an endiess
firet fabric to form a wet web; b) dewatering the wet web to a consistency of about 10
percent to about 30 parcent; c¢) transferring the wet web to an endless second fabric; d)
sandwiching the wet web batween the ascond fabric and a support fabric and dewatering
the wet web to a consistency of greater than 30 percent using a noncompressive '
dewatering device that is adapted to cause a pressurized fluid at about 5 pounds per
square inch gauge or greater to flow substantially through the web due to an integral seal
formed with the wet web; (e) pressing the dewatered wet web against the surface of a
heated drylng cyiinder to et least partially dry the wet web; and, (f) drying the dewatered
wet web to a final dryness. .

In another aspect, the Invention resides in a method for making a celiulcsic web,
comprising: (a) depositing an aqueous suspension of papermaking fibers onto an endless
first fabric to form a wet web wherein the wet web; (b) tranefarring the wet web to an
endless second fabric; (c) sandwiching the wat web between the second fabric and a
support fabric and dewatering the wet web to a conslstency of up to about 30 percent; (d)
supplementally dewatering the wet web to a consistency of about 30 to about 40 percent
using an air press that is adapted to cause a pressurtzed fiuid et about 5 pounds per
square Inch gauge or greater to flow subetantially through the web due to an integral eeal
formed between an alr plenum and a collection device; (e) configuring the second fabric
to provide an unsupported sheet wrap angle of the dewatered wet web about a pressure
roll of leas than 80 degreea; (f) pressing the dewatered wet web agalnst the surface of a
heated drying cylinder to at least partially dry the dewatered wet web; and, (g) drying the
dewatered wet wab to a final drynese.

in ancther aspect, the invention resides In a method for making a celiulosic web,
col.nprlalng: (8) deposlting an aquecus suspension of papermaking fibers onto an endless
firet fabric to form a wet web; (b) dewatering the wet web to a conslistency of up to about
10 percent; (c) transferring the wet web to an endless second fabric; (d) sandwiching the

5
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wet web between the second fabric and a support fabric; e) passing the wet web
sandwiched between the second fabric and the support fabric between an air plenum and
a collection deyice with the second fabric disposed between the wet web and the '
collection device, the air plenum and collection device being operatively associated and
adapted to creats a pressure differential across the wet web of about 30 inches of
mercury or greater and a stream of pressurized fluld through the wet web of about 10
standard cublc feet per minute per square Inch or greater; 1) dewatering the wet web
using the stream of pressurized fluid to a consistency of about 30 percent to about 40
percent; g) pressing the dewatered wet web against the surface of a hested drying
cylinder with the second fabric; and, (h) drying the dewatered wet web to a final drynesas.

IanuMWImmmhamdmNWam
wet press machine having at least one felt and compressive dewstaring devices,
comprising: (a) replacing at least one felt with at least one fabric; and, (b) replacing
compressive dewatering devices with non-tharmal, noncompresaive dewatering devices.
Wet press procassing and equipment are discussed in U.S Patent No. 4,139,410 lssued
to Tapio et al. on February 13, 1978 and incorporated hereln by reference.

In another aspect, the Invention resides In a method for making a celiulosic web,
comprlsing the steps of. (a) depositing an aquecus suspension of papermaking fibers
onto an endiess firet fabric to form a wet web; (b) dewatering the wet web io a
consistency to about 10 to about 30 percent; (c) transferring the wet web to an endiess
second fabric; (d) sandwiching the wet web between the second fabric and a support
fabric and dewatering the wet web to a consistency of greater than about 30 percent using
a non-compressive dewatering device that Is adapted to cause a pressurized fuld at
about 5 pounds per square inch gauge or greater to flow substantially through the wet
web due to an integral seal formed with the wat web; (e) transferring the wet wab back to
the second fabric; (f) pressing the dewatered wet web agalnst the surface of a heated
drying cylinder to at least partially dry the wet web; and, (g) drying the wet web to a final

dryness.

In another aspect, the Invention resides in a method for making a cefluloslc wab,
comprising the steps of. (a) depositing an aqueous suspension of papermaking fibers
onto an endiess first fabric to form a wet web; (b) transferring the wet web to an endiess
second fabric; (c) sandwiching the wet web between the second fabric and a support
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fabric and dewatering the wet web to & consistency to about 30 percent ; (d) further
dewatering the wet web to a consistency of greater than about 30 percent to about 40
percent using an alr press that ls adapted to cause a pressurized fluld at about 5 pounds
per square inch gauge or greater to flow substantially through the wet web dus to an
Integral seal formed betwesn an air plenum and a collection device; (e) transferring the
wet web back to the second fabric such that the sheet wrap of the wet web on the
pressure roll Is less than 80 °; (f) pressing the dewatered wet web agelnst the eurface of
a heated drying cylinder to at least partially dry the wet web; and, (g) drying the wet web
fo a final dryness. ‘

In yet another aspect, the invention resides in a method for making a cellulosic
wab, comprising the stepe of: (a) depositing an aqueous suspension of papermaking
fibers onto an endless first fabric to form a wet web; (b) dewatering the wet web to &
conslstency of about 10 percent to about 30 percent; (c) transferring the wet web to
another fabric; (d) sandwiching the wet web between the second fabric and a support
fabric, one of which utliizes the space and components formerly used In the bottom felt
run of a tow presas wet press machine; (a)dmhdngm'ewatwabtoaeomlabncyol'
greater than about 30 percent to about 40 percent using an alr press that is adapted to
cause a pressurized fluld at about 5 pounds per square inch gauge or greater to flow
substantially through the web due to an integral seal formed between an alr plenum and a
collection device; (f) transferring the wet web back to the second fabric; (g) pressing the
dewaterad and wet web against the surface of 8 heated drying cylinder to at least partially
dry the web; (h) drying the web to a final drynees.

In another aspect, the invention resides in a method for making a cellulosic web,
comprising the steps of. (a) depositing an aqueous suspension of papermaking fibers
onto an endless first fabric to form a wet web {0 make a wet web; (b) transferring the wet
web to an endiess second fabric; (c) sandwiching the wet web between the second fabric
and a support fabric and dewatering the wet web to a consistency of about 10 percent to
about 30 percent; (d) further dewatering the wet web to a conslstency of greater than
abaut 30 percent to about 40 percent using an air prees that ls adapted to cauee a
pressurized fiuld at about 5 pounds per square inch gauge or greater to flow substantially
through the web due to an Integral seal formed between an air plenum and a collection
device; (e) transferring the wet web back to the second fabric to give the web a bulk of
about B cubic centimeter per gram or greatsr; (f) pressing the dewatsred web against the
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surface of a heated drying cylinder with a fabric to preserve the bulk of about 8 cublc
centimeter per gram or greater; and, (g) drying the web to a final dryness.

In yet another agpect, the invention resides In a method for making a cellulosic
web, comptising the steps of. (a) depoelting an aqueous suspension of papermaking
fibers onto an endiesas firet fabric to form a wet web; (b) transferring the wet web to an
endiess sscond fabric; (c) sandwiching the web between the second fabric and a support
fabric; (d) passing the second and support fabrics with the wet web sandwiched
therewithin betwean an air plenum and a collection device with the sscond fabric disposed
between the wet web and the collection device, the alr plenum and the colleclion device
being operatively associated and adapted to create a pressure differential acroes the wet
web of about 30 Inches of mercury or greater and a stream of pressurtzed fluid through
the wet web of about 10 standard cubic feet per minute per square inch or greater; ()
dewatering the wet web using the stream of pressurized fiuld to a consistancy of about 30
percent or greater; (e) pressing the wet web against the surface of a heated drying
cylinder with the second fabric; and, {f) drying the wsb to a final drynese.

Hence, another embodiment of the present invention reskdes In a method for making
a celiulosic web, comprising: (a) deposliting an aqueous suspension of papermaking
fibers between an endless firet fabric and an endless second fabric to form a wet web
wherein the wet web Is sandwiched between the first and eecond fabrics; (b) dewatering
the wet web to & consistency of about 30 percent or greater using a noncompressive
dewatering device that is adapted to cause a pressurized fluld at about 5 pounds per
square inch gauge or greater to flow substantially through the web due to an integral ssaal
formed with the wet web; (c) preesing the dewsatered wet web against the surface of a
heated drying cyfinder to at least partially dry the dewatered wet web; and, (d) drying the
dewatsred wet web to a final drynesas. '

In another aspect, the invention resides in a method for making a celiulosic web,
comprising: (a) depositing an aqueous suspension of papermaking fibers between an
endless first fabric and an endiess second fabric to form a wet web wherein the wet web
Is sandwiched between the first and second fabrics; (b) dewatering the wet webto a
consistency of about 10 to about 30 percent; (c) supplementally dewatering the wet wab
to a consistency of about 30 to about 40 percent using an alr press that Is adapted to
cause a pressurized fluld at about 5 pounds per square inch gauge or greater to flow
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substantially through the wet web due to an Integral seal formed between an alr plenum
and a collection device to give the dewatered wet web a bulk of about 8 cubic centimeter
per gram or greater; (d) pressing the dewatored wet web agalnst the surface of a haated
drying cylinder with a fabric to preserve the bulk of about 8 cubic centimeter per gram or
greater; and, {e) drying the dewatered wet web to a final dryness.

In ancther aspect, the Invention reekdes in 2 method for making a cellulosic web,
comprising: (a) depositing an aqueous suspenalon of papermaking fibers between an
endless first fabric and an endless second fabric to form a wet web wherein the wet web
Is sandwiched between the firet and second fabrics; (b) passing ﬂ'le'wat web sandwiched
between the first and second fabrics between an air plenum and a collection device with
the second fabric disposed between the wet web and the collection device, the air plenum
and collection device being operatively associated and adapted to create a pressure
differential across the wet web of about 30 Inches of mercury or greater and a stream of
pressurized fluld through the wet web of about 10 standard cublc feet per minute per
square inch or greater; c) dewatering the wet web using the stream of preasurized fiuid to
a consistancy of about 30 percent or greater; (d) pressing the dewatered wet web against
the surface of a heated drying cylinder with the sacond fabric; and (e) drying the
dewatered wet web to a final dryness.

lnanoﬂaerasped.,ﬂlelnvenﬂqn reeides in a method of modifying a conventional
crescent-former tiseue machine having at least one felt and compreesive dewatering
devices, comprising: (a) replacing at least one feit with at least one fabric; and, (b)
replacing compressive dewatering devices with non-thermal, noncompressive dewatering
devices. Crescent-forming processing and equipment are discusead In U.S Patent No.
3,224,928 |ssued to Lee et al. on December 21, 1885 and Incorporated herein by
reference.

in another aspect, the Invention resides in a method for making a cellulosic web,
comprising the steps of: (a) depositing an aquaous suspension of papermaking fibers
between an endless first fabric and an endless sscond fabric to form a wet web; (b)
dewatering the wet web to a conslstency to about 10 percent or greater using a
combination of centrifugal force and fabric tenslon around the forming roll; (c) ueing a
non-compressive dewatering device that Is adapted to cause a pressurizad fluid at about
§ pounde per equare inch gauge or greatsr to flow substantially through the wet web due



10

15

30

as

WO 0202869 PCT/US01/19807

to an integral seal formed with the wet web; (d) transferring the wet web back to or
retalning on the second fabric; (e) pressing the dewatered wet web against the surface of
a heated drying cylinder to at least partially dry the wet web; and, {f) drying the wet web
to a final dryness.

In another aspect, the invention resides In a method for making a csliulosic web,
comprising the steps of: (a) 'deposﬂlng an aqueous suspension of papermaking fibers
between an endless first fabric and an endless second fabric to form a wet web; (b)
dewatering the wet web to a consletency to about 10 percent or gresater using a
combination of centrifugal force and fabric tension around a forming roll; (c) further
dewatering the wet web to a consistency of 10 to about 30 percent; (d) supplementally
dewatering the wet web to a consistency of about 30 to about 40 percent using an alr
press that ls adapted to cause a pressurized fluld at about 5 pounds per square Inch '
gauge or greater to fiow substantially through the wet web due to an integral seal formed
between an alr plenum and a collection device; (e) transferring the wet web back to or
retaining on the second fabric; (f) pressing the dewatered wet web against the surface of
a heated drying cylinder to at least partially dry the wet web; and, (g) drying the wet web
fo a final dryness.

In another aspect, the invention reskies in a method for making a callulosic wab,
comprising the steps of: (a) deposiiing an aqueous suspension of papermaking fibers
between an endless first fabric and an endless second fabric to form a wet wab; (b)
dewstering the wet web to a consistsncy of about 10 1o about 30 percent; (c)
supplementally dewatering the web to a conslstency of about 30 to about 40 percent using
an alr press that Is adapted to cause a pressurized fluld at about § pounds per square
inch gauge or greater to flow subetantially through the wet web due to an Integral seal
formed beiween an air plenum and a collection device; (d) transferring the wet web back
to or retaining on the second fabric to give the wet web a bulk of about 8 cublc centimeter
per gram or greater; (e) pressing the dewatered wet web against the surface of a heatsd
drying cylinder with a fabric to presarve the bulk of about 8 cubic centimeter par gram or
greater; and, (f) drying the wet web to a final drynees.

In yet ancther aspect, the invention resides In a method for making a ceilulosic

" web, comprising the steps of: (a) deposliing an aqueous suspension of papermaling

fibers between an endiess first fabric and an endiess sacond fabric to form a wet web
10




10

15

25

ao

35

WO 0202869

e Y

whereln at least one of the endless fabrics (s a three-dimenslonal molding fabric; (b)
passing the first and second fabrics with the wet web sandwiched therewithin between an
alr plenum and a coliection device with the three dimensional molding fabric dieposad
between the wet web and the collection device, tha air plenum and the collection device
belng operatively associated and adapted to create a pressure differential across the wet

" web of about 30 inches of mercury or greater and a stream of pressurized fluld through

the wet web of about 10 standand cublc feet per minute per square Inch or greater; (d)
dewatering the wet web using the stream of pressurized fluld to a consietency of about 30
percent or greater; (o) pressing the dewatered wet web againet the surface of a heated

- drying cylinder with a fabric; and, (f) drying the wet web to a final dryness.

ﬂntenn'ﬂrlstfabﬂc' le used herein to refer to any fabric usead In tesue making as
describad herein or known In the art, including, but not limited to, forming, molding, and
other support fabrics used in making tissue. However, the firet fabric Is preferably a
forming fabric. The term “second fabric” s usad herein o refer o any fabric used In;
tissue making as described hereln or known in the art, incliuding, but not imited to,
forming, molding, and other support fabrics used in making tissue. However, the second
fabric le preferably a molding fabric as described herein. Where the eecond fabric Is a
moliding fabric, the resulting web Is a molded wab. The term “support fabric® is used
hereln to refer to any fabric used in tissue making as described herein or known in the art,
including, but net limited to, forming, mokding, or any ather fabric used in making tiesue.

The terms “Integral seal” and "Integrally sealed” are used hersin to refer to: the
relationship between the sir plenum and the wet web where the air plenum Is operatively
associated and in indirect contact with the web such that about 85 percent or greater of
the air fed to the air plenum flows through the web when the alr plenum Is oparated at a
pressure differential acrose the web of about 30 inches of mercury or greatsr; and the
relationship between the alr plenum and the collection device where the alr plenum is
operatively assoclated and In Indirect contact with the web and the collection device such
that about 85 percent or greater of the air fed to the alr plenum flows through the web into
the collection device when the alr plenum and collection device are operated at a pressura

(differential across the web of about 30 Inches of mercury or graater.

The air press Is able to dewater the wet web to very high conslstencies due In
large part to the high pressure differential established across the web and the resulting air
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flow through the web. in particular embodiments, for example, the alr press can increase
the conslatency of the wet web by about 3 percent or greater, particularly about 6 percent
or greater, such as from about 5 to about 20 percent, more particularly about 7 percent or
greater, and more particularly still about 7 percent or greater, such as from about 7 to 20
percent. Thus, the consistency of the wet web upon exiting the air press may be about 25
percent or greater, about 28 percent or greater, about 27 percent or greater, about 28
percent or greater, about 28 percent or greater, and is desirably about 30 percent or
greater, particularly about 31" percent or greatsr, more particularly about 32 percent or
greater, euch as from about 32 to about 42 percent, more particularly about 33 percent or
greatsr, even more particularly about 34 percent or greater, such as from about 34 to
about 42 percent, and &till more particularty about 35 parcent or greatst.

By adding the Integrally sealed air press dewatering step to the process,
considerable improvements over the previously described exdsting processes can be
achleved. First, and most importantly, a high enough consistency Is achieved so that the
process can operate at industrially useful speeds. As used herein, “high-speed operstion”
or “industrially useful speed” for a tissue machine refere to a machine epeed st least as
great as any one of the following values or ranges, In feet per minute: 1,000; 1,500; 2,000,
2,500; 3,000; 3,500; 4,000; 4,500; 5,000, 5,500; 6,000; 6,500; 7,000; 8,000; 9,000;
10.0m,nndarangahavlmanupperandalowarllr.nltofanyofﬂmabmllst&dvaluu.
Further, molding the sheet at high consistencies significantly Improves the abliity of the
sheet to retain its three-dimensionailty and thus aleo significantly improves the resulting
caliper of the sheet. As used herein, the term “textured” or “three-dimenslonal® as appiied
to the surface of a fabric, felt, or uncalendered paper web, Indicates that the surface s not
substantially smooth and coplanar. Addltionally, the present machine configuration is
amenabile to incorporating a rush transfer step, which again reaults in a significant
increase in bulk and absorbsncy relative to the exdsting wet pressing processes.

Optlonal steam showers or the ke may be smployed before the alr presa to
Increase the post air press conslistency and/or to modify the crose-machine direction
molsture profile of the web. Furthermore, higher consistencies may be achieved when
machine speede are relatively low and the dweli time in the alr press Is relatively high.

The pressure differential across the wet web provided by the alr press may be
about 25 inches of mercury or greater, such as from about 25 to about 120 Inches of
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mercury, particularly about 35 Inches of mercury or greater, such as from about 35 to
about 60 Inches of mercury, and more particularly from about 40 to about 50 inches of

mercury. This may be achieved In part by an alr plenum of the air press maintaining a

- fluid pressure on one side of the wet web of greater than 0 to about 60 pounds per square

inch gauge (psig), particularly greater than 0 to about 30 pelg, more particularly about 5
pelg or greater, such as about 5 to about 30 psig, and more particularly still from about 5
to about 20 psig. The collection device of the sir press desirably functions as a vacuum
box operating at 0 to about 28 inches of mercury vacuum, particularly 0 to about 25
inches of mercury vacuum, particularly greater than 0 to about 25 Inches of mercury
vacuum, and more particularly from about 10 to about 20 Inches of mercury vacuum, such
a8 about 15 Inches of mercury vacuum. In eome embodiments, the collection device of
the air press may operate at 30 Inches of mercury vacuum or greater. The collection
device desirably but not necessarily forms an Integral seal with the air plenum and draws
a vacuum to facilitate its funcion as a collection device for alr and liquid. Both preasure
levals within both the alr plenum and the collection device are desirably monftored and
controlled to predetermined levels.

Significantly, the pressurized fiuid used in the alr press Is sealed from amblent air
fo create a substantial air flow through the web, which results in the tremendous
dewatering capability of the alr prees. The flow of pressurizad fiuld through the air press
Is sultably from about 5 to about 500 standard cubic feet per minute (SCFM) per square
inch of open area, particularly about 10 SCFM per square inch of open area or greater,
such as from about 10 to about 200 SCFM per squars inch of open area, and more
particularty about 40 SCFM per square Inch of open area or greater, such as from about
40 to about 120 SCFM per square inch of open area. Desirably, of the pressurized fluld
supplied to the air plenum, 70 percent or greater, particularly 80 percant or greatsr, and
more particularly 90 parcent or greater, is drawn through the wet web into the vacuum
bax. For purposes of the present Invention, the term “standard cublc feet per minute”
means cublec feet per minute measured at 14.7 pounde per square Inch absoluts and 60
degrees Fahrenheit (°F).

The terms “alr* and “pressurized fluid® are used Interchangeably herein to refer to

any gaseous substance used In the air press to dewater the wet web. The gaseous
substance sultably comprises air, steam or the Iike.. Deslrably, the pressurized fluld
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comprises air at amblent tempersture, or air heated only by the process of pressurization
to a temperature of about 300 ° F or lees, more particularly about 150 ° F or leas.

The wet web s desirably attached to the Yankee dryer or ather heated drying
¢linder surface In a manner that presarves a substantial portion of the texture imperted
by previous treatments, especially the texture imparted by molding on three-dimensional
fabrics. The conventional manner used to produce wet-pressed creped paper ls
Inadequate for this purpose, for In that method, a pressure roll is used to dewater the wet
web and to uniformly press the wet web Into a dense, flat state. For the present invention,
the conventional substantially smooth press felt ls replaced with a textured material auch
as a foraminous fabric and desirebly a throughdrying fabric. For another embodiment of
the present Invenllon the conventional substantially smooth press feit of the eonvanﬂoml
crescent-former tissue machine is replaced with a textured meteria! such as a fommlnom
fabric and desirably a throughdrying fabric. Tissue webs made according to the present
method deslrably have a buik after being molded onto the three-dimenslonal fabrie of !
about 8 cubic centimeters per gram (cc/g) or greater, particularly about 10 co/g or greater,
and more particularly about 12 cc/g or greater, and that bulk s maintained after being
pressed onto the heated drying cylinder using the textured foraminous fabric.

For bast results, significantly lower preesing pressurea can bs used as compared
to conventional tissue making. Deesirably, the zone of meodmum load applied to the web
should be about 400 psl or less, particularly about 350 psl or less, more particularly about
150 pal or less, such as between about 2 and about 50 pel, and most particularly about 30
psl or less, when averaged across any one-inch equare reglon encompassing the point of
maximum pressure. The pressing pressures measured In pounds per linesl Inch (pll) at
the point of maximum pressure are desimably about 400 plii or less, and particularly about
350 pli or less. Low-pressure application of a three-dimensional web structure onto a
heated drying cylinder helps to maintain substantially uniform denslty In the dried web.
Substantially uniform density Is promoted by effectively dewatsring the web with
noncompressive means prior to the Yankee dryer attachment, and by selecting a foraml-
nous fabric to contact the wab against the dryer that le relatively free of high, inflaxible
protruslons that could apply high local pressurs to the web. The fabric Is desirably treated
with an effective amount of a fabric release agent to promote detachment of the web from
the fabric once the web contacts the dryer surface.
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The absorbency of a tissue shest may be characterized by Its Absorbent Capacity
and lte Absorbent Rate. As used herein, "Absorbent Capaciy” ls the maximum amount of
distilied water which a sheet can absorb, expresssd as grams of water per gram of
sample sheet. More specifically, the Absorbent Capacity of a sample sheet can be
measured by cutting a 4 inch by 4 Inch (101.8 by 101.6 mm) sample of the dry shest and-
weighing it to the nearest 0.01 gram. The sample is dropped onto the surface 'of a room
temperature distllled water bath and left in the bath for 3 minutes. The sample Is then
removed using tonge or tweezers and suspended vertically using a 3-prong clamp to drain
excess water. Each sample is aflowed to drain for 3 minutes. The sample Is then placed
in a welghing dish by holding the weighing dish under the sample and releaeing the
clamp. The wet sample is weighed to the nearest 0.01 gram. The Absorbent Capecity le
the wet walight of the sample minus the dry welght (the amaunt of water absorbed),
divided by the dry weight of the sample. At least five representative samples of each
product should be tested and the results averaged.

The "Absorbent Rate" Ia the time It takes for a product to become thoroughly wetted
out In distilled water. It Is determined by dropping a pad comprised of twenty sheets, each
measuring 2.5 Inches by 2.5 Inchee (83.5 by 83.5 mm), onto the surface of a dlsﬂllgd
water bath having a temperature of 30 °C. The elapsed time, in seconds, from the
moment the sampie hits the water until It ls completely wetted (as determined visually) is
the Absorbent Rate.

The present method Is useful to make a variety of absorbent products, Induding
faclal issus, bath tissue, towels, napkins, wipes, or the like. For purposss of the present
Invention, the terms “tissue” or “tissue products® are used generally to describe such
product structures, and the term “celflulosic web” is used to broadly refer to webs
comprising or conslsting of cellulosic fibers regardless of the finlehed product structure.

Many fiber types may be used for the present invention Including hardwood or
softwoods, straw, flax, milkweed seed floss fibers, abaca, hemp, kenaf, bagasse, cotton,
reed, and the lfke. All known papermaking fibers may be used, Including blsached and
unbleached fibers, fibers of natural origin (Including wood fiber and other celiulosic fibers,
celiviosa derivatives, and chemically stiffened or croeslinked fibars) or synthetic fibers
(synthetic papermaking fibers Include certain forme of fibers made from polypropylene,
actylic, aramids, acetates, and the like), virgin and recovered or recycied fibers, hardwood
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and softwood, and fibers thet have been mechanically pulped (e.g., groundwood),
chemicslly pulped (including but not limited 1o the kraft and sulfite pulping proceeses),
thermomechanically pulped, chemithermomechanically pulped, and the fike. The mbdures
of eny subset of the above mentioned or related fiber ciasses may be used. The fibers
can be prepared in a multiplicity of ways known to be advantageous in the art. Useful
‘methods of preparing fibers Include dispersion to impart curi and Improved drying
properties, such as disclosad in U.S. Patents 5,348,620 issued September 20, 1984 and
5,501,768 issued March 28, 1998, both to M. A, Hermans et al.

Chemical additives may be also be used and may be added to the original fibers, to
the fibrous slurry or added on the web during or after production. Such additives include
opacifiers, pigments, wet strength agents, dry strength agents, softeners, emolllents,
humectants, viricides, bactericides, buffers, waxes, fluoropolymers, odor control materials
and deodorants, 2ecfites, dyes, fiucrescent dyes or whitenars, perfumes, debonders,
vegetable and mineral ofls, humectants, sizing agents, superabsorbents, surfactants,
moisturizers, UV blockers, antiblotic agents, Iotions, fungicides, preservatives, aloe-véra
extract, vitamin E, or the lke. The application of chemical additives nesd not be uniform,
but may vary In locition and from side to skie In the tissue. Hydrophobic material
deposited on a portion of the surface of the web may be used to enhance properties of
tha web.

The headbox may be stratifled to permit production of a multllayered structure from
a single headbox jet In the formation of a web. In particular embodiments, the web Is
produced with a etratified or layered headbox to preferentially deposit shorter fibers on
one side of the web for Improved softnees, with relatively longer fibers on the ather side of
the web or In an Interior layer of a web having three or more layers. The web Is desirably
formed on an endless loop of foraminous forming fabric which permits drainage of the
liquid and partial dowatering of the web.

Numeroue features and advantages of the present invention will appear from the
following description. In the description, reference ls mads to the accompanying drawings
which lustrate preferred embodiments of the invention. Such embodiments do not
represent the full scops of the invention. Reference should therefore be mads to the
clalms herein for Interpreting the full acope of the Invention.
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Brief Descrjption of the Drawings

Figure 1 representatively shows a schematic procees flow diagram Mustrating a

5 , method according to the present invention for making celiulosic webs having high buk
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15

20

25

and absorbency.

Flgure 2 representsatively shows a schematic process fiow diagram RBustrating an
aiternative methed according to the present invention.

Figure 3 representatively shows ah enlarged end view of an air press for use In
the methods of Figures 1 - 2, with an alr plenum sasiing assembly of the alr press ina
ralsed position relative to the wet web and vacuum bax.

"t
Flgure 4 repreeentatively shows a side view of the air press of Figure 3.
Figure & representatively shows an olilarped section view taken generally from the
plane of the line 6 - 6 In Figure 3, but with the sealing assembly loaded againet the
fabrics. .

Figure 6 representatively shows an entarged section view similar to Figure 8 but
taken generally from the plane of the line 7 - 7 In Figure 3.

Figure 7 representatively shows a perspective view of several componsnis of the
alr plenum sealing assembly positioned against the fabrics, with portions broken away and
shown In section for purposes of Nustration.

Figure 8 representatively shows an enlarged section view of an altermnative sealing
configuration for the alr press of Figure 3.

Figure 9 representstively shows an enlarged schematic diagram of a sealing
saction of the air presas of Figure 3.
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Figure 10 representatively shows a schematic procees flow diagram Hlustrating a
method according to the present Invention for making cellulosic webs having high bulk
and absorbency.

Figure 11 representatively shows a schematic process flow diagram MNiustrating an
alternative method according to the present Invention.

Figure 12 representatively shows a achematic process flow diagram lllustrating yet
ancther altemnative method according to the present invention.

Hed Description of the

The Invention will now be described In greater detall with reference to the Figures,

where simllar elements in different Figures have been given the same reference numeral

For simplicity, the various tensloning rolls schamatically used to define the several fabric
runs are showr but not numbered. A variety of conventional papermaking apparatusss
and operations can be used with respect to the stock preparation, headbax, forming
fabrics, web transfers, creping and drying. Nevertheless, particular conventional
compenents are lilustrated for purposes of proviiing the context In which the various
embodiments of the invention can be used.

The process of the present Invention may be camied out on an apparatus as
shown In Figure 1 modified from a typical wet pressed tissus paper machine. An
embryonic wet web 10 formed as a slurry of papermaking fibers ls deposited from a
headbox 12 onto an endlesa loop of a first fabric 14. Nots that altamative forming
amangements such as a twin-wire former are also possible and do not change the
functionality of this modification. The consistsncy and flow rate of the alurry determines
the dry web basis weight, which desirably Is between about 5 and about 80 grams per
square meter (gem), and more deslirably between about 8 and about 40 gam.

The embryonic wet web 10 is partially dewatered by natural dralnage commeonly

_ assoclated with the first fabric 14 and the forming roll 52 while the wet web 10 Is carried

on the first fabric 14. Additional dewatering may be accompliehed by any dewstering
means or devices such as a vacuum box 48. Once the partial dewatering step Is
completed, the wet web 10 Is transferred to or retalned on the second fabric 24 with or
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without the use of a vacuum shoe 0. At léast one of the fabrice 14 and 24 may be a
forming fabric, preferably the first fabric 14. In addition, at least ons of the fabrics 14 and ,
24 may be a molding fabric, preferably the second fabric 24.

For high-speed operation of the present invention, conventional tissue dewatering
methods prior to the heated drying cylinder 30 may give inadequate water removal, so
additional dewatering devices may be needed. Optionally, the wet web may be further
dewatered using vacuum box 47. In the Nustrated embodiment, an air press 16 Is used to
noncompressively dewater the wet web 10. The llustrated sir press 16 comprises an
assembly of a preesurized alr plenum 18 disposed above the wet web 10, a water and
fluid coliection device 20, shown In the form of & vacuum box , disposed beneath &
support fabric 22 in operable relation with the pressurized air pianum 48, and the second
fabric 24. (In altemnative embodiments, the fluld collection device 20 may be disposed
next to the second fabric 24 in operable relation with the pressurized air plenum 418 and
the support fabric 22). While passing through the alr press 18, the wet web 10 Is
sandwiched between the second fabric 24 and the support fabric 22 In order to facilitate
sealing against the wet web 10 without damaging the wet web 10.

The alr press 16 provides substantial rates of water removal, enabling the web to
achleve dryness levels well over 30 percent prior to attachment to the drying cylinder 30,
euch as & Yankee dryer, desirably without the requirement for substantial compressive
dewatering. Several embodiments of the sir press 16 are described in greater detall
herelnafier. Other sultable embodiments are disclosed In U.S. Patent Application Serial
No. 08/847,508 flled May 14, 1886 by M_A. Hermans et al. titled "Method and Apparatus
for Making Soft Tissue," which Is incorporated herein by reference.

Following the air prees 18, the wet web 10 travels further sandwiched between the
second fabric 24 and the support fabric 22 until the wet web 10 Is transferred back to the
second fabric 24, preferably a textured fabric, with or without the asslstance of a vacuum
transfer shoe 28 at a transfer station.

The second fabric 24 may comprise a three-dimenslonal throughdrying fabric such
as those disclosed in U.S. Patent 5,420,688 jssued July 4, 1905 to K. F. Chiu et él., which
is incorporated herein by reference, or may comprise other woven, textured webe or
nonwoven fabrics. The second fabric 24 may be treated with a fabric release agent such
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as a mixiure of silicones or hydrocarbons to facilitate subsequent release of the wet web
10 from the second fabric 24. The fabric release agent can be sprayed on the second
fabric 24 prior to the pick-up of the web. Once on the second fabric 24, the wet web 10
may be further molded against the second fabric 24 through application of vacuum
pressure or light presaing (not shown), though the molding that occurs at least due to
vacuum forces at the transfer shoe 26 during pick-up may be adequate to mold the wet
web 10.

The wet web 10 on the sacond fabric 24 is then pressad against a heated drying

- cylinder 30 by means of a pressure roll 32. The heatad drying cyfinder 30 le equipped

with a vapor hood or Yankee dryer hood 34. The hood 34 typically employs jets of heated
alr at temperatures about 300 °F or greater, particularty about 400 °F or greater, more
particularly about 500 °F or greater, and most particularly about 700 °F or greater, which
are directed toward the wet web 10 from nozzles or other flow devices such that the air
Jets have maximum or locally averaged velocities in the hood 34 of one of the following
levels: about 10 meters per second (m/s) or greater, about 50 m/s or greater, about 100
m/s or greater, or about 250 m/a or greater.

The wet web 10 when affixad to the heated drying cylinder 30 sultably has a fiber
conslstency of about 30 percent or greater, particularly about 35 percent or greater, such
as between about 35 and about 50 percent, and more particularly about 38 percent or
greater. The dryness of the wet web 10 upon being removed from the heated drying
cylindar 30 Is increased to about 60 percent or greatsr, particularly about 70 percent or
greater, more particularly about 80 percent or greater, more particularly stiil about 90
percent or greater, and mc':st particularly bstween about 90 and about 88 percent. The
wet web 10 can be partially dried on the heated drying cylinder 30 and wet creped at a
conslstency of about 40 to about 80 percent and thereafter dried (after-dried) to
consistency of about 85 percent or greater. Non-traditional hoods and impingement
systems can be used as an alternative to or In addition to the Yankee dryer hood 34 to
enhance drying of the wet web 10. Additional heated drying cylinders 30 or other drying
means, particularly noncompressive drying, may be used after the first heated drying
cylinder 30. Sultable means for after-drying include one or more heated drying cylinders
30, such as Yankee dryers and can dryers, throughdryers, or any other commercially
effective drying means. Alternatively, the wet web 10, which may be molded If the second
fabric 24 Is a molding fabric, can be completsly dried on the heated drying cylinder 30 and
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dry creped. The amount of drying on the heated drying' cylinder 30 will depend on such
factors as the speed of the wet web 10, the size of the heatad drying cylinder 30, the
amount of molsture in the wet web 10, and the like.

The resulting dried web 38 is drawn or conveyed from the heated drying cylinder
30, for exampla by a creping biade 28, after which it Is reeled onto a roll 38. An interfacial
control mbdure 40 Is Mustrated being applied to the surface of the rotating heated drying
cylinder 30 in spray form from a spray boom 42 prior to the wet web 10 contacting the
surface of the heated drying cylinder 30. As an alternative to spraying directly on the
surfaca of the heated drying cylinder 30, the interfaclal control mixture 40 could be applled
directly to either the wet web 10 or the surface of the heated drying cylinder 30 by gravure
printing or could be incorporated into the aqueous fibrous siurry in the wet end of they
paper machine. While on the surface of the heated drying cylinder 30, the wet web 40
may be further treated with chemicals, such as by printing or direct spray ol’ooluliomll omnto
the drying web 10, Including the addition 'of agents to promote release from the surface of
the heated drying cylinder 30. '

The Interfacial control mbdure 40 may comprise a conventional creping adhesive
and/or dryer release agent for wet-pressed and creped oparation. The wet web 10 may
also be removed from the surface of the heated drying cylinder 30 without creping using
an Interfacial control mbxture 40 of the typs disciosed In U.S. Patent Application Serial No.
unknown fllad on the same day as the present application by F. G. Druecks et al. tiled
"Method Of Producing Low Density Resiilent Webs," which la Incorporated herein by
reference. .

An alternative embodiment is shown In Figure 2, that Is similar to Figure 1, except
that a rolt 55 of the run of the support fabric 22 is 80 oriented to change the direction of
the second fabric 24, the support fabric 22, and the wet web 10 such that the wet web 10
Is less llkely to be released from the suction preesure roll 32 before the wet web 10 Is
transferred to the Yankee dryer or other heated drying cylinder 30. . The roll 56 reduces
the unsupported sheet wrap angle ¢ thereby minimizes the opportunity of the wet web 10
to separate from the second fabric 24 before the wet web 10 is transferrad to the heated
drying cylinder 30. The embryonic wet web 10 formed as a slurry of papermaking fibers fs
deposited from a headbox 12 onto an endless loop of a first fabric 14. At least one of the
fabrics 14 and 24 may be a forming fabric, preferably the firet fabric 14. In addition, at
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lesst one of the fabrics 14 and 24 may be a molding fabric, preferably the second fabric
24.

The embryonic wet web 10 is partially dewatered by the natural drainage
commeanly associated with the first fabric 14 and the forming roll 52 while the wet wab 10
Is carried on the firet fabric 14. The wet web 10 may be further dewatsred by-an optional
vacuum box 48 or other suitable dewstering devices while on the first fabric 14. Once the
pertial dewstering step is completed, the wet web 10 s transferred to the secand fabric 24
with or without the use of a vacuum shoe §0. The wet web 10 Is sandwiched between the
second fabric 24 and a support fabric 22 and optionally ls further dewatered by a vacuum
box 47 or cther sultable dewatering devices while between the second fabric 24 and the
support fabric 22.

An alr press 16 Is used to noncompressively dewater the wet web 10 as the wet
web 10 Is sandwiched between the second fabric 24 and the support fabric 22. The
ilustrated air press 18 comprises an assembly of a pressurized air plenum 18 disposed in
openabie relation with a vacuum box 20. While passing through the alr press 18, the wet
web 10 ls sandwiched between the second fabric 24 and the support fabric 22 with the
support fabric 22 dispoeed between the wet web 10 and the vacuum box 20. (In
attemative embodiments, the second fabric 24 may be disposed betwsen the web wet 10
and the vacuurn box 20).

The wet web 10 Is then transferred with or without the asalstance of the vacuum
shoe 28 back to the second fabric 24. The wet web 10 on the second fabric 24 is then
pressad against a drying cylinder 30 by means of a pressure roll 32, preferably in a
manner to minimized the unsupported sheet wrap angils g on the pressure roll 32. The
unsupported sheet wrap angle o may range from 0 to about 80 degrees, from O to about
45 degrees, and from 0 to about 10 degrees. Additionally, lower unsupported sheet wrap
angle o reduces the size of the vacuum zone required thereby reducing energy
requirements for the vacuum generated In the pressure roll. The unsupported shest wrap
angle q is defined as the portion of the circumference of the pressure roll 32 (expressed in
degrees) wrapped by the wet web 10 from the firet contact point of the wet web 10 on the
preasure roll 32 to the last contact point of the wet web 10 on the pressure roll 32 as the
wet web 10 Is transferred to the drying cylinder 30.
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The heated drying cylinder 30 is equipped with a'vapor hood or Yankee dryer hood
34. The resuiting dried web 36 is drawn or conveyed from the drying cylinder 30 and
removed without creping, after which it Is reeled onto a roll 38. The angle at which the
dried web 36 Is pulled from the surface of the haated drying cylinder 30 is suitably from
about 0 to about 100 degrees and measured tangent to the surface of the heated drying
cylinder 30 at the point of eeparation, although this may vary at different operating
speeds.,

An interfaclal control mixture 40 may be applied to the surface of the rotating
heated drying cylinder 30 in spray form from a epray boom 42. For example, the
Interfacial control mixture 40 may comprise a mbdure of polyvinyl alcohol, sorbitol, and
Hercules M1338 polyglycol applied In an aqueous solution having lees than 5 percent’
solkis by weight, at a dose of between 50 and 75 mllllgrams- per square meter. The
amount of adhesive compounds and release agents muet be balancad to adhera-tha'wat
web 10 so that Is does not go up into the hood 34 yet to permit the dried web 38 to be
pulled off the drying cylinder 30 without creping. '

An alr press 200 for dewatering the wet web 10 Is shown in Figures 3 - 8. The alr
press 200 generally comprises an upper air plenun.i 202 in combination with a lower
collection device 204 In the form of a vacuum box. The wet web 10 travels in a machine
direction 206 between the air plenum 202 and vacuum box 204 while sandwiched
between an upper support fabric 208 and a lower support fabric 208. The air plenum 202
and vacuum box 204 are operatively assoclated with one another so that pressurized fluld
supplied to the air plenum 202 travels through the wet web 10 and s removed or
evacuated through the vacuum box 204.

Each continuous fabrics 208 and 208 travels over a series of rolls (not shown) to
gukde, drive and tension the fabrics 206 and 208 in a manner known In the art. The fabric
tenslon le set to a predetermined amount, suitably from about 10 to about 80 pounds per
lineal inch (pll), particularly from about 30 to about 50 pll, and more particularly from about
35 to about 45 pll. The fabrice 206 and 208 that may be useful for transporting the wet
web 10 through the alr press 200 include almost any fluid permeable fabric, for example
Albany Intemational 84M, Appleton Mills 2164B, or the like.
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An end view of the alr press 200 spanning the width of the wet web 10 is shown In
Figure 3, and a side view of the air press 200 In the machine direction 206 is shown In
Figure 4. In both Figures 3 and 4, several components of the alr plenum 202 are
lustrated In a raised or retracted position relative to the wet web 10 and the vacuum box
204. In the retracted poslition, effective sealing of pressurized fluid Is not possible. For
purposes of the present Invention, a "retracted position” of the air press 200 means that
the components of the air plenum 202 do not impinge upon the wet web 10 and support
fabrics 208 and 208. .

The illustrated air plenum 202 and the vacuum box 204 are mgunlnd within a
sultable frame structure 210. The illustrated frame structure 210 comprises upper and
lower support plates 211 separated by a plurality of vertically orlented support bars 212
The air plenum 202 defines a plenum chamber 244 (Figure 6) that is adapted to recelve a
supply of pressurized fluid through one or more sultable air condults 248 operatively . !
connected to a pressurized fluld source (not shown). Comrespondingly, the vacuum box
204 defines a plurality of vacuum chambers (described hereinafier in relation to Figure 8)
that are desirably operatively connected to low and high vacuum sourcss (riot shown) by
sultable fluld condults 217 and 218, respectively (Figures 4, 8, and §). The water
rsmoved from the wet web 10 Is thereafter separated from the air streams. Verloue
fasteners for mounting the components of the air press 200 are shown In the Figures 4,
8, and § but are not labeled.

Enlarged saction views of the air press 200 are shown In Figures 5 and 8. In these
Figures 5 and 8, the air press 200 is shown in an operating position wherein components
of the air plenum 202 are lowered Into an Impingemant relationship with the wet web 10 &
and support fabrics 206 and 208. The degree of impingement that has been found to
resutt In proper ssaling of the pressurized fluid with minimal contact force and therefore
reduced fabric wear Is described in greater detall hereinafter.

The alr plenum 202 comprises both stationary components 220 that are fixedly
mounted to the frame structure 210 and a sealing assembly 260 that is movably mounted
relative to the frame structure 210 and the wet web 10. Altematively, the entire air plenum
202 could be moveably mounted relative to a frame structure 210.
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With particular reference to Figure 6, the stationary components 220 of the air
plenum 202 includs a palr of upper support assemblies 222 that are epaced apart from
one another and positioned beneath the upper support plate 211. The upper support
assemblies 222 define facing surfaces 224 that are directed toward one another and that
partially define therebetween the plenum chamber 214. The upper support assembiles
222 also define bottom surfaces 226 that are directed toward the vacuum box 204. In the
Miustrated embodiment, each bottom surface 2268 defines an elongated recess in
which an upper pneumatic loading tube 230 Is fixedly mounted. The upper pneumatic
loading tubes 230 are sultably centered the cross-machine direction and desirably extend
over the full width of the wet web 10.

The stationary componenta 220 of the alr plenum 202 alec Include a pair of lower
support assembiles 240 that are spaced apart from one another and vertically spaced
from the upper support assemblies 222. The lower support assembiles 240 define top
surfaces 242 end facing surfaces 244. The top surfaces 242 are directed toward the
boitom surfaces 226 of the upper support assemblies 222 and, as lllustrated, define
elongated recesses 248 In which lower pneumatic loading tubes 248 are fixedly mounted.
The lower pneumatic loading tubes 248 are sultably centered in the cross-machine
direction and suitably extend over about 50 to 100 percent of the width of the wet web. In
the Mustrated embodiment, lateral support plates 250 are fixedly attached to the facing
surfaces 244 of the lower support assemblies 240 and function to stablilize vertical
movement of the sealing assembly 260.

With additional reference to Flgun 7, the sealing assembly 260 eomprlm a palr
of cross-machine direction sealing members referred to as CD sealing members 262
(Figures 8§ - 7) that are spaced apart from one ancther, a plurality of braces 263 ‘(Figure
7) that connect the CD sesling members 262, and a pair of machine direction sealing
members referred to as MD seallﬁg members 264 (Figures § and 7). The CD sealing
members 262 are vertically moveable relative to the stationary components 220. The
optional but deslrable braces 263 are fixedly attached to the CD sealing members 282 fo
provide structural support, and thus move vertically along with the CD sealing members
262 In the machine direction 206, the MD sealing members 264 are disposed between
the upper support assemblies 222 and between the CD sealing members 262. As
described in greater detall herelnafter, portions of the MD sealing members 2684 are
vertically moveable relative to the stationary components 220. In the cross-machine
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direction, the MD sealing members 264 are poeitioned near the edges of the wet web 10.
In one particular embodiment, the MD seallng members 264 are moveable In the cross-
machine direction In order to accommodate a range of poselible wet web widths.

The illustrated CD sealing members 262 include a main upright wall section 268, a
transverse flange 268 projecting outwardly from a top portion 270 of the wall section, and
a sealing blade 272 mounted on an oppoelte bottom portion 274 of the wall eection 268
(Flgure 8). The outwardly-projecting flange 268 thus forms opposite, upper and lower
control surfaces 278 and 278 that are substantlally perpendicular to the direction of
movement of the sealing assembly 260. The wall section 286 and flange 268 may
comprise separate components or a single component as llustrated.

As noted above, the components of the sealing assembly 260 are vertically
moveable betwesn the retracted position shown In Figures 3 and 4 and the operating
position shown In Figures & and 8. In particular, the wall sections 288 of tha CD sealing
members 262 are positioned Inward of the position control plates 250 and are slideable
relative thersto, The amount of vertical movemnent is determined by the ability of the
traneverse flanges 268 to move between the bottom surfaces 226 of the upper support
assemblles 222 and the top surfaces 242 of the lower support assamblles 240.

The vertical position of the transverse flanges 268 and thus the CD sealing
members 262 Is controlied by activation of the pneumatic loading tubes 230 and 248. The
loading tubes 230 and 248 are operatively connected to a pneumatic source and toa
control system (not shown) for the air presa. Activation of the upper loading tubes 230
creates a downward force on the upper control surfaces 278 of the CD sealing members
262 resuiting in a downward movement of the flanges 268 until they contact the top
surfaces 242 of the lower support assemblles 240 or are stopped by an upward force
caused by the lower loading tubes 248 or the fabric tenslon. Retraction of the CD sealing
members 262 is achleved by activation of the lower loading tubes 248 and deactivation of
the upper loading fubes 230. In this case, the lower loading tubss 248 press upwardly on
the lower control surfaces 278 and cause the flanges 268 to move toward the bottom
surfaces of the upper support assemblies 222. Of course, the upper and lower loading
tubes 230 and 248 can be operated at differential pressures to establish movement of the
CD sealing members 262. Altemative means for controlling vertical movement of the CD
sealing members 262 can comprise other forms and connections of pneumatic cylinders,
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hydraulic cylindere, screws, Jacks, mechanical linkages, or other suitable means. Suitable
loading tubes 230 and 248 are avsilable from Seal Master Corporation of Kant, Ohlo.

As shown In Figure 6, a pair of bridge plaies 279 span the gap betwesn the upper
support assemblies 222 and the CD sealing members 262 to prevent the escape of
preasurized fiuid. The bridge plates 279 thus define part of the air plenum chamber 214.
The bridge plates 279 may be fixedly attached to the facing surfaces 224 of the upper
support assembfies 222 and slideable relative to the inner surfaces of the CD sealing
members 262, or vice versa. The bridge plates 279 may ba formed of a fluld
Impermeable, seml-rigid, low-fricion material such as LEXAN, shest metal or the Iike.

The sealing blades 272 function together with other features of the alr press 200 to
minimize the escapa of pressurized fluid between the air plenum 202 and the wet web 10
in the machine direction. Additionally, the sealing blades 272 are desirably shaped and
formed In 8 manner that reduces the amount of fabric wear. In particular embodimq'rm.
the sealing blades 272 are formed of resilient plastic compounds, ceramic, coated metal
substratss, or the like.

With particular reference to Figures § end 7, the MD sealing members 264 are
spaced apart from one another and adapted to prevent the loss of pressurizad fiuid along
the side edges of the air press 200. Figures 8 and 7 each show one of the MD sealing
members 264, which are posltioned in the crose-machine direction near the edge of the
wet web 10. As illusirated, each MD sealing member 264 comprices a transverse support
member 280, an end deckie strip 282 operatively connected to the traneverse support
member 280, and actusators 284 for moving the end deckls strip 282 relative to the
transverse support member 280. The transverse support members 280 are normally
positioned neer the side edgas of the wet web 10 and are generally located between the
CD sealing members 262. As lllustrated, each transverse support member 280 defines a -
downwardly directed channel 281 (Figure 7) in which the end deckie strip 282 Is mountsed.
Additionally, each transverse support member 280 defines circular apertures 283 In which
the actuators 284 are mounted.

The end deckis sirips 282 are vertically moveabie relative to the transverese
support members 280 due to the cylindrical actuators 284. The coupling members 286
(Figure §) link the end deckle strips 282 to the output shaft of the cylindrical actuators
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284. The coupling members 286 may comprise an inverted T-shaped bar or bars 80 that
the end deckde strips 282 may slide within the channel 281, such as for replacement.

As ghown in Figure 7, both the traneverse support members 280 and the end
deckie strips 282 define slots to house a flukl Impermeable sealing strip 288, such as O-
ring material or the ke. The sealing strip 286 helps seal the alr chamber 214 of the alr
press 200 from leaks. The slots in which the sealing strip 286 resides is deslrably
widened at the interface between the transverse support members 280 and the end
deckle sirips 282 to accommodate relative movement between those components.

A bridge plate 287 (Figure 5) I3 positioned between the MD #ealing members 264
and the upper support plate 211 and fixedly mounted to the upper support plate 211. The
lateral portions of the air plenum chamber 214 (Figure 8) are defined by the bridge plate
287. Sealing means such as a fluid Impervious gasketing matsrial is desirably positioned
between the bridge plate 287 and the MD sealing members 264 to parmit relative
movement therebetween and to prevent the loss of pressurtzed fluld.

The actuators 284 suitably provide controlled loading and unioading of the end
deckle strips 282 against the upper support fabric 208, indepsndent of the vertical position
of the CD sealing members 262. The load can be controlled exactly to maich the
necessary sealing force. The end deckle strips 282 can be retracted when not needed to
eliminate all end decide and fabric wear. Sultable actuators are avaliable from Bimba
Corporetion. Alternatively, springs (not shown) may be used to hold the end decide strips
282 agalnat the upper support fabric 208 athough the ability to control the position of the
end decide strips 282 may be sacrificed.

With referencs to Figure 5, each end decide strip 282 has a top surface or edge
290 disposed adjacent to the coupling members 285, an opposite bottorn surface or edge
292 that reskies during use In contact with the upper support fabric 208, and the lateral
surfaces or edges 294 that are In close proximity to the CD sealing members 282. The
shape of the bottom surface 282 Is eultably adapted to match the curvature of the vacuum
box 204. Where the CD sealing members 262 impinge upon the fabrice 208 and 208, the
bottom surface 292 Is desirably shaped to follow the curvature of the fabric Impingement.
Thus, the bottom surface 292 has a central portion 296 that is laterally surmounded in the
machine direction by spaced apart end portions 298. The shape of the central portion 298
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generally tracks the shape of the vacuum box 204 while the shape of the end portions 298
generally tracks the deflection of the fabrics 208 and 208 caused by the CD sealing ,
members 262. To prevent wear on the projecting end portions 288, the end deckle strips
282 are desirably retracted before the CD sealing members 262 are retracted. The end
deckle ships 282 are desirably formed of a gas impermeable material that minimizes
fabric wear. Particular materials that may be suitable for the end deckie strips 282 Include
polyethylene, nylon, or the llka. '

The MD sealing members 264 are desirably moveable in the cross-machine

direction and are thua desirably slideably positioned against the CD sealing members 262.
In the lliustrated embodiment, movement of the MD seaiing menibers 264 in the crose-
machine direction Is controlied by a threaded shaft or bolt 308 that is held in piace by
brackets 306 (Figure 7). The threaded shaft 306 passee through a threaded aperture In
the transverse support member 280 and rotation of the shaft causes the MD sealing
member to move along the shaft. Altemnative means for moving the MD sealing members
264 in the cross-machine direction such as pneumatic devices or the ilke may also be
used. In one alternative embodiment, the MD sealing members 264 are fixedly attached
to the CD sealing members 262 so that the entire sealing assembly 260 Is ralsed and
lowered together (not shown). In another alternative embodiment, the transverse support
members 280 are fixedly attached io the CD sealing members 282 and the end decide
sirips 282 are adapted to move Independently of the CD sealing members 262 (not
shown).

The vacuum box 204 comprises a vacuum box cover 300 having a top surface 302
ovar which the lower support fabric 208 .imvals. The vacuum box cover 300 and the
seeling assembly 260 are desirably gently curved to facilitate web control. The Nustrated
vacuum box cover 300 s formed, from the leading edge to the trailing edge in the '
machine direction 208, with a first exterior sealing shoe 311, a first sealing vacuum zone
312, a first Interior sealing shoe 313, a series of four high vacuum zones 314, 318, 318,
and 320 surrounding three Interior shoes 318, 317, and 319, a second interior sealing
shoe 321, a second sealing vacuum zone 322, and a second exterior sealing shoe 323
(Figure 8). Each of these sealing shoes 318, 317, and 319 and vacuum zones 314, 316,
318, and 320 desirably extend In the cross-machine direction across the full width of the
web. The shoes 316, 317, and 319 each Include a top surface desirably formed of a
ceramic material to ride against the lower support fabric 208 without causing significant
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fabric wear. Suitable vacuum box covers and shoes may be formed of plastics, NYLON,
coated steels or the like, and are avaliable from JWI Corporation or IBS Corporation.

The four high vacuum zones 314, 318, 318, and 320 aro passageways In the

cover 300 that are operatively connectad to one or more vacuum sources (not shown) that

'draw & relatively high vacuum level. For example, the high vacuum zones 314, 316, 318,
and 320 may be cperated at a vacuum of O io 25 inches of mercury vacuum, and more
particularly about 10 to about 25 inches of mercury vacuum. As an altemative to the
Musireted passageways, the cover 300 could define a plurailty of holes or other shaped
openings (not shown) that are connected to a vacuum source to establish a flow of
pressurized fluld through the web. In one embodiment, the high vacuum zones 314, 316,
318, and 320 comprise slots each measuring 0.375 inch In the machine direction and
extending across the full width of the wet web, The dwell time that any given point on the
web Is exposed to the flow of pressurized fluld, which in the fiustrated embodiment is the
time over siots 314, 316, 318 and 320, Is sultably about 10 miillseconde or less,
particularly about 7.5 mitliseconds or less, more particularly 5 milllseconds or lees, such
as about 3 milliseconds or less or even about 1 millleecond or less. The number and
width of the high preesure vacuum slots 314, 316, 318, and 320 and the machine speed
detarmine the dwell ime. Ths selectad dwell time will depend on the type of fibers
contained in the wet web and the desired amount of dewatering.

The first and second sealing vacuum zones 312 and 322 may be employed to
minimize the loes of pressurized fluid from the air press 200. The sealing vacuum zones
312 and 322 are passageways In the cover 300 that may be operatively conneciad to one
or more vacuum sources (hot shown) that desirably draw a relatively lower vacuum level
as compared to the four high vacuum zones 314, 316, 318, and 320. Specificaily, the
amount of vacuum that ls desirable for the sealing vacuum zones is O to about 100 inches
water column, vacuum.

The air press 200 Is desirably conetructed ao that the CD sealing members 262
are disposed within the sealing vacuum zones 312 and 322. More speciiically, the sealing
blade 272 of the CD sealing member 262 that la on the leading side of the air press 200 is
disposed between, and more particularly centered batween, the first exterior eealing shoe
311 and the firet interior sealing shoe 313, In the machine direction. The trailing sealing
blade 272 of the CD sealing member 262 ls simllarly disposed between, and more
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particularly centered between, the second interlor seafing shos 324 and the second
exterior seallng shoe 323, in the machine direction. As a reeult, the sealing assembly 260
can be lowered 8o that the CD sealing members 262 deflect the normal course of travel of
the wet web 10 and fabrice 206 and 208 toward the vacuum box 204, which is shown in
slightly exaggerated scale in Figure 6 for purposes of illustration.

The sealing vacuum zones 312 and 322 funcion to minimize the loss of
pressurized fluld from the alr press 200 across the width of the wet web 10. The vacuum
in the sealing vacuum zones 312 and 322 draws pressurized fluld from the alr plenum 202
and draws amblent air from outside the air press 200. Consequently, an air flow is
established from outeide the alr prees 200 into the sealing vacuum zones 312 and 322
rather than a pressurized fluld leak in the opposite direction. Due to the relative difference
in vacuum between the high vecuum zones 314, 316, 318, and 320 and the sealing
vacuum zones 312 and 322, though, the vast majority of the pressurized fiuid from the air
plenum 202 Is drewn into the high vacuum zones 314, 318, 318, and 320 rather than the
sealing vacuum zones 312 and 322,

In an alternative embodiment which le partially lliustrated In Figure 8, no vacuum is
drawn in either or both of the sealing vacuum zones 312 and 322. Rather, deformable
sealing deckles 330 are disposed In the sealing vacuum zones 312 and 322 (only sealing
zone 322 Ie shown) to prevent leakage of pressurized fiuid In the machine direction. In
this case, the ailr press 200 le sealed In the machine direction by the sealing blades 272
that Impinge upon the fabrice 208 and 208 and the wet web 10 and by the fabrice 208 and
208 and the wet web 10 being displaced in close proximity to or contact with the
deformable sealing deckies 330. This configuration, where the CD sealing members 262.
impinge upon the fabrics 206 and 208 and wet web 10 and the CD sealing members 262
are opposed on the other side of the fabrics 208 and 208 and the wet web 10 by
deformable sealing deckies 330, has been found to produce a particulsrly effective alr
plenum seal.

The deformable sealing deckies 330 desirably extend across the full width of the
wet web 10 to seal the leading end, the trafling end, or both the leading and the trailing
end of the air press 200. The sealing vacuum zone 312 and 322 may be disconnected
from the vacuum source when the deformable sealing deckle 330 extende across the full
web width. Where the tralling end of the alr press 200 employs a full width deformable
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sealing deckle 330, a vacuum device or blow box may be employed downstream of the air
press 200 to cause the web 10 to remain with one of the fabrics 208 or 208 as the fabrics
208 and 208 ams separated.

The deformable sealing deckles 330 desirably elther comprise a matertal that
preferentially wears relative to the fabric 208, meaning that when the fabric 208 and the
material are In use the material will wear away without causing significant wear to the
fabric 208, or comprise a material that Is resillent and that deflects with iImpingement of
the fabric 208. In elther case, the deformable sealing deckies 330 are desirably gas
impermeable, and desirably comprise a material with high vold volume, such as a closed
cell foam or the like. In one particular embodiment, the deformable sealing deckies 330
comprise a cloeed cell foam measuring 0.25 inch In thickness. Moat desirably, the
deformable sealing ddcldes 330 themsslves beooma wom to match the path of the fabﬂu
208 and 208. The defonnabla sealing doddu 330 are desirably accompanied by a
backing plate 332 for structural support, for exampie an aluminum bar. !

in embodiments where full width sealing deckies 330 are not used, sealing means
of some sort are required laterally of the web. Deformable sealing deckies 330 as
deacribed above, or other suitable means known in the art, may be used to block the flow
of pressurized fluid through the fabrics 206 and 208 laterally outward of wet web 10.

The degree of iImpingeament of the CD sealing members 262 into the upper
support fabric 208 unformly acroes the width of the wet web 10 has been found to be a
significant factor In creating an effective seal across the web. The requisite degree of
impingement has been found to be a function of the maximum tension of the upper and
lower support fabrics 206 and 208, the pressure differentlal across the web and In this
case between the alr plenum chamber 214 and the sealing vacuum zones 312 and 322,
and the gap between the CD sealing members 262 and the vacuum box cover 300.

With additional reference to the schematic diagram of the tralling sealing saction of
the air press 200 shown In Figure 9, the minimum deslirable amount of impingement of
the CD sealing member 262 into the upper support fabric 208, h{(min), has been found to
be represented by the following equstion:
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where: T is the tension of the fabrice measured in pounds per inch;
W is the pressure differential across the web measured in psi; and
d is the gap In the machine direction measured In inches.

Figure 9 shows tha trailing CD sealing member 262 deflecting the upper support
fabric 208 by an amount represented by ammow “h". The maximum tension of the upper
and lower support fabrice 208 and 208 Is represented by arrow "T". The fabric tension
caen be measured by a model tensometer avallable from Huyck Corporation or other |
suitable methods. The gap between the sealing blade 272 of the CD sealing member 262
and the second interlor sealing shoe 321 measured In the machine direction 206 and:’
represented by armow "d”. The gap "d" of significance for the determining impingement is
the gap on the higher pressure differential side of the sealing blade 272, that [s, towa'rd
the plenum chamber 214, because the pressure differential on that side has the most
effect on the position of the fabrics 208 and 208 and the web 10. Desirably, the gap
between the sealing blade 272 and the second exterior shoe 323 Is approximstely the
same or less than gap “d".

Ad]usting the vartical placement of the CD sealing members 262 to the minimum
degree of Impingement as defined above |s a determinative factor In the effectiveness of
the CD seal. The loading force applled to the sealing assembly 260 plays a lesser role In
determining the effectivenesas of the seal, and heed only be set to the amount needed to
maintain the requisite degree of impingement. Of course, the amount of fabric wear will
impact the commerclal usefulness of the air press 200. To achleve effective sealing
without substantial fabric wear, the degree of impingement Is desirably equal to or only
slightly greater than the minimum degres of impingement as defined above. To minimize
the variabliity of fabric waar across the width of the fabrics, the force appiled to the fabric
Is deslirably kept constant over the cross machine direction. This can be accomplished
with either controlled and uniform loading of the CD sealing members 262 or controlled
position of the CD sealing members 262 and uniform geometry of the impingement of the
CD sealing members 262.

In use, a control system cauees the sealing assembly 260 of the alr plenum 202 to

" be lowered Into an operating posltion. First, the CD sealing members 262 are lowered so
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that the sealing bladee 272 Impinge upon the upper support fabric 208 to the degree
described above. More particularly, the pressures In the upper and lower loading tubes
230 and 248 are adjusted fo cause downward movement of the CD sealing members 262
until movement is halted by the transverse flanges 268 contacting the lower support
assemblies 240 or untll balanced by fabric tension. Second, the end deckie strips 282 of
the MD sealing membere 264 are lowered into contact with or close proxdmity to the upper
aupport fabric 206. Consequently, the air plenum 202 and the vacuum box 204 are both
sealed against the wet web 10 to pravent the escape of pressurized fluld.

The air press 200 Is then activated so that pressurized fiuld fills the air plenum 202
and an air flow Is established through the web 10. In the embodimerit Mustrated in Figure
8, high and low vacuums are applied to the high vacuum zones 314, 316, 318, and 320
and the eealing vacuum zones 312 and 322 to fadiiitate alr flow, sealing and water

-removal. In the embodiment of Figure 8, pressurized fiuld flows from the air plenum 202
to the high vacuum zones 314, 316, 318, and 320 and the deformable sealing deckles
330 seal the air press 200 in the cross machine direction. The resutting pressure
differential across the wet web 10 and resulting air flow through the web 10 provide for
efficient dewatering of the web 10.

A number of structural and operating features of the alr press 200 contribute to
wyﬂtﬂepmasurlzadﬂuuboimanowedtouapolnoomblnaﬂonwmarehlivalylw
amount of fabric wear. Initially, the air prees 200 uses the CD sealing members 262 that
impinge upon the fabrica 208 and 208 and the wet web 10. The degres of impingement is
determined to maximize the effectiveness of the CD seal. In one embodiment, the air
press 200 utliizes the sealing vacuum zones 312 and 322 to create an amblent air flow
into the alr press 200 across the width of the wet web 10. In another embodiment,
deformable sealing deckles 330 are disposed in the sealing vacuum zones 312 and 322
opposlte the CD sealing members 282. In elther cass, the CD sealing members 262 are
desirably disposed at least partly In passageways of the vacuum box cover 300 in order to
minimize the need for precise alignment of mating surfaces between the alr planum 202
and the vacuum box 204. Further, the sealing assembly 280 can be loaded against a
statlonary component such as the lower support assemblies 240 that are connectad to the
frame structure 210.
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As a result, the loading force for the air press 200 [a independent of the

pressurized fluld pressure within the alr plenum 202. The fabric wear is also minimized

dus o the use of low fabric wear materials and lubrication systems. Sultable lubrication
systems may Include chemical [ubricants such as emulsified olls, debonders or other ke
chemicals, or water. Typical iubricant application methods Include a spray of diluted

lubricant applied in a unlform manner In the cross machine direction, an hydraulically or

alr atomized solution, a felt wipe of a more concentrated solution, or other methods well
known [n spraying sysiem applications.

Observations have shown that the abllity to run at higher pressure plenum
pressures depends on the ablilty to prevent leaks. The presence of a leak can be
detected from axcessive air flows relative to previous or expected operation, additional
operating noise, sprays of moisture, and In extreme cases, regular or random defects in
the wet web including holes and linss. The leaks can be repaired by the alignment or
adjustment of the air press sealing components.

In the air press 200, uniform air flows in the croes-machine direction are desirable
to provide uniform dewatering of a web 10. Cross-machine direction flow uniformity may
be improved with mechanisms such as tapered ductwork on the pressure and vacuum
sides, shaped using computational fiuld dynamic modeling. Because web basis weight
and molsture content may not be uniform Intheaou-madﬂnodlrwtlon,-bmlybe
desirably to employ additional means to obtain uniform air flow in the cross-machine
direction, such as independently-controlled zones with dampers on the pressure or
vacuum sides to vary the air flow based on sheet propertles, a baffie plate to take a
significant pressure drop In the flow before the wet web, or other direct means.
Altemative methods to control CD dewatering uniformity may also Include external
devices, such as zoned controlled steam showere, for exampie a Devronizer steam
shower available from Honeywell-Measurex Systems Inc. of Dublin, Ohlo or the like.

The process of other embodiments of the present invention may be carried out on
an spparatus as shown in Figure 10 modified from a typical crescent-former tissue paper
machine. An ambryonic wet web 410 formed as a slurry of papermaking fibers is
deposited from a headbox 412 between an endlesa loop of a first fabric 414 and an
endiass loop of a second fabric 424. The second fabric 424 generally replaces the feit of
a standard crescent-former tissus machine. The consistency and flow rate of the slurry
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determines the dry web basie weight, which desirably ls betwean about 5 and about 80
grams per square meter (gem), and more desirably between about 8 and about 40 gsm.
Al least one of the fabrics 414 and 424 may be a forming fabric, preferably the first fabric
414. In addition, at least one of the fabrice 414 and 424 may be a molding fabric,
preferably the sacond fabric 424.

)

The embryonic wet web 410 Is partially dewatered by the pressure due to the
tension on the first fabric 414 and the centrifugal force created as the wet web 410 passes
around the forming roll 462 while the wet web 410 is canled between the firet fabric 414
and the second fabric 424. Once the partial dewatering step is compieted, the wet web
410 Is transferred to or retained on the second fabric 424 with or without the use of a
vacuum shos 450.

1

For high-speed operation of the present invention, conventional tissue dewatering
methode prior to the heated drying cylinder 430 may give inadequate water removal, so
additional dewatering devices or means may be needed. In the llustrated embodiment,
an alr press 416 ls used to noncompressively dewater the wet web 410. The fllustrated alr
press 416 comprises an assembly of a pressurtzed air plenum 418 disposed above the
wet web 410, a fluld collecion device 420, shown In the form of a vacuum box, diaposed
beneath a support fabric 422 in operable relation with the preasurized air plenum 418 and
the sscond fabric 424. (In altemative embodiments, the fiuld collection device 420 may
be disposed next to the second fabric 424 in operable relation with the pressurized alr
plenum 418 and the support fabric 422). While passing through the air press 418, the wet
web 410 Is sandwiched between the sacond fabric 424 and the support fabric 422 in order
fo facilitate sealing against the wet web 410 without damaging the wet web 410.

The aif press 416 providea substantial rates of water removal, enabling the web to
achleve dryness levels well over 30 percent prior to attachment to the drying cylinder 430,
such as a Yankee dryer, desirably without the requirement for aubstantial compressive
dewatering. Several embodiments of the alr press 416 are described Iin greater detall
hereinafter. Other suitable embodiments are disclosed in U.S. Patent Application Serial
No. 08/647,508 filed May 14, 1906 by M.A. Hermnans et al. titled "Method and Apparatus
for Making Soft Tissus,” which ls Incorporated heraln by reference.
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Following the air press 418, the wet web 410 travels further with the second fabric
424 and the support fabric 422 until the wet web 410 Ie transferred back to the second
fabric 424, preferably a textured fabric, with or without the assistance of a vacuum
transfer shoe 426 at a transfer station.

The second fabric 424 may comprise a three-dimensional throughdrying fabric
such as those disclosed In U.S. Patent 5,420,688 lssued July 4, 1885 to K F. Chlu et al.,
which Is incorporated herein by reference, or may eorﬁprha other woven, textured webe or
nonwoven fabrics, The second fabric 424 may be treated with a fabric release agent such
as a mbdure of silicones or hydrocarbone to facliitate subsequent releasa of the wet web
410 from the second fabric 424. The fabric release agent can be sprayed on the second |
fabric 424 prior to the pick-up of the web. Once on the second fabric 424, the wet web
410 may be further molded against the second fabric 424 through application of vacuum
pressure or light pressing (not shown), though the molding that occura at least due to
vacuum forces at the transfer shoe 426 during pick-up may be adequate to mold the }’nt
web 410.

The wet web 410 on the second fabric 424 is.then pressed against a drying
cylinder 430 by means of a pressure roll 432. The drying cylfinder 430 Is equipped with a
vapor hood or Yankee dryer hood 434. The hood 434 typically employs jets of heated alr
at temperatures about 300 °F or greater, particularly about 400 °F or greater, more
particularly about 500 °F or greater, and most particularly about 700 °F or greeter, which
are directed toward the tissue web 410 from nozzles or other flow devices such that the
air jets have maximum or lpmlly averaged velocities in the hood 434 of one of the
following levels: about 10 meters per second (m/s) or greater, about 50 m/s or greater,
about 100 m/s or greater, or about 250 m/s or greater.

The wet web 410 when affixed to the heated drying cylinder 430 eultably has a
fiber consistency of about 30 percent or greater, particularly about 35 percent or greater,
such as between about 35 and about 50 percent, and more particularly about 38 percent
or greater. The drynese of the wet web 410 upon being removed from the heated drying
cylinder 430 [s increased to about 80 percent or greater, particularly about 70 percent or
greater, more particularly about 80 parcent or greater, more particularly still about 80
percent or greater, and most particularly batween about 80 and about 88 percent. The
wet web 410 can be partially dried on the hested drying cylinder 430 and wet creped at a
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conaistency of abaut 40 to about 80 percent and thereafter dried (after-dried) to a
consistency of about 95 percent or greater. Non-traditional hoods and Impingement
systems can be used as an alternative to or In addition to the Yankee dryer hood 434 to
enhance drying of the wet web 410. Additional heated drying cylinders 430 or other
drying meanes, ps-ticularly noncompressive drying, may be used after the firet heated
drying cylinder 430. Suitable means for after-drying include one or more heated drying
cylinders 430, such as Yankee dryers and can dryers, throughdryers, or any other
commercially effective drying means. Altematively, the wet web 410, which may be
molded if the second fabric 424 is a molding fabric, can be completaly driad on the heated
drying cyfinder 430 and dry creped. The amount of drying on the heated drying cylinder
430 will depend on such factors as the speed of the wet web 410, the size of the heated
drying cylinder 430, the amount of molsture In the wet wab 410, and the itke.

The resulting dried web 436 Is drawn or conveyed from the heatad drying cylinder
430, for example by a creping blade 428, after which It is resled onto a roll 438. An
interfacial control mixture 440 Is lllustrated being applied to the surface of the rotating
heaatad drying cylinder 430 in spray form from a spray boom 442 prior to the wet web 410
contacting the surface of the heated drying cylinder 430. As an alternative to spraying
directly on the surface of the heated drying cylinder 430, the interfacial control mixture 440
could be applied directly to either the weat web 410 or the surface of the heated drying
cylinder 430 by gravure printing or could be incorporated Into the aqueous fibrous slurty in
the wet end of the paper machine. While on the surfaca of the heated drying cylinder
430, the wet web 410 may be further treated with chemicals, such es by printing or direct
spray of solutions onto the drying web 410, including the addition of agents to promote
release from the surface of the heated drying cylinder 430.

The Interfacial control mixture 440 may comprise a conventional creping adhesive
and/or dryer release agent for wet-pressed and creped operation. The dried web 436
may also be removed from the surface of the heated drying cylinder 430 without creping
ueing an interfaclal control mbdure 440 of the type disclosed In U.S. Patent Application
Serial No. unknown filed on the same day as the present application by F. G. Druecke et
al. tiled "Method Of Producing Low Denslty Reslllant Webe,” which Is incorporated herein
by reference.
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An altemative embodiment ie shown in Figure 11, where an embryonic wet web
510 formed as a slurry of papermaking flbers Is deposited from a headbox 512 between
an endless loop of a first fabric 514 and an endless loop of a second fabric 624. The
second fabric §24 generally replaces the felt of the standard crescent-former tissue
, machine. At least one of the fabrics 514 and §24 may be a forming fabric, preferably the
firet fabric 614. In addition, at least one of the fabrics 614 and 524 may be a mokding
fabric, preforably the second fabric 524.

The embryonic wet web 610 Is partially dewatered by the pressure due to tension
on the first fabric 514 and the centrifugal force created as the wet web 510 passes around
the forming roll 652 while the wet web 510 Is carried between the first fabric 514 and the
second fabric 524. .Once the partial dewatering step Is completed, the wet web 510 Iy
optionally further da\;vatemd by a vacuum box 546 or other suitable devices while between
the firet fabric 614 and the second fabric 524 and is transferred to or retained on the
second fabric §24 with or without the use of a vacuum shoe 580. |'

An alr press 5§18 is used to noncompressively dewater the wet web 510 as It Ia
sandwiched between the second fabric 6524 and a support fabric §22. The iRustrated alr
preas 518 comprises an assembly of a preasurized air plenum §18 disposed in operable
relation with a vacuum box §20. While passing through the air press 5186, the wet web
510 is sandwiched between the second fabric 524 and the support fabric 622 with the
support fabric 522 disposed between the wet web 5§10 and the vacuum box 5§20. (In
alternative embodiments, the secand fabric 524 may be disposed between the wet web
510 and the vacuum box §20).

The wet-web 510 is then transferred with or without the assistance of the vacuum
shoe 526 to the second fabric §24. A roll 565 of the run of the support fabric 522 is so
orlented to change the direction of the second fabric 5§24, the support fabric 622, and the
wet web 610 such that the wet web 510 Is less likely to be released from the suction
pressure roll 532 before the wet web 510 is transferred to the Yankee dryer or other
heated drying cylinder 630. The roll 565 reduces the unsupported shest wrap angle o
thereby minimizes the opportunity of the wet web 510 to saparate from the second fabric
524 before the wet web 510 Is transferred to the heated drying cylinder 30.
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The wet web 510 on the second fabric §24 Is then pressed against a-heated drying
cylinder §30 by means of a pressure roll 632. The wet web 5§10 on the second fabric 524
is then pressed against 8 drying cylinder 530 by means of a pressure roll 632, preferably
- In @ manner to minimized the unsupported sheet wrap angle g on the pressure roll §32.
The unsupported sheet wrap angle o may range from 0 to about 80 degrees, from 0 to
about 45 degrees, and from 0 to about 10 degrees. Additionally, lower unsupporied
sheet wrap angle o reduces the size of the vacuum zone required thereby reducing
energy requirements for the vacuum generated in the pressure roll. The unsupported
sheet wrap angle o Is defined as the portion of the circumferance of the pressure roll 532
(expressed in degrees) wrapped by the wet web 510 from the first contact point of the wet
web 510 on the pressure roli 532 to the last contact point of the wet web 510 on the'
pressurs roll 532 as the wet web 510 Is transfemed to the drying cyiinder §30.

The heated drying cylinder 530 is equipped with a vapor hood or Yankee dryer
hood 534. The resulting dried web 6§36 Is drawn or conveyed from the heated drying
cylinder 530 and removed without creping, after which It is reeled onto a roll 638. The
angle at which the dried web 538 Is pulled from the surface of the heated drying cylinder
530 Is suitably about 80 to about 100 degrees, measured tangent to the surface of the
heatad drying cylinder 530 at the point of separation, although this may vary at different
operating speeds.

An Interfacial control mixture 540 may be appiied to the surface of the rotating
heated drying cylinder 530 In spray form from a spray boom 542. For example, the
interfaclal control mixture 5§40 may comprise a mbdure of polyvinyl alcohol, sorbitof, and
Hercules M1338 polyglycol applied In an aqueous solution having less than 5 percent
solids by welght, at a dose of between 50 and 75 mllligrams per square meter. The
amount of adhesive coq1pounds and release agents must be balanced to adhere the wet
web 510 eo that Is does not go up Into the hood 5§34 yet to permit the dried web 5§38 to be
pulied off the heated drying cylinder §30 without creping.

Ancther alternativa embodiment ls shown in Figure 12. This embodiment Is
simitar to that of Figure 11 excapt that the first fabric 614 is extended to act as the
support fabric 5§22 shown in Figure 11. This provides a potential reduction in capital cost
and opereting cost with the reduction In the number of fabrice required to modify thie
process. In the embodiment shown in Figure 12, an embryonic wst web 610 formed as a
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slurry of papermaking fibers ls deposited from a headbox 612 batween an endiess loop of
a first fabric 614 and an endless loop of a second fabric 824. The sscond fabric 624
generally replaces the felt of the standard crescent-former tissue machine. At least one of
the fabrice 614 and 624 may be a forming fabric, preferably the first fabric 844. In
addition, at least one of the fabrice 614 and 624 may be a molding fabric, preferably the
second fabric 624. '

The embryonic wet web 610 Is partially dewaterad by the pressure due to the
tenslon on first fabric 614 and the centrifugal force created as the wet web 610 passes
aroundﬂnfomlngmﬂﬁﬁ:andfurﬂnrdmteradbyanopﬂonalvaqmmbnx“ﬁoroﬂnr
sultable devices while between the first fabric 614 and the second fabric 624. An alr
press 616 I8 used to non-compressively dewater the wat wab 610 as It 1s sandwiched
between the first fabric 614 and a second fabric 624. The MNustrated air press 616
comprises an assembly of a pressurized alr plenum 618 disposed In operable relation with
a vacuum box 620. While passing through the air press 618, the wet web 810 is
sandwiched between the second fabric 624 and the support fabric 622 with the support
fabric 622 disposed between the wet web 610 and the vacuum box 620. (In alternative
embodiments, the second fabric 624 may be disposed betwesn the wet web 810 and the
vacuum box 620).

The wet web 610 Is then transferred with or without the assistance of the vacuum
shoe 628 to the second fabric 624. The wet wab 610 on the second fabric 624 Is then
pressed against a drying cyfinder 630 by means of a pressure roll 632. The heated drying
cylinder 630 is equipped with a vapor hood or Yankee dryer hood 634. The resulting dried
web 638 Is drawn or conveyed from the heated drying cylinder 630 and removed without
creping, after which it Is reeled onto a roll §38. The angle at which the dried web'838 Is
pulled from the surface of the heated drying cylinder 630 Is suitably about 80 to about 100
degrees, measured tangent to the surface of the heated drying cylinder 630 at the point of
separation, although this may vary at different operating speeds.

An Interfacial control mixture 640 may be applled to the surface of the rotating
heated drying cylinder 630 in spray form from a spray boom 642. For exampie, the
interfaclal control mixture 640 may comprise a mbdure of polyvinyl alcohol, sorbitot, and
Hercules M1336 polyglycol applied in an aqueous solution having less than 5 percent
solids by weight, at a dose of between 50 and 75 milligrame per square meter. The
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amount of adhesive compounds and release agents must be balanced to adhere the wet
web 610 so that is does not go up into the hood 634 yet to permit the dried web 838 to be
pulled off the heated drying cylinder 830 without creping.

The air prees 200 for dewatering the wst web 410, 510, or 810 was discussed
above In Figures 3-8. A sealing assembly that may be used with the equipment shown In
Fl'gl. 10, 11 and 12 Is shown as the sealing assembly 260 as discussed above in Figures
7.8,and §.

Examples

The foliowing exampies are provided to give a more detalied undemstanding of the
invention. The particular amounts, proportions, compositions and parameters are meant
to be exemplary, and are not intended to ‘specifically limit the scope of the Invention. '

Example 1

A 12-Inch wide tissue was produced on an experimental tissue machine, having a
fabric width of 22 Inches, from a fibrous slurry comprised of an unrefined 50:50 fiber blend
of bleached kraft northem sofiwood fibers and bleached kraft eucalyptus flbers. The
tissue was formed using a stratified, three-layer headbox with the slurry being deposited
from each stratum to form a blended sheet having a nominal basis weight of 10 gem. The
headbox Injected the slurry between two Lindsay Wire 2164B forming fabrics, In a twin
wire forming aection, with a suction roll former. To control strength, 1000 mi/minute of
Parez 831 NC at 8 percent solide wae added to the stock prior to the forming process.

While disposed between the two forming fabrics and traveling at 1000 feet per
minute (fpm), the embryonic wet web was transported over four vacuum boxes operating
with respective vacuum pressures of approximately 11, 14, 13 and 19 inches of mercury
vacuum. The embryonic wet web, still contained between the two forming fabrics, passed
through an elr press including an alr plenum and a collection box that were operatively
assoclated and integrally sealed with one ancther. The alr pienum was pressurized with
alr at approxmately 150 degrees Fahrenhelt to 15 pounda per square inch gauge, and the
collaction box was operated at approximately 11 inches of mercury vacuum. The wet web
was exposed to the resulting pressure differential of approximately 41.5 inches of mercury
and alr flow of 68 SCFM per square Inch for a dwell time of 7.5 millilseconds over four
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slots, each 3/8" in length. The conslstency of the wet web was approximately 30 percent
juet prior to the air press and 38 percent upon exiting the air preas.

The dewatered wet web was then transferred using a vacuum pickup shoe

' operating at approximately 10 inches of mercury vacuum onto a three-dimensional fabric,

a Lindsay Wire T-216-3 TAD fabric. A sllicon emulslon in water was sprayed onto the
sheet side of the T-216-3 fabric just prior to transfer from the forming fabric to faciitate
the eventual transfer to the Yankee dryer. The &llicone was applled at a fiow rate of 400
mUminute at 1.0% solids. The TAD fabric wae thereafter pressed against the surface of a
Yankee dryer with a conventional pressure roll operating at a maximum pressing pressure
of 350 pll. The fabric was wrapped over about 38 inchee of the Yankes dryer surface by a
transfer roll which was unloaded and slightty removed from the Yankse dryer. ,

The wet web was adhered to the Yankee dryer using an adhesive mbxure of
polyvinyl aicohol AIRVOL 523 made by Air Products and Chemicai Inc. and sorbitol b}
water applled by four #8501 epray nozzles by Spraying Systems Company operating at
approximately 40 psig with a flow rate of about 0.4 gallons per minute (gpm). The spray
had a solids concentration of about 0.5 weight percent. The dried web was creped from
the Yankee dryer at a final dryness of approximatsly 82% consistency and wound on a
core. The product was then converted Into 2-ply bathroom tissue using standard
techniques. Results obtained for Example 1 are shown below in Table 1.
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Table 1
Example 1| Exampie 2 |Example 3| Example 4
Invention | Invention |(Compara-| (Compare-
(Creped) | (Uncreped) | tive) tive)
Teat Units
Roli Firmnees 0.001" 104 140 134 178
Roll Diameter Mm 128 128 125 126
Sheet Count 253 180 '280 188
Core OD Mm 40 40 48 48
Callper (2kPa, 8 plies) Microna 1887 2402 1288 1719
MD Strength g/3" 1730 1911 2285 1718
MD Stretch % 14 13 2 18
CD Strength /3" 972 1408 718 700
- |GMT g/3" 1300 1640 1281, 1087
Bone Dry Roll Walght G 133 85 158 108
Bone Dry Basle Welght g/m® 10.1 18.8 20.6 20.4
Absorbent Capacity G 974 1172 78.0 97.0
|Absorbent Capaclty g(hO)g(fiber) | 11.8 14.4 10.8 11.0
Example 2

A 12-inch wide tissue was produced on an experimental tissus machine, having a
fabric width of 22 inches, from a fibrous slurry comprised of an unrefined 50:50 fiber bland
of bleached kraft northem sofiwood fibers and bleached kraft eucalyptus fibers. The
tissue was formed using a stratified, three-layer headbox with the slurry being deposited
from each stratum to form a blended sheet having a nominal basis welight of 18 gem. The
headbox injected the slurry between two Lindeay Wire 21848 forming fabrics, in a twin
wire forming section, with a suction roll former. To control strength, 1000 mVminute of
Paraz 631 NC at 6 percent solids was aedded to the stock prior to the forming process.
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While dispoeed between the two forming fabrics and traveling at 1000 feet per
minute (fpm), the embryonic wet web was transported over four vacuum boxes operating .
with respective vacuum pressures of approximataly 11, 14, 13 and 19 inches of mercury
vacuum. The embryonic wet web, still contained between the two forming fabrics, passed
through an air press including an air plenum and a collection box that were operatively
assoclated and integrally sealed with one another. The air plenum was pressurized with
alr at approximately 150 degrees Fahrenhelt to 15 pounde per square Inch gauge, and the
collection box was operated at 11 inches of mercury vacuum. The wet web was exposed
to the resulting pressure differential of approximately 41.5 inches of mercuty and air flow
of 68 SCFM per square inch for a dwell ime of 7.5 milllseconds over four slots, each with
3/8” length. The consistsncy of the wet web was approximately 30 percent just prior to
the air press and 38 percent upon exiting the air press.

The dewatered wet web was then rush transferred uelng a vacuum pickup shoe
operating et approximately 10 inches of mercury onto a three-dimensionas} fabric, a
Lindsay Wire T-216-3 TAD fabric, traveling 20% percent siower than the forming fabrics.
A sllicone emulsion In water was sprayed onto the sheet side of the T-216-3 fabric just
prior to transfer from the forming fabric to facliitate the eventual transfer to the Yankee
dryer. The TAD fabric was thereafter pressed against the surface of a Yankee dryer with
a conventional preasure roll operating et a maximum pressing pressure of 350 pl. The
fabric was wrapped over about 39 inchas of the Yankee dryer surface by a transfer roll
which was unloaded and slightly removed from the Yankee dryer.

The wet web was adhered to the Yankee In a controlled manner using an
interfacial control mixture comprised, on a percent active sollds basls, of approxdmatsly 26
percent polyvinyl alcohol, 48 percent sorbitol, and 28 percent of Hercules M1338

polyglycol applled at a dose of between 50 and 76 mg/m . The compounds were
prepared in an aqueous solution having less than 5 percent solids by weight. The wet
web was dried on the Yankee dryer to approximately 80% consistency and then “peeled”
from the Yankee dryer by applying sufficient winding tension to remove the dried web just
prior to the creping blade. The dried web was then wound on a oora'wiﬂ\out addiional
pressing. The product was then converted into 2-ply bathroom tissue using standard
techniques. Results obtained for Example 2 are shown above In Table 1.
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A wet web was formed from a 50:40:10 blend of bleachad kraft northemn softwood,
bleached kraft eucalyptus and softwood BCTMP fibers using a Fourdrinier former
5 operating at approximately 3500 fpm. The resulting wet web at a basis weight of
' approximately 20 gsm was transferred from the forming fabric to a standard wet-press felt
(using a couch roll). The wet web wae camled to a 15 foot Yankee dryer and transfemed
to the Yankee dryer using standard techniques. The wet web was dried on the Yankee
dryer using standard techniques and removed from the dryer st approximately 65%

10 consistency using a creping blade.

To further Increase the callper, the web was transferred over an open draw to &
second Yankee dryer (this dryer operating without the normal hood) and adhered to the
Yankee dryer using a Latex adhesive. Tl'lo'dﬂedwabwgsmanaapedagalnandwound

15 ona core. The product was then converted Into 2-ply bathroom tiasue using standard
techniques. The process used in this axample is known as the singile re-creped process
U.K patent documents GB 2179848 B, GB 2152881 A, and GB 2179853 B, which are
Incorporated herein by referenca. Resuits obtained for Example 3 are shown above in
Table 1.

20
Exsmple 4 {(Comperative)

A wet web was formed from a 65:35 blend of bleached kraft northem softwood end

bieached kraft eucalyptus fibers. The wet web was formed using a twin wire formerin a
25 layered configuration with the eucalyptue on the outside (alr side) of the wet web. The wet

web was dewatered to a conasistency of approximately 27 percent using conventional

vacuum dewatering technology and then throughdried using standard technology to a

" conslistency of approximately 90 percent. The wet web was then transferred to a Yankee

dryer, adhered using PVA as the adheslive, and dried to a consistency of 97 percent. The
3¢ dred web was then wound on a core. The product was then converted into 2-ply

bathroom tissue using standard techniques.” Results obtained for Example 4 are shown

above in Table 1.
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The data of Table 1 clearly shows the improvement in sheet/roll properties that
can be achieved using this invention. In the creped form (Example 1), the product of this
invention yielded beth tissue that exhibited higher sheet caliper, 1687 microns versus
1288, than that of the control (Example 3) despite the additional re-creping step
employed specifically to Increase the bulk of the control. Without thie re-creping step, the.
difference would be even larger, as the re-creping step typlcally adds about 30% more
caliper. From the standpoint of roli properties, this additional caliper allowed the removal
of 27 sheets (from 280 count to 253 count) while maintaining the same roll diameter. In
fact, the rolls produced using this Invention were fimer at the same roll diameter (104 '
versus 134 with lower numbers indicating greater firmness) deaplte tha reduction in sheet
count. Coneidered as a whole, the Invention allowed a reduction in roll weight from 158
grams to 133 grame (16%) while producing superior roll properties.

The improvement in roll properties is even more striking when the uncreped
example (Example 2) Is conaida;ed. Here the sheet count was reduced to 180 sheets
(again versus 280 for the control) while maintaining roli diameter and fimness. In this
case the roll weight was reduced by 40%. )

Altemately, the product of this invention was compared to creped throughdried, the
product described in Example 4. It ls clear the products have roughly equal properties In
terms of roll bulk ete. In fact, the throughdried example showed a relatively low fimness,
indicating the product of this invention ie even better than that of the throughdred
process.

Exampie §

A wet web was formed from a fiber blend of 50:30:20 eouthemn bleached kraft pine,
bleached kraft northern softwood, and bisached kraft eucalyptus on an experimental
tissue machine running approximately 50 fom. The resulting wet weﬁ. at an approximate
basls weight of 41 grams per meter square, was camied on the forming fabric and then
transferred to a T-2168-3 molding fabric. At the transfer point, the embryonic wet web was
passed through an alr press Including an alr plenum and a collection box that were
operatively assoclated and (integrally) sealed with one another. At this point, the wet web
was dewatered from the post forming conslstency of approxdmately 10% to 32-35%
consistency. The wet web was then camnied to a Yankee dryer where it was transferred to
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the Yankee dryer, adhered using polyvinyl alcohol applled using standard spray nozzies
and dried to 55% consistency. The web was then transferred to afterdriers for final drying
and wound on a cora. The resulting dried web was then embossed using a butterfly
emboesing pattern to obtain the final one-ply towel product, Resuits obtained for
Example 5 are shown below In Table 2.

Exampie 6

A fiber blend of 85:35 bleached kraft southern softwood and softwood BCTMP was
formed into a wet web at a machine speed of 250 fpm using a Fourdrinier style former.
The resulting wet web, at an approximate basis weight of 50 grame per square meter, was
transferred to a standard wet-preesing felt and conveyed to & Yankee dryer. The wultweb
was transferred to the Yankee dryer at a pressura roll nip using standard wet-pressing
techniques. The wet web was adhered to the dryer using polyvinyl alcohol and creped at
approximately 55 percent consistency. The dried web was then conveyed over an open
draw to a series of can dryers where It was dried to approximately 95 percarlleonsls'bnw
and wound on a core. The product was then converted into 1-ply towels using standard
tachniques. Results obtained for Exampie 6 are shown below it “able 2.
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Table 2 clearly shows the product advantages inherent to this Invention. The
paper towels produced using this invention have superiority to the heavy wet-creped
5 , control in terms of caliper and absorbency despite a 18% reduction in basis weight.

Example 5| Example 8
Test Units Invention |(Comparative)

Roll Fimness Inches 0.101 0.277
‘Rou Diameter Inches 5.3 5.0
Sheet Count ' 80 85
lc::ra oD Mm 42 37
Caliper - 10 sheet Inches 0.252 0.185
MD Strength g/3" 2834 2750
MD Stretch ‘% 13.2 7.8
CD Strength ghd" 1420 1088
CD Stretch % 8.1 73
GMT g/3” " 2041 1728

ls Basls Welght g/m’ 413 50.0
l:;ovbanl Capacity G - 256 1.73
/Absorbent Capacity lg(h;O)'Ig(ﬂber) 5.88 3.4

Additionally, the product of this Invention hes higher CD stretch which gives the towel

added “toughness” [n use. As finished product, the rolis produced using this Invention
wers of higher dlamster (5.3 inches vs. 5.0) and more firm (0.191 ve. 0.277). Agalin this
was accomplished deepite a 19% reduction in roll weight since sheet size and count were

fbxad.

A wet web was formed using a fiber blend of §0:50 hleached kraft northermn

softwood and bleached kraft eucalyptus using the forming equipment and configuration
described in Example 1. In this case, the machine speed was 2500 fpm. The resulting
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wet web, at an approximate basls weight of 20 pounde/2880 fi2, was passed through four
vacuum boxes gt 19.8, 10.8, 22.8, and 23.6 inches of mercury, respectively. The resulting
wet web was then sent through the edditional integrally-sealed dewatering system also '
desacribed in Example 1. The air press was set fo maintsin a preesure of 15 peig in the
plenum and pre and post air press samples were taken for consistency measurement.
Results obtained for Example 7 are shown below in Table 3.

Example §

The experiment of Example 7 was repeated except this time the air press was
reconfigured to sliminate the intagral sea! between the air press plenum and the
assoclated collection box. Specifically, the sealing load and hence the impingement of the
cross-machine sealing biades was reduced untll a leak between the plenum and the
collaction box bacame apparent. At this point, the air press planum/collection box
amangement was set to a nominal 0.1 Inch gap, though It was not possible to actually see
the epacing between the plenum and the box as it was occupled by the fabrics and the
wet web. The air flow to the plenum Increased to the maxdmum obtainable from the
compressor and a post dewatering conslstency sample taken. Results obtained for
Example 8 are ehown below in Table 3.

Table 3
Exampla 7 Example 8
Teest Units (Comparstive)
Post Dewatering Conslstency % 34.2 321
Pre Dewatering Consistancy % 268 26.8
ater Removed Ib. water / Ib. fiber 0.81 0.61

As Nustrated in Table 3, any reduction in the integral seal results in a significant
loes In the dewatering capability of the alr press. Specificafly, approximately 25% less
water was removed (0.81 pounds/pound versus 0.81) when the integral seal was lost,
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even though the plenum and collection box were etlll In apparent contact with the fabrics.
The associated 2% loss in post dewstering consistency would transiate to approximetely a
10% reduction In machine speed on a machine that was spesd limited due to drying
iimitations. Such a limitstion would be expected on a wet-pressed machine that was
converted to the configuration of this invention.

The previous experiment was an attempt to llustrate the best possibie result that
might be obtained using known technologies, such as that described In U.S. Patent
5,230,776 to Valmet Corporation. In actual practice, i Is unflkely the equipment could
even be operated as described above due to the excessive nolse generated during the
experiment and the Jet of alr issuing form the non-integrally sealed &mhﬂng equipment.

Though not specified, in actual practice, it is thought that the equipment described in U.S.
Patent 5,230,776 would be operated with a gap of 1 inch or more, a condition under which
significantly more dewatering would be lost and much greater air consumption would
result. In practical terms, such inefficiency leads to so much addlitional energy
consumption and reduced speed as to render such technology unsultable for commercial
equipment. ‘

Example §

A wet web was formed, with a fiber blend of 50:50 bleached kraft northemn
softwood and bleached kraft eucalyptus, into a 20 gsm sheet at 2000 fpm as described In
Example 1. The wet web was then vacuum dewatered using 4 vacuum boxes at vacuum
levels of approximately 18, 18, 17 and 21 Inches respectively. A vacuum box consistency
sample wae taken. The results are shown In Table 4.

Example 10

The experiment of Example 9 was repeated but with a steam “blow box"
(Devronizer) added to Increase the dewatering. The steam box was not integratly sealed
to the vacuum box, and It thus thought to be simllar to an apparatus disciosed in U.S.
Patent 5,230,776. Steam flow to the Devronizer was approximately (300 pounds) per
hour. Again a conslstency eampie was taken to determine the increase attributable to the
addition of the steam blow box. The resulta are shown In Table 4.
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Example 11

The experiment of Example 8 was repested but with the integrally sealed alr press
of Example 1 added to the process, The air prees was operated at 15 psig plenum
pressure and a vacuum level of 17 inches of mercury. Again, a consistency sample was

'taken to determine the incresse attributable to the addition of the integrally sealed air
press. The results are shown in Table 4.

Table 4

ID Conslstency
%

Example 9 242

Example 10 24.8

Example 11 33.3 :

The data of Table 4 clearly shows the significant gain in consistency associated
with ueing the integrally-sealed alr press relative to the use of the steam blow box. The
blow box increased the conslstency by 0.6% while the integrally sealed air press
Increased the consistency by an additional 8.5% beyond that achieved by the steam blow
bax. Since the wet web was already dewatered over four vacuum baxes to reach the
24.2% consistency (Example 8), It Is not practical to add enough vacuum and/or steam
blow boxes to raise the consistency to a level where commercially viable speeds can be
achieved. However, with the addition of the integrally-sealed air press (Example 11), the
consistency can be raieed to a level where commerclal speeds are obtainable with a
modified wel-pressed design.

The foregoing detalled description has been for the purpose of fllustration. Thus, a
number of modifications and changes may be made without departing from the spirit and
scope of the present Invention. For instance, alternative or optional features described as
part of one embodiment can be used to yleld another embodiment. Additionally, two
named components could repressnt portions of the same structure. Further, varlous
altemnative process and equipment arrangements may be employed, particularly with
respect to the stock preparation, headbox, forming fabrice, web transfers, creping and
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drying. Therefore, the invention should not be limited by the specific embodiments
deecribed, but only by the claime and all equivelents thereto.
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Claims

We clalm:
1. A method for making a celiulosic web, comprising:

(a) depositing an aqueous suspension of papermaking fibers onto an endiess first
fabric to form a wet web; ’

(b) dewatering the wet web to a consistency of about 10 percent to sbout 30
percent; ]

(c) transferring the wet web to an endless second fabric;

(d) sandwiching the wet web between the second fabric and a support fabric and
dewatering the wet web to a conslstency of greetér than 30 percent using a '
noncompressive dewatering device that Is adapted to cause a pressurized fluld at about 5
pounds per square inch gauge or greater to flow substantially through the web dus to an
integral seal formed with the wet web;

(e) presesing the dewstered wet web against the surface of a heated drying cylinder
to at least partially dry the wet web; and,

(f) drying the dewatered wet web to a final dryness.

2. A method for making a cellulosic web, comprising:

(a) deposliting an aqueous suspension of papermaking fibars onto an endless first
fabric to form a wet web wherein the wet web;

(b) transferring the wet web to an endiesa second fabric;

(c) sandwiching the wet web between the second fabric and a support fabric and
dewsatering the wet web to a conslstency of up to about 30 percent;

(d) supplementally dewatering the wet web to a consistancy of about 30 to about
40 percent using an alr press that s adapted to cause a pressurized ﬂuldltibOI:ItS .
pounds per square Inch gauge or greater to flow substantially through the web due to an
integral seal formed between an &ir plenum and a collection device;

(e} configuring the second fabric to provide an unsupported sheet wrap angle of
the dewatered wet web about a pressaure roli of less than 80 degrees;

() pressing the dewatered wet web against the surface of a hested drying cylinder
to at least partially dry the dewatered wet web; and,

{(g) drying the dewetered wet web to a final dryness.
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3. A method for making a cellulosic web, comprising:

(a) deposlting an aqueous suspension of papermaking fibers onto an endless firet
fabric to form a wet web;

(b) dewatsring the wet web to a consistency of up to about 10 percent;

' (c) transferring the wet web to an endless second fabric;

(d) sandwiching the wet web between the second fabric and a support fabric;

(e) peesing the wet web sandwiched between the second fabric and the support
fabric between an alr plenum and a collection device with the second fabric disposed
between the wet web and the collection device, the sir plenum and collection device being
operatively associated and adapted fo create a pressure differential across the wet web of
about 30 Inches of mercury or greater and a stream of pressurized fluld through the wet
web of about 10 standard cubic feet per minute per square inch or greater; o

(ﬂdawateﬂngﬂmwstwebusmﬂmsbaamafpmssuﬂndﬂuldbacomlshney
of about 30 percent to about 40 percent; .

(g)prmlngﬁredewataradwatwabagalnstmeamfacaora houteddryimcvﬂl"d'f
with the second fabric; and,

(h) drying the dewatered wet web to a final dryneses.

4. The method of claim 1, wherein the noncompressive dewatering device Increases
the consistency of the wet web by from about 5 to about 20 percent.

5. The method of claim 2, wherein the wet web is supplementally dewatered to a
consistency of about 32 percent or greater.

6. The methed of claim 5, wherein the wet web Is suppiementally dewstered to a
consistency of about 34 percent or greater.

7. The method of claim 1, 2, or 3, whereln the pressure differential across the wet
web is about 30 Inches of mercury or greater.

8. The method of claim 7, whereln the pressure differential across the wet web Is
from about 35 to about 80 inches of mercury.

55
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9. The method of claim 1, 2, or 3, wherein the pressurized fiuld e pressurized to
about 5 to about 30 pounds per square inch gauge.

10. The method of claim 1, 2, or 3, wherein the coflaction device comprises a vacuum
box that draws a vacuum of greater than 0 to about 25 inches of mercury. '

41. The method of claim 2 or 3, wherein the dwell ime in the air press le about 10
milliseconds or less.

42. The method of claim 11, whereln the dwell ime In the alr press e about 7.5
mifiseconds or less.

413. The method of claim 2 or 3, wherein the wet web Is traveling at a speed of ebout

1000 feet per minute or greater and the consietency of the wet web from entering to
exiting the air press Increases by about & percent or more.

14. The method of claim 2 or 3, whereln the wet web s traveling at a speed of about
2000 feet per minute or greater and the conalstency of the wet web from antaring to

exiting the alr press increases by about 5 percent or more.

15. The method of claim 1 or 2, wherein the wet web Is traveling &t a speed of about
2000 feet per minute or greater.

168. The method of ciaim 2 or 3, whereln about 85 percent or greater of the pressurized
fluid fed to the alr plenum fiows through the wet web.

17. The method of claim 18, wherein about 80 percent or greater of the pressurtzed
fiuld fed to the air plenum flows through the wet web.
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18. The method of claim 1, 2, or 3, wherein the temperature of the pressurtzed fiuid is

about 300 degreas Celsius or less.

49. The method of claim 18, wherein the temperature of the pressurized fiuld Is about

150 degrees Celslus or iess.

20. The method of claim 2 or 3, wherein the heated drying cylinder Inciudes a dryer
hood and the second fabric that s pressed agalnst the drying cylinder ssparates from the

dryer hood prior to the wet web entering the dryer hood.

21. The method of claim 2 or 3, wherein the sacond fabric that Is pressad againet the
drying cylinder wraps the drying cylinder for less than the full distance that the web Is in

contact with the drying cylinder.

22. The method of clalm 1, 2, or 3, wherein the dewatsred wet web Is transferred to the
heated drying cylinder using a pair of transfer rolls that form an extended wrap for a

predetermined span.

23. The method of claim 22, wherein one or both of the tranefer rolls are not loadad

againet the heated drying cyfinder.

24. The method of claim 22, whereln one or both of the transfer rolls are loaded against

the heated drying cylinder.

25. The method of claim 1 or 2, wherein the dewatered wet web is pressed against the
drying cylinder with a pressing preesure of about 350 pounds per lineal inch or less.

26. The method of cisim 2 or 3, whereln a release agent Is added to the second fabric
that is pressed againet the heated drying cylinder to facllitate the transfer of the

dewatered wet web.
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27. The method of clalm 1 or 2, wherein the fiow of pressurized fluid transfers the
dewstered wet web to the second fabric.

28. The method of claim 1 or 2, wherein the dewatered wet web is rush transfermed onto
the second fabric.

29. The method of clalm 2 or 3, wherein the dried web is removed from the heated
drying cylinder without creping.

30. The method of claim 1, 2, or 3, wherein the dewatered wet web Is dried to about 85
percent eonllstency or more and thereafter creped.

31. The method of claim 1, 2, or 3, wherein the dewatered wet web Is partially dried to

a consistency of from about 40 to about 80 percent on the surface of the heated drying
cylinder, wet crepad, and theresafter final drled to a consistency of about 85 percent or
greater.

32. An absorbent tissue sheet made by the method of claims 1, 2, or 3.

33. The method of claim 1 or 2, further compriging transferring the wet web to the

second fabric and sandwiching the wet web between the second fabric and a support
fabric before using the noncompressive dewatering device.

34. The method of claim 1, 2, or 3, wherein the apparatus is a modified wet-pressed
tissue machine. .

35. The method of clalm 1, 2, or 3, wherein the second fabric replaces a felt on a
conventional wet-pressed tissue machine.

36. The method of cialm 1, 2, or 3, whereln the alr plenum Is located within the circult
of the endless second fabric.
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37. The method of claim 1 or 2, wherein the air plenum Is located within the circult of
the support fabric.

'38. The method of claim 1, 2, or 3, wherein a vacuum shoe transfers the dewstered

wet web to the second fabric prior to transfer of the dewatered wet web to the heatad
drying cylinder.

39. The method of claim 1, 2, or 3, wherein the first fabric Is a forming fabric.

40. The method of clalm 1, 2, or 3, whereln the second fabric Is a molding fabric. ]

41. The method of claim 1, 2, or 3, wherein the air plenum is located inlhaptluul'
section of the modified wet-pressed tissue machine.

42. The method of claim 1 or 3, further comprising configuring the second fabric to
provide an unsupported sheet wrap angle of the dewatered wet web about a pressure roll

of less than 80 degrees.

43. The method of claim 2, wherein the unsupported shest wrap angle of the
dewatered wet web about a pressure roll is less than 45 degrees. '

44. The method of claim 42, wherein the unsupported sheet wrap angie of the
dewatered wet web about a pressure roll Is less than 45 degrees.

45, The method of claim 2, wherein the uneupported sheet wrap angle of the
dewatered wet web about a pressure roll le less than 10 degrees.

46. The method of claim 42, wherein the unsupported sheet wrap angle of the
dewstered wet web about a pressure roll is less than 10 degrees.
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47. The method of claim 1, wherein the noncompressive dewstering device ls
comprised of an air plenum and a collection device.

48. The method of claim 2, 3, or 47, further comprising positioning cross-machine

direction seallng members to deflect the course of travel of the wet web and the first and
second fabrics toward the collection device.

49. The method of clalm 48, whersin the minimum amount of impingement of the
cross-machine direction sealing members into the support fabrics Is defined by the

equatior:, /+(min) = 'T;‘;( ?}d‘) -'1); ,

whera. “T" Is the tenslon of the first and second fabrics measured In pounds per Inch; "W*
Is a pressure differential across the web measured In pounds per square inch; and *d” Is a
gap between a sealing blade and the collection device in the machine direction measured
in inches.

50. A method of modlfying a conventionel wet press machine having st least one felt
and compreasive dewatering devices, comprising:

(a) replacing at least one felt with st least one fabric; and,

(b) replacing compressive dewatering devices with non-thermal, noncompressive
dewatering devices.

51. The method of claim 50, wherein the fabric is from the group consisting of firet
fabric, second fabric, support fabric, and combinations thereof.

52. The method of claim 50, whereln st least two felts are replaced with a first fabiic
and a second fabric.

53. The method of clalm 50, wherein at least two felts are repiaced with a first fabric
and a support fabric.
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54. The method of claim 50, wherein at least two felts are replaced with 8 second
fabric and & support fabric. '

55. The methad of clalm 50, whersin at least two felts are replaced with a first fabric
and & support fabric.

56. The method of claim 50, wherein the non-thermal noncompressive dewetering '

device is selected from the group consisting of vacuum bax, air press non-ﬂlermnl
noncompressive pressure roll, and combinstions thereaf.

57. A method for making a cellulosic web, comprising:

(a) depositing an aqueous suspension of papermaking fibers between an endisss
first fabric and an endless second fabric to form a wet web whereln the wet web le
sandwiched between the first and second fabrics; .

(b) dewatering the wet web to a consistency of about 30 percent or greater using a
noncompressive dewatering devica that is adapted to cause a pressurized fluid at about 5
pounds per square inch gauge or greater to flow eubstantiaily through the web due to an
Integral seal formed with the wet web;

{c) pmsslnghedewatamdwatmbagamstﬂnsurfaooolahesbddm cylinder
to at least partially dry the dewatered wet web; and,

(d) drying the dewatered wet web to a final dryneas.

58. A method for making a cellulosic web, comprising:

(a) deposlting an aqueous suspension of papermaking flbers between an endiess
first fabric and an endless second fabric to form a wet web wherein the wet web Is
sandwiched between the firet and second fabrics;

(b) dewatering the wet web to a conslistancy of about 10 to about 30 percent;

(c) supplementally dewatering the wet web to a consistency of about 30 to about
40 percent using an air press that Is adapted to cause a pressurized fluid at about §
pounds per square inch gauge or greater to flow substantially through the wet web due to
an integral seal formed between an alr plenum and a collection device to give the
dewaterad wet web a bufk of about 8 cubic centimeter per gram or greater;
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(d) pressing the dewsatsred wet web agalnst the surface of a heatsd drying cylinder
with a fabric to preserve the bulk of about 8 cubic centimeter per gram or greater; and,
(e) drying the dewatered wet web to a final drynees.

59. A method for making a cellulosic web, comprising:
[]

(a) depositing an aquecus suspension of papermaking fibers between an endiess
firet fabric and an endless second fabric to form a wet web wherein the wet web is
sandwiched between the firet and second fabrics;

(b) passing the wet web sandwiched betweien the first and second fabrics betwsen
an alr plenum and a collection device with the second fabric disposed betwean the wet
web and the collection device, the alr plenum and collection device being operatively
aasodatadandadaphdbmahapmeumdiﬁemnﬂnlamhewutwabofnbom-m
inches of mercury or greater and a stream of pressurized fluld through the wet web of
about 10 standard cublc feet per minute per square inch or greater;

(c) dewatering the wet web using the stream of pressurized fluld to @ conslsteficy
of about 30 percent or greater;

(d) praesing the dewatered wet web against the surface of a heated drying cyiinder
with the second fabric; and

() drying the dewatered wet web to a final dryneass.

60. The method of claim 57, whersin the noncompreesive dewatsring device increases
the consletancy of the wet web by from about 5 to about 20 parcent.

61. The method of claim 58, whereln the wet web Is supplementally dewstered to a
consistency of about 32 percent or greeter.

62. The method of claim 61, wherein the wet web Is supplementaily dewatered to a
consistency of about 34 percent or greatsr.

63. The method of claim 57, 58, or 50, wherein the pressure differential acroes the wet
web ls about 30 inches of mercury or greater.
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64. The method of claim 63, wherein the pressure differential across the wet web is
from about 35 fo about 80 inches of mercury. '

65. The method of claim 57, 58, or 59, wherein the pressurtzed fiuld is pressurized to
about 5 to about 30 pounds per square inch gauge.

66. The method of claim 57 or 58, wherein the collection device comprises a vacuum
box that draws a vacuum of greater than 0 to ebout 25 inches of mercury. -

67. The method of clalm 58 or 59, whereln the dwell time In the air prass is about 10
millisaconds or less. .

68. T™he method of clalm 67, wherein the dweil time In the air press is about 7.5
milliseconds or less.

69. The method of claim 58 or 50, wherein the wet web is traveling at a speed of about

1000 feet per minute or greater and the conslstancy of the wet web from entering to
exiting the air press increases by about 5 percentage points or more.

70. The method of claim 58 or 59, wherein the wet web ie traveling at a speed of about

2000 feet per minute or greater and the conslstency of the wet web from entering to
exiting the alr press increases by about 5 percentage points or more.

71. The method of clalm 57 or 58, wherein the wet web Is traveling at a speed of about
2000 fest per minute or greater.

72. The method of claim 58 or 59, wherein about 85 percent or grester of the
pressurized fluid fed to the alr plenum flows through the wet web.

7 3. The method of clalm 72, wherein about 50 percent or greater of the pressurized
fiuld fed to the air planum flows through the wet web.
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7T4. The method of claim 57, 58, or 58, wherein the temperature of the pressurized fluid
is about 300 degrees Calsius or less.

%5. The method of claim 74, wherein the temperature of the pressurized fluid is about

150 degrees Ceisius or less.

76. The method of claim 58 or 59, wherein the heated drying cylinder Includea a dryer
hood and the saecond fabric that is pressed against the drying cylindsr separates from the
dryer hood prior to the dewatered wet web entering the dryer hood.

T7. The method of clalm 58 or 58, whereln the second fabric that le preseed against

the drying cylinder wraps the drying cylinder for less than the full distance that the
dewatered wet web Is in contact with the drying cylinder.

78. The method of claim 57, 58, or 59, whereln the dewatered wet web Is transferred to
the heated drying cylinder using a pair of transfer rolis that form an extended wrap for a

. predetarmined span.

79. The method of claim 78, wherein one or both of the transfer rolls are not loaded
against the heated drying cylinder.

80. The method of claim 78, wherein one or both of the transfer rolis are loaded againet
the heated drying cylinder.

841. The method of claim 57 or 58, wherein the dewatered wet web Is pressed against
the drying cylinder with a pressing pressure of about 350 pounds per ineal Inch or less.

82. The method of claim 58 or 58, wherein a release agent is added to the second

fabric that Is pressed against the heated drying cylinder to faciiitate the transfer of the
dewatered wet web.
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83. The method of claim 57 or 58, wherein the flow of pressurized fluld transfers the
dewatered wet web to the second fabric.

' 84. The method of claim 58 or 59, wherein the dewatered wet web Is removed from the
heated drying cylinder without creping.

85. The method of claim 57, 58, or 59, wherein the dewatsred wet web is dried to about
85 percent consistency or more and thereafter creped.

86. The method of ciim 57, 58, or 59, wherein the dewaterad wet web is partially

dried to a conslstency of from about 40 to ‘about 80 percent on the surface of the heated

drying cylinder, wet creped, and theresatfter final dried to a consistency of about 85 percent
or greater. ' '

87. An sbsorbent tissue sheet made by the methad of claims 57, 58, or 59.

88. The method of clalm 57 or 58, further comprising transfering the wet wab to the

second fabric and sandwiching the wet web between the second fabric and a support
fabric before using the noncompressive dewatering davice.

89. The method of claim 57, 58, or 59, wherein the epparatus s a modified crescent-
former tissue machine.

90. The method of claim 57, 58, or 58, whereln the second fabric replaces a felt fabric

on a crescent-former tissue machine.

91. The method of claim 57, 58, or 59, whersin the air plenum ie located within the
circult of the endless second fabric.
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Q2. The method of claim 57 or 58, wherein the alr plenum Is iocated within the circuit
of the support fabric.

93. The method of claim 59, wherein the alr plenum Is located within the circult of the
endless first fabric.

94. The method of clalm 57, 58, or 59, wherein the vacuum shoe tranafers the

dewatered wet web to the second fabric prior to transfer of the dewatered wet web to the
heated drying cylinder. '

95. The method of clalm 57, 58, or 58, whereln the first fabric ls a forming fabric.
96. The method of clalm 57, 58, or 58, whereln the second fabric Is a molding fabric.

97. The method of clalm 57, whereln the noncompressive dewatering device is
comprised of an alr plenum and a coflection device.

98. The method of claim 58, 59, or 97, further comprising positioning cross-machine

direction saaling members to deflect the course of travel of the wet web and the first and
second fabrica toward the collection device.

99. The method of claim 98, wherein the minimum amount of impingement of the
cross-machine direction gealing members into the support fabrice ls defined by the

i o))

where: “T" is the tenslon of the firet and second fabrics mesasured In pounds per inch; "W"
Is a pressure differential across the web measured in pounde per square inch; and "d" Is a
gap between a sealing blade and the collection device in the machine direction measured
in inches.
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100. The method of claim 57, 58, or 59, further comprising configuring the second

fabric to provide an unsupported sheet wrap angile of the dewatered wet web about a
pressure rofl of less than 80 degrees.

4101. The method of claim 100, whereln the unsupported shest wrap angie of the
dewatered wet web about a pressure roll is less than 45 degrees.

102. The method of claim 100, whersin the unsupported sheet wrap angle of the
dewatered wet web about a pressure rol is less than 10 degrees. ° '

103. A method of modifying a conventional crescent-former tisaue machine having at

least one felt and compressive dewatering devices, comprising: )
(a) replacing at least one felt with at ieast one fabric; and,
(b) replacing compressive dewatering devices with non-thermal, noncom
dewatering devices. o

104. The method of claim 103, wherein the fabric Is from the group conalsting of first
fabric, sacond fabric, support fabric, and combinations thereof.

405. The method of claim 103, wherein at ieast two feits are repiaced with a firet fabric:
and a second fabric.

406. The method of claim 103, wherein at least two felte are replaced with aﬂEatfqbrlc
and a support fabric,

107. The method of claim 103, wherein at least two felts are replaced with a second
fabric and a support fabric. '

108. The method of claim 103, wherein at least two felts are replaced with a first fabric
and a support fabric.
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109. The method of claim 103, wherein the non-thermal noncompreesive dewatering

device is selected from the group consisting of vacuum box, alr press, non-thermal
noncompressive pressure roll, and combinations thereof.
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