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FIELD OF THE INVENTION

The present invention relates to cellulosic fibrous structures having different basis
weights and densities, and more particularly to non-through air dried paper having
different basis weights and densities.

BACKGROUND OF THE INVENTION

Cellulosic fibrous structures, such as paper, are well known in the art. Frequently,

it is desirable to have regions of different basis weights within the same cellulosic

" fibrous product. The two regions serve different purposes. The regions of higher basis

weight impart tensile strength to the fibrous structure. The regions of lower basis weight

may be utilized for economizing raw materials, particularly the fibers used in the

papermaking process and to impart absorbency to the fibrous structure. In a degenerate

case, the low basis weight regions may represent apertures or holes in the fibrous
structure. However, it is not necessary that the low basis weight regions be apertured.

The properties of absorbency and strength, and further the property of sofiness,
become important when the fibrous structure is used for its intended purpose.
Particularly, the fibrous structure described herein may be used for facial tissues, toilet
tissue, paper towels, bibs, and napkins, each of which is in frequent use today. If these
products are to perform their intended tasks and find wide acceptance, the fibrous
structure must exhibit and maximize the physical properties discussed above. Wet and
Dry Tensile strengths are measures of the ability of a fibrous structure to retain its
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flexibility, such as with through air drying (TAD). Improved bulk and flexibility may
be provided through bilaterally staggered compressed and uncompressed zones, as
shown in U.S. Patent 4,191,609 issued March 4, 1980 to Trokhan, which patent is
incorporated herein by reference.

Several attempts to provide an improved foraminous member for making such
cellulosic fibrous structures are known, one of the most significant being illustrated in
U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al., which patent is
incorporated herein by reference. Johnson et al. teaches hexagonal elements attached to
the framework in a batch liquid coating process.

Another approach to making tissue products more consumer preferred is to dry the
paper structure to impart greater bulk, tensile strength, and burst strength to the tissue
products. Examples of paper structures made in this manner are illustrated in U.S.
Patent 4,637,859 issued January 20, 1987 to Trokhan, which patent is incorporated
herein by reference. U.S. patent 4,637,859 shows discrete dome shaped protuberances
dispersed throughout a continuous network, and is incorporated herein by reference.
The continuous network can provide strength, while the relatively thicker domes can
provide sofiness and absorbency.

One disadvantage of the web disclosed in U.S. Patent 4,637,859, is that drying such a web can be
relatively energy intensive and expensive, and typically involves the use of through air drying equipment.
In addition, the papermaking method disclosed in U.S. 4,637,859 can be limited with respect to the speed

at which the web can be finally dried on the Yankee dryer drum. This limitation is thought to be due, at
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embossing a dried paper web disrupts bonds between fibers in the cellulosm structure.
This disruption occurs because the bonds are formed and set upon drying of the

embryonic fibrous slurry. After drying the paper structure, moving fibers normal to the
plane of the paper structure by embossing breaks fiber to fiber bonds. Breaking bonds
results in reduced tensile strength of the dried paper web. In addition, embossing is
typically done after creping of the dried paper web from the drying drum. Embossing
after creping can disrupt the creping pattern imparted to the web. For instance,
embossing can eliminate the creping pattern in some portions of the web by compacting
or stretching the creping pattern. Such a result is undesirable because the creping
pattern improves the softness and flexibility of the dried web.

Accordingly, one object of the present invention is to provide a paper and method
for making a multi-region paper web wherein the web has a predetermined pattern of
relatively high and relatively low density regions, yet can be dried with relatively lower
energy and expense.

Another object of the present invention is to provide a method for making a multi-region paper

having at least two, and preferably at least three different basis weights.

Another object of the present invention is to provide a non-through air dried paper web having

different basis weights and different densities.
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In one embodiment of the present invention, the paper web has at least two
regions of different basis weight disposed in a first nonrandom, repeating pattern, and at
least two regions of different density disposed in a second nonrandom, repeating pattern;
wherein the first and second patterns combine to provide a third visually distinguishable
.pattern, the third pattern being different from the first and second patterns.

The present invention also provides a method of producing a non-through air
dried paper web having at least two regions of different basis weight and at least two
regions of different density. The method includes the steps of: providing a plurality of
fibers suspended in a liquid carrier; providing a fiber retentive forming element having
liquid pervious zones; depositing the fibers and the liquid carrier onto the forming
element; draining the liquid carrier through the forming element in at least two
simultaneous stages to form a web having at least two regions of different basis weight;
providing a web support apparatus comprising a web patterning surface and a
dewatering felt layer; transferring the web from the forming element to the web
patterning surface of the web support apparatus; selectively densifying a portion of the
web to provide the web with at least two different densities; and drying the web.
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regions circumscribed by the relatively low basis weight regions.

BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed the invention is better understood
from the following description taken in conjunction with the associated drawings, in
which like elements are designated by the same reference numeral and:

Figure 1 is a photograph of a paper web made according to the present invention,

wherein a portion of the paper web is positioned over a black background and wherein

~ another portion of the paper web is positioned over a white background. The scale in
Figure 1 has divisions of 1/100 of an inch.

Figure 2 is a schematic illustration of a paper web of the type shown in Figure 1.

Figure 3 is a cross-sectional, schematic illustration of a paper web of the type
shown in Figure 2. |

Figure 4 is a schematic illustration of a paper machine which can be used to make
the paper web of the present invention.

Figure 5 is a fragmentary top plan view of a forming element having discrete
protuberances and apertures extending through the protuberances.

Figure 6 is a cross-sectional illustration of the forming element show in Figure 5.
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il lustration of thRigfrer risgschlenmatintllsstration shewiggracpaper web being transferred from

the web support apparatus of Figure 7 to a Yankee dryer.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a photograph of a paper web 20 made according to the present
invention. Figure 2 is a schematic illustration of the image in Figure 1. Figure 3 is a
cross-sectional illustration of a paper web 20 of the type shown in Figure 1.

The paper web 20 is wetlaid, and is substantially free of dry embossments. The
paper web 20, as shown in Figure 1, is a non-through air dried web. By "non-through
air dried"” it is meant that the web is not pre-dried on a drying fabric by directing heated
air through selected portions of the web and the drying fabric.

Referring to Figures 1-3, the paper web 20 has first and second oppositely facing
surfaces 22 and 24, respectively. The paper web 20 comprises at least two regions
having different densities disposed in a nonrandom, repeating pattern. The paper web
20 also comprises at least two regions having different basis weights disposed in a
nonrandom, repeating pattern. '

The line density through the web thickness in Figure 3 is used to schematically
illustrate the relative basis weights of different portions of the web. The portions of the
web illustrated with 5 lines through the web thickness represent relatively high basis
weight regions, the portions of the web illustrated with 3 lines through the web thickness
represent relatively low basis weight regions, and the portions of the web illustrated with
4 lines through the web thickness represent intermediate basis weight regions.

In the embodiment shown in Figures 1-3, the paper web 20 is formed to have a
relatively high basis weight, essentially continuous network 40, and a plurality of
discrete, spaced apart, relatively low basis weight regions 60 dispersed throughout the
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illustration of a paper web 20 of tThe type shown in Figure 1. The paper web

20 is wetlaid, and i;s substantially free of dr ssnents. The er b
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conprises at sdpamsdd frdva the ARGy 1aYh Basisliveight, @BAtirdRns hétwdzk 40 Hp Isedsdciuta
nonrandom re e{ati{ rig attern.. .The ﬁﬁer web 20 al so conprises at |east two
regi ons havi Wgaﬂ'leyf F“eh??‘sﬁ’%@g f%’é?‘g 's di sposed in a nonrandom repeating
pattern. The line density through the web thickness in Figure 3 is used to
schemati cal |y il | Ube relativelhdow dasis iweight aegignsned gen bavs thei shaeacteristiphat ithms
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Alternatively, the region 60 can comprise fibers which are non-radially oriented. In yet
another alternative embodiment, the paper web 20 does not have an intermediate basis
weight region 80, but instead has just two basis weight regions corresponding to the

regions 40 and 60.

The paper web 20 of the present invention is selectively densified to provide at
least two regions of different density. In the embodiment shown in Figures 1-3, the
paper web 20 is selectively densified to provide a relatively high density, essentially
continuous network region 110 and a plurality of discrete, relatively low density regions
130 dispersed throughout the continuous network region 110. The regions 130 are
relatively thicker than the region 110. In Figure 1, the network region 110 and the
relatively low density regions 130 are visable in the portion of the web positioned over a
white background.

The number of relatively low basis weight regions 60 per unit area can be the
same as, or different than, the number of relatively low density regions 130 per unit area.
For instance, the number of relatively low basis weight regions 60 per unit area can be
less than, or alternatively greater than, the number of low density regions 130 per unit
area.

In the embodiment shown in Figures 1 and 2, the number of relatively low basis
weight regions 60 per unit area of the web is greater than the number of relatively low
density regions 130 per unit area of the web.
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The paper web 20 shown in Figures 1 and 2 have the characteristic that the
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regions of the different basis weight are disposed in a first nonrandom, repeating pattern,
and the regions of different density are disposed in a second nonrandom, repeating
pattern. These first and second patterns combine to provide a third visually
distinguishable pattern which is different from the first and second patterns.

This third pattern is visable in Figure 1, and is indicated in dotted outline in Figure
2. The third pattemn comprises a plurality of first striations 210, and a plurality of
second striations 220. In Figures 1 and 2, the first striations intersect the second
striations 220, and the first and second striations 210 and 220 extend diagonally with
respect to the machine and cross-machine directions of the paper. The third pattern
provides a plurality of generally diamond shaped cells 250.

Without being limited by theory, it is believed that the third visually
distinguishable pattern is provided by interference between the patterns of density and
basis weight. In particular, the third pattern is believed to be related to Moire or Moire-
like interference of the repeating patterns of density and basis weight.

Without being limited by theory, it is believed that one or both the first and
second patterns can be varied to provide a different third pattern. For instance, the size,
shape, or spacing of one or both of the regions 60 and 130 can be varied to provide a
different third pattern. Alternatively, the relative orientation of the first and second
patterns can varied to provide a different third pattern. For instance, the first pattern can
be rotated relative to the second pattern to provide a different third pattern.



The paper web 20 of the present invention is selectively densified to
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square inch. ngure 3, the smoothness value of surface 24 is less than the smoothness value of surface 2'7 The

smoothness value of surface 24 is preferably less than about 1000. The smoothness value of the surface
22 can be greater than about 1100. In particular, the paper web 20 can have a surface smoothness ratio
greater than about 1.10, where the surface smoothness ratio is the value of the surface smoothness of

surface 22 divided by the value of the smoothness value of surface 24.

In one embodiment, the surface 24 of the web 20 can have a surface_smoothness value of less

than about 960, and the opposite surface 22 can have a surface smoothness value of at least about 1150.

The method for measuring the value of the surface smoothness of a surface is described below
under "Surface Smoothness." The value of surface smoothness for a surface increases as the surface
becomes more textured and less smooth. Accordingly, a relatively low value of surface smoothness

_indicates a relatively smooth surface.

The basis weights of the regions 40, 60, and 80 can be measured using the
procedure for measuring basis weights of regions in a paper web, as set forth in U.S.
Patent 5,503,715 issued April 2, 1996 to Trokhan et al., which patent is incorporated
herein by reference.

The basis weight of the region 40 is preferably at least about 25 percent greater
than the basis weight of the region 80, and the basis weight of the region 80 is preferably
at least about 25 percent greater than the basis weight of the region 60.

The continuous network region 110 and the discrete regions 130 can both be foreshortened, such
as by creping or wet microcontraction. In Figures 2, the crepe ridges of the continuous network region
110 are designated by numeral 115, and extend in a generally cross-machine direction. Similarly, the

discrete, relatively lower density and relatively thicker regions 130 can also be foreshortened to have
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of the first, and second patterns can varied to provide a different third

pattern. ForP¥¥{§"8Rf€e, the first pattern can be rotated relative to the
second pattern to provide a different third pattern.
The paper web 20 having the relatively smooth surface 24 can be useful in making a multiple

ply tissue having smooth outwardly facing surfaces. For instance, two or more webs 20 can be combined
to form a multiple ply tissue, such that the two outwardly facing surfaces of the multiple ply tissue
comprise the surfaces 24 of the webs 20, and the surfaces 22 of the outer plies face inwardly.
Alternatively, a two ply paper structure can be made by joining a web 20 of the present invention with a
conventionally formed and dried paper web. The web 20 can be joined to the conventional paper web

such that the surface 24 faces outwardly.

The paper web 20 can have a sheet basis weight (macroscopic as compared to the
basis weights of the individual regions 40, 60,80) of about 10 to about 70 grams per
square meter.

Papermaking Method Description

A paper structure 20 according to the present invention can be made with the
papermaking apparatus shown in Figures 4. The method of making the paper structure
20 of the present invention is initiated by providing a plurality of fibers suspended in a
liquid carrier, such as an aqueous dispersion of papermaking fibers in the form of a
slurry, and depositing the slurry of papermaking fibers from a headbox 1500 onto a fiber
retentive forming element 1600. The forming element 1600 is in the form of a
continuous belt in Figure 4. The slurry of papermaking fibers is deposited on the
forming element 1600, and water is drained from the slurry through the forming element
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80 can be meagys qrk kW apdeio provide intermediate flow annuluses 1665. The intermediate
flow portions 1665 form the high basis weight regions 40.

The protuberances 1659 can each have an aperture 1663 which extends through
the protuberance 1659. The apertures 1663 provide the intermediate basis weight
regions 80.

The forming element 1600 shown comprises a patterned array of protuberances
1659 joined to a reinforcing structure 1657, which may comprise a foraminous element,
such as a woven screen or other apertured framework. The reinforcing structure 1657 is

“ substantially fluid pervious.

The flow resistance of the aperture 1663 is different from, and typically greater
than the flow resistance of the intermediate flow annuluses 1665 between adjacent
protuberances 1659. Therefore, typically more of the liquid carrier will drain through
the annuluses 1665 than through the apertures 1663. The intermediate flow annuluses
1665 and the apertures 1663 respectively define high flow rate and low flow rate zones
in the forming element 1600.

The difference in flow rates through the zones is referred to as "staged draining."
The staged draining provided by the forming element 1600 can be used to deposit
different amounts of fibers in preselected portions of the paper web 20. In particular, the
high basis weight region 40 will occur in a nonrandom, repeating pattern substantially
corresponding to the relatively high flow rate zones (the annuluses 1665). The
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Pl ane of the Continuous Network Region,
In one embodiment, the forming element 1600 can have about 100 protuberances

I cker Regions In the

1659 per square inch. The protuberances 1659 can have the shape shown in Figure 5,
and can have an MD (machine direction) dimension A of 0.105 inch, a CD (cross
machine direction) dimension B of about 0.074 inch, a machine_direction spacing C of
0.136 inch, and a cross-machine direction spacing D of 0.147 inch. The minimum
spacing E between adjacent protuberances can be 0.029 inch. The protuberances 1659
can have a height H of less than about 0.010 inch. The apertures 1663 can have an
elliptical shape with a major axis paralle] to the machine direction of about 0.052 inch
and a minor axis of about 0.037 inch.

The top surface of the protuberances 1659 can provide about 35 percent of the
projected area of the forming element 1600, as viewed in Figure 5. The apertures 1663
can provide about 15 percent of the projected area of the forming element 1600 as
viewed in Figure 5. The annuluses 1665 provide about S0 percent of the projected area
of the forming element 1600 as viewed in Figure 5.

It is anticipated that wood pulp in all its varieties will normally comprise the paper
making fibers used in this invention. However, other cellulose fibrous pulps, such as
cotton liners, bagasse, rayon, etc., can be used and none are disclaimed. Wood pulps
useful herein include chemical pulps such as Kraft, sulfite and sulfate pulps as well as
mechanical pulps including for example, ground wood, thermomechanical pulps and
Chemi-ThermoMechanical Pulp (CTMP). Pulps derived from both deciduous and
coniferous trees can be used. Alternatively, other non cellulosic fibers, such as synthetic
fibers, can be used.
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temporary wet strength binders include but are not limited to synthetic polyacrylates. A
suitable temporary wet strength binder is PAREZ® 750 marketed by American

Cyanamid of Stanford, CT.

Suitable dry strength binders include materials such as carboxymethyl cellulose
and cationic polymers such as ACCO® 711. The CYPRO/ACCO family of dry strength
materials are available from CYTEC of Kalamazoo, MI.

The paper furnish deposited on the forming element 1600 can comprise a
debonding agent to inhibit formation of some fiber to fiber bonds as the web is dried.
The debonding agent, in combination with the energy provided to the web by the dry
creping process, results in a portion of the web being debulked. In one embodiment, the
debonding agent can be applied to fibers forming an intermediate fiber layer positioned
between two or more layers. The intermediate layer acts as a debonding layer between
outer layers of fibers. The creping energy can therefore debulk a portion of the web
along the debonding layer.

As a result, the web can be formed to have a relatively smooth surface for
efficient drying on a heated drying surface, such as the heated drying surface of a
Yankee drying drum. Yet, because of the rebulking at the creping blade, the dried web
can also have differential density regions, including a continuous network relatively
high density region, and discrete relatively low density regions which are created by the
creping process.

Suitable debonding agents include chemical softening compositions such as those
disclosed in U.S. Patent 5,279,767 issued January 18, 1994 to Phan et al. Suitable
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softwood fibers are discussed in nore det®i| bel ow. Fi gures 5 and 6 show
the form ng el enent 1600. The form ng el enent 1600 has two nutual |y opposed

faces , a first fa 1653, and_a .second face 1655. The first face 1653 is
the surface @Péﬁgﬁ%dca&fr eﬁﬁcails@ﬁ%%g esmposiiensiare dinclased in KeS fPasent 5, 1i2, 522

web bei ng fdsseed. MBlge17,i 1994 i@ Phat 6&3alhasy SWPatingd 5B, 7670080S, 319532 and

1653b The forn t.1600 has flow.restriction nenbers in the form of
pr ot uber anc elé gﬁ’@ﬁ'ﬁ%ﬂn Py F‘rgfer‘i‘ge'l %‘*Xﬁtﬁzgg?’écag\é‘?%ﬁfn EITRATEI8S .ca“I'H% used as
pr ot uber anc edebendiog agents fradehdbitipg fibet to fiheo boutting it eneedinatedaydroof the Mibketss es

1665. The i nhekiABdpMLwtt oW portions 1665 formthe high basis wei ght
regi ons 40. The protuberances 1659 can each have an aperture 1663 which

extends through the protuberancg 1659, The apertu 1663 provide the

i nt er medi at e bas(ﬁge 5\‘5?&‘& S"?r@ﬁ?r § Pryyiding, el?%}d?ﬁgw@{ gg%rﬁéwn&eom%éﬁws of
conpri ses a fixrs domedg ahe ayebo20 v at papemmkies addiﬁgelz jc@hpﬁdin@ODE)steQilDif('%\i‘dhng
structure 1 | [ ' S t uch. a n
screen or oﬁéﬁeg%gﬁ?ﬂﬁgﬂ r_a%lwoE y'fé‘?’“{?’ﬁﬁe@ﬂé’r‘l‘% 'or“g isﬁgﬁg? F?}i?”ﬁf ¥ W&
subst ant i al | 8rapq pangrrpeling additiveravailable frome Witso £iemepany of Kizeenydch, @B 1663 i s
different from and typically greater than the flow resi stance of the

i nternediate fl cPheadmblydarRswal 843 hetprsfenbRdpRsael RINIMDAIRBELEishESRdn of

Ther ef or e, %}{@Exﬁﬁﬂlﬁ# ﬁsrre %f thg. |i gw d CQrrier LtL drain thr ou&gh tlrﬁle

annul uses 1 Brg fiPEtops disperions &8 liguis other dhan watstsan deaiser oyl he

annul uses 16@Braerg dispersapar thacesiet Hgaidrte iper camsisyendy fof frenhalgiut 0)1aw abeiite

and | ow f10vp.8 efeedONEhe pLrcbMCednSistEnBY of laClTBiEsidd Marry, web, or other system is
defined as 100 times the quotient obtained when the weight of dry fiber in the system
under consideration is divided by the total weight of the system. Fiber weight is always
expressed on the basis of bone dry fibers.

The embryonic web 543 can be formed in a continuous papermaking process, as
shown in Figure 4, or alternatively, a batch process, such as a handsheet making process
can be used. After the dispersion of papermaking fibers is deposited onto the forming
element 1600, the embryonic web 543 is formed by removal of a portion of the aqueous
dispersing medium through the forming element 1600 by techniques well known to
those skilled in the art. Vacuum boxes, forming boards, hydrofoils, and the like are
useful in effecting water removal from the aqueous dispersion of papermaking fibers to
form embryonic web 543.

Referring back to Figure 6, the height H can be less than about 0.010 inch in order
to provide an generally monoplanar embryonic web 543 having substantially smooth

first and second surfaces. (The first and second surface are designated 547 and 549 in
Figure 8).

The next step in making the paper web 20 comprises transferring the embryonic
web 543 from the forming element 1600 to the web support apparatus 2200, and
supporting the transferred web (designated by numeral 545 in Figure 4) on the first side
2202 of the apparatus 2200. The embryonic web preferably has a consistency of




The difference in flowrates through the zones is referred to as "staged
drai ning." The staged draining provided by the form ng el enent 1600 can be’
used to dep‘ggl 19/13?9?ferent anmounts of fibers in presel ected pdGHIBA&013B4t he
paper web 20. In particular, the high basis weight region 40 will occur in
a nonrandom repeating pattern substantially corresponding to the
relatively high flow rate zones (the annul dées 1665). The 13

i nternedi ate basis weight regions 80 will occur in a nonrandom repeating
pattern substantially corresponding to the relatively lower flow rate zones
(the apertur ebets%&ﬁ)aboﬁnﬂ andeatoat 20i peztent ladvthd geirs ofetrgister rtegihe nsetd Guppdrl
occur in a nogk; epeatl ng pattern substantially corresponding to the
zero flow rat zone prow ded by the protuberances 1659. Suitable
constructions for_the_ forming elenent 1600 are disclosed in U S. Patent
5,534, 326 i ssued Befejring torlggeres §-8thaWah SWRPos) appagaiits 4308 copprisssa devpatering s

i ssued Sept emhsitlayet 222091 a%b@btta@hgnaﬁeraaso | mxs@wm@ Elﬂiped dpparaiug 2@&0 can be
reference. The for

| d
b o uber anceo i R f & Pbout B (R P dmpARER < YR Gep BRGrERP by
have between papsnmagbinandhe mbmuppmrbepmates 2208y h@q:.@nsewclm fdeing sideo2R02 and a
enbodi ment, tQ@coB@B il aﬁggmééﬁ&; Cofe Q@P{E’u‘%@%ﬂ%ﬁ pdffis200) Wé»@é’@ﬁrgh
per square m& prof uberances 1659 .can et QwWn I n ure
5, and can ha(&t é‘t‘f? I@EY‘ ﬁ?%%ztﬂ COHgWER i rsbwfbffa‘i"i‘ﬁ:ﬁ g

(cross machi neolpises kifirst)web doRRRtNG sidfak aabayécondOveb cloﬂthbtmgilsurface
machi ne_di rection spacing C of 0.136 inch, and a cross-machine direction

spacing D of 0.14p ] e '

or ot uber ances can rbﬁégtbg 99 «}a}f‘d §T,1 éﬂé ﬁ.@ \ﬁ&a@n%nﬁﬁ %ﬁfﬂﬁ%@ g'xaﬁﬂsf’"?e?tngurface 2230 of
the felt layer 2220. The ﬁrst felt surface 2230 disposed at a first elevation 2231. The
first felt surface 2230 is a web contacting felt surface. The felt layer 2220 also has

oppositely facing second felt surface 2232.

The second web contacting surface is provided by the web patterning layer 2250.
The web patterning layer 2250, which is joined to the felt layer 2220, has a web
contacting top surface 2260 at a second elevation 2261. The difference between the first
elevation 2231 and the second elevation 2261 is less than the thickness of the paper web
when the paper web is transferred to the web support apparatus 2200. The surfaces 2260
and 2230 can be disposed at the same elevation, so that the elevations 2231 and 2261 are
the same. Alternatively, surface 2260 can be slightly above surface 2230, or surface

. 2230 can be slightly above surface 2260.

The difference in elevation is greater than or equal to 0.0 mils and less than about
8.0 mils. In one embodiment, the difference in elevation is less than about 6.0 mils (0.15
mm), more preferably less than about 4.0 mils (0.10 mm), and most preferably less than
about 2.0 mil (0.05 mm), in order to maintain a relatively smooth surface 24,

The dewatering felt layer 2220 is water permeable and is capable of receiving and
containing water pressed from a wet web of papermaking fibers. The web patterning
layer 2250 is water impervious, and does not receive or contain water pressed from a
web of papermaking fibers. The web patterning layer 2250 can have a continuous web
contacting top surface 2260, as shown in Figures 8 and 9. Alternatively, the web
patterning layer can be discontinuous or semicontinuous.



can have a height H of I ess than about 0.010 inch. The apertures 1663 can
have an elwopbiiedb shape with a major axis parallel to the nmeRideo1234
direction of about 0.052 inch and a m nor axis of about 0.037 inch. The top
surface of the protuberances 1659 can provi de about 35 percent of the
projected area of the formng el ement 1609; as viewed in Figure 5. The
apertures 1663 can provi de about 15 percent of the projected area of the
form ng el ement 1600 as viewed in Figure 5. The annuluses 1665 provide
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purpose of digGleAR Pud VRGLHE AheRASHHAWERE ®OTAMRRAeh B San be formed
include but are not limited to natural fibers such as wool and synthetic fibers such as
polyester and nylon. The fibers from which the batt 2240 is formed can have a denier of
between about 3 and about 20 grams per 9000 meters of filament length.

The felt layer 2220 can have a layered construction, and can comprise a mixture of
fiber types and sizes. The felt layer 2220 is formed to promote transport of water
received from the web away from the first felt surface 2230 and toward the second felt
surface 2232. The felt layer 2220 can have finer, relatively densely packed fibers
disposed adjacent the first felt surface 2230. The felt layer 2220 preferably has a
relatively high density and relatively small pore size adjacent the first felt surface 2230
as compared to the density and pore size of the felt layer 2220 adjacent the second felt
surface 2232, such that water entering the first surface 2230 is carried away from the
first surface 2230.

The dewatering felt layer 2220 can have a thickness greater than about 2 mm. In
one embodiment the dewatering felt layer 2220 can have a thickness of between about 2
mm and about 5 mm.

PCT Publications WO 96/00812 published January 11, 1996, WO 96/25555
published August 22, 1996, WO 96/25547 published August 22, 1996, all in the name of
Trokhan et al.; U.S. Patent Application 08/701,600 "Method for Applying a Resin to a
Substrate for Use in Papermaking" filed August 22, 1996; U.S. Patent Application
08/640,452 "High Absorbence/Low Reflectance Felts with a Pattern Layer" filed April
30, 1996; and U.S. Patent Application 08/672,293 "Method of Making Wet Pressed
Tissue Paper with Felts Having Selected Permeabilities" filed June 28, 1996 are



The paper furnish can conprise a variety.of additives, including but not

limted tg, éu)g Yedsopi Nder materials, such as wet strength bi nqgiraREeka S
dry strengt [ nder mat eri al s, and cheni cal soft eni ng conpositions.

Suitabl e wet strength binders include, but are not limted to, materials
such as pol yam de- epi chl orohydrin resins %)I d under the trade nanme of
KYMENE[ err] 557H by Hercules Inc., WImngton, Delaware. Suitable
tenporary wet strength binders i ncl ude but are not limted to synthetlc
pol yacryl ates. A sw tabl e tenporary stren%},gﬁblpnder I.S. PAR l
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fibers. The & nergy can therefo a portion of the web al ong
t he debondi ngbma;légscfzxs a result, the web can be formed to have a

relatively snooth surface for efflci ent drying on a heated drying surface,
such as the heat qlﬁe@év&bﬁ&ﬁnglfélf Rger 220acadnkea besiy wedgtd ofi betwéen abds E0sadof

t he rebul ki ng. bI ade, the ;
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softening Corgc);uglltg Ithoenpserr%ggblhty of the fse?t layer 2220.

One suitable felt layer 2220 is an Amflex 2 Press Felt manufactured by the
Appleton Mills Company of Appleton, Wisconsin. The felt layer 2220 can have a
thickness of about 3 millimeter, a basis weight of about 1400 gm/square meter, an air
permeability of about 30 scfm, and have a double layer support structure having a 3 ply
multifilament top and bottom warp and a 4 ply cabled monofilament cross-machine
direction weave. The batt 2240 can comprise polyester fibers having a denier of about 3
at the first surface 2230, and a denier of between about 10-15 in the batt substrate

| underlying the first surface 2230.

The web support apparatus 2200 shown in Figure 7 has a web patterning layer
2250 having a continuous network web contacting top surface 2260 having a plurality of
discrete openings 2270 therein. In Figure 7, the shape of the openings 2270 is
substantially the same as the shape of the perimeter of the protuberances 1659, as
viewed in Figure 5.

Suitable shapes for the openings 2270 include, but are not limited to circles, ovals,
polygons, irregular shapes, or mixtures of these. The projected surface area of the
continuous network top surface 2260 can be between about 5 and about 75 percent of
the projected area of the web support apparatus 2200 as viewed in Figure 7, and is
preferably between about 25 percent and about 50 percent of the projected area of the
apparatus 2200.



disclesed in U S. Patent 5,279,767 issued January 18, 1994 to Phan et al.
Sui tabl e wal%/bssrdegr adabl e chemni cal softening conpositionsp B%I/(ﬁil’ osed

in US. Patent 5,312,522 issued May 17, 1994 to Phan et al. U aten4ts

5,279,767 and 5, 312,522 are incorporated herein by reference. Such chem cal
sof t eni ng conpositions can be used as debqpding agents for inhibiting fiber
to fiber bonding in one or nore |ayers of the fibers nmaking up the web. One
sui tabl e softener for providing debonding of fibers in one or nore | ayers

of fibers form ng,the web 20 is a i addi ti ve conprjsing D Ester
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wat er can be ha¥eapoutrpitorabgut 80 diseretsiopgringed2i0per sguasaiicher 1iquid to have a
consi stency of fromabout 0.1 to about 0.3 percent. The percent consistency
of a di spersion, Tht discyete vpdningsr2270han te\tilaemnallysstdgderaibih the Madidd diesctibhe
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al ways expr edaaEnbA0:t Wé%‘é[gicb Reten éhincarppratecdobersin tiheeferateey oAlternativelgitbecan
be forned inohef PRStbpBIPMEr PARESERKIHR Biséd fb?%?o’ipidiﬁé AR daRlernt 98 H@ns‘flﬁca?%ge

alternatively, . ,a batch” process, such as a handsheet maki'ng process can
used. After Pﬁg‘ed’i’%persi on of papernmaking fibers is deposited onto the
formng el enent 1600, the enbryonic web 543 is forned by renoval of a
portion of the adbected iditmpeeseditp thedivensuppon agharatus 2200 siicipthat dreefitst 60

by techni queggyelkhekBAWferfed web 545 is supported on and conformed to the side 2202 of the
apparatus 2200, with parts of the web 545 supported on the surface 2260 and parts of the
web supported on the felt surface 2230. The second face 549 of the web is maintained
in a substantially smooth, macroscopically monoplanar configuration. Referrring to
Figure 8, the elevation difference between the surface 2260 and the surface 2230 of the
web support apparatus 2200 is sufficiently small that the second face of the web remains
substantially smooth and macroscopically monoplanar when the web is transferred to the
apparatus 2200. In particular, the difference in elevation 2261 of the surface 2260 and
elevation 2231 of the surface 2230 should be smaller than the thickness of the
embryonic web at the point of transfer.

The steps of transferring the embryonic web 543 to the apparatus 2200 can be
provided, at least in part, by applying a differential fluid pressure to the embryonic web
543. Referring to Figure 4, the embryonic web 543 can be vacuum transferred from the
forming element 1600 to the apparatus 2200 by a vacuum source 600 depicted in Figure
4, such as a vacuum shoe or a vacuum roll. One or more additional vacuum sources 620

can also be provided downstream of the embryonic web transfer point to provide further
dewatering. .

The web 545 is carried on the apparatus 2200 in the machine direction (MD in
Figure 4) to a nip 800 provided between a vacuum pressure roll 900 and a hard surface
875 of a heated Yankee dryer drum 880. Referring to Figure 9, a steam hood 2800 can
be positioned just upstream of the nip 800. The steam hood can be used to direct steam
onto the surface 549 of the web 545 as the surface 547 of the web 545 is carried over the
vacuum pressure roll 900.

CONFIRMATION COPY



those skilled in the art. Vacuum boxes, form ng boards, hydrofoils, and the
like are u L&y, effecting water renpoval fromthe aqueous djspersion of
paper maki ngﬁﬁgtéleorg% to formenbryonic web 543. Referring backq’chf%E?ﬁ%Zé“ 6,

t he height H can be | ess than about 0.010 inch in order to provide an
general |y nonopl anar enbryoni c web 543 havi ng substantially snmooth first
and second surfaces.. (The first and second®%urface are desi gnated 547 and
549 in Figure 8). The next step in making the paper web 20 conprises
transferring the enbryonic web 543 fromthe formng el enent 1600 to the web
support appar at uShexaem heed 2800 d8 tenntedheppasita & sectien afethe (dewyr rraewdingy
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i mparting a pueh &dnthedels laygpa22Quean be merp apadilyraaeved by thie vagyms pigyisted by
apparatus 22Qgiigeg, a first web facing side 2202 and a second oppositely
facing side 2204. The web support apparatus 2200 is viewed with the first

web facing side 2202 towar e viewer in Figure 7. The first faci ng
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2230 disposed at a first elevation 2
at the surface 2204.

(7))

A suitable vacuum pressure roll 900 is a suction pressure roll manufactured by Winchester Roll
Products. A suitable steam hood 2800 is a model D5SA manufactured by Measurex-Devron Company of

North Vancouver, British Columbia, Canada.

The vacuum providing portion 920 is in communication with a source of vacuum
(not shown). The vacuum providing portion 920 is stationary relative to the rotating
surface 910 of the roll 900. The surface 910 can be a drilled or grooved surface through
which vacuum is applied to the surface 2204, The surface 910 rotates in the direction
shown in Figure 9. The vacuum providing portion 920 provides a vacuum at the surface
2204 of the web support apparatus 2200 as the web and apparatus 2200 are carried
_through the steam hood 2800 and through the nip 800. While a single vacuum providing
portion 920 is shown, in other embodiments it may be desirable to provide separate
vacuum providing portions, each providing a different vacuum at the surface 2204 as the
apparatus 2200 travel around the roll 900.

- The Yankee dryer typically comprises a steam heated steel or iron drum.
Referring to Figure 9, the web 545 is carried into the nip 800 supported on the apparatus
2200, such that the substantially smooth second face 549 of the web can be transferred
to the surface 875. Upstream of the nip, prior to the point where the

web is transferred to the surface 875, a nozzle 890 applies an adhesive to the surface
875.

The adhesive can be a polyvinyl alchohal based adhesive. Alternatively, the adhesive can be

CREPTROL® brand adhesive manufactured by Hercules Company of Wilmington Delaware. Other

CONFIRMATION COPY



first felt surface 2230 is a web contacting felt surface. The felt |ayer
2220 al sowasyogmnsitely facing second felt surface 2232. Thecsesathiyeb
contacting surface is provided by the web patterning | ayer 2250. The web
patterning | ayer 2250, which is joined to the felt |ayer 2220, has a web
contacting top surface 2260 at a second ehevation 2261. The difference
between the first elevation 2231 and the second el evation 2261 is | ess than
t he thickness of the paper web when the paper Web is transferred to the web

support appar tus 2200.. Th urfaces 2260 and an be_di d.,at. the
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greater than or equa1 . | s and | ess than about 8. I n one
enbodi nent, ‘Eeh’éeddlfference |n eI evation is less than about 6 0 mls (0.15
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the web pattern | SCO nuous or sem conti nuous. 17 The
web patterni ﬁ‘éo paé} i-g%szc{%’ﬁg bgarng eId§/l"ncoprpr| ses a photosensitive resin which

can be deposited on the first surface 2230 as a |liquid and subsequently
cured by As the web is carried on the apparatus 2200 through the nip 800, the vacuum providing portion

920 of the roll 900 provides a vacuum at the surface 2204 of the web support apparatus 2200. Also, as
the web is carried on the apparatus 2200 through the nip 800, between the vaccuum pressure roll 900 and
the dryer surface 800, the web patterning layer 2250 of the web support apparatus 2200 imparts the
pattern corresponding to the surface 2260 to the first face 547 of the web 545. Because the second face
549 is a substantially smooth, macroscopically monoplanar face, substantially all of the of the second
surface 549 is positioned against, and adhered to, the dryer surface 875 as the web is carried through the
nip 800. As the web is carried through the nip, the second face 549 is supported against the smooth
surface 875 to be maintained in a substantially smooth, macroscopically monoplanar configuration.
Accordingly, a predetermined pattern can be imparted to the first face 547 of the web 545, while the
second face 549 remains substantially smooth. The web 545 preferably has a consistency of between
about 20 percent and about 60 percent when the web 545 is transferred to the surface 875 and the pattern
of surface 2260 is imparted to the web to selectively densify the web. The pattern of the surface 2260 is
imparted to the web to provide the continuous network region 110 and the discrete, relatively low density

regions 130 shown in Figures 1-3.

Without being limited by theory, it is believed that, as a result of having
substantially all of the second face 549 positioned against the Yankee surface 875,
drying of the web 545 on the Yankee is more efficient than would be possible with a
web which has only selective portions of the second face against the Yankee.

The final step in forming the paper structure 20 comprises creping the web 545 from the surface
875 with a doctor blade 1000, as shown in Figure 4. Without being limited by theory, it is believed that
the energy imparted by the doctor blade 1000 to the web 545 bulks, or de-densifies, at least some portions

of the web, especially those portions of the web which are not imprinted by the web patterning surface



radi ation so that a portion of the web patterning |ayer 2250 penetrates,
and is the rely bonded to, the first felt surface 22

patterning ayer(%%SO preferably does not extend through the%gzﬁ'{lgp@“%‘}j

t hi ckness of the felt l|ayer 2220, but instead extends through | ess than
about half the thickness of the felt layer 2220 to maintain the flexibility
and conpressibility of the web support app&fat us 2200, and particularly the
flexibility and conpressibility of the felt layer 2220. A suitable
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| ayer 2220 is formed to pronote transport of water received fromthe web
away fromthe first felt surface 2230 and toward the second felt surface
2232. The felt layer 2220 can have finer, relatively densely packed fibers
dis ]posegl adjh acent (e fﬁlléﬁirng@dafnﬁdsriﬂlam@ﬂ?prali'ﬁ&_ MEilhte ﬂres;ﬂr inkeitlon but are
preferably has ity and relatively small pore size

adj acent the fr‘f)?%lienfigﬁ g‘é’g%%gﬁfas conpared to the density and pore
size of the felt |ayer 2220 adj acent the second felt surface 2232, such
that water entering the first surface 2230 is carried away fromthe first
surface 2230. The dewatering felt |ayer 2220 can have a thickness greater

t han about 2 BHAMPLENE enbodi ment the dewatering felt [ayer 2220 can have
a thickness of between about 2 mm and about 5 mm PCT Publications WO -
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ugus name
made using a convenuonal re-pulper A 2% solution of the temporary wet strength resin

(i.e., PAREZ® 750 marketed by American Cyanamid corporation of Stanford, CT) is
added to the NSK stock pipe at a rate of 0.2% by weight of the dry fibers. The NSK
slurry is diluted to about 0.2% consistency at the fan pump. Second, a 3% by weight
aqueous slurry of Eucalyptus fibers is made up using a conventional re-pulper. A 2%
solution of the debonder (i.e., Adogen® SDMC marketed by Witco Corporation of
Dublin, OH) is added to one of the Eucalyptus stock pipe at a rate of 0.1% by weight of
the dry fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan

" pump.

The treated furnish streams are mixed in the headbox and deposited onto the
forming element 1600. Dewatering occurs through the forming element 1600 and is
assisted by a deflector and vacuum boxes. The forming element 1600 includes
protuberances 1659 joined to a reinforcing structure 1657. The reinforcing structure is a
wire manufactured by Appleton Wire of Appleton, Wisconsin, having a tripfe—layer
square weave configuration having 90 machine-direction and 72 cross-machine-
direction monofilaments per inch, respectively. The monofilament diameter ranges from
about 0.15 mm to about 0.20 mm. The wire reinforcing structure has an air permeability
of about 1050 scfm.

The forming element 1600 has about 100 protuberances 1659 per square inch.
The protuberances 1659 have the shape shown in Figure 5, and have an MD (machine
direction) dimension A of 0.105 inch, a CD (cross machine direction) dimension B of



Trokhan et al.; U S Patent Application 08/ 701,600 "Method for Applying a

Resin to awowdabseat e for Use in Papermaking” filed August 22p5. &gﬁ,m%“s
Pat ent Application 08/640, 452 "H gh Absorbence/ Low Refl ect ance t/s Wth a

Pattern Layer" filed April 30, 1996; and U. S. Patent Application 08/672,293
"Met hod of Making Wet Pressed Tissue Papepnmdth Fel ts Having Sel ected
Perneabilities"” filed June 28, 1996 are 18 incorporated herein by
reference for the purpose of disclosing applying a photosensitive resinto
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consistency of about 10% at the point of transfer, to a web support apparatus 2200
having a dewatering felt layer 2220 and a photosensitive resin web patterning layer
2250. The dewatering felt 2220 is a Amflex 2 Press Felt manufactured by Albany
International of Albany, New York. The felt 2220 comprises a batt of polyester fibers.
The batt has a surface denier of 3, and substrate denier of 10-15. The felt layer 2220 has
a basis weight of 1436 gm/square meter, a caliper of about 3 millimeter, and an air
permeability of about 30 to about 40 scfm. The web patterning layer 2250 comprises a
continuous network web contacting surface 2260 with about 69 discrete openings 2270
per square inch, the openings having the shape shown in Figure 7. The web patterning
layer 2250 has a projected area equal to about 35 percent of the projected area of the
.web support apparatus 2200. The difference in elevation 2261 of the surface 2260 and
the elevation 2231 of the 2230 of the felt layer is about 0.008 inch (0.205 millimeter).

The embryonic web is transferred to the web support apparatus 2200 to form a
generally monoplanar web 545. Transfer and deflection are provided at the vacuum
transfer point with a pressure differential of about 20 inches of mercury. Further de-
watering is accomplished by vacuum assisted drainage until the web has a fiber
consistency of about 25%. The web 545 is carried to the nip 800. The vacuum roll 900
has a compression surface 910 having a hardness of about 60 P&J. The web 545 is
compacted against the compaction surface 875 of the Yankee dryer drum 880 by
pressing the web 545 and the web support apparatus 2200 between the compression
surface 910 and the Yankee dryer drum 880 surface at a compression pressure of about
200 psi. A polyvinyl alcohol based creping adhesive is used to adhere the compacted
web to the Yankee dryer. The fiber consistency is increased to at least about 90% before



perneability of about 30 scfm and have a.double | ayer support structure
having a 3wd oo/ i filanment top and bottomwarp and a 4 ply E’f’ﬂ ;3124
nonofi | ament cross-machi ne direction weave. The batt 2240 can conpri 4

pol yester fibers having a denier of about 3 at the first surface 2230, and
a denier of between about 10-15 in the batt, substrate underlying the first
surface 2230. The web support apparatus 2200 shown in Figure 7 has a web
patterning | ayer 2250 havi ng a continuous network web contacting top
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can be bil at esuahblyfsxtmgebemdﬂfadimlsmhl ne direction (M) and
cross-machine direction (CD) as described in U S. Patent 4,637,859 issued

EXAMPLE 2: Prophetic Example:

According to this prophetic example, a 3% by weight aqueous slurry of Northern
Softwood Kraft (NSK) fibers is made using a conventional re-pulper. A 2% solution of
the temporary wet strength resin (i.e., PAREZ® 750 marketed by American Cyanamid
corporation of Stanford, CT) is added to the NSK stock pipe at a rate of 0.2% by weight
of the dry fibers. The NSK slurry is diluted to about 0.2% consistency at the fan pump.

Second, a 3% by weight aqueous slurry of Eucalyptus fibers is made up using a
conventional re-pulper. A 2% solution of the debonder (i.e., Adogen® SDMC marketed
by Witco Corporation of Dublin, OH) is added to one of the Eucalyptus stock pipe at a
rate of 0.5% by weight of the dry fibers. This first Eucalyptus slurry is diluted to about

- 0.2% consistency at the fan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up using a
conventional re-pulper. A 2% solution of the debonder (i.e., Adogen® SDMC marketed
by Witco Corporation of Dublin, OH) and a 2% solution of dry strength binder (i.e.,
Redibond® 5320 marketed by National Starch and Chemical corporation of New York,
New York) are added to the Eucalyptus stock pipe at a rate of 0.1% by weight of the dry
fibers. This second Eucalyptus slurry is diluted to about 0.2% consistency at the fan
pump.

Three individual treated furnish streams are formed from the above slurries.
Stream 1 is a mixture of the NSK slurry and the second Eucalyptus slurry, stream 2 is
formed from the first eucalyptus slurry (100 percent debonded Eucalyptus), and stream 3
is a mixture of the NSK stream and the first Eucalyptus slurry. ‘The three furnish



January 20, 1987, which patent is incorporated herein by reference.

Al t er nat i vedoyge/tioey ot her phot opol yner patterns can be used fpeT/mBoawighisng
different patterns of densification of the web. The web is transferred to
the web support apparatus 2200 such that the first face 547 of the
transferred web 545 is supported on and ceyforned to the side 2202 of the
apparatus 2200, with parts of the web 545 supported on the surface 2260 and
parts of the web supported on the felt surface 2230 The second face 549 of

th b t d J t |
Cont | gur at i oRroat REAsbPRAZAR hﬁr}ta"ﬁlé‘gé"%? 1809 eva EE ke Byt wiP R0
the surface 2280 layars Qommmgfaameimm NSK anceEvgaly rap 1anAs daVer geMPLising s

sufficiently sspdded Hagdl %ﬂ@_ second face of the Web remai ns substantially
snoot h and macr oscopl car y nonopl anar when the web is transferred to the

appar atus 2200. articul ar | ffer.enc vat.i.on 2 of ,the
surface 2260 andl[%ﬁ qgcﬂﬁ’c’ffé}imBgl‘Sﬁéo%Pg& gleﬁtzg@% 8&? o o] e%;br‘f"aﬁ?eﬁcpﬁan
t he t hi cknesandf vaduanerﬁoan’l‘hc vfehnmg ellemepmremfanémgrstnshm 1657e i tae preiray f
transf errin 2

9 ntl afse 1rca %8“5? E\gﬁ? of eﬂf};?etg?p?ﬁ sin, K% i“in@@ lﬁ}‘e?\éhgﬁ'g

| east in par )Y press
e nb Fyoni ¢ wehveaas. cqnéigéraitlpn ghavéng- Yu ,n@achmetd,x,r@c@qm rayé nf¢ %ﬁ'%ﬁ@’%ﬁ‘r?fé‘on

vacuum t ransfxﬁaﬂo@@a&érﬁ temlchompagwe fm@tm&ﬁﬁﬂarhéhttdianetﬁpméslﬁoﬂﬁﬁﬂmhy a
SLC vacuum shoe

vacuum sourc 0 de

vacuim souog 0 Se el e T i drosae, R eciel BeeBlicd ol B
downst r eam ofi050ecfanrbr yoni ¢ web transfer point to provide further

dewat ering. The web 545 is carried on the apparatus 2200 in the nachi ne

direction (MD in , i e
roll 900 al(,] d a hallrﬂ ﬁlfbé)anéég 559 }ﬁvgqosﬁé; ﬁl\ﬁYégxﬁEee g&th ériﬁ @s Mﬁﬁ#ﬂﬁ‘i‘ Fga&ss!

8
Referring to B}e@w@bgran@ﬁshaaaﬁ%w& 20T é%erﬁtpnf)% e BHEG{’ g %ﬁ@?’?@a}n of
the nip 800. ekbeptsliftais pradresddcharcutdstet in slize mqira&ﬂeanlymbbot Ihgereant bfite

549 of the mep?‘oj?:ét%d GPed a@ewg\%é it ?ig%gS.OfThter}x%ié@@ By BtRwl T ?%Hé §55 26k oldiR

inch (0.152 millimeter). The size of the apertures is reduced to provide a web having

generally two basis_weight regions 40 and 60, and without an intermediate basis weight
region.

The embryonic wet web is transferred from the forming element 1600 at a fiber
consistency of about 10% at the point of transfer, to a web support apparatus 2200
having a dewatering felt layer 2220 and a photosensitive resin web patterning layer
2250. The dewatering felt 2220 is a Amflex 2 Press Felt manufactured by Albany
International of Albany, New York. The felt 2220 comprises a batt of polyester fibers.
The batt has a surface denier of 3, a substrate denier of 10-15. The felt layer 2220 has a
basis weight of 1436 gm/square meter, a caliper of about 3 millimeter, and an air
permeability of about 30 to about 40 scfm.

The web patterning layer 2250 comprises a continuous network web contacting
surface 2260 with discrete openings 2270 having the shape shown in Figure 7. The web
patterning layer 2250 has a projected area equal to about 35 percent of the projected area
of the web support apparatus 2200. The difference in elevation 2261 of the surface 2260
and the elevation 2231 of the 2230 of the felt layer is about 0.008 inch (0.205
millimeter). '

The embryonic web is transferred to the web support apparatus 2200 to form a
generally monoplanar web 545. Transfer and deflection are provided at the vacuum



vacuum pressure roll 900. 20 The steam hood 2800 is nmounted opposite a
section of the vacuum providing portion 920 of the vacuum pressure rol
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felt layer 2220. The steam provi ded by steam hood 2800 heats the water in
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about 76 degrees; the Yankee dryer is operated at about 800 fpm (feet per minute)

(about 244 meters per minute). The dry web is formed into roll at a speed of 650 fpm
(200 meters per minutes).

The web is converted into a 3-layer two-ply bath tissue paper. The two-ply bath
tissue paper has a basis weight of about 25 pounds per 3000 square feet, and contains
about 0.2% of the temporary wet strength resin and about 0.1% of the debonder. The
resulting two-ply tissue paper is bulky, soft, absorbent, aesthetic and is suitable for use
as bath or facial tissues.

. TEST METHODS:
Surface Smoothness:

The surface smoothness of a side of a paper web is measured based upon the method for
measuring physiological surface smoothness (PSS) set forth in the 1991 International Paper Physics
Conference, TAPPI Book 1, article entitled "Methods for the Measurement of the Mechanical Properties
of Tissue Paper" by Ampulski et al. found at page 19, which article is incorporated herein by reference.
The PSS measurement as used herein is the point by point sum of amplitude values as described in the
above article. The measurement procedures set forth in the article are also generally described in U.S.
Patents 4,959,125 issued to Spendel and 5,059,282 issued to Ampulski et al, which patents are

incorporated herein by reference.

For purposes of testing the paper samples of the present invention, the method for measuring PSS

in the above article is used to measure surface smoothness, with the following procedural modifications:



portion 920 is shown, in other enbodinents it may be desirable to provide
separate vacuu roviding portions, each providing a different vacuum a
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Yankee dryer typ| cally conprises a steam heated steel or iron drum
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Yankee dr umtBg@bove article. The value of PSS, in microns, is then calculated as described in the
above mentioned article, for each individually filtered spectrum. The Surface
Smoothness of the side of a paper web is the average of the 10 PSS values measured
from the 10 samples taken from the same side of the paper web. Similarly, the Surface
Smoothness of the opposite side of the paper web can be measured. The smoothness
ratio is obtained by dividing the higher value of Surface Smoothness, corresponding to
the more textured side of the paper web, by the lower value of Surface Smoothness,
corresponding to the smoother side of the paper web.

Basis Weight:

The basis weight of the web (macro basis weight) is measured using the following
procedure.

The paper to be measured is conditioned at 71-75 degrees Fahrenheit at 48 to 52
percent relative humidity for a minimum of 2 hours. The conditioned paper is cut to
provide twelve samples measuring 3.5 inch by 3.5 inch. The samples are cut, six
samples at a time, with a suitable pressure plate cutter, such as a Thwing-Albert Alfa
Hydraulic Pressure Sample Cutter, Model 240-10. The two six sample stacks are then
combined into a 12 ply stack and conditioned for at least 15 additional minutes at 71 to
75 F and 48 to 52 percent humidity.

The 12 ply stack is then weighed on a calibrated analytical balance. The balance
is maintained in the same room in which the samples were conditioned. A suitable
balance is made by Sartorius Instrument Company, Model A200S. This weight is the



As the web is carried on the apparatus 2200 through the nip 800, the vacuum
providing portion 920 of the roll 900 provides a vacuum at the surface 2204
of the webYUPYHISP? apparatus 2200. Al so, as the web is carri @6TERI%N234
apparatus 2200 through the nip 800, between the vaccuum pressure roll 900
and the dryer surface 800, the web patterning |layer 2250 of the web support
apparatus 2200 inparts the pattern correspadding to the surface 2260 to the
first face 547 of the web 545. Because the second face 549 is a
substantially smooth, macroscopically nonoplanar face, substantially all of
the of the s tﬁﬂgrﬁﬁﬁ%f54@ pl§ sRREIof k e@oaémgly ‘hating sadhey G225 squa
dryer surface, 8 5 as the web is carried through the nip 800. As the web is
carried throu The nip, the second face 549 is supported agai nst the
snooth surface 875 to be naintained in a substantially smooth,
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second face 549 remai ns substantially snoot The Web 545 preferably has a
consi stency of between about 20 percent and about 60 percent when the web
545 is transferred to the surface 875 and the pattern of surface 2260 is
inparted to the web to selectively densify the web. The pattern of the
surface 2260 iWeightoefi t2eply stack Keramslx 8600ox d44 stpinchpercsgrft.i nuous net wor k
region 110 and the discrete, relatively low density regions 130 shown in
Figures 1-3. Wsthpsh 2 dilesy £ iggthﬁ Edply)t is believed that, as a
result of haV|ng subs?gaglé%lgja qthegseco)nd face 549 p03|t|oned

agai nst the Yankee surface 875, drylng of the web 545 on the Yankee is nore
efficient than woul d be possible with a web which has only sel ective
portions of t Yankee. The final step in formng

t he paper strggiﬁﬁépggm%gﬁg} ?ﬂggg%?ﬁb the web 545 fromthe surface 875
with a doctor blade 1Q00, as_shown in Figure 4. Wthout being limted by
theory, it is believedVeight of Feplysork(emhpaA8ed by the doctor blade 1000 to
the web 545 bul ks, or de-densifies, at |east some portions of the web,
especially those portions of the meb which are not inprinted by the web
patterning surface

Measurement of Web Support Apparatus Elevations:

The elevation difference between the elevation 2231 of the first felt surface and
the elevation 2261 of the web contacting surface 2260 is measured using the following
procedure. The web support apparatus is supported on a flat horizontal surface with the
web patterning layer facing upward. A stylus having a circular contact surface of about

" 1.3 square millimeters and a vertical length of about 3 millimeters is mounted on a
Federal Products dimensioning gauge (model 432B-81 amplifier modified for use with
an EMD-4320 W1 breakaway probe) manufactured by the Federal Products Company of
Providence, Rhode Island. The instrument is calibrated by determining the voltage
difference between two precision shims of known thickness which provide a known
elevation difference. The instrument is zeroed at an elevation slightly lower than the
first felt surface 2230 to insure unrestricted travel of the stylus. The stylus is placed
over the elevation of interest and lowered to make the measurement. The stylus exerts a
pressure of about 0.24 grams/square millimeter at the point of measurement. At least
three measurements are made at each elevation. The measurements at each elevation are
averaged. The difference between the average values is the calculated to provide the
elevation difference.



22 2260, such as relatively |low density regions 130 and 280. Accordingly,

the step g the web fromthe surface 875 with the dogtor bl ade 1000
provi des galv?/eqtgﬁﬁgd\?i ng a first, conpacted, relatively thinner PF@GPWIB“
corresponding to the pattern inparted to the first face of the web, and a
second relatively thicker region. In one enbodi nent, the doctor blade has a
bevel angle of about 20 degrees and is posi®ioned with respect to the

Yankee dryer to provide an inpact angle of about 76 r 1 | owi ng
exanples illustrate the practice of the present |nv\%®iﬁma“\ﬂgﬂ¥ t
i ntended to Bébdtindlaimed isher eof EXAMPLE 1: First, a 'BYdy wwemghs atjueous

slurry of Northern Softwood Kraft (NSK) fibers is nmade using a conventi onal

re-pul per. Ay2% sq| utj fenporary wet strength resin (i.e.,
PAREZ[ err ] 7%0 na%(%%deegalggfcg\ﬁr%gﬁf%gh Cyanam d corporation of Stanford, CT)

is added to the Ne&KlepsbEwo gegiennef different basip weightdigposethin ¢ figsh enograpdom,
fibers. The NpéaGhg'pdtern;s diluted to about 0.2% consistency at the fan
punp. Second, a 30% i ght aqueous,. sl urry of Eycal yptus fibers is de up
Usi hg & convent i oAISE-THE FEons ob sisra fetsityr APl ot Aciscond Ronrandom,
Adogen[ err] SipeRtimppdtermecndy Wtco Corporation of Dublin, OH) is added to
one of the Eucaly .St i Y, Lk f ot

fi bers. The Eucal ;%}{éﬁeslﬁs g‘;f;l@{ %gldg_%ﬁcg?aeggatﬁgﬁ?gbg%%ﬁ%gZt%V\?ié(ﬁEclies'? egﬁiyé’?{ ‘%‘H%
fan punp. Thdistinggiskadle pateray the thizdpaliem bringqdiffsrant Srerpadsofirshrand second
deposi ted onfpandérhs form ng el enent 1600. Dewatering occurs through the
formng elenent 1600 and is assisted by a deflector and vacuum boxes. The
form ng el ement 1600 incl udes protuberances 1659 joined to a reinforcing
structure 1627. THéermaparl webiofClaim ucwherin shiad pattern ramptiaest arpbarabity of first
Appl et on Wrgtr%fﬁogggpl eton, Wsconsin, having a triple-layer square weave
configuration having 90 machi ne-direction and 72 cross-machi ne- direction
nonofil aments per inch, respectively. The nonofil anent dianmeter ranges from

3. The paper web of Claim 2 wherein the third pattern comprises a plurality of
second striations, and wherein at least some of the first striations intersect at least some
of the second striations.

4. The paper web of Claim 3 wherein the first and second striations extend
diagonally with respect to the machine and cross-machine directions of the paper web.

S. The paper web of Claim 4 wherein the first and second striations intersect to
provide a plurality of generally diamond shaped cells.

6. The paper web of Claims 1, 2, 3, 4, or 5 wherein the first pattern comprises an
essentially continuous network basis weight region, wherein the second pattern
comprises an essentially continuous network density region, and wherein continuous
network basis weight region and the continuous network density region interfere to
provide the third, visually distinguishable pattern. '

7. A non-through air dried paper web comprising at least two regions of different

density disposed in a nonrandom, repeating pattern, and at least two regions of different
basis weight disposed in a nonrandom, repeating pattern.

ot Hias Bees Re?laced

T

THIS SHEET HAS BEEN
REPLACED




about 0.15 mmto about 0.20 mm The wire reinforcing structure has an air
per meabi Ih@/ 9f about 1050 scfm The forming el ement 1600 has about 100
pr ot uber alCe® 889 per square inch. The protuberances 1659 R&FABP%RI23hape

shown in Figure 5, machi ne direction) dinension A of 0.105
I nch, a CD (cross H%ﬂgml‘ﬂﬂ“tw) di rensi on B of 23 about 0.074 inch,
a machi ne directiohy nC of ®©.136 idh, and a cross-nachine direction
spacing D of 0.147 inch. The m ni num spaci ng E bet ween adj acent :
pr ot uberances can be 0.029 inch. The protuberances 1659 extend a height H

of about 0.808 i h& pafnevetped Clairs 11853, ha¥,eorah whletdipthecatl leathape regivhs af
maj or axis . i : . \ :
mnor axis Sy ent shpHREY Bl Hhik definf Moty SonkifiecleREnsk o

provi de abofR8i®5 percent of the projected area of the formng el ement 1600,
as viewed in Figure 5. The apertures 1663 provi de about 15 percent of the
projected area of,the form el e t ,160 s viewed.inp Fiqure 5. The
annul uses 1665 &B@PE@%&P&@B‘“&@?@& Qog ﬁﬁé\fp?’%ﬁé’&@g ag?egget&o regions of
form ng el ediffarerit G2@sias comprisedai plutaligguof discreféiespantsd ppart eelalively dow density
transferred fxomdibe Lamy 48R nigRldeRisity, RLenialls Loritods AbwRRPUT
10% at the 6%%?&53&%{%%@?2%&#?%&3\%%@%% grdteﬁ?il par aetnugpgzoo hav? ng a
dewat eri ng T@81eD.| gyer 2220 and a photosensitive resin web patterning | ayer
2250. The dewatering felt 2220 is a Anflex 2 Press Felt manufactured by

Al bany I nterpatiqnal of AlLb . Ne . <The, f el 22 i of
pol yester filgtars%eﬂﬁ’gp%éﬁb @lagﬂ%gﬁ%g" de ’i%roroéf_wg,er?hn%gsgg[%ggtﬁg%ogég%%%er
of 10-15. Tiof diffdrent|basie wedd2 @ompsisa alralativelydiighhbasis weighe, egsansiglin centimons, a
cal i per of %@%k?bg%d.' imeter, and an air

11.  The paper web of Claims 1, 2, 3, 4, 5, 7, 8, 9, or 10 wherein the at least two
regions of different basis weight comprise a plurality of discrete relatively low basis
weight regions dispersed throughout the relatively high basis weight continuous network.

12. The paper web of Claims 1, 2, 3,4, 5, 6, 7, 8, 9, 10, or 11 comprising at least
three regions of different basis weight.

13. The paper web of Claims 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11 or 12 wherein the paper
web comprises a plurality of discrete, intermediate basis weight regions, and wherein the
intermediate basis weight regions are generally circumscribed by the relatively low basis
weight regions.

14. A method of producing a non-through air dried paper web having at least two

regions of different basis weight and at least two regions of different density, the
method comprising the steps of:

providing a plurality of fibers suspended in a liquid carrier;
providing a fiber retentive forming element having liquid pervious zones;

depositing the fibers and the liquid carrier onto the forming element;



perneability of about 30 to about 40 scfm The web patterning | ayer 2250
conpri ses gé)ﬂ) 'épuous networ k web contacting surface 2260 with about 69

di screte 8%% 5 2270 per square inch, the openings havi ng PEBHIBISAPIS4Shown
in Figure 7. The web patterning |layer 2250 has a projected area equal to
about 35 percent of ected area of the web support apparatus 2200.
The difference in e I!p IH&H#M!HHP he sd@tface 2260 and the el evation 2231
of the 2230 of the ut 0.008 inch (0.205 mllimeter). The
enbryonic web is transferred "to’thé web support apparatus 2200 to forma
gener al | y nonopldraiaingnehe Siknid Tearief ethrcﬂngﬁ def |forhingn e&lhﬁ:nprmwadeﬂas%t tMS'e
vacuum t r ansf er r f n about

mercury. Furtherﬁg emté Eta%esp{ogf%grgcag»\nr% |hsaﬁie1 %l&\‘/‘c‘égﬁﬂm reeey g’?g‘g{] %ﬁ%@e
until the web héﬁeléhtfl ber consi stency of about 25% The web 545 is carried
to the nip 800. The vacuumroll 900 has a conpression surface 910 having a
har dness of about 6 P&J. The web 545 is conpacted ag I nst the canpaction
surface 875 of tHAEVISKE &SR SHPPOY IRPAESYS B?FHEFﬁ%lan&’e HRtEERNg, 3urface rndhe
web support appar at uewaifiglfelt layerny t he conpressi on surface 910 and the
Yankee dryer drum 880 surface at a conpression pressure of about 200 psi. A
pol yvi nyl al cohol based crepi ng adhesive is used to adhere the conpacted
web to the Yankéenaﬁegrerrg the eebrfrasa the fomming elemynt to thevweb pakeming satfadeosfthe
about 90% before yo&g@s&ﬂgsthe web with a doctor blade. The doctor
bl ade has a bevel angl e of about 20 degrees and is positioned with respect
to the Yankee dryer to provide an inpact angle of about 76 degrees; the
Yankee dryer is Sekceﬁi‘aﬁl}edemﬁfyhigwporﬁﬁﬂ of the wétewtprpeite tewétevith abRudt tid4
nmeters per mnute). ekt $ERiHes formed into roll at a speed of 650 fpm
(200 neters per m nut es§

15.  The method of Claim 14 wherein the step of selectively densifying a portion of the
web comprises providing a continuous network, relatively high density region and
a plurality of discrete, relatively low density regions dispersed throughout the
continuous network, relatively high density region.

16.  The method of Claims 14 or 15 wherein the step of draining the liquid carrier
through the forming element comprises forming a web having a relatively high
basis weight, continuous network and a plurality of discrete, relatively low basis

weight regions dispersed throughout the relatively high basis weight continuous
network.

17.  The method of Claims 14, 15, or 16 wherein the step of draining the liquid carrier

through the forming element comprises forming a web having at least three
different basis weights.

18.  The method of Claims 14, 15, 16, or 17 wherein the step of draining the liquid
carrier through the forming element comprises forming a web having a relatively
high basis weight, continuous network region; a plurality of discrete, relatively
low basis weight regions dispersed throughout the relatively high basis weight,
continuous network region, and a plurality of discrete, intermediate basis weight
regions circumscribed by the relatively low basis weight regions.



The web is converted into a honbgenous, two-ply bath tissue paper. The
two-ply toilet tissue paper has a basis wei ght of about 25 pounds per 3000°
squar e fegyg odiftofoNnt ai ns about 0.2% of the tenporary wet spcEmpshizasi n
and about 0.1% of the debonder. The resulting two-ply tissue paper is

bul ky, soft, absorbent, aesthetics and is suitable for use as bath or

facial tissues. EXAMPLE 2: Prophetic Eigm? According to this prophetic
exanpl e, a 3% by wei ght aqueous sl urr f€Nort hern Softwood Kraf t ( NSK)
fibers is nmade using a conventional re-pulper. A 2%solution of the
tenporary wet strength resin (i.e., PAREZ[ err] 750 marketed by American
Cyanam d corporation of Stanford, CT) is added to the NSK stock pipe at a
rate of 0.2% by weight of the dry fibers. The NSK slurry is diluted to
about 0. 2% consistency at the fan punp. Second, a 3% by wei ght aqueous
slurry of Eucal yptus fibers is made up using a conventional re-pulper. A 2%
solution of the debonder (i.e., Adogen[err] SDMC nmarketed by Wtco
Corporation of Dublin, OH is added to one of the Eucal yptus stock pipe at
a rate of 0.5% by melght of the dry fibers. This first Eucalyptus slurry S
diluted to Y s h
aqueous slu i

r e- pul per.
by Wtco Co
bi nder (i.e cal

corporation
at arate o :

slurry is d np. Three

i ndi vi dual €-above slurries.
Stream1 is '
stream 2 is
Eucal ypt us) 3

(iOO per cent debonded

20



Is a mxture of the NSK stream and the first Eucal yptus slurry. The three
furnish 25 streans are deposited onto the formng el enment_1600 to forma
three | ayeWA®P%4vi ng outer layers conprising a nixture of RGKIB§§P1234
Eucal yptus and an inner |ayer conprising debonded Eucal yptus. Dewatering
occurs through the formng el enent 1600 and is assisted by a deflector and
vacuum boxes. The form ng el enent reinfQrging structure 1657 is a wire,
manuf actured by Appleton Wre of Appl eé , fWsconsin, having a triple-Ilayer
square weave configuration having 90 nmachi ne-direction and 72

cross-nmachi ne-direction nonofil anents per inch, respectively. The

nonofi | ament di aneter ranges from about 0.15 nmt out 0.20 mMm The
reinforcing structure has an ai merm&abi lity of f/about 1050 scfm The

prot uber ances 1659 hayg) a si ze shape ajg,sh#ped,88 shown 130 Fi gure 5.

The protuberances have; the sane ge(rzdal di mghsi/ons/as set foyth above for
Exanpl e 1, except80hat/ t he,apeft uy 1663 #re ¢ to provide
only about 10 percient [of /T Or of ect arda ag viewed in Fiflire 5. The

hei ght H shown in Fighrg 6 i g about /8%08/ /i nc Vet er) I38he si ze

of .the apertures ip rleduced t o proyide 4/

y _two basi s
V\BI regil on.
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I nternational of Al bany, New York. The felt 2220 conprises a batt of
pol yester fibers. The batt has a surface denier of 3, a substrate denier of
10-15. Th& Q&M% hyer 2220 has a basis wei ght of 1436 gnf sqESFEBIRRIEM o
caliper of about 3 mllineter, and an air perneability of about 30 to about
40 scfm The web patterning | ayer 2250 conprises a continuous network web
contacting surface 2260 with discreteiggg%ings 2270 having the shape shown
in Figure 7. The web patterning | ayer 50 has a projected area equal to
about 35 percent of the projected area of the web support apparatus 2200.
The difference in elevation 2261 of the surface 2260 and the el evation 2231
of the 2230 of the felt layer is about 0.008 inch (0.205 mllineter). The
enbryonic web is transferred to the web support apparatus 2200 to forma
general |y nonopl anar web 545. Transfer and deflection are provided at the
vacuum 26 transfer point with a pressure differential of about 20 inches
of nmercury. Further de- watering is acconplished by vacuum assi st ed
drai nage until the web has a fiber consistency of about 25% The web 545 is
carried to the nip 800. The vacuumroll 900 has a conpression surface 910
havi ng a hardness of about 60 P&. The web 545 is conpacted agai nst the
conpaction surface 875 of thg Yankee dryer drum 880 by pressing th b 545
and the web support apparatu 05200 bet ween _t he conpressioaosurfa 0 and
t he Yankee dryer drum 880 surfaceb@t a cofRpressi on pressuré 8%/éﬁgut 200
psi. A polyvinyl alcohol based creping adhesi\g9is useflq adfiere the
conpacted web to the YankeeB@rlyer Tb@ fiber consistency ifs jg@reased to at
| east about 9@g@before dry drepin tze gﬁb W t a.j@cto Ijbe. The doct or
%bo t PO
|

bl ade has a bewvel angle of
AEAARRRNNAY
0 | L W
XN S
[—




degrees and is positioned with respect to the Yankee dryer to provide an

i npact angl e of about 76 degrees; the Yankee dryer ¥%$ﬁg§#@&§p at about 800
f wo 99/19897 per mi nute) (about 244 neters per mnute). e dry web is forned
into roll at a speed of 650 fpm (200 neters per mnutes). The web is
converted into a 3-layer two-ply bath tissue paper. The two-ply bath tissue
paper has a basis wei ght of abog# 5 pounds per 3000 square feet, and
cont ai ns about 0.2%of the te ry wet strength resin and about 0. 1% of

t he debonder. The resulting two-ply tissue paper is bul ky, soft, absorbent,
aesthetic and is suitable for use as bath or facial tissues. TEST METHODS
Sur face Snoot hness: The surface snoot hness of a side of a paper web is
nmeasur ed based upon the nethod for neasuring physiol ogical surface

snoot hness (PSS) set forth in the 1991 International Paper Physics

Conf erence, TAPPI Book 1, article entitled "Methods for the Measurenent of
t he Mechani cal Properties of Tissue Paper" by Anpul ski et al. found at page
19, which article is incorporated herein by reference. The PSS neasurenent
as used herein is the point by point sumof anplitude val ues as descri bed
in the above article. The nmeasurenent procedures set forth in the article
are also generally described in U S. Patents 4,959, 125 issued to Spendel
and 5, 059, 282 issued to Anpul ski et al, which patents are incorporated
herein by reference. For purposes of testing the paper sanples of the
present invention, the nethod for neasuring PSS in the above article is
used to. neasure surface snoothness, with the foll ow ng procedural

nodi fications: 27 Instead of inporting digitized data pairs (anplitude
and tine) into SAS software for 10 sanpl es,
220 2200




as described in the above article, the Surface Snoothness neasurenment is
made by acquiring, digitizing, and statistically processing data for the 10 .
sanpl es i VI EW brand software avail able from Nati ona nts of
Austin, Elj’%?}g{lkégch anplitude spectrumis generated using th(eﬁ)'?%r?r{)#l ude
and Phase Spectrumvi" nodule in the LABVI EW software package, with "Anmp
Spectrum Mag Vrns" selected as the oyt &I spectrum An output spectrumis
obtai ned for each of the 10 sanpl es. out put spectrumis then snoot hed
using the follow ng weight factors in LABVIEW 0.000246, 0.000485, 0.00756,
0.062997. These weight factors are selected to imtate the SW

provi ded by the factors 0.0039, 0,0077, .120, 1.0 specified i# the above
article for the SAS[&I;‘Qgr am==aft 80 smoot hi ng, each gpectrpmisfiltered

is cut to provi
sanples are cut, $

cutter, such asTaFAFAFg-—A =&
Model 240-10. Theltwa!lsi @}e 5t a
T

stack and condi rropedTTon \.»rf%' D) ~/r1/0'ﬂii| } aff 71 to $

C )

1657 ——] C(;: K@;\\ hl/jﬁe |

usi ng the frequency exs specifi et653bth; abpve prticl@. of
PSS, in mcrons, is then ca cul ated ag des¢ ib%_i—ﬁ t he above ?ééﬁed
article, for eachf] i fei~Nd dyi\ | ' red |ls m[] Rf aces59
Snmoot hness of t f Nt Ce BnageT oty t S gal ues
measured from thell{Q Hg A 1(% th \s@ side-of b.
Simlarly, the SU[f ape_Sp0qt hriés 1 hg oplpositel si|te [0 paper ‘'web can
be nmeasur ed. The—Sreo¥hless Falto-+=s| ohaxpedtry b gt pgheDval ue
of Surfac Sm)otﬁ, €S| ¢ 2 ‘nd}i ng Dl e /t/ ORe, (g of tr]e paper
web, by théa?»er vl e f age—s Dg%s‘ | et negpondrte—fo—t he
snoot her si of thelpaper asi 8 | . {fh Si ghil of the web
(macro basis wex ) Tegsurigd g e fot Ng[pPrioce ' per
to be neasur edW Lt eged Lz - /S dlegy el A t o
percent relativ ' @ for & ;;r[ju of {2 @ The QIW% nedBpaper
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75 F and 48 to 52 percent humdity. The 12 ply stack is then wei ghed on a
cal i br at ed woadoybsezal bal ance. The bal ance is nmaintained in the sane room
in which the sanples were conditioned. A suitable balance is R&88B%8/01234
Sartorius |Instrunent Conpany, Mdel A200S. This weight is the 28 wei ght
in grans of a 12 ply stack of the paper, each ply having an area of 12.25
square inches. The basis wei ght of theéggp%; web (the weight per unit area
of a single ply) is calculated in unit pounds per 3,000 square feet,
using the follow ng equation: Wight of 12 ply stack (grans) x 3000 x 144
sq inch per sq ft. (453.6 gmlb) x (12 plies) x (12.25 sqg. in. per ply) or
sinply: Basis Wight (Ib/3,000 ft[err]) = Weight of 12 ply stack (gm x

6. 48 Measurenent of ézg Support Apparatus El evations: The el evation

di fference between & 2286 first

fe a2p5are and the
el evation 2261 of the face 2260 isured usi ng the

follow ng pro
hori zontal su
havi ng a circp
vertical |engté
di mensi oni ng

t he vol t age dj
provi de a kna



el evation difference.

styl us.
make t he neasurenent.

grans/square mllimeter at the point of measurenent.
nmeasurenents are nmade at each el evati
are averaged. The difference between

to provide the elevation difference.

non-t hrough air dried paper web conprising at

The i nstrument
| ower than the first felt surface 2230 to insure unrestricted travel
TR 81059 | s pl aced over the el evation of interest PGI@BP¥HMAEd to

The stylus exerts a pressure of about 0.24

is zeroed at an elevation slightly
of the

At | east three

q&. gee measurenents at each el evation
t e/ erage values is the calcul ated
REPLACEMENT SHEET CLAIMS 1. A

| east two regions of

different density disposed in a first nonrandom repeating pattern, and at
| east two regions of different basi s wei ght di sposed in a second

repeating pattern differ g om said first repeatln tternd’/z/ﬂ-O per
web of claim1 he at | east TRBJ Oegl dﬁ-g g rent &en

gh 2260t v
3. The paper b of cl 2 mhere n

essent|

ont| &4 net wo
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t hroughout the relatively high basis weight continuous net {oRELACEMENE SHEET
paper web, of claim5 conprising at |east three regions of (if asl s
wei ght: 7. The paper web of claim6 wherein the paper web donpr4 gegan 2002
plurality of discrete, internediate basis weight regions, gndj wherein the

I nternmedi ate basis wei ght regions are generally circunscri bed=by=the
relatively | ow basis wei ght regions. 30 8. The paper b of dains 1,

2, 3, 4, 5, or 7 wherein the at |least twd regions of differemat—densiiy
conprise a relatively high density, essentially continuous network region.
9. The paper b .of a| 1, 2 4.5 .6, or 7. .wherein t al | east
two regi oo of . RS ARIGL AL A pRssATinttdn iF o Bredoe BraRrs wbleting £ o
apart rel at iyishNy iR¥hd Pagiérh proBeddBisa EoEibiRaS@arddrah@ferdncéd betwodiffeiene! Y

hi gh density, essentially continuous network region. 10. The paper web of
Clains 1, 2rempating, ngnrapdorg patigrn® wherein the at | east two regions of
different basis weight conprise a relatively high basis weight, essentially
conti nuous network region. 11. The paper web of Cains 1, 2, 3, 4, 5, 7,
8, 9, or 10 wherein the atBREFSUMMARIUOBTHRINVENTEORNt basis wei ght
conprise a plurality of discrete relatively |ow basis weight regions

di spersed t hroughout the relatively high basis weight continuous networKk.
12. The paper alg: 1, : | . ol
conprising at | e\;lli:hl:Q p? %Sre geﬁyée%}oér%&gfi §sd? ?‘? %?gﬁtﬁg}bé’é idgie‘%g’?‘é%’?‘f” eﬁiégrﬁﬂn%
paper web ofat (3asi twgo tegidhs & differemt dénsify, atl atOleadtGwoliegioms Iof differeat badihie
paper

weight.

The paper web can include a relatively high density, essentially continuous
network region, and a plurality of discrete, spaced apart relatively low density regions

dispersed throughout the relatively high density continuous network region.

The paper web can also comprise a relatively high basis weight, essentially
continuous network region. The paper can further comprise a plurality of discrete
relatively low basis weight regions dispersed throughout the relatively high basis
weight continuous network, and a plurality of discrete, intermediate basis weight
regions, wherein the intermediate basis weight regions are generally circumscribed by

the relatively low basis weight regions.

In one embodiment of the present invention, the paper web has at least two
regions of different basis weight disposed in a first nonrandom, repeating pattern, and
at least two regions of different density disposed in a second nonrandom, repeating
pattern; wherein the first and second patterns combine to provide a third visually
distinguishable pattern, the third pattern being different from the first and second

patterns.



web conprises a plurality of discrete, internedi ate basis
and wherein the internmedi ate basis wei ght regions are gene
circunscribed by the relatively | ow basis weight regions. L4} A nethod 8£
produci ng .@a non-through air dried paper web having at |eas t\/\dﬁegd‘,ﬂnﬁg f
different basis weight and at |east two regions of differemt |density, the
met hod conprising the steps of: providing a plurality of fibers suspended
inaliquid carrier; providing a fiber gtentlve form ng él enent
l'iquid pervious zones; depositing the fibers and the liquidcarrier onto
the formng el enent; 31 draining the liquid carrier through the form ng
element in at |east two sSiBRIBFEDESORIPIIONEF THEDRAWINGSO havi ng at | east
two regions of different basis weight; providing a web support apparatus
conprising a web patterning surface and a dewatering felt |ayer;
transferring the f t i rface
of the web suppor?ﬁﬁalgp}gga@tpﬁaﬁé&ﬁgﬁ}?{}gké;%ng%ﬁm Eﬁt‘gﬂg%f?’% hﬁlh f&tghagﬁweb
to provide t distinetly claiminggthe present inventian, ftfie beievedithe dntentien 181l$tte1T1heiersmokiod of
Cl ai m 14 whe elnt ste Ietlvely densi f f _the web
conpr | ses pr Boaith JOUSUER, Rrerifof Tefpieont i Y fs RERbafl FryintS JFor
and a plural thhomcedle&&hstamders@haw bethe shavrdd@etdetiinetgapdts di spersed

t hroughout the continuous network, relatively high density region.
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Figure 1 is a photograph of a paper web made according to the present invention,
wherein a portion of the paper web is positioned over a black background and wherein
another portion of the paper web is positioned over a white background. The scale in

Figure 1 has divisions of 1/100 of an inch.
Figure 2 is a schematic illustration of a paper web of the type shown in Figure 1.

Figure 3 is a cross-sectional, schematic illustration of a paper web of the type

shown in Figure 2.

Figure 4 is a schematic illustration of a paper machine which can be used to

make the paper web of the present invention.

Figure 5 is a fragmentary top plan view of a forming element having discrete

protuberances and apertures extending through the protuberances.

Figure 6 is a cross-sectional illustration of the forming element show in Figuré 5.



16. The nmethod of Clainms 14 or 15 wherein the step of draini ng the |IC]UId
carrier through the formng el enent conprises form ng a FEHIvEY e T aT
relatively high basis weight, continuous network and a ;
di screte, (relati veLy + ow basi s wei ght regions dispersed |t hfoughout the
rel ati'vely high EW“M\ nuous network. 17. Thd netRdd i G832 s
14, 15, or 16 whe ﬂ drainbpg the liquid cdrrfer through tHe
form ng el enent cﬂﬂx t ses for fi ng a web having at |east thrée difterent
basi s wei ghts. The nethod of Cains 14, 15, 16, orijl7 wherein the st
of draining the I iquid carrier througﬁLAmIeIsf orm ng el enent conprises
formng a web having a relatively high basis weight, conti nuous net wor k

region;, a plurality of discrete, relatively |ow basis weight %I ons
di spersed thr amgnomlurougie arredrwsiu nepey Web gtompsising WelcgsmtwoCregtpnﬁoé ifferentnor k

i Poumser i bed By DTSR YRE ARt PR R Fr gl AR Wb B

different basis weight disposed in a second nonrandom, repeating pattern different

from said first repeating pattern.

2. The paper web of claim 1 wherein the at least two regions of different density

comprise a relatively high density, essentially continuous network region.

3. The paper web of claim 2 wherein the at least two regions of different density
comprise a plurality of discrete, spaced apart relatively low density regions
dispersed throughout the relatively high density, essentially continuous network

region.

4. The paper web of claim 3 wherein the at least two regions of different basis weight

comprise a relatively high basis weight, essentially continuous network region.

5. The paper web of claim 4 wherein the at least two regions of different basis weight
comprise a plurality of discrete relatively low basis weight regions dispersed

throughout the relatively high basis weight continuous network.

6. The paper web of claim 5 comprising at least three regions of different basis

weight.

7. The paper web of claim 6 wherein the paper web comprises a plurality of discrete,
intermediate basis weight regions, and wherein the intermediate basis weight

regions are generally circumscribed by the relatively low basis weight regions.
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(57) Abstract

_ A non-through air dried paper web and method of making such a paper web are disclosed. The paper web includes at least two
regions of different density and at least two regions of different basis weight. In one embodiment, the paper web includes a relatively high
basis weight continuous network region, a plurality of discrete, relatively low basis weight regions dispersed throughout the relatively high

basis weight continuous network region, and a plurality of discrete, intermediate basis weight regions circumscribed by the relatively low
basis weight regions.




