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CELLULOSIC FIBROUS STRUCTURES HAVING DISCRETE REGIONS
WITH RADIALLY ORIENTED FIBERS THEREIN,
APPARATUS THEREFOR, AND
PROCESS OF MAKING

FIELD OF THE INVENTION
This invention relates to cellulosic fibrous structures --having

plural regions discriminated by basis weights. More particularly, this
invention relates to cellulosic fibrous structures having an essentially
continuous high basis weight region and discrete low basis weight regions
which comprise radially oriented fibers. The cellulosic fibrous
structures are suitable for use in consumer products.

BACKGROUND OF THE INVENTION

Cellulosic fibrous structures, such as paper, are well known in the
art. Such fibrous structures are in common use today for paper towels,
toilet tissue, facial tissue, etc.

To meet the needs of the consumer, these cellulosic fibrous
structures must balance several competing interests. For example, the
cellulosic fibrous structure must have sufficient tensile strength to
prevent the cellulosic fibrous structure from tearing or shredding during
ordinary use or when relatively small tensile forces are applied. The
cellulosic fibrous structure must also be absorbent, so that liquids may
be quickly absorbed and fully retained by the cellulosic fibrous
structure. The cellulosic fibrous structure should also exhibit
sufficient softness, so that it is tactilely pleasant and not harsh
during use. The cellulosic fibrous structure should exhibit a high
degree of opacity, so that it does not appear flimsy or of low quality to
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regions discrimnated by basis weights. Mrre particularly, this invention
relates to cellulosic fibrous structures having an essentially continuous
hi gh basis wei ght region and discrete | ow basis weight regions

the user. Against this backdrop of competing interests, the cellulosic

fibrous structure must be economical, so that it can be manufactured and
sold for a profit, and yet is still affordable to the consumer.

Tensile strength, one of the aforementioned properties, is the
ability of the cellulosic fibrous structure to retain its physica1”
integrity during use. Tensile strength is controlled by the weakest 1ink
under tension 1in the cellulosic fibrous structure. The cellulosic
fibrous structure will exhibit no greater tensile strength than that of
any region in the cellulosic fibrous structure which is undergoing a
tensile loading, as the cellulosic fibrous structure will fracture or
tear through such weakest region.

The tensile strength of a cellulosic fibrous structure may be
improved by increasing the basis weight of the cellulosic fibrous
structure. However, increasing the basis weight requires more cellulosic
fibers to be utilized in the manufacture, leading to greater expense for
the consumer and requiring greater utilization of natural resources for
the raw materials.

Absorbency is the property of the cellulosic fibrous structure which
allows it to attract and retain contacted fluids. Both the absolute
quantity of fluid retained and the rate at which the cellulosic fibrous
structure absorbs contacted fluids must be considered with respect to the
desired end use of the cellulosic fibrous structure. Absorbency is
influenced by the density of the cellulosic fibrous structure. If the
cellulosic fibrous structure is too dense, the interstices between fibers
méy be too small and the rate of absorption may not be great enough for
the intended use. If the interstices are too large, capillary attraction
of contacted fluids is minimized and, due to surface tension limitations,
fluids will not be retained by the cellulosic fibrous structure.

Softness is the ability of a cellulosic fibrous structure to impart
a particularly desirable tactile sensation to the user’s skin. Softness
is influenced by bulk modulus (fiber flexibility, fiber morphology, bond
density and unsupported fiber length), surface texture (crepe frequency,
size of various regions and smoothness), and the stick-slip surface
coefficient of friction. Softness is inversely proportional to the
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which conprise radially oriented fibers. The cellulosic fibrous
structures are suitable for use in consuner products
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related to the basis weight, density and uniformity of fiber distribution
of the cellulosic fibrous structure. A cellulosic fibrous structure
having relatively greater basis weight or uniformity of fiber

" distribution will also have greater opacity for a given density.
Increasing density will increase opacity to a point, beyond which further
densification will decrease opacity.

One compromise between the various aforementioned properties is to
provide a cellulosic fibrous structure having mutually discrete zero
basis weight apertures in an essentially continuous network having a
particular basis weight. The discrete apertures represent regions of
lower basis weight than the essentially continuous network, providing for
bending perpendicular to the plane of the cellulosic fibrous structure,
and hence increase the flexibility of the cellulosic fibrous structure.
The apertures are circumscribed by the continuous network, which has a
desired basis weight and which controls the tensile strength of the
cellulosic fibrous structure.

Such apertured cellulosic fibrous structures are known in the prior
art. For example, U.S. Patent 3,034,180 issued May 15, 1962 to Greiner
et al. discloses cellulosic fibrous structures having bilaterally
staggered apertures and aligned apertures. Moreover, cellulosic fibrous
structures having various shapes of apertures are disclosed in the prior
art. For example, Greiner et al. discloses square apertures, diamond-
shaped apertures, round apertures and cross-shaped apertures.

However, apertured cellulesic fibrous structures have several
shortcomings. The apertures represent transparencies in the cellulosic
fibrous structure and may cause the consumer to feel the structure is of
lesser quality or strength than desired. The apertures are generally too

_large to absorb and retain any fluids, due to the limited surface tension
of fluids typically encountered by the aforementioned tissue and towel
products. Also, the basis weight of the network around the apertures
must be increased so that sufficient tensile strength is obtained.
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In addition to the zero basis weight apertured degenerate case,
attempts have been made to provide a cellulosic fibrous structure having
mutually discrete nonzero low basis weight regions in an essentially
continuous network. For example, U.S. Patent 4,514,345 issued
April 30, 1985 to Johnson et al. discloses a cellulosic fibrous structure
having discrete nonzero Tow basis weight hexagonally shaped regions. A
similarly shaped pattern, utilized in a textile fabric, is disclosed in
U.S. Patent 4,144,370 issued March 13, 1979 to Boulton.

The nonapertured cellulosic fibrous structures disclosed in these
references provide the advantages of slightly increased opacity and the
presence of some absorbency in the discrete low basis weight regions, but
do not solve the problem that very little tensile load is carried by the
discrete nonzero low basis weight regions, thus limiting the overall
burst strength of the cellulosic fibrous structure. Also, neither
Johnson et al. nor Boulton teach cellulosic fibrous structures having
relatively high opacity in the discrete low basis weight regions.

Plural basis weight cellulosic fibrous structures are typically
manufactured by depositing a liquid carrier having the cellulosic fibers
homogeneously entrained therein onto an apparatus having a fiber
retentive liquid pervious forming element. The forming element may be
generally planar and is typically an endless belt.

The aforementioned references, and additional teachings such as U.S.
Patents 3,322,617 issued May 30, 1967 to Osborne; 3,025,585 issued
March 20, 1962 to Griswold, and 3,159,530 issued December 1, 1964 to
Heller et al. disclose various apparatuses suitable for manufacturing
cellulosic fibrous structures having discrete low basis weight regions.
The discrete low basis weight regions according to these teachings are
produced by a pattern of upstanding protuberances joined to the forming
element of the apparatus used to manufacture the cellulosic fibrous
structure. However, in each of the aforementioned references, the
upstanding protuberances are disposed in a regular, repeating pattern.
The pattern may comprise protuberances staggered relative to the adjacent
protuberances or aligned with the adjacent protuberances. Each
protuberance (whether aligned, or staggered) is generally equally spaced
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drainage and hence deposition of cellulosic fibers) throughout the entire
1iquid pervious portion of the forming element utilized to make the
cellulosic fibrous structure. Substantially equal quantities of
cellulosic fibers are deposited in the Tiquid pervious region because
equal flow resistances to the drainage of the liquid carrier are present
in the spaces between adjacent protuberances. Thus, fibers may be
relatively homogeneously and uniformly deposited, although not
necessarily randomly or uniformly aligned, in each region of the
apparatus and will form a cellulosic fibrous structure having a Tlike
distribution and alignment of fibers.

One teaching in the prior art not to have each protuberance equally
spaced from the adjacent protuberances is disclosed in U.S. Patent
795,719 issued dJuly 25, 1905 to Motz. However, Motz discloses
protuberances disposed in a generally random pattern which does not
advantageously distribute the cellulesic fibers in a manner to
consciously influence any one of or optimize a majority of the afore-
mentioned properties.

Accordingly, it is an object of this invention to overcome the
probiems of the brior art and particularly to overcome the problems
presented by the competing interests of maintaining high tensile
strength, high absorbency, high softness, and high opacity without unduly
sacrificing any of the other properties or requiring an uneconomical or
undue use of natural resources. Specifically, it is an object of this
jnvention to provide a method and apparatus for producing a cellulesic
fibrous structure, such as paper, by having relatively high and
relatively low flow resistances to the drainage of the liquid carrier of
the fibers in the apparatus and to proportion such flow resistances,
relative to each other, to advantageously radially arrange the fibers in
the low basis weight regions.
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and the basis weight of the region of the resulting cellulosic fibrous
structure corresponding to such regions of the forming element. Thus,
regions of relatively low flow resistance will produce corresponding
regions in the cellulosic fibrous structure having a relatively high
basis weight and vice versa, provided, of course, the fibers are retained
on the forming element.

More particularly, the regions of relatively low flow resistance
should be continuous so that a continuous high basis weight network of
fibers results, and tensile strength is not sacrificed. The regions of
relatively high flow resistance (which yield relatively Tow basis weight
regions in the cellulosic fibrous structure and which orient the fibers)
are preferably discrete, but may be continuous.

Additionally, the size and spacing of the protuberances relative to
the fiber length should be considered. If the protuberances are too
closely spaced, the cellulosic fibers may bridge the protuberances and
not be deposited onto the face of the forming element.

According to the present invention, the forming element is a forming
belt having a plurality of regions discriminated from one another by
having different flow resistances. The liquid carrier drains through the
regions of the forming belt according to the flow resistance presented
thereby. For example, if there are impervious regions, such as
protuberances or blockages in the forming belts, no liquid carrier can
drain through these regions and hence few or no fibers will be deposited
in such regions.

The ratio of the flow resistances between the regions of high flow
resistance and the regions of low flow resistance is thus critical to
determining the pattern in which the cellulosic fibers entrained in the
liquid carrier will be deposited. Generally, more fibers will be
deposited in zones of the forming belt having a relatively lesser flow
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coefficient of friction. Softness is inversely proportional to the
3 ability of the cellulosic fibrous structure«to resist deformation in a

WO 94/03677 PCT/US93/06484

resistance, because more liquid carrier may drain through such regions.
However, it is to be recognized that the flow resistance of a particular
region on the forming belt is not constant and will change as a function
of time. .

By properly selecting the ratio of the flow resistance between
discrete areas having high flow resistance and continuous areas of lower
flow resistance, a cellulosic fibrous structure having a particularly
preferred orientation of the cellulosic fibers can be accomplished.
Particularly, the discrete areas may have cellulosic fibers disposed in a
substantially radial pattern and be of relatively lower basis weight than
the essentially continuous region. A discrete region having radially
oriented cellulosic fibers provides the advantage of absorbency for a
given opacity over discrete regions having the cellulosic fibers in a
random disposition or a nonradial disposition.

To overcome these problems, cellulosic fibrous structures having an
essentially continuous high basis weight region and discrete regions of
low and intermediate basis weights have been made, particularly wherein
the low basis weight region is adjacent the high basis weight region and
circumscribes the intermediate basis weight region. An example of such
structures, which do not form part of the present invention, can be made
in accordance with commonly assigned Application Serial No. 07/722,792
filed June 28, 1991, in the names of Trokhan et al.

However, a plural region cellulosic fibrous structure having
discrete intermediate and low basis weight regions has certain drawbacks.
Particularly, the fibers in the intermediate basis weight region do not
contribute to the load carrying capacity of the cellulosic fibrous
structure. Instead, these fibers are bunched together and provide an
ocellus which, while helpful for opacity, do not span the discrete low
basis weight region and hence do not share in the distribution of applied
tensile loadings.

" BRIEF SUMMARY OF THE INVENTION

The invention comprises a single lamina cellulosic fibrous structure .
having at least two regions disposed in a nonrandom, repeating pattern.
The first region is of relatively high basis weight and comprises an
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direction normal to the plane of the cellulosic fibrous structure.
Qpacity is the property of a cellulosic fibrous structure which prevents or
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and hence increas® h B&TSi ity of the cel lul osic fibrous structure.
In another aspect, the invention comprises a process of producing a

single lamina cellulosic fibrous structure having two regions disposed in
a nonrandom, repeating pattern. The process comprises the steps of
providing a plurality of cellulosic fibers suspended in a liquid carrier,
a fiber retentive forming element having liquid pervious zones, and a
means for depositing the cellulosic fibers onto the forming element. The
cellulosic fibers are deposited onto the forming element and the liquid
carrier drained therethrough in two simultaneous stages, a high flow rate
stage and a low flow rate stage. The high and low flow rate stages have
mutually different initial mass flow rates, whereby the fibers in the low
flow rate stage drain in a substantially radially oriented pattern
towards a centroid, and thereby form a plurality of discrete regions
having relatively lower basis weights than the region formed by the high
flow rate stage and radially oriented fibers within the discrete low
basis weight regions.

Certain fibers are simultaneously orientationally influenced by both
flow areas. This results in a radially oriented bridging of the
impervious portion. The Tlow flow area provides this orientational
influence without excessive accumulation of fibers over said area.

In yet another aspect, the invention comprises an apparatus for
forming a cellulosic fibrous structure having at least two mutually
different basis weights disposed in a nonrandom, repeating pattern. The
apparatus comprises a liquid pervious fiber retentive forming element
having zones through which a liquid carrying the cellulosic fibers may
drain, and a means for retaining the cellulesic fibers on the forming
element in a nonrandom, repeating pattern of two regions having mutually
different basis weights. The two regions comprise a first high basis
weight region of an essentially continuous network and a plurality of
second low basis weight discrete regions having substantially radially
oriented fibers.
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The apertures are circunscribed by the continuous network, which has a
desired basis weight and which controls the tensile strength of the

cellulosic fi uct ure. Such apertured cellulosic f
structures ar‘g %ﬁ@v\%ﬁn the prior art. For exanple, U S. Paterﬂdqge%%%o%%
I ssued May 15, 1962°to Geiner et al. disclosgs cellulosic fibrous
structures having bilaterally staggered apertdres and aligned apertures.
Mor eover, cellulosic fibrous structures having various shapes of apertures
are disclosed in the prior art. For exanple, Geiner et al. discloses
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cross-shaped aper per ul osi c
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transparenci es i n pahteroed | anrayi ef f prgtuherargesyaayirkavand idanewviphe aperture

consuner to feel typerethirelighiir@d/ér iy beSeEialdyaddgiented. strength than
desired. The apertures are generally too |large to absorb and retain any

fluids, due to the limted surface tension of fluids typically encountered
by the aforenentioned tissue and DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing
out and distinctly claiming the present invention, it is believed the
same will be better understood by the following Specification taken in
conjunction with the associated drawings in which Tike components are
given the same reference numeral, analogous components are designated
with one or more prime symbols, and:

Figure 1 is a top plan photomicrographic view of a cellulosic
fibrous structure according to the present invention having
discrete regions with radially oriented cellulosic fibers;

Figures 2A1-2D3 are top plan photomicrographic views of cellulosic
fibrous structures having a range of differences in basis
weights between the low and high basis weight regions, within
each alphabetically labeled series of figures an increasing
tendency towards a two basis weight structure is shown as each
series is examined in order, and increasing radiality is shown

- as the subscripted figures are examined in order within each
alphabetically labeled series;

Figures 3A1-3D3 are top plan photomicrographic views of cellulosic
fibrous structures having a range of degrees of radiality
present in the low basis weight regions, within each
alphabetically labeled series of figures increasing radiality
is shown as each series is examined in order, and an
increasing tendency towards a two basis weight structure
is shown as the subscripted figures are examined within each
alphabetically Tabeled series;

Figure 4 is a schematic side elevational view of an apparatus which
may be utilized to make the cellulosic fibrous structure
according to the present invention;
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products. Also, the basis weight of the network around the apertures nust
be increased so that sufficient tensile strength I S obtai ned.
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Figure 5 is a fragmentary side elevational view of a forming element
having apertures through the protuberances and taken along line
5-5 of Figure 4;

Figure 6 is a fragmentary top plan view of the forming element of
Figure 5; and

Figures 7A and 7B are schematic top plan views of an alternative
embodiment of a forming element which may be used to make
cellulosic fibrous structures according to the present
invention and having radially segmented protuberances.

DETAILED DESCRIPTION OF THE INVENTION
THE PRODUCT

As illustrated in Figure 1, a cellulosic f1brous structure 20
according to the present invention has two reg1ons a first high basis
weight region 24 and second discrete low basis weight region 26. Each
region 24 or 26 is composed of cellulosic fibers which are approximated
by linear elements. The cellulosic fibers of the low basis weight
regions 26 are disposed in a substantially radial pattern.

The fibers are components of the cellulosic fibrous structure 20 and
have one very large dimension {along the longitudinal axis of the fiber)
compared to the other two relatively very small dimensions (mutually
perpendicular, and being both radial and perpendicular to the longi-
tudinal axis of the fiber), so that linearity is approximated. While
microscopic examination of the fibers may reveal two other dimensions
which are small, compared to the principal dimension of the fibers, such
other two small dimensions need not be substantially equivalent nor
constant throughout the axial length of the fiber. It is only important
that the fiber be able to bend about its axis, be able to bond to other
fibers and be distributed by a liquid carrier.

The fibers comprising the cellulosic fibrous structure 20 may be
synthetic, such as polyolefin or polyester; are preferably cellulosic,
such as cotton linters, rayon or bagasse; and more preferably are wood
pulp, such as soft woods (gymnosperms or coniferous) or hard woods
(angiosperms or deciduous). As used herein, a cellulosic fibrous
structure is considered "cellulosic" if the cellulosic fibrous structure
comprises at least about 50 weight percent or at least about 50 volume
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In addition to the zero basis weight apertured degenerate case, attenpts
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fibrous structures 20 described herein.

If wood pulp fibers are selected for the cellulosic fibrous
structure 20, the fibers may be produced by any pulping process including
chemical processes, such as sulfite, sulphate and soda processes; and
mechanical processes such as stone groundwood. Alternatively, the fibers
may be produced by combinations of chemical and mechanical processes or
may be recycled. The type, combination, and processing of the fibers
used are not critical to the present invention.

A cellulosic fibrous structure 20 according to the present invention
is macroscopically two-dimensional and planar, although not necessarily
flat. The cellulosic fibrous structure 20 may have some thickness in the
third dimension. However, the third dimension is very small compared to
the actual first two dimensions or to the capability to manufacture a
cellulosic fibrous structure 20 having relatively large measurements in
the first two dimensions. :

The cellulosic fibrous structure 20 according to the present
invention comprises a single lamina. However, it is to be recognized
that two single laminae, either or both made according to the present
invention, may be Jjoined in face-to-face relation to form a unitary
laminate. A cellulosic fibrous structure 20 according to the present
invention is considered to be a "single lamina" if it is taken off the
forming element, discussed below, as a single sheet having a thickness
prior to drying which does not change unless fibers are added to or
removed from the sheet. The cellulosic fibrous structure 20 may be later
embossed, or remain nonembossed, as desired.

The cellulosic fibrous structure 20 according to the present
invention may be defined by intensive properties which discriminate
regions from each other. For example, the basis weight of the cellulosic
fibrous structure 20 is one intensive property which discriminates the
regions from each other. As used herein, a property is considered
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Pl ural basi‘s weight cellulosic fibrous structures are typically
manuf actured by depositing a liquid carrier having the cellulosic fibers
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values of subsystems or components of the cellulosic fibrous structure 20
are considered "extensive" in all three dimensions. Examples of
extensive properties include the weight, mass, volume, and moles of the
cellulosic fibrous structure 20. The intensive property most important
to the cellulosic fibrous structure 20 described and claimed herein is
the basis weight.

The cellulosic fibrous structure 20 according to the present
invention has at least two distinct basis weights which are divided
between two identifiable areas referred to as "regions" of the cellulosic
fibrous structure 20. As used herein, the "basis weight" is the weight,
measured in grams force, of a unit area of the cellulosic fibrous
structure 20, which unit area is taken in the plane of the cellulosic
fibrous structure 20. The size and shape of the unit area from which the
basis weight is measured is dependent upon the relative and absolute
sizes and shapes of the regions 24 and 26 having the different basis

- weights.

It will be recognized by one skilled in the art that within a given
region 24 or 26, ordinary and expected basis weight fluctuations and
variations may occur, when such given region 24 or 26 is considered to
have one basis weight. For exampie, if on a microscopic level, the basis
weight of an interstice between fibers is measured, an apparent basis
weight of zero will result when, in fact, unless an aperture in the

" cellulosic fibrous structure 20 is being measured, the basis weight of
such region 24 or 26 is greater than 2zero. Such fluctuations and
variations are a normal and expected result of the manufacturing process.

It is not necessary that exact boundaries divide adjacent regions 24
or 26 of different basis weights, or that a sharp demarcation between
adjacent regions 24 or 26 of different basis weights be apparent at all.
It is only important that the distribution of fibers per unit area be
different in different positions of the cellulosic fibrous structure 20
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protuberances or aligned with the adjacent protuberances. Each
protuberance (whether aligned, or staggered) is generally equally spaced

5 fromthe wiyegestsy prot uberances. Indeed, Heller et al. utpdy/vess/ecssq
woven Fourdrinier wire for the protuberances.
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and that such different distribution occurs in a nonrandom, repeating
pattern. Such nonrandom repeating pattern corresponds to a nonrandom
repeating pattern in the topography of the liquid pervious fiber
retentive forming element used to manufacture the cellulosic fibrous
structure 20. L

While it may be desirable from an opacity standpoint to have a
uniform basis weight throughout the cellulosic fibrous structure 20, a
uniform basis weight ceilulosic fibrous structure 20 does not optimize
other properties of the cellulosic fibrous structure 20. The different
basis weights of the different regions 24 and 26 of a cellulosic fibrous
structure 20 according to the present invention provide for different
properties within each of the regions 24 and 26.

For example, the high basis weight regions 24 provide tensile Toad
carrying capability, a preferred absorbent rate, and imparts opacity to
the cellulosic fibrous structure 20. The low basis weight regions 26
provide for storage of absorbed liquids when the high basis weight
regions 24 become saturated and for economization of fibers. ,

Preferably, the nonrandom repeating pattern tesselates, so that
adjacent regions 24 and 26 are cooperatively and advantageously
Jjuxtaposed. By being “nonrandom," the intensively defined regions 24 and
26 are considered to be predictable, and may occur as a result of known
and predetermined features of the apparatus used in the manufac®uring
process. As used herein, the term "repeating" indicates patte-n is
formed more than once in the cellulosic fibrous structure 20.

Of course, it is to be recognized that if the cellulosic fibrous
structure 20 is very large as manufactured, and the regions 24 and 26 are
very small compared to the size of the cellulesic fibrous structure 20
during manufacture, i.e., varying by several orders of magnitude,
absolute predictability of the exact dispersion and patterns between the
regions 24 and 26 may be very difficult or even impossible and yet the
pattern still be considered nonrandom. However, it is only important
that such intensively defined regions 24 and 26 be dispersed in a pattern
s.9stantially as desired to yield the performance properties which render
t::2 cellulosic fibrous structure 20 suitable for its intended purpose.

The intensively discriminated regions 24 and 26 of the cellulosic
fibrous structure 20 may be "discrete,” so that adjacent regions 24 or 26
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The -arrangenment of equal |y spaced protuberances represents anot her
shortcomng in the prior art. The apparatuses having this arrangenent

provi de subswayd4sedey uniformand equal flow resistances pEpngosfoessae
dr ai nage and hence deposition of cellulosic fibers) throughout the entire

| i quid pervious portion of the forning el enentutilized to make the
cellulosic fibrous structure. Substantially equal quantities of
cellulosic fibers are deposited in the liquid pervious regi on because equal
flow resistances to the drainage of the liquid carrier are present in the
spaces between dujvangehhe spnotbabesr weight.are nbtusontiduober sAltespatilvely, a region

necessari Ly randordy ooy B crRRBCY | O oReR 1 agj.on of Lhe apparat us

Bnd i T1 1 or el | ul s aY By abRarent o e H30 6% 8 Hioxevdi Lt BOEeomenbe

al i gnment of fibersmall tran£itdon exeghionsg hamrtgha pasiar waight ndttdraediate tecibasis

Sirgtc :Jggre Snc;anqual\wi ?dthef ra@,i‘ﬂceh?gréegg sa%nsr Rgoﬁmgggrcﬁﬁhdﬁ/b{%gwns by

However, Nbtz dl%pﬁéggs may not be s1gmf1cant eXougE in area to be considered as
comprising a basis weight distinct from the basis weights of either
-adjacent region 24 or 26. Such transition regions are within the normal
manufacturing variations known and inherent in producing a cellulosic
fibrous structure 20 according to the present invention.

The size of the pattern of the cellulosic fibrous structure 20 may
vary from about 3 to about 78 discrete regions 26 per square centimeter
{(from 20 to 500 discrete regions 26 per square inch), and preferably from
about 16 to about 47 discrete regions 26 per square centimeter (from 100
to 300 discrete regions 26 per square inch).

It will be apparent to one skilled in the art that as the pattern
becomes finer (having more discrete regions 24 or 26 per square
centimeter) a relatively larger percentage of the smaller sized hardwood
fibers may be utilized, and the percentage of the larger sized softwood

- fibers may be correspondingly reduced. If too many larger sized fibers
are utilized, such fibers may not be able to conform to the topography of
the apparatus, described below, which produces the cellulosic fibrous
structure 20. If the fibers do not properiy conform, such fibers may
bridge various tbpographica] regions of the apparatus, leading to a
nonpatterned cellulosic fibrous structure 20. A cellulosic fibrous
structure comprising about 100 percent hardwood fibers, particularly
Brazilian eucalyptus, has been found to work well for a cellulosic
fibrous structure 20 having about 31 discrete regions 26 per square
centimeter (200 discrete regions 26 per square inch).

If the cellulosic fibrous structure 20 illustrated in Figure 1 is to
be used as a consumer product, such as a paper towel or a tissue, the
high basis weight region 24 of the cellulosic fibrous structure 20 is
preferably essentially continuous in two orthogonal directions within the
plane of the cellulosic fibrous structure 20. It is not necessary that
such orthogonal directions be parallel and perpendicular the edges of the
finished product or be parallel and perpendicular the direction of
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prot-uberances di sposed in a generally random pattern which does not
advant ageously distribute the <cellulosic fibers in a manner to

consci ousl y i wg eggse7 any one of or optinmize a majority of thep@fRK83/06484
ment’i oned properti es. Accordingly, it is an object of this invention
to overcone the problens of the prior art and garticularly to overcone the
probl ens presented:-by the conpeting interests 'of nmaintaining high tensile
strength, high absorbency, high softness, and high opacity w thout unduly
sacrificing any of the other properties or requiring an uneconom cal or
undue use of naturmdnufectune efsthe fudiact, bed loyly thit tensdhe clbregth dfe inpasted to

nwention to provi g defRABR HARPREALTe 9 B6oHoRbhad, SRILHIPE! o that

fibrous structure, g
relatively |ow fl o#f% @Pkteénéesmﬂe ﬂwéhas a'Pﬂf-Yaé’é GP"’( rr@aqlﬂquuaacwp ated mthout
the fibers in the pyEmatwieusf#indrd 0 opr ofher t prudusticldud | @ rafghst tamgete  Toading.

relative o each Obiibrathy, a4KeNLARARLGSY JRELALAY 13" TARAel Ntnt ! REFRLN of

the | ow basi s wei ght
expected tensile loading of the finished product according to the present

invention.

The high basis weight region 24 is essentially continuous, forming
an essentially continuous network, for the embodiments described herein
and extends substantially throughout the cellulosic fibrous structure 20.
Conversely, the low basis weight regions 26 are discrete and isolated
from one another, being separated by the high basis weight region 24.

An example of an essentially continuous network is the high basis
weight region 24 of the cellulosic fibrous structure 20 of Figure 1.
Other examples of cellulosic fibrous structures having essentially
continuous networks are disclosed in commonly assigned U.S. Patent
4,637,859 issued January 20, 1987 to Trokhan and incorporated herein by
reference for the purpose of showing another cellulosic fibrous structure
having an essentially continuous network. Interruptions in the
essentially continuous network are tolerable, albeit not preferred, so
long as such interruptions do not substantially adversely affect the
material properties of such portion of the cellulosic fibrous structure
20. '

Conversely, the low basis weight regions 26 may be discrete and
dispersed throughout the high basis weight essentially continuous network
24. The Tow basis weight regions 26 may be thought of as islands which
are surrounded by a circumjacent essentially continuous network high
basis weight region 24. The discrete low basis weight regions 26 also
form a nonrandom, repeating pattern.

The discrete low basis weight regions 26 may be staggered in, or may
be aligned in, either or both of the aforementioned two orthogonal
directions. Preferably, the high basis weight essentially continuous
network 24 forms a patterned network circumjacent the discrete low basis
weight'regions 26, although, as noted above, small transition regions may
be accommodated.
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By having regions of relatively high and relatively |ow
resi stances to flow present .in the apparatus, one can achi eve greater

over weossentati on and pattern of deposition of the petiugosscsss
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Differences in basis weights (within the same cellulosic fibrous
structure 20) between the high and Tow basis weight regions 24 and 26 of
at least 25 percent are considered to be significant for the present
invention. If a quantitative determination of basis weight in each of
the regions 24 and 26 is desired, and hence a quantitative determination
of the differences in basis weight between such regions 24 and 26 is
desired, the quantitative methods, such as image analysis of soft X-rays
as disclosed in commonly assigned U.S. Patent Application Serial No.
07/724,551 filed June 28, 1991 in the names of Phan et al. may be
utilized, which patent application is incorporated herein by reference
for the purpose of showing suitable methods to quantitatively determine
the basis weights of the regions 24 and 26 of the cellulosic fibrous
structure 20.

The area of a given low or intermediate basis weight'region 26 or 25
may be quantitatively determined by overlaying a photograph of such
region 26 or 25 with a constant thickness, constant density transparent
sheet. The border of the region 26 or 25 is traced in a color
contrasting to that of the photograph. The outline is cut as accurately
as possible along the tracing and then weighed. This weight is compared
to the weight of a similar sheet having a unit area, or other known area.
The ratio of the weights of the sheets is directly proportional to the
ratio of the two areas.

If one desires to know the relative surface area of two regions,
such as the percentage surface area of an intermediate basis weight
region 25 within a Tow basis weight region 26, the low basis weight
region 26 sheet may be weighed. A tracing of the border of the
intermediate basis weight region 25 is then cut from the sheet and this
sheet is weighed. The ratio of these weights gives the ratio of the
areas.

Differences in basis weight between the two regions 24 or 26 may be

-qualitative1y and semi-quantitatively determined by a scale of increasing

differences, illustrated by Figures series 2A through Figure series 20
respectively.

Figures 2A1-2A3 show the low basis weight regions 26 are either
apertured, as illustrated in Figure 2A;}, or, have a very prominent inter-
mediate basis weight region 25 formed therein, as illustrated in Figures
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obtain cellulosic fibrous structures not heretofore known in the art.
Cenerally, there is an inverse relation between the flow resistance of a
particul ar rewoo9/@367T he | i quid pervious fiber retentive formpgp/ese3reeisq
and the basis weight of the region of the resulting cellulosic fibrous
structure corresponding to such regions of thegjform ng el enent. Thus,
regions of relatively low flow resistance will produce correspondi ng
regions in the cellulosic fibrous structure having a relatively high basis
wei ght and vice versa, provided, of course, the fibers are retained on the
forming el ement. 2A2-2Apbr elnsxeasisgiradial ity He pregeinsasof iguresitArdAg rews udied
resi stance shoul d figopdu¥.i Nnuous so that a continuous high basis wei ght

o e o aie P, FEOBagL LTI RS RRE LSRR s

basi s wei ght regi oYing anhéntesmedipteibasis wedght regignt Zhewkith infiernedipterhasis

the fibers) are prafighthreyidhi 256t Ress promifit HBak TRkt RUOIGuUres 2A7-2A3.

Additionally, the sizeaid, SRACI RGO oni ) el Mt Pfane " F &t fon2oF Y En { Pntermediate
basis weight region 25 to be present. The intermediate ba-is weight
region 25 1is barely apparent and may be considered to be either .
nonexistent or so close in basis weight (less than 25 percent) to that of
the low basis weight region 26, that it is not present for purposes of
the present invention.

Figures 2D}-2D3 show cellulosic fibrous structures 20 having no
intermediate basis weight region 25. Although the fibers may range from
being very randomly oriented, as illustrated in Figure 2Dj, to being very
radially oriented, as jllustrated in Figure 2D3, no intermediate basis
weight regions 25, aperturing, or significant basis weight nonuniformity
within the lTow basis weight regions 26 are present.

Generally, for purposes of the present invention, a cellulosic
fibrous structure 20 is considered to have only two regions 24 and 26 if
the presence of any intermediate basis weight region 25 is less than
about 5 percent of the surface area of the entire low basis weight region
26, inclusive of dny intermediate basis weight region 25, or if the basis
weight of the intermediate basis weight region 25 is within about 25
percent of the basis weight of the low basis weight region 26.

_ By way of example, the intermediate basis weight region 25 in Figure
2C1 is about 4 percent of the total of the area of the low basis weight
region 26. For purposes of the invention described and claimed herein,
the cellulosic fibrous structures 20 illustrated in Figures 2Cj-2D3 are
considered to have the claimed high and low basis weight regions 24 and
26 and to meet the two region criterion of the claims.

The fibers of the ‘Jo regions 24 and 26 may be advantageously
aligned in different directions. For example, the fibers comprising the
essentially continuous high basis weight region 24 may be preferentially
aligned in a generally singular direction, corresponding to the
essentially continuous network of the annuluses 65 between adjacent
protuberances 59 and the influence of the machine direction of the
manufacturing process, as illustrated in Figure 1.
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the fiber |length should be considered. | f the protuberances are too

cl osely spaced, the cellulosic fibers may bridge the protuberances and not
be. deposited owmde440B677f ace of the form ng el ement. Accor dpOy US93 06484
present invention, the formng elenent is a formng belt having a plurality
of regions discrinmnated fromone another by hgving different flow

resi stances. The liquid carrier drains through the regions of the formng
belt according to the flow resistance presented thereby. For exanmple, if
there are inpervious regions, such as protuberances or bl ockages in
the forming belts, no Thigurtigomenti provides forafiberhrtoukm genarably aytuahly aavallel

hence few or no fi Bfd havd k! ré@ﬁtﬂ@ﬂ’?%@i&@@eé&eswBoﬁd@gé.on%e, relativély hfh @egPbe
the_flom/re5|stanc§f beémeen tﬂe rea&gggvo{ hLapthQﬁlr%%%St nge nggtpg} is
regions of |ow fl ofif (PRAdiNG produces 4 vely bigh tengjde rerathy™e ik AP A5
in which the cel | uweight fédiens2&nt Sacddgh ntenlséld isqoergthcénm rither relativelybéiigh
geposi teg. I Gener gidi%: weigRE GregidnD84 Sis Yhreka11hCadl@RORLORI bdtad & ®Be High Masis
ormng belt havi ngeiaghierl'e%%nvg ycalr're“isessearndf Lrgaw'smits applied tensile loading throughout
the cellulosic fibrous structure 20,

The Tlow basis weight region 26 comprises fibers which are
substantially radially oriented and emanate outward]y from the centers of
each of the Tow basis weight regions 26. Whether or not fibers are
considered "substantially radially oriented" for purposes of this
invention, is determined by a scale of increasing radiality, illustrated
by Figures series 3A through Figure series 3D respectively.

Figures 3A1-3A3 illustrate cellulosic fibrous structures 20 having
Tow basis weight regions 26 without a plurality of substantially radially
oriented fibers. In particular, Figure 3A} illustrates a cellulosic
fibrous structure 20 having only one radially oriented strand of fibers,
and consequently, poor radial symmetry. Figures 3A2-3A3 show low basis
weight regions 26 having generally random fiber distributions. An
increasing tendency towards a two basis weight cellulosic fibrous
structure 20 is observed as Figures 3A1-3A3 are studied in order.

Figure 3B illustrates a cellulosic fibrous structure 20 having a
somewhat more radial fiber distribution, but still having very poor
radial symmetry of these fibers.

Figures 3C1-3C2 show cellulosic fibrous structures 20 having Tow
basis weight regions 26 with substantially radially oriented cellulosic
fibers in the Tow basis weight regions 26. The radially oriented fibers
are fairly isomerically distributed throughout all four quadrants,
promoting radial symmetry, and only a small percentage of nonradially
oriented fibers is present.

Referring to Figures 3D1-3D3, cellulosic fibrous structures 20
having extremely radially oriented fiber distributions within the Tow
basis weight regions 26 are illustrated. While an increasing tendency
towards a two basis weight cellulosic fibrous structure 20 is observed as
Figures 3D1-3D3 are studied in order, each of the cellulosic fibrous
structures 20 illustrated by Figures 3D;-3D3 has only a minimal
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7 - resi stance,

regi ons. However,

because nore liquid carrier may drain through such
it is to be recogni zed that the flow resistance of a

particul ar WO 94/03677 PCT/US93/06484
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percentage of nonradially oriented fibers. Figures 3D3-3D3 also
illustrate good radial symmetry within the lTow basis weight regions 26.
Generally, for purposes of the present invention, cellulosic fibrous

. structures 20 having a degree of radiality at Tleast as great as

illustrated by Figures 3C3-3C2, and preferably at least as great as
illustrated by Figures 3D;-3D3, are considered to be "substantially
radially oriented" and to meet the radiality criterion of the claims.
Figures 1, 2Cj, 2D3, 3Cj, 3C2, 3Dz, and 3D3 illustrate cellulosic fibrous
structures 20 having a low basis weight region 26 which meets both
criteria and therefore fall within the scope of the claimed invention
(and are the only figures illustrated hereunder which fall within the
claimed scope).

It is, of course, understood that not all of the low basis weight
regions 26 within a particular cellulosic fibrous structure 20 will meet
both (or necessarily either) of the aforementioned criteria of radiality
and being of low basis weight. Due to normal and expected variations in
the manufacturing process, some low basis weight regions 26 within the
cellulosic fibrous structure 20 may not be considered to have two
regions, as set forth above, or not have a plurality of substantially
radially oriented fibers, as set forth above, yet other (even adjacent)
low basis weight regions 26 may meet both criteria. For purposes of the
present invention, a cellulosic fibrous structure 20 preferably has at
least 10 percent, and more preferably at least 20 percent, of the low
basis weight regions 20 within both of the criteria specified above.

Since it is impractical to study each low basis weight region 26
within a given cellulosic fibrous structure 20, the percentage of low
basis weight regions 26 meeting the criteria may be determined as
follows.

The cellulosic fibrous structure 20 is divided into thirds, yielding
three trisections which are preferably oriented in the machine direction
(if known). A Cartesian coordinate system is arranged in each trisection
with units corresponding to the machine and cross machine direction
pitches of the low basis weight regions 26. Using any random number
generator, 33 sets of coordinate points are selected for each outboard
trisection and 34 sets of coordinate points are selected for the central
trisection, yielding a total of 100 coordinate points. Each coordinate
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region on the formng belt is not constant and will change as a function of
tinme. By properly selecting the ratio of the flow resistance between

di screte areagydw/pizgs hi gh fl ow resi stance -and conti nuous ar egacEUSHIIVEIB4
flow resistance, a cellulosic fibrous structure having a particularly
preferred orientation of the cellulosic fiberssacan be acconpli shed.
Particularly, the discrete areas nay have cellulosic fibers disposed in a
substantially radial pattern and be of relatively | ower basis weight than

t he essentially continuous region. A discrete region having radially
oriented cellul osimoiht nersesponds tes 16w basisaweighte refioab2for bfne ycobodinatgipoent

opacity over diScrgfeg é\%g' Qﬂﬁmct?@é"@ﬁht he &l 'b‘dkﬂs'é‘m hPCFeyibA @eragfkomnstead

di SpOSItIOI’] or a nonr af

over r emns, .
el Tl osi o1 br oustapF s KEED iG] highabasiss Epigh rgmea"fﬁ,n&g 14y dastdiedoht
wei ght region and whgsen é.ﬁec]roegstom thét |coovdinatei pdiet niesdse}teetehhm S weights

have been made, parti cgfl.a I
adj acent the hi gh baSIfSHe i@’g]%“dﬂﬁgiﬁg&gﬁa FRYIBRSHE tHEE UIKigraBed Rré Sanalyzed as

set forth above, 1izing magnification and photomicroscopy as desired.
The percentage of low basis weight regions 26 meeting both criteria
determines the percentage for that particular cellulosic fibrous
structure 20.

Of course, if a particular cellulosic fibrous structure 20 does not
have 100 low basis weight regions 26, or a representative sampling of
several individual cellulosic fibrous structures 20 is desired, the 100
points may be spread among several individual cellulosic fibrous
structures 20 and aggregated to determine the percentage for that
sampling.

Of course, the individual cellulosic fibrous structures 20 should be
randomly selected, to maximize the opportunity to achieve a truly
representative sampiing. The individual cellulosic fibrous structure 20
may be randomly selected by assigning a sequential number to each
cellulosic fibrous structure 20 in the package or roll. The numbered
cellulosic fibrous structures 20 are selected at random, using another
random number generator, so that 1 to 10 cellulosic fibrous structures 20
are available for analysis. The 100 Cartesian points are divided, as
evenly as possible, between the 1-10 individual cellulosic fibrous
structures 20. The low basis weight regions 26 corresponding to these
Cartesian points are then analyzed as set forth above.

THE APPARATUS

Many components of the apparatus used to make a cellulosic fibrous
structure 20 according to the present invention are well known in the art
of papermaking. As illustrated in Figure 4, the apparatus may comprise a
means 44 for depositing a Tiquid carrier and cellulosic fibers entrained
therein onto a liquid pervious fiber retentive forming element 42.

The 1liquid pervious fiber retentive forming element 42 may be a
forming belt 42, is the heart of the apparatus and represents one
component of the apparatus which departs from the prior art to
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circunscribes the internediate basis wei ght region. An exanple of such
structures, which do not formpart of the present invention, can be nade

i n accor dancewgw d4p3ermonl y assi gned Application Serial No. OB®20s9%)86484
filed June 28, 1991, in the nanmes of Trokhan et al. However, a

plural region cellulosic fibrous structurg; having discrete

I nternmedi ate and | ow basis wei ght regions has Certain drawbacks.
Particularly, the fibers in the internedi ate basis wei ght region do not
contribute to the load carrying capacity of the cellulosic fibrous
structure. | nsteathpufavdare fthbece latmibufiitireds tsigedtihees 20ddesorvbalic aad claimed

ocel lus which, whiyg ?‘enﬁl pfﬂlrt'{c&ﬁavqgac'thl{ ﬁ&n'&o pépfmﬁ“ bB?’L Ské @1Jeowforg1ng

basi s wei ght regloq hence ion o
tensile | oadings. ehant. hes protuberances 53 Wp3chr f@ﬂﬂvﬁ#ﬂ? rbRFLE HERGRNTREINS 26

The invention conwfi the eeldunglie fibromn steldtwreos2, fandr intermddsiatd waneuluses 65
' which form the high basis weight regions 24 of the cellulosic fibrous
structure 20.

The apparatus may further comprise a secondary belt 46 to which the
cellulosic fibrous structure 20 is transferred after the majority of the
liquid carrier is drained away and the cellulosic fibers are retained on
the forming belt 42. The secondary belt 46 may further comprise a
pattern of knuckles or projections not coincident the regions 24 and 26
of the cellulosic fibrous structure 20. The forming and secondary belts
42 and 46 travel in the directions depicted by arrows A and B
respectively.

After deposition of the liquid carrier and entrained cellulosic
fibers onto the forming belt 42, the cellulosic fibrous structure 20 is
dried according to either or both of known drying means 50a and 50b, such
as a blow through dryer 50a, and/or a Yankee drying drum 50b. Also, the
apparatus may comprise a means, such as a doctor blade 68, for fore-
shortening or creping the cellulosic fibrous structure 20.

If a forming belt 42 is selected for the forming element 42 of the
apparatus used to make the cellulosic fibrous structure 20, the forming
belt 42 has two mutually opposed faces, a first face 53 and a second face
55, as illustrated in Figure 5. The first face 53 is the surface of the
forming belt 42 which contacts the fibers of the cellulosic structure 20
being formed. The first face 53 is referred to in the art as the paper
contacting side of the forming belt 42. The first face 53 has two
topographically distinct regions 53a and 53b. The regions 53a and 53b
are distinguished by the amount of orthogonal variation from the second
and opposite face 55 of the forming belt 42. Such orthogonal variation
js considered to be in the Z-direction. As used herein the "Z-direction”
refers to the direction away from and generally orthogonal to the XY
plane of the forming belt 42, considering the form%ng belt 42 to be a
planar, two-dimensional structure.

The forming belt 42 should be able to withstand all of the known
stresses and operating conditions in which cellulosic, two-dimensional
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havi-ng at |'east two regions disposed in a nonrandom repeating pattern. The
first region is of relatively high basis weight and conprises an

8 essenti alwp 9agpssrnuous network. The second regi on conpri segETAUSIMEARI t Y
of mutually discrete regions of relatively | ow basis weight and which are
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structures are processed and manufactured. A particularly preferred
forming belt 42 may be made according to the teachings of commonly
assigned U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al.,
and particularly according to Figure 5 of Johnson et al., which patent is
incorporated herein by reference for the purpose of showing a
particularly suitable forming element 42 for use with the present
invention and a method of making such forming element 42.

The forming belt 42 is liquid pervious in at least one direction,
particularly the direction from the first face 53 of the belt, through
the forming belt 42, to the second face 55 of the forming belt 42. As
used herein "liquid pervious" refers to the condition where the liquid
carrier of a fibrous slurry may be transmitted through the forming belt
42 without significant obstruction. It may, of course, be helpful or
even necessary to apply a slight differential p;éssure to assist in
transmission of the liquid through the forming belt 42 to insure that the
forming belt 42 has the proper degree of perviousness.

It is not, however, necessary, or even desired, that the entire
surface area of the forming belt 42 be liquid pervious. It is only
necessary that the liquid carrier of the fibrous slurry be easily removed
from the slurry leaving on the first face 53 of “the forming belt 42 an
embryonic cellulosic fibrous structure 20 of the deposited fibers.

The forming belt 42 1is also fiber retentive. As used herein a
component is considered "fiber retentive" if such component retains a
majority of the fibers deposited thereon in a macroscopically
predetermined pattern or geometry, without regard to the orientation or
disposition of any particular fiber. Of course, it is not expected that
a fiber retentive component will retain one hundred percent of the fibers
deposited thereon (particularly as the liquid carrier of the fibers
drains away from such component) nor that such retention be permanent.
It is only necessary that the fibers be retained on the forming belt 42,
or other fiber retentive component, for a period of time sufficient to
allow the steps of the process to be satisfactorily completed.

The forming belt 42 may be thought of as having a reinforcing
structure 57 and a patterned array of protuberances 59 joined in face to
face relation to the reinforcing structure 57, to define the two mutually
opposed faces 53 and 55. The reinforcing structure 57 may comprise a
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circunscribed by the high basis weight first region. The |Iow basis

wei ght regions are conprised of a plurality of substantially radially
oriented fibemg 947036771 n anot her aspect, the invention conpri SBCST/A/SP3/06483S
of producing a single lamna cellulosic fibrous structure having two

regi ons disposed in a nonrandom repeating pattern. The process
conprises the steps of providing a plurality of cellulosic fibers
suspended in a liquid carrier, a fiber retentive form ng el enent havi ng

i quid pervious zones, and a nmeans for depositing the cellulosic fibers
onto the formi ng efenminous THemens,| sichsis af wdvensscaeen depatdiet capevinred t framework.

form ng el ement anthe hﬁbﬂn?&%ﬁﬁb CafrucBlred’ 59 Ngd Eth’k%'i?ﬂﬁ%ﬂ&ghﬂ id Mervious. A
si mul t aneous st ages ab]r;e[g flow rate st g gqnda ¥\9 owraestag The h
hi gh and | ow f1ow T4itabl& Jgeaminguse PRIRFALATNG Shreetirens/ i1 &i sfrepnshaving,g mes
rates, whereby thesfzebefsabautt e tboubdutodd r ftlamsttageerir céntimeten. The openings
substantial Iy rad'@éth)_‘enp"th@'ﬁv?ﬂneﬂﬁi %rbet 8&%’%5- nyas&ﬁ%r%' m%gﬁjra'tB&”%Py%f any

forma plurality of rete regi ons aV|n tivel | ower basi s wei
t han thg r egi onyf o?W@B ired, op ﬁh-sectwn ﬁ‘aments may be formed of po?yester

strands, woven or nonwoven fabrics. Particularly, a 48 x 52 mesh dual
layer reinforcing structure 57 has been found to work well.

One face 55 of the reinforcing structure 57 may be essentially
macroscopically monoplanar and comprises the outwardly oriented face 53
of the forming belt 42. The inwardly oriented face of the forming belt

" 42 is often referred to as the backside of the forming belt 42 and, as
noted above, contacts at least part of the balance of the apparatus
employed in a papermaking operation. The opposing and outwardly oriented
face 53 of the reinforcing structure 57 may be referred to as the fiber-
contacting side of the forming belt 42, because the fibrous slurry,
discussed above, is deposited onto this face 53 of the forming belt 42.

The patterned array of protuberances 59 is joined to the reinforcing
structure 57 and preferably comprises individual protuberances 59 joined
to and extending outwardly from the inwardly oriented face 53 of the
reinforcing structure 57 as illustrated in Figure 5. The protuberances
59 are also considered to be fiber contacting, because the patterned
array of protuberances 59 receives, and indeed may be covered by, the
fibrous slurry as it is deposited onto the forming belt 42.

The protuberances 59 may be joined to the reinforcing structure 57
in any known manner, with a particularly preferred manner being joining a
plurality of the protuberances 59 to the reinforcing structure 57 as a
batch process incorporating a hardenable polymeric photosensitive resin -
rather than individually joining each protuberance 59 of the patterned
array of protuberances 59 to the reinforcing structure 57. The patterned
array of protuberances 59 is preferably formed by manipulating a mass of
generally liquid material so that, when solidified, such material is
contiguous with and forms part of the protuberances 59 and at least
partially surrounds the reinforcing structure 57 in contacting relation-
ship, as illustrated in Figure 5.
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flow rate stage and radially oriented fibers within the discrete |ow basis
wei ght regi ons. Certain fibers are simultaneously orientationally

i nfluenced byW®O84M36M7ow areas. This results in a radi al PET/usIBo648d
bridging of. the inpervious portion. The low flow area provides

this orientational influence w thout excessi®e accunul ati on of fibers over
sai d area. I n-yet another aspect, the invention conprises an apparatus
for formng a cellulosic fibrous structure having at |east two nutually
different basis weights disposed in a nonrandom repeating pattern. The
appar atus conprises afpi Hlustrigded iiaukioureds thet patetneds may Rf ereivberances 59
havi ng zones t hr oghéuldhbe arparged Wodtigar & Yi108altibe oFetdndl s, Cidtobwtiigh NEipers of

drain, and a meang,f %bkﬁ}sakﬂwg .ngggﬁ'eu{' ;&%e(ﬁdfinp%ﬁé ﬂ@irt&%iénorf%mme free

el enent in a nonrandom Treépeating pattern o WO regi ons having nmutua

di fferent basis wenght53b offrihet peptubeiapers S8nte ithe eroximalt efevtiomPsa of the

wei ght region of aGtvasdBNt deilehted Ofick NEAUDFNEhBOrirFFotcidgPIstr@dtury 6f.  This

second | ow basis welgnbndltS 5h&Vided C9' QHndt? topShratS 13Nt fobmf R 6314 Ya2 and
allows for the liquid carrier and fibers therein to flow to the rein-
forcing structure 57. The annuluses 65 between adjacent protuberances 59
form conduits having a defined flow resistance which is dependent upon
the pattern, size and spacing of the protuberances 59.

The protuberances 59 are discrete and preferably regularly spaced so
that large scale weak spots in the essentially continuous network 24 of
the cellulosic fibrous structure 20 are not formed. The liquid carrier
may drain through the annuluses 65 between adjacent protuberances 59 to
the reinforcing structure 57 and deposit fibers thereon. More
preferably, the protuberances 59 are distributed in a nonrandom repeating
pattern so that the essentially continuous network 24 of the cellulosic
fibrous structure 20 (which is formed around and between the
protuberances 59) more uniformly distributes applied tensile loading
throughout the cellulosic . fibrous structure 20. Most preferably, the
protuberances 59 are bilaterally staggered in an array, so that adjacent

- low basis weight regions 26 in the resulting cellulosic fibrous structure
20 are not aligned with either principal direction to which tensile
loading may be appiied.

Referring back to Figure 5, the protuberances 59 are upstanding and
Joined at their proximal ends 53a to the outwardly oriented face 53 of
the reinforcing structure 57 and extend away from this face 53 to a
distal or free end 53b which defines the furthest orthogonal variation of
the patterned array of protuberances 59 from the outwardly oriented face
53 of the reinforcing structure 57. Thus, the outwardly oriented face 53
of the forming belt 42 is defined at two elevations. The proximal
elevation of the outwardly oriented face 53 is defined by the surface of
the reinforcing structure 57 to which the proximal ends 53a of the
protuberances 59 are joined, taking into account, of course, any material
of the protuberances 59 which surrounds the reinforcing structure 57 upon
solidification. The distal elevation of the outwardly oriented face 53
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oriented fibers.

9 The

retaining neans may conprise a liquid pervious reinforcing structure and a
patterned arr a0 9470970t uber ances j oi ned t hereto. The PCT/US93/06484
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s defined by the free ends 53b of the patterned array of protuberances
.59. The opposed and inwardly oriented face 55 of the forming belt 42 is

defined by the other face of the reinforcing structure 57, taking into
account, of course, any material of the protuberances 59 which surrounds
the reinforcing structure 57 upon solidification, which face is opposite
the direction of extent of the protuberances 59.

The protuberances 59 may extend, orthogonal the plane of the forming
belt 42, outwardly from the proximal elevation of the outwardly oriented
face 53 of the reinforcing structure 57 about 0.05 millimeters to about
1.3 millimeters (0.002 to 0.050 inches). Obviously, if the protuberances
59 have zero extent in the Z-direction, a more nearly constant basis
weight cellulosic fibrous structure 20 results. Thus, if it is desired
to minimize the difference in basis weights between adjacent high basis
weight regions 24 and low basis weight regions 26 of the cellulosic
fibrous structure 20, generally shorter protuberances 59 should be
utilized.

As illustrated in Figure 6, the protuberances 59 preferably do not
have sharp corners, particularly in the XY plane, so that stress
concentrations in the resulting low basis weight regions 26 of the
cellulosic fibrous structure 20 of Figure 1 are obviated. A particularly
preferred protuberance 59 is curvirhombohedrally shaped, having a cross-
section which resembles a rhombus with radiused corners.

Without regard to the cross-sectional area of the protuberances 59,
the sides of the protuberances 59 may be generally mutually parallel and
orthogonal the plane of the forming belt 42. Alternatively, the
protuberances 59 may be somewhat tapered, yielding a frustroconical
shape, as illustrated in Figure 5.

It is not necessary that the protuberances 59 be of uniform height
or that the free ends 53b of the protuberances 59 be equally spaced from
the proximal elevation 53a of the outwardly oriented face 53 of the
reinforcing structure 57. If it is desired to incorporate more complex
patterns than those illustrated into the cellulosic fibrous structure 20,
it will be understood by one skilled in the art that this may be
accomplished by having a topography defined by several Z-directional
Tevels of upstanding protuberances 59 - each level yielding a different
basis weight than occurs in the regions of the cellulosic fibrous
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patt.erned array of protuberances may have a liquid perV|ous aperture

t heret hrough, and/or may be radially segnented. BRI EF
DESCRI PTI ON CWOM0IRAW NGS Wil e the Specification conclBOEYUSHBNN6MS4
clai-nms particularly.pointing out and distinctly claining the present

i nvention, it is believed the same will be betjgger understood by the

foll owi ng Specification taken in conjunction with the associated draw ngs
in which |ike conponents are given the same reference nuneral, anal ogous
conponents are designated with one or nore prinme synbols, and: Fi gure
1is atop plan phtrastueo@0apiefinedi by dhe apratubenapessc 59 of the qther olevels.

structure accordi ngl tiePndth ey, eoieiRt mbﬁ\dﬁnbti@?wmwaﬁ@mphshed by adiféering ebe'lt 42

oodarr- 50 1 ar bt b BHREFLANRRAE o™ ey BB G o tevcions

fibrous structures mawlnmg)thew aeys ,oforiiexanylendwying unifors sized protuberances 59
joined to a reinforcing structure 57 having a planarity wh1ch
significantly varies vrelative to the Z-direction extent of the
protuberances 59.

As illustrated in Figure 6, the patterned array of protuberances 59
may, preferably, range in area, as a percentage of the projected surface
area of the forming belt 42, from a minimum of about 20 percent of the
total projected surface area of the forming belt 42 to a maximum of about
80 percent of the total projected surface area of the forming belt 42,
without considering the contribution of the reinforcing structure 57 to
the projected surface area of the forming belt 42. The contribution of
the patterned array of protuberances 59 to the total projected surface
area of the forming belt 42 is taken as the aggregate of the projected
area of each protuberance 59 taken at the maximum projection against an
orthogonal to the outwardly oriented face 53 of the reinforcing structure
57.

It is to be recognized that as the contribution of the protuberances
59 to the total surface area of the forming belt 42 diminishes, the
previously described high basis weight essentially continuous network 24
of the cellulosic fibrous structure 20 increases, minimizing the economic
use of raw materials. Further, the distance between the mutually opposed
sides of adjacent protuberances 59 of the forming belt 42 should be
increased as the length of the fibers increases, otherwise the fibers may
bridge adjacent protuberances 59 and hence not penetrate the conduits
between adjacent protuberances 59 to the reinforcing structure 57 defined
by the surface area of the proximal elevation 53a.

The second face 55 of the forming belt 42 may have a defined and
noticeable topography or may be essentially macroscopically monoplanar.
As used herein "essentially macroscopically monoplanar" refers to the
geometry of the forming belt 42 when it is placed in a two-dimensional
configuration and has only minor and tolerable deviations from absolute
planarity, which deviations do not adversely affect the performance of
the forming belt 42 in producing cellulesic fibrous structures 20 as

This Sheet Has Been Replaced

A




wei ght s between the | ow and hi gh basis weight regions, within
each al phabetically |abeled series of figures an increasi’'ng
tendency t owaWO@I4M36Wo basis wei ght structure is shown as eacHCI/US93/06484

series is examned in order, and increasing radiality is shown as
the subscripted figures are exam ned in order 2ai thin each

al phabetically | abel ed series; Figures 3Alerr]-3Derr] are top plan
phot om crographi c views of cellulosic fibrous structures having a

range of degrees o | sent in the | ow basis wei ght
regions, within ea{%c” eg abo¥1e ad, Aiged cba‘ﬁPY/ Iébﬂleédgi"é'ﬁ'é's ofis the g}ﬁg‘?-;“g face
i ncr easi ng radial 1588 topographicals sdrowessenté#idl swacrescopscalipm mendplamar, s

order, and an - accegtab'l@c gaﬁ:'ng' tgﬂbgw %p‘ﬂg’ad;fd‘?heaf]im BR3' & W?'t%latforﬁmr?

structure ures are exam ne
each al piedbet? cia gt | uﬁer'wtgder%gemtwns PPl ukaEger magnitydee pad the

side el evati onal oeming belt &ppran dleussedwith the process sty describedi Rerdin.0 The

make the cellul Os'ééthJ”¥QH§ §§t5+"ihgrf5rm1ng belt 42 may contact the equipment used in
the process of making the cellulosic fibrous structure 20 and has been
referred to in the art as the machine side of the forming belt 42.

The protuberances 59 define annuluses 65 having multiple and
different flow resistances in the liquid pervious portion of the forming
belt 42. One manner in which differing regions may be provided is
illustrated in Figure 6. Each protuberance 59 of the forming belt of
Figure 6 may be substantially equally spaced from the adjacent
protuberance 59, providing an essentially continuous network annulus 65
between adjacent protuberances 59.

Extending in the Z-direction through the approximate center of a
plurality of the protuberances 59 or, through each of the protuberances
59, is an aperture 63 which provides fluid communication between the free
end 53b of the protuberance 59 and the proximal elevation 53a of the
outwardly oriented face 53 of the reinforcing structure 57.

The flow resistance of the aperture 63 through the protuberance 59
is different from, and typically greater than the flow resistance of the
annulus 65 between adjacent protuberances 59. Therefore, typically more
of the 1liquid carrier will drain through the annuluses 65 between
adjacent protuberances 59 than through the aperture 63 within and
circumscribed by the free end 53b of a particular protuberance 59.
Because less liquid carrier drains through the aperture 63, than through
the annulus 65 between adjacent protuberances 59, relatively more fibers
are deposited onto the reinforcing structure 57 subjacent the annulus 65
between adjacent protuberances 59 than onto the reinforcing structure 57
subjacent the apertures 63.

The annuluses 65 and apertures 63 respectively define high flow rate
and Tow flow rate zones in the forming belt 42. The initial mass flow
rate of the liquid carrier through the annuluses 65 is greater than the
‘initial mass flow rate of the liquid carrier through the apertures 63.
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according to the present.invention;
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el enent
i ne

Figure 5 is a fragnentary side elevational view of a form
WO 94/@367 T

n
g apertures through the protuberances aﬂﬂjV&ﬁggWQWGng

5-5 of Figure 4;
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It will be recognized that no liquid carrier will flow through the
protuberances 59, because the protuberances 59 are impervious to the
liquid carrier. However, depending upon the elevation of the distal ends
53b of the protuberances 59 and the length of the cellulosic fibers,
cellulosic fibers may be deposited on the distal ends 53b of the
protuberances 59.

As used herein, the "initial mass flow rate" refers to the flow rate
of the liquid carrier when it is first introduced to and deposited upon
the forming belt 42. Of course, it will be recognized that both flow
rate zones will decrease in mass flow rate as a function of time as the
apertures 63 or annuluses 65 which define the zones become obturated with
cellulosic fibers suspended in the liquid carrier and retained by the
forming belt 42. The difference in flow resistance between the apertures
63 and the annuluses 65 provides a means for retaining different basis
weights of cellulosic fibers in a pattern in the different zones of the
forming belt 42.

This difference in flow rates through the zones is referred to as
“staged draining," 1in recognition that a step discontinuity exists
between the initial flow rate of the liquid carrier through the high and
low flow rate zones. Staged draining can be advantageously used, as
described above, to deposit different amounts of fibers in a tessellating
pattern in the different regions 24 and the cellulosic fibrous structure
20.

" More particularly, the high basis weight regions 24 will occur in a
nonrandom repeating pattern substantially corresponding to the high flow
rate zones (the annuluses 65) of the forming belt 42 and to the high flow
rate stage of the process used to manufacture the cellulosic fibrous
structure 20. The low basis weight regions 26 will occur in a nonrandom
repeating pattern substantially corresponding to the Tow flow rate zones
(the apertures 63 and protuberances 59) of the forming belt 42 and to the
low flow rate stage of the process used to manufacture the cellulosic
fibrous structure 20.

The flow resistance of the entire forming belt 42 can be easily
measured according to techniques well known to one skilled in the art.
However, measuring the flow resistance of the high and low flow rate
zones, and the differences in flow resistance therebetween is more
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Figure 6 is a fragmentary top plan view of the form ng el ement of
Figure 5; and FL%ures 7A and 7B are schematic top plan views of an
alternative WO9%/0367Ienhodi nent of a forni ng el ement which naycl%lﬁféé‘lf“%

make - cellutosic fibrous structures according to the present
i nvention and having radially segnmented protuB®rances.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON THE PRODUCT As illustrated in

Figure 1, a cellulosic fibrous structure 20 according to the present
uentyon, bas, Lo SRFIGHE g 5L <l 85 L, Y5k Sy 55,y " faB s
cel l ul osi ¢ fi bers Hawever, aflowaresi shanpemayl beyinfervedafrom theehydraulithpadius of the
cel lulosic fibersponef unéye coMdedddfdns VERhENUTTY CFTIOWS réisthmtedi FPOSREErsETy
a substantial |y raqu"ogértggﬁat‘!e{p the hydraulic radius.

The hydraulic radius of a zone.is defined as the area of the zone
divided by the wetted perimeter of the zone. The denominator frequently
jncludes a constant, such as 4. However, since, for this purpose, it is
only important to examine differences between the hydraulic radii of the _
zones, the constant may either be included or omitted as desired.

Algebraically this may be expressed as:

Hydraulic Radius = Flow Area
k x Wetted Perimeter

wherein the flow area is the area through the aperture 63 of the
protuberance 59, or the flow area between adjacent protuberances 59, as
more fully defined below and the wetted perimeter is the linear dimension
of the perimeter of the zone in contact with the liquid carrier. The
hydraulic radii of several common shapes is well known and can be found
in many references such as Mark’s Standard Handbook for Mechanical
Engineers, eighth edition, which reference is incorporated herein by
reference for the purpose of showing the hydraulic radius of several
common shapes and a teaching of how to find the hydraulic radius of
irregular shapes.

The hydraulic radius of a given forming element 42, or portion
thereof, may be calculated by considering any  unit cell, i.e., the
smallest repeating unit which defines a full protuberance 59 and the
annulus 65 which circumscribes the protuberance 59. Of course, the unit
cell should measure the hydraulic radii at the elevation of the
protuberances 59 and annuluses 65 which provide the greatest restriction
to flow. For example, the height of a photosensitive resin protuberance
59 from the reinforcing structure 57 may influence its flow resistance.
If the protuberances 59 are tapered, a correction to the calculated
hydraulic radius may be incorporated by considering the air permeability
of the forming element 42, as discussed below relative to Table I.
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The ‘fi bers are conponents of the cellulosic fibrous structure 20 and have
one very large dinension (along the |ongitudinal axis of the-fiber

conpared to t RO M/P 7t wo rel atively very small di nensions (mEGHUSH3/06484
per pendi cul ar, and being both radial and perpendicular to the |ongi-

tudinal axis of the fiber), so that linearit30is approximted. Wile

m croscopi ¢ exam nation of the fibers may reveal two ot her di nensions which
are snmall, conpared to the principal dinension of the fibers, such other

two smal | di nensions n net S anti gl | ival.ent noy, _cpn & ..
t hr oughout the axi al |§§§t° gosfugﬁhcé’%?cgé?m ?er %g&%ﬁp&/%ﬁ)g??? atfhe F‘Y‘nd;%eﬂﬁerad”’
fi ber be able to bdhscussesibeiows may de Iessabhan thath@ntualdy qaresents iopethe famming
be distributed by @iémefiti 4b.CaThd Fatios of hYBFaui®ali T+ YiWéR SnNehd Examples below

Ilulosic fib 0 h ' lyol efi
ol yostar: are pr oAEt Fy et BE PR RN 4E' W IR oTs *Tayon or

bagasse; and nore pref Betayringart idaurepfl.p.onespessible sufit weblsfor the forming

(gymmosperms or cogiéRhOUs2 % {Austrdeedishy Ahgi @8sMREMFinedr C-CISCi ORUbRFse, Ay

used herein, a %gnlmld%lr{)essl thii:llw bglgeuscreated by the unit cell, but which do not
constitute wetted perimeter of the flow path are not considered when
calculating the hydraulic radius.

The flow area used to calculate the hydraulic radius does not take
into consideration any restrictions imposed by the reinforcing structure
57 underneath the protuberances 59. Of course, it will be recognized
that as the size of the apertures 63 decreases, either due to a smaller
sized pattern being selected, or the diameter of the aperture 63 being
smaller, a cellulosic fibrous structure 20 may result which does not have
the requisite radiality in the low basis weight regions 26 or even have
three regions discriminated by basis weight. Such deviations may be due
to the flow resistance imparted by the reinforcing structure 20.

For the forming elements 42, illustrated in Figure 6, the two zones
of interest are defined as follows. The selected zones comprise the
annular perimeter circumscribing a protuberance 59. The extent of the
annular perimeter in the XY direction for a given protuberance 59 is
one-half of the radial distance from the protuberance 59 to the adjacent
protuberance 59. Thus, the region 69 between adjacent protuberances 59
will have a border, centered therein, which is coterminous the annular
perimeter of the adjacent protuberances 59 defining such annulus 65
between the adjacent protuberances 59. _

Furthermore, because the protuberances 59 extend in the Z-direction
to an elevation above that of the balance of the reinforcing structure
57, fewer fibers will be deposited in the regions superjacent the
protuberances 59, because the fibers deposited on the portions of the
reinforcing structure 57 corresponding to the apertures 63 and annuluses
65 between adjacent protuberances must build up to the elevation of the
free ends 53b of the protuberances 59, before additional fibers will
remain on top of the protuberances 59 without being drained inte either
the aperture 63 or annulus 65 between adjacent protuberances 59.
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structure is considered "cellulosic" if the cellulosic fibrous structure

conpri ses at

| east about 50 wei ght percent. or at |east about 50 vol une

11 per centW@8#036%@si ¢ fibers, including but not |initedPEH/YWIIILN6484

fibers
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One nonlimiting example of a forming belt 42 which has been found to
work well in accordance with the present invention has a 52 dual mesh
weave reinforcing structure 57. The reinforcing structure 57 is made of
filaments having a warp diameter of about 0.15 millimeters (0.006 inches)
a shute diameter of about 0.18 millimeters (0.007 inches) with about
45-50 percent open area. The reinforcing structure 57 can pass
approximately 36,300 standard liters per minute (1,280 standard cubic
feet per minute) air flow at a differential pressure of about 12.7
millimeters (0.5 inches) of water. The thickness of the reinforcing
structure 57 is about 0.76 millimeters (0.03 inches), taking into account
the knuckles formed by the woven pattern between the two faces 53 and 55
of the forming belt 42.

Joined to the reinforcing structure 57 of the forming belt 42 is a
plurality of bilaterally staggered protuberances 59. Each protuberance
59 is spaced from the adjacent protuberance on a machine direction pitch
of about 24 millimeters (0.096 inches) and a cross machine direction
pitch of about 1.3 millimeters {0.052 inches). The protuberances 59 are
provided at a density of about 47 protuberances 59 per square centimeter
(200 protuberances 59 per square inch).

Each protuberance 59 has a width in the cross machine direction
between opposing corners of about 0.9 millimeters (0.036 inches) and a
length in the machine direction between opposing corners of about 1.4

- millimeters (0.054 inches). The protuberances 59 extend about 0.1

millimeters (0.004 inches) in the Z-direction from the proximal elevation
53a of the outwardly oriented face 53 of the reinforcing structure 57 to
the free end 53b of the protuberance 58. S

Each protuberance 59 has an aperture 63 centered therein and
extending from the free end 53b of the protuberance 59 to the proximal
elevation 53a of the protuberance 59 so that the free end 53b of the
protuberance is in fluid communication with the reinforcing structure 57.
Each aperture 63 centered in the protuberance 59 is generally
elliptically shaped and may have a major axis of about 0.8 millimeters
{0.030 inches) and a minor axis of about 0.5 millimeters (0.021 inches).
With the protuberances 59 adjoined to the reinforcing structure 57, the
forming belt 42 has an air permeability of about 17,300 standard liters
per minute (610 standard cubic feet per minute) and air flow at a
differential pressure at about 12.7 millimeters (0.5 inches) of water.
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|isted above. A <cellulosic mxture of wod pulp fibers conprising
softwood fibers having a length of about 2.0 to about 4.5 mllineters and a
di anet er of WO94/03&7t o about 50 mi croneters, and hardwood fi BPETEUSAIA6ASH a
| ength of less than.about 1 mllineter and a diameter of about 12 to about
25 mcroneters has been found to work well fogzthe cellulosic fibrous
structures 20 described herein. If wood pulp fibers are selected for
the cellulosic fibrous structure 20, the fibers may be produced by any

pul pi ng process including chem cal processes, such as sulfite, sulphate and
soda processes; arde W&#ﬂ%”@ﬁ?espﬁgc%% abgeth 0ad mildimeters (@Bbdinches) above

Al ternatively, thehti bsdes 580y oPether Qdmfedcim g¢orietivet i5NS Tiisclrormingl beryd 42
mechani cal processpsg% os "Ehe %ﬁ;pﬁ%ﬁ g"""f. F&t%ﬁpg Ocﬁﬁtﬂkf'raatt%zg nveﬂ;{wel

processi ng of the ers use resen
A cellul osic fibrous dsridustrated 1&0&9"6@ iy t’!? ﬂmrﬁﬂésémthﬁh\ﬁéntﬂﬂéﬁs i & means
macroscopi cal ly tug- ﬁbrfmﬂfblsmb ﬂfédlﬂﬂuwét&rrﬁ#-tmué}hrﬁlﬂiedr@%ﬁﬁﬁt|ﬂlbéﬁsabnto

The cellulosic fibrougShnd'chiit®a20 FRY bR SarfiTin My CHERSS the HS 53 of the
forming belt 42 having the discrete upstanding protuberances 59, so that
the reinforcing structure 57 and the protuberances 59 are completely .
covered by the fibrous slurry. A headbox 44, as is well known in the
art, may be advantageously used for this purpose. While several types of
headboxes 44 are known in the art, one headbox 44 which has been found to
work well 1is a conventional twin wire headbox 44 which generally
continuously applies and deposits the fibrous slurry onto the outwardly
oriented face 53 of the forming belt 42.

The means 44 for depositing the fibrous slurry and the forming belt
42 are moved relative to one another, so that a generally consistent
quantity of the liquid carrier and entrained cellulosic fibers may be
deposited on the forming belt 42 in a continuous process. Alternatively,
the liquid carrier and entrained cellulosic fibers may be deposited on
the forming belt 42 in a batch process. Preferably, the means 44 for
depositing the fibrous slurry onto the pervious forming belt 42 can be
regulated, so that as the rate of differential movement between the
forming belt 42 and the depositing means 44 increases or decreases,
Targer or smaller quantities of the 1liquid carrier and entrained
cellulosic fibers may be deposited onto the forming belt 42 per unit of
time, respectively.

Also, a means 50a and/or 50b for drying the fibrous slurry from the
embryonic cellulosic fibrous structure 20 of fibers to form a
two-dimensional cellulosic fibrous structure 20 having a consistency of
at least about 90 percent may be provided. Any convenient drying means
50a and/or 50b well known in the papermaking art can be used to dry the
embryonic cellulosic fibrous structure 20 of the fibrous slurry. For
example, press felts, thermal hoods, infra-red radiation, blow-through
dryers 50a, and Yankee drying drums 50b, each used alone or in
combination, are satisfactory and well known in the art. A particularly
preferred drying method utilizes a blow-through dryer 50a, and a Yankee
drying drum 50b in sequence.
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third di nension. However, the third dinmension is very small conpared to the
actual first two dinensions or to the capability to manufacture a
cellulosic fi Wweeodruct ure 20 having relatively | arge neasurmOpUSS3/064slhe
first two di nensions. The cellulosic fibrous structure 20 according to
the present invention conprises a single lamng  However, it is to be
recogni zed that two single | am nae, either or both nade according to the
present invention, may be joined in face-to-face relation to forma unitary
| am nate. A ceIIuIOS|c fibrous structure 20 according to the present
invention is consider elif tdesheeda 'asi Appasatusniageerding ito ithet presanbf fnvenkion may

form ng €l enent, drmnss%dmﬁ}ek@% amgmw mhes@hesetshmvmmguﬂeha Ckmﬁ.sim(ﬂsmn
nl esSs Is. ar 0 Or

Prom the sheet . ThIcEY RAPRAPUER, B Giocsse, abtfl 83 ey shidiy, pceisher
or remain nonenbosﬁﬂmmgasb&iésﬂz eer, if desrired, ci®l Ithé osscendarybbelts 4ﬁstdmmgufcbe
20 according to pH&Gss Pde3efibed hBOVRN I THR ch&icaPeoffdundCray Pict a8t €NPdTe@se
properties which ag en%c{o preven% undesired adhesion of the cellulosic fibrous structure
20 to either forming belt 42 or to the secondary belt 46. Further, the
emulsion roll 66 may be used to deposit a chemical compound to treat the
forming belt 42 or secondary belt 46 and thereby extend its useful life.
Preferably, the emulsion is added to the outwardly oriented topographical
faces 53 of the forming belt 42 when such forming belt 42 does not have
the cellulosic fibrous structure 20 in contact therewith. Typically,
this will occur after the cellulosic fibrous structure 20 has been
transferred from the forming belt 42, and the forming belt 42 is on the
return path.

Preferred chemical compounds for emulsions include compositions
containing water, high speed turbine o0il known as Regal 0il sold by the
Texaco 0il1 Company of Houston, Texas under product number R&0 68 Code
702; dimethyl distearyl ammoniumchloride sold by the Sherex Chemical
Company, Inc. of Rolling Meadows, Illinois as AOGEN TA100; cetyl alcohol
manufactured by the Procter & Gamble Company of Cincinnati, Ohio; and an
antioxidant such as is sold by American Cyanamid of Wayne, New Jersey as
Cyanox 1790. Also, if desired, cleaning showers or sprays (not shown)
may be utilized to cleanse the forming belt 42 of fibers and other
residues remaining after the cellulosic fibrous structure 20 s
transferred from the forming belt 42. .

An optional, but highly preferred step in providing a cellulosic
fibrous structure 20 according to the present invention is foreshortening
the cellulosic fibrous structure 20 after it is dried. As used herein,
"foreshortening" refers to the step of reducing the length of the
cellulosic fibrous structure 20 by rearranging the fibers and disrupting
fiber-to-fiber bonds. Foreshortening may be accomplished in any of
several well known ways, the most common and preferféd being creping.

The step of creping may be accomplished in conjunction with the step
of drying, by utilizing the aforementioned Yankee drying drum 50b. In
the creping operation, the cellulosic fibrous structure 20 is adhered to
a surface,'preferab1y the Yankee drying drum 50b, and then removed from

L L i
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regions fromeach other. For exanple, the basis weight of the cellulosic
fibrous structure 20 is one intensive property which discriminates the

regi ons
12 -

fr onWOAH0363T her. As wused herein, a property is RO 084

34

that surface with a doctor blade 68 by the relative movement between the
doctor blade 68 and the surface to which the cellulosic fibrous structure
20 1is adhered. The doctor blade 68 is oriented with a component
orthogonal the direction of relative movement between the surface and the
doctor blade 68, and is preferably substantially orthogonal thereto.

Also, a means for applying a differential pressure to selected
portions of the cellulosic fibrous structure 20 may be provided. The
differential pressure may cause densification or dedensification of the
regions 24 and 26 of the cellulosic fibrous structure 20. The
differential pressure may be applied to the cellulosic fibrous structure
20 during any step in the process before too much of the liquid carrier
is drained away, and is preferably applied while the cellulosic fibrous
structure 20 is still an embryonic celluloesic fibtqus structure 20. If
too much of the liquid carrier is drained away before the differential
pressure is applied, the fibers may be too stiff and not sufficiently
conform to the topography of the patterned array of protuberances 59,
thus yielding a cellulosic fibrous structure 20 that does not have the
described regions of differing density.

If desired, the regions 24 and 26 of the cellulosic fibrous
structure 20 may be further subdivided according to density.
Particularly, certain of the high basis weight regions 24 or certain of
the low basis weight regions 26 may be densified or dedensified. This
may be accomplished by transferring the cellulosic fibrous structure 20
from the forming belt 42 to a secondary belt 46 having projections which
are not coincident the discrete protuberances 59 of the forming belt 42.
During or after the transfer, the projections of the secondary belt 46
compress the certain sites of the regions 24 and 26 of the cellulosic
fibrous structure 20, causing densification of such sites to occur. Of
course, a greater degree of densification will be imparted to the sites
in the high basis weight regions 24, than to the sites of the low basis
weight regions 26.

When selected sites are compressed by the projections of the
secondafy belt 46, such sites are densified and have greater fiber to
fiber bonding. Such bonding increases the tensile strength of such
sites, and generally increases the tensile strength of the entire
cellulosic fibrous structure 20. Preferably, the densification occurs
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"intensive" if it does not have a val ue dependent upon the aggregation of
values within the plane of the celluloesic fibrous structure 20. Exanpl es of
two di nensi orwi0Il9¢/03617ensi ve properties include the density, prgrecssdesss
capillary size, basis weight, tenperature, conpressive noduli, tensile
modul i, fiber orientation, etc., of the cellukgsic fibrous structure 20. As
used herein properties which depend upon the aggregation of various val ues
of subsystens or conponents of the cellulosic fibrous structure 20 are
considered "extensive" in all three dinensions. Exanples of

ext ensi ve propertibefovendioadruchhef vidieghiquidasarriemlignérained away esandf thehd ibers

cellulosic fibrousgetbhelebs!rtifP to J&?ﬁoi-nmtﬁnﬂieV%ﬂbbP%S/Wf Wﬁ@tpa'tﬂm% aiﬂtra} Gf
the cellul osic flbrOﬁéjstruct%ge 20 described and clalined herein is the

basi s wei ght . €La%5%81Y'si ¢ fibrous structure 20 according to the
present invention has Atermadivelywsedectednsitebasfi $hewiaginus végioms 2deant 26 dmay

][39:)"\’99” two identipel %@&&s@?%s 'iﬁtfr%%ﬁﬁ tRe a@ahﬁ@rg'aﬂﬂsabﬁfrbérﬁ% 3 E&Hho%&es '
' brous structure DzegensA%\caimn hrenarlyel r2>ccm‘ by atsrlar?sferm%g the ce elu)(ves‘g fibrous
structure 20 from the forming belt 42 to a secondary belt 46 having
“vacuum pervious regions not coincident the protuberances 59 or the
various regions 24 and 26 of the cellulosic fibrous structure 20. After
transfer of the cellulosic fibrous structure 20 to the secondary belt 46,
a differential fluid pressure, either positive or subatmospheric, is
applied to the vacuum pervious regions of the secondary belt 46. The
differential fluid pressure causes deflection of the fibers of each site
coincident the vacuum pervious regions to occur in a plane normal to the
secondary belt 46. By deflecting the fibers of the sites subjected to
the differential fluid pressure, the fibers move away from the plane of
the cellulosic fibrous structure 20 and increase the caliper thereof.

THE PROCESS

The cellulosic fibrous structure 20 according to the present
invention may be made according to the process comprising the following
steps. The first step is to provide a plurality of cellulosic fibers
entrained in a liquid carrier. The cellulosic fibers are not dissolved
in the liquid carrier, but merely suspended therein. Also provided is a
Tiquid pervious fiber retentive forming element 42, such as a forming
belt 42. The forming element 42 has fluid pervious zones 63 and 65 and
upstanding protuberances 59. Also provided is a means 44 for depositing
the liquid carrier and entrained cellulosic fibers onto the forming
element 42. '

The forming belt 42 has high flow rate and low flow rate 1liquid
pervious zones respectively defined by annuluses 65 and apertures 63.
The forming belt 42 also has upstanding protuberances 59.

The liquid carrier and entrained cellulosic fibers are deposited
onto the forming belt 42 illustrated in Figure 6. The liquid carrier is
drained through the forming belt 42 in two simultaneous stages, a high
flow rate stage and a low flow rate stage. In the high flow rate stage,
the liquid carrier drains through the liquid pervious high flow rate
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measured in grans force, of a unit area of the cellulosic fibrous structure
20, which unit area is taken in the plane of the cellulosic fibrous
structure 20.W094/086%ec and shape of the unit area from whi ch POE/UES3/08484
wei ght is nmeasured is dependent upon the relative and absol ute sizes and
shapes of the regions 24 and 26 having the di g§erent basis weights. It
w Il be recognized by one skilled in the art that wwthin a given region 24
or 26, ordinary and expected basis weight fluctuations and variati ons may
occur, when such given region 24 or 26 is considered to have one basis
wei ght. For exanpl#nes fatoh gavesi iriddabfiew rateeuntidhebtyratiion gecyrs (o the 1iquid
T Tentr: pens S e ISE B RO h polte  Torog 1 42)
\émt r uc{ E?g 20 is be‘"néaé?r‘;'é)guf@& ritﬁesfﬁéi’ s*%?b‘ﬂ‘?doﬁargﬁ%rh dr?ﬁ'@i glﬁrougﬁologr Flow
26 is greater thatatezzongs of thecifornfingcelemeriton? atamdyiven iiait s flawerate which
normal and expect egd [@sUtKanOthet @i tTBN YA 6 trbitd BBrdREPRRE high Flow Iraté ToRéd.
necessary that exact t&u@gx?rrs'eeghed'f\ﬂwg era%(eji at?ugpl}ghrggfhort]ﬁe 3hAigh and low flow rate
zones in the forming belt 42 decrease as a function of time, due to
expected obturation of both zones. Without being bound by theory, the
Tow flow rate zones may obturate before the high flow rate zones
obturate.

Without being bound by theory, the first occurring zone obturation
may be due to the lesser hydraulic radius and greater flow resistance of
such zones, based upon factors such as the flow area, wetted perimeter,
shape and distribution of the Tow flow rate zones, or may be due to a
greater flow rate through such zone accompanied by a greater depiction of
fibers. The low flow rate zones may, for example, comprise apertures 63
through the protuberances 59, which apertures 63 have a greater flow
resistance than the 1liquid pervious annuluses 65 between adjacent
protuberances 59.

During both stages of draining, certain cellulosic fibers are
simultaneously orientationally influenced by both the high and low flow

- rate zones. These influences result in a radially oriented bridging of
the fibers across the surface of the protuberance 59 which has infinite
flow resistance. This radial bridging spans the high basis weight region
24 throughout each discrete low basis weight region 26. The low flow
rate zone provides the orientational influence for such bridging to occur
without excessive accumulation of fibers at the centroid of the low flow
rate zone and minimizes or prevents an intermediate basis weight region
25 from occurring.

It is important that the ratic of the flow resistances between the
apertures 63 and the annuluses 65 be properly proportioned. If the flow
resistance through the apertures 63 is too small, an intermediate basis
weight region 25 may be formed and generally centered in the low basis
weight region 24. This arrangement will result in a three region
cellulosic fibrous structure 20. Conversely, if the flow resistance is
too great, a low basis weight region having a random, or other nonradial,
distribution of fibers may occur.
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or 26 of different basis weights, or that a sharp demarcation between

adj acent

regions 24 or 26 of different basis weights be apparent at all. It

is only inporweddsdleat the distribution of fibers per unit araes93/06484

di fferent
13

in . different positions of the cellulosic fibrous structure 20

37

The flow resistance of the apertures 63 and the annuluses 65 may be
determined by using the hydraulic radius, as set forth above. Based upon
the examples analyzed below, the ratio of the hydraulic radii of the
annuluses 65 to the apertures 63, should be at least about 2 for a
forming element 42 having about 5 to about 31 protuberances 59 per square
centimeter (30 to 200 protuberances 59 per square inch). It would be
expected that a lower ratio of hydraulic radii, say at least about 1.1,
would be suitable for a forming element 42 having more than 31
protuberances 59 per square centimeter (200 protuberances 59 per square
inch) up to a pattern of about 78 protuberances 59 per square centimeter
(500 protuberances 59 per square inch).

Table I illustrates the geometry of five forming elements 42 used to
form examples of the cellulosic fibrous structures 20 which are analyzed
in more detail below. Referring to the first column in Table I, the

-area of the annuluses 65, as a percentage of the total surface area of

the forming element 42, 1is either 30 percent or 50 percent. As
illustrated in the second column, the surface area of the apertures 63,
as a percentage of the total surface area of the forming element 42, is
from 10 percent to 20 percent. The third column gives the extent of the
protuberances 59 above the reinforcing structure 57. In the fourth
column, the theoretical ratio of the hydraulic radii of the annuluses 65
to the apertures 63 is calculated, as set forth above. In the fifth
column, the actual ratio of the hydraulic radius is calculated, as set
forth below.

The actual hydraulic radii, and hence the ratio thereof, were
jteratively calculated from the air permeabilities of the forming element
42 with and without the protuberances 59. While a theoretical
protuberance 59 size, and hence hydraulic radius, can be easily found
from the drawings used to construct the forming element 42, due to
variations inherent in the manufacturing process, the actual size will
vary somewhat.

The actual sizes of the protuberances 59, and hence annuluses 65 and
apertures 63, were approximated by comparing the air permeability of the
reinforcing structure 57 without protuberances 59, to the air
permeability of the belt 42 with the protuberances 59. The actual air
permeability is easily measured using known techniques and was less than
that obtained by considering the theoretical deduction of the
protuberances 59 from the flow area through the reinforcing structure 57.
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and -that such different distribution occurs in a nonrandom repeating
pattern. Such nonrandom repeating pattern corresponds to a nonrandom
repeati ng patwersdsg3a7zt he topography of the |iquid pervious fi lPgT/USINeE48Y €
form ng el ement used to manufacture the cellulosic fibrous structure 20.
Wiile it may be desirable froman opacity staggpoint to have a uniform

basi s wei ght throughout the cellulosic fibrous structure 20, a uniform
basis weight cellulosic fibrous structure 20 does not optim ze ot her
properties of the cellulosic fibrous structure 20. The different basis

wei ghts of the differdy knewjingnthe24ififereft detweesethailagsial fantr bhevretical air

Structure 20 accorgifhttiPitiBe Of AHENFornANEHIbANtPEOWAR LAY HofdtRFEMes 59 in
properties withi _nolﬁagh g“b th%ngHon_s ?4 handm%‘G. ggr e?éan%)rl €y thievehggjcr;]
basi s wei ght regi dH&%4 BF85THAT (A8 P YhGBrofuberanees odpuesherrdry, ta 9

preferred absor berfctual eairarfoimoan t be ofeundt ysing tdesvendlional ogiathdmabicsusin  an
structure 20.  The;tbpy¥iNgs Fesnieh INdssifidigOthe 2Pal1s of the protuberances 59 taper

equally towards the annuluses 65 and the apertures 63.

TABLE I '
Theoretical Actual

Ratio of Hydraulic Ratio of Hydraulic
Annulus Aperture Protuberance Radius of Annulus Radius of Annulus

Open Area Open Area Extent to Hydraulic to Hydraulic
ercentage) {percentage inches Radius of Aperture Radius of Aperture
50 10 4.6 2.15 2.05
50 15 8.3 1.76 1.50
50 20 2.2 1.52 1.27
30 10 2.7 1.10 0.77
30 20 2.9 0.78 0.52

Each of the forming elements 42 had 31 protuberances 59 per square
centimeter (200 protuberances 59 per square inch). Of course, the ratio
of the hydraulic radii is independent of the size of the protuberances 59
and annuluses 65, as only the ratio of the flow area to wetted perimeter
of the unit cell which is considered, which ratio remains constant as the
unit cell is enlarged or reduced in size.

. The range of hydraulic radii of 0.52 to 1.27 is used for the forming
elements 42 used to construct the various examples of cellulesic fibrous
structures 20 given in Table II below. A forming element 42 having a
hydraulic radius ratio of 2.05 is used to construct each example of the
cellulosic fibrous structure 20 illustrated in Table III below.

From these examples, it is believed a forming element 42 having a
hydraulic radius ratio of at least about 2 has been found to work well.
Of course, the mass flow rate ratio is related to at least a second order
power of the hydraulic radius ratio, and a mass flow rate ratio of at
least 2, and possibly greater than 4, depending upon the Reynolds number,
would be expected to work well.

Prophetically, a hydraulic radius ratio as low as 1.25 could be
utilized with a forming element 42 according to the present invention,
providing other factors are adjusted to compensate for such lower ratio.
For example, the absolute velocity of the forming element 42 could be
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provi de for storage of absorbed |iquids when the high basis weight regions
24 becone saturated and for econom zation of fibers. Preferably, the
nonrandom r epW@%4Mp6Pat t ern t essel ates, so that adjacent regi ACIT/RBIHOGHBL6
are- cooperatively and advant ageously juxtaposed. By being "nonrandom" the

I ntensively defined regions 24 and 26 are congigdered to be predictable, and
may occur as a result of known and predeterm ned features of the apparatus
used in the manuf acturing process. As used herein, the term
"repeating” indicates pattern is formed nore than once in the cellulosic
fibrous structure greased, qy theyekative tvelacitiesbetween dheztarmingelement 2 and

cellul osic fibrousthet Vgidrcara{er Soigrbe matdhed ot nmuaapbumdm@ndame Also,

[ brous st uctur o Oy IRTESREN, AGRERT EBert 2 8F 3% Bffhyin Bucflyptls, o e

magni t ude, absol utkelpfEdiiat praducing celtuhesicx fihrous sqtéu@iums azvdap@qmemm§o the
bet ween the regi Onﬁ-egéntaﬁﬁlve%xdmy be very difficult or even inpossible and

?lfr:)o'; Pgnfat tern still For examglSI ders%qtgmnraqq&msw '?iog\r%\(xgrstructureszo acc%rdmg to
the present invention has been made utilizing a forming element 42 having
a hydraulic radius ratio of 1.50. The absolute velocity of the forming
element 42 was about 262 meters per minute (800 feet per minute) and the
velocity ratio between the liquid carrier and the forming element 42 was
about 1.2. The forming element 42 had 31 protuberances 59 per square
centimeter (200 protuberances 59 per square inch) The protuberances 59
occupied about 50 percent of the total surface area of the forming
element 42 and the apertures 63 therethrough occupied about 15 percent of
the surface area of the forming element 42. The resulting cellulesic
fibrous structure 20 was made with about 60 percent northern softwood
Kraft and about 40 percent chemi-thermo-mechanical softwood pulp (CTMP),
both having a fiber length of about 2.5 to about 3.0 millimeters. The
resulting cellulosic fibrous structure 20 had about 25 percent of the low
basis weight regions 26 falling within both criteria set forth above.

ILLUSTRATIVE EXAMPLES

Several nonlimiting illustrative cellulosic fibrous structures 20
were made utilizing different parameters as illustrated in Table II. A1l
samples were made on an S-wrap twin wire forming machine using a 35.6 x
35.6 centimeter (14 x 14 inch) square sample forming element 42 super-
imposed on a conventional 84M four shed satin weave forming wire fed
through the nip and conventionally dried. All of these cellulosic
fibrous structures 20 were made using a forming element 42 havirig a
velocity of about 244 meters per minute (800 feet per minute) and with
the liquid carrier impinging upon the forming element 42 at a velocity
about 20 percent greater than that of the forming element 42. The
resulting cellulosic fibrous structures 20 each had a basis weight of
about 19.5 grams per square meter (12 pounds per 3,000 square feet).

The second column shows the examples in Table II were constructed
using a protuberance 59 size of either 5 protuberances 59 per square
centimeter (30 protuberances 59 per square inch) or 31 protuberances 58
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that such i'ntensively defined regions 24 and 26 be dispersed in a pattern
substantially as desired to yield the performance properties mhl

t he

C
cel | ul osw@94/0B670us structure 20 suitable for its |ntende dEB@@ggﬁ

The intensively discrimnated regions 24 and 26 of the cellulosic fibrous

14

structure 20 may be "discrete,” so that adjaceat regions 24 or 26

per square centimeter (200 protuberances 59 per square inch). The third
column shows . the percentage open area in the annuluses 65 between
adjacent protuberances 59 to be either 10 or 20 percent. The fourth
column shows the size of the aperture 63 cross sectional area as a
percentage of the protuberance 59 cross sectional area. The fifth column
shows the extent of the distal ends 53b of the protuberances 59 above the
reinforcing structure 57 to be from about 0.05 millimeters (0.002 inches)
to about 0.2 millimeters (0.008 inches). The sixth column shows the
fiber type to be either northern softwood Kraft having a fiber Tength of
about 2.5 millimeters or Brazilian eucalyptus having a fiber length of
about 1 millimeter.

A1l of the resulting cellulosic fibrous structures 20 were examined -
without magnification and with magnifications of 50X and 100X. The
samples were qualitatively judged by two criteria: 1) the presence of
two regions 24 and 26, three regions 24, 26 and an intermediate basis
weight region 25 generally centered within the low basis weight region
26; and 2) the radiality of the fibers. Radiality was judged on the
bases of the symmetry of the fiber distribution and the presence or
absence of nonradially oriented (tangential or circumferential) fibers.

The last column shows the classification of the resulting cellulosic
fibrous structure 20. Each cellulesic fibrous structure 20 in the
examples illustrated in Table II was subjective]y classified, using the
aforementioned criteria, into the following categories:

2 region paper having radially (2 Region)
oriented fibers in the low basis
weight regions 26 (Fig. 3D3)

Borderline 3 region paper having (Borderline 3 Region)
radially oriented fibers in the

low basis weight regions 26

(Fig. 2B2 or Fig. 3C1)

Paper having a borderline random (Borderline Random)
distribution of the fibers in the
low basis weight regions 26
(Fig. 2D2 or Fig. 3B2)
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havi.-ng the sane basis weight are not contiguous. Alternatively, a region 24
or 26 may. be conti nuous. It will be apparent to one skilled in the art
that there newOma/G36%d | transition regions having a basis wei gitT/US93/06484
i nternedi ate. the basis weights of the adjacent regions 24 or 26, which
transition regions by thensel ves may not be significant enough in area to
be considered as conprising a basis weight di st¥inct fromthe basis wei ght's
of either adjacent region 24 or 26. Such transition regions are within the
nor mal manufacturing variations known and i nherent in producing a
cellulosic fibrous pigerchatifg 0rafAeRS GiFNdifFEerinGe pr?s%btio;]pventi on. The
size of the patternbot t he éell ]osé& fi%ﬁOU? Structure 20 may vary from
about 3 to about 78PRISCYLERLY ég]%n 28" JdP- LB3hre centinmeter (from20 to
500 discrete regions 26 per square inch), and preferably fromabout 16 to
about 47 discrete re¢g 88sis2Reigff papehavigndi meter (@hhrdym) 100

random orientation of fibers in

the low basis weight regions 26

(Fig. 3A3)

Paper having apertures in the low (Apertured)
basis weight regions 26 (Fig. 2Aj)

Unable to produce the desired (Did not produce)
paper under the specified conditions
due to insufficient emulsion

0f course, an exemplary cellulosic fibrous structure 20 could be
placed in more than one classification, depending upon which criterion
applied. 1If only one criterion is listed, the other criterion was judged
to be satisfied as meeting the conditions of a cellulosic fibrous

structure 20 according to the present invention.
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to 300 discrete regions 26 per square inch). It wll be apparent to
one skilled in the art that as the pattern becones finer (having nore

di screte regi WOs9420B63T 26 per square centimeter) a relatively RGIVUS93/06484
percentage of the smaller sized hardwood fibers may be utilized, and the
percentage of the |arger sized softwood fiberg, may be correspondingly
reduced. |If too many |larger sized fibers are utilized, such fibers may not
be able to conformto the topography of the apparatus, described bel ow,

whi ch produces the cellulosic fibraous structure 20. If the fiberg do not
properly conform such fibers may Btidge various topographi cal regi ons of

t he apparatus, |eading to a nonpat t@rned cellulosic fi brous S'Eructure
20. A cellulosic fibrous strucfgire conprising about 100 gaerc_em

har dwood fibers, particularly Brazi@ian eucal yptus, has bee@®fold to work
wel | for a cellulosic fibrous struagure 20 having about 31 @screte regions

. .- [-]
26 per square centimeter (200 discrptegegions 26 per squaresln%) | f
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be used as a consuner product, such as a paper towel or a tissue, the high
basis weight region 24 of the cellulosic fibrous structure 20 is preferably
essential |y PP4/8¥5ds in two orthogonal directions within thBCb’l‘gﬁ?é/oéf&‘t he
celiulosic fibrous-structure 20. It is not necessary that such orthogonal
directions be parallel and perpendicul ar the &Jges of the finished product
or be parallel and perpendicular the direction of

Referring to Table III, additional exemplary cellulosic fibrous
structures 20 were made on the same twin wire forming machine, using full
size forming wires and through air dried. The forming element 42 had
about 31 protuberances 59 per square centimeter (200 protuberances 59 per
square inch), each extending about 0.1 millimeters (0.004 inches) above
the reinforcing structure 57. The protuberances 59 occupied about 50
percent of the surface area of the forming element 42, and the apertures
63 occupied about 10 percent of the surface area of the forming element
42,

As illustrated in the second column, the ratio of the velocity of
the liquid carrier to the velocity of the forming element 42 was either
1.0 or 1.4, As illustrated in the third column, the liquid carrier
either had an impingement of about 0 percent or 20 percent of its surface
area onto a roll supporting the forming element 42. As illustrated in
the fourth column, the resulting cellulosic fibrous structure 20 had a
basis weight of either about 19.5 or about 25.4 grams per square meter
(12.0 or 15.6 pounds per 3,000 square feet). As illustrated in the fifth
column, the same fibers discussed above relative to Table II were
utilized. As illustrated in the sixth column, the forming element 42 had
a velocity of either 230 or 295 meters per minute (700 or 900 feet per
minute). As illustrated in the last column, the same criteria applied in
classifying the resulting cellulosic fibrous structures 20.
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15 = nmanufacture of the product, but only that tensile strength be inparted
to the cellulosic fibrous structure in two orthogonal directions, so that
any applied tWQ9rI036770adi ng may be nore readily acconmodat ed WCTHdEA3/06484
premature failure of the product due to such tensile |oading. Preferably,
the continuous direction is parallel the diregtion of expected tensile

| oadi ng of the finished product according to the present invention. The
hi gh basis weight region 24 is essentially gontinuous, formng an
essentially continuous network, for the enb®di nents descri bed hereln and
extends substantially throughout the cellul@sic fibrous structure 20&
Conversely, the | ow basis wei ght regions Zézare di screte and isolated from
one anot her, being separated by the high ba§|s wei ght regi on 24. An
exanpl e of an essentially continuous networ® is the high basis
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wei ght region 24 of the cellulosic fibrous structure 20 of Figure 1. O her
exanpl es of cellulosic fibrous structures having essentially continuous

net wor ks arewld9stoserd i n commonly assigned U.S. Patent 4, 637pg85aUs$93506a84
January 20, 1987 to. Trokhan and incorporated herein by reference for the
purpose of showi ng another cellulosic fibrousgstructure having an
essentially continuous network. Interruptions in the essentially
continuous network are tolerable, albeit not preferred, so |long as such

i nterruptions do not substantially adversely affect the material properties
of such portion of thésoglllteoséen @pdor exagization firabde IT1, gendailnr $b¢ yliquid

the | ow basis wei QE‘FN'&?%@%& Y fdifiny Sé’l@ﬁérﬁ agad v@'lo%%&sﬁﬁlhfohrvﬁk'g'@ﬂé‘tmost
t he hi gh basis mel ess %%3 %Upo |nuous asl s

W
wei ght regions 26s ermipiidqg ‘?ﬁ‘?’g?c@té‘ﬂ‘r r"(guﬁlféa pgsudting
ci rcunj acent esseneﬂalﬂb!,nccdnbromomruwumr ROhi gTypbm'lz aevgtocitegiabino 2¢f 1.0

The discrete | ow gagdral Ve wdRled” GETOWSH Quéd15PtdsOF{BeRs NG RGO T 1S BE A Y of
pattern. 1.4 generally worked well with northern softwood Kraft fibers. The
velocity of the forming element 42 was a somewhat less significant factor
in determining the classification of the resulting cellulosic fibrous
structures 20. Generally, as the velocity of the forming element 42
decreased so did the tendency for a random fiber distribution within the
Tow basis we1ght regions 26.

Furthermore, it is apparent that the resuiting ce11ulos1c fibrous
structures 20 are significantly influenced by the type of fibers
utilized. Typically, the cellulosic fibrous structures 20 having
eucalyptus fibers were more sensitive to the velocity of the liquid
carrier to the forming element 42, resulting in either good two-region
cellulosic fibrous structures 20 having radially oriented fibers in the
low basis weight region 26, or resulting in unacceptable three-region
cellulosic fibrous structures 20. More cellulosic fibrous structures 20
having a borderline three region formation or borderline random fiber
distributions within the low basis weight regions 26 occurred when the
northern softwood Kraft fibers were utilized.

VARIATIONS

Instead of cellulosic fibrous structures 20 made on a forming
element 42 having protuberances 59 with apertures 63 therethrough,
prophetically cellulosic fibrous structures 20 having low basis weight
regions 26 with radially oriented fibers may be made on a forming belt 42
as illustrated in Figures 7A and 7B. In this forming element 42, the
protuberances 59’ are radially segmented and define annuluses 65''
intermediate the radially oriented segments 59’°.

As illustrated in Figure 7A, the radial segments 59'°' may be
connected at or near the centroid, to help prevent an intermediate basis
weight region 25 from being formed. This arrangement allows the
cellulosic fibers to flow through the annuluses 65’‘ intermediate the
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The- di screte | ow basis wei ght regions 26 nay be staggered in, or may be
aligned in, either or both of the aforenentioned two orthogonal directions.
Preferably, WOe#/0360h basis wei ght essentially continuous netR@I/K/S23Y06484 s
a patterned-.network circunjacent the discrete | ow basis weight regions 26,
al t hough, as noted above, small transition rqgions may be acconmpdat ed.

16

radial segments 59’‘ in a radial pattern, and to bridge the centroid of
the radial segments 59°7.

Alternatively, as illustrated in Figure 7B the radial segments 59'’
may be separated at the centroid aperture 63’ to allow unimpeded flow
towards the centroid of the low flow rate zone. This arrangement
provides the advantage that it is not necessary to bridge the centroid of
the radial segments 59’’ of protuberances 59’ using this variation, but
instead, radial flow may progress without obstruction.

In a specific embodiment, as illustrated by Figures 7A and 7B, the
radial segments 59’’ may comprise sectors of a circle. Alternatively,
the radial segments 59’ may collectively be noncircular, but convergent
as the centroid of the low flow rate zone is approached.

It will be apparent to one skilled in the art that many other
variations and combinations can be performed within the scope of the
claimed invention. All such variations and combinations are included
within the scope of the appended claims.
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Differences in basis weights (wthin the same cellulosic fibrous structure
20) between the high-and | ow basis wei ght regions 24 and 26 of at |east 25
percent are cwoI4aBerd to be significant for the present i nve®drdusS93/06484
guantitative.determnation of basis weight in each of the regions 24 and 26
I's desired, and hence a quantitative determ nation of the differences in
basi s wei ght between such regions 24 and 26 i47 desired, the quantitative
met hods, such as image analysis of soft X-rays as di scl osed in comonl y

assigned U S. Patent Application Serial No. 07/724, 551u "Emulmgmmﬁll 1991
in the nanes of Phan et al. may be utilized, which pat I

I ncor porat ed her gyaT e cifigrgnce for the purpose of show ng sui fabfe *
nmet hods to quantitatively determ ne the basis weights of the regions 24 and
26 of the cell ul odi.c A sbnglas] atinaickliudo3@. fibrous structure comprising at least

two regions disposed in a nonrandom, repeating pattern, said
cellulosic fibrous structure comprising:
a first region, of a relatively high basis weight and comprising
an essentially continuous network; and
a plurality of mutually discrete second regions of relatively low
basis weight and being circumscribed by said first region,
sajd second regions being comprised of a plurality of
substantially radially oriented fibers, and
preferably said plurality of low basis weight regions
comprises at least about 10 percent of the total number
of low basis weight regions within said cellulosic
fibrous structure, and
more preferably said plurality of low basis weight regions
comprises at least about 20 percent of the total number
of low basis weight regions within said cellulosic
fibrous structure.

2. A cellulosic fibrous structure according to Claim 1 characterized
in that said basis weight of said high basis weight region is at
least 25 percent greater than said basis weight of said low basis
weight region.

3. A cellulosic fibrous structure according to Claims 1 and 2
comprising at least three regions, characterized in that said
first region of a relatively high. basis weight comprises high
basis weight regions having mutually different densities.

4. A cellulosic fibrous structure according to Claims 1, 2 and 3
characterized in that said radially oriented fibers of said low
basis weight regions are disposed in at least four quadrants of
said low basis weight region.
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The area of a given low or internedi ate basis weight region 26 or 25 may be

quantitativel y determ ned by overl ayi ng a photograph of such regi
25 with a cor¥PRAO6TH ckness, constant density transparent shégﬁ?8§$ﬁ@“8£

border of +the region 26 or. 25 is traced in a color contrasting
to that of the photograph. The outline is cutigas accuratelﬁ as possible

along the tracing and then weighed. This weight is corrp, ”ﬂﬂ"ﬂﬁﬂ”yﬂrt

of a simlar sheet having a unit area, or other known ar ¢ TR
the weights of the sheets is directly proportional to the ratio of the two
ar eas. I f one desires to know the relative surface area of two

regi ons, such as the percentage surface area of an internedi ate basis

wei ght region. 25 w t i fingle Jamineseel Tukesght T ibERisoptrigturenermPhls iI98st's 1aRstght
region 26 sheet nayo regionéedigpsstd in A ndnkaong repdfatindipatteonder of the

I nternmedi ate basis i ght ., regi ' .mﬁﬂ fr F .this
sheet is wei ghed. ?ﬁegﬁé f%géﬂq?ﬁg%gaﬁélg £s éﬁ&g%ﬂ%ﬁQﬁ%& ﬁ§§8$ﬂghéggreas.
a plurality of mutually discrete second regions having fewer
fibers per unit area than said first region, said fewer
fibers within each of said second regions radially bridging

said second region to said first region.

6. A process of producing a single lamina cellulosic fibrous
structure having two regions disposed in a nonrandom, repeating
pattern, said process comprising the steps of:
providing a plurality of cellulosic fibers suspended in a liquid
carrier;

providing a fiber retentive forming element having liquid
pervious zones;

providing a means for depositing said cellulosic fibers and said
carrier onto said forming element;

depositing said cellulosic fibers and said carrier onto said
forming element;

draining said liquid carrier through said forming element in two
simultaneous stages: a high flow rate stage and a Tow flow
rate stage, said high flow rate stage and said low flow rate
stage having mutually different initial mass flow rates,
whereby said fibers in said low flow rate stage drain in a
substantially radially oriented pattern towards a centroid,
and thereby form a plurality of discrete regions having a
relatively lower basis weight than and being circumscribed
by the region formed by said high flow rate stage.

7. The process according to Claim 6 characterized in that said step
of draining said liquid carrier in said lTow flow rate stage
changes as a function of time by obturating selected zones with
said radially oriented cellulosic fibers.
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Differences in basis wei ght between the two regions 24 or 26 may be

qualitatively and sem -quantitatively deternmined by a scale of increasin
di fferences, wOba9B67t ed by Fi gures series 2A through Figure BET{&Y QEA&P

respectlvely - Figures 2A[err]-2Aerr] show the |ow basis weight
regions 26 are either apertured, as illustratgg in Figure 2Al, or, have a

Tistrated in Foures o oo e veront reston = TorTiIIHIRT N
. * c L M S *

8. An apparatus for forming cellulosic fibrous structures having at
least two mutually different basis weights disposed in a non-
random, repeating pattern, saic apparatus comprising:

a liquid pervious fiber retentive forming element having zones
through which a liquid carrying the cellulosic fibers may
drain; and

a means for retaining the cellulosic fibers on said forming
element in a nonrandom, repeating pattern of two regions
having two different basis weights, whereby said two regions
comprise a first high basis weight region of an essentially
continuous network and a piurality of second low basis
weight discrete regions having substantially radially
oriented fibers, and N
preferably said retaining means comprises zones of different

hydraulic radii through which said liquid carrying said
cellulosic fibers may drain.

9. An apparatus according to Claim 8 characterized in that said
retaining means comprises a foraminous, liquid pervious rein-
forcing structure and a patterned array of protuberances joined
thereto at a proximal end of each protuberance and extending

. outwardly to a free end of each protuberance, characterized in
that each protuberance is radially segmented to define a
plurality of radially oriented annuluses intermediate said
segments, and
preferably said radial segments of said radially oriented

protuberances are discontinuous at the centroid of said
protuberances.

10. An apparatus for forming cellulesic fibrous structures having at
least two mutually different basis weights disposed in a non-
random, repeating pattern, said apparatus comprising:

a liquid pervious fiber retentive forming element having zones
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2A2-2A3. Increasing radiality is present, as Figures 2A[err]-2A[err] are
studied in order. Figure 2B[err] illustrates a cellulosic fibrous
structure 20Y08M03677having an internmediate basis weight regi 8ETHESI3H6HEH

i nternedi ate-basis weight region 25 is |ess prom nent than that of Figures
2A2- 2A3. Figure 2C err] shows only an i ng pient formation of an

i nternedi ate basis weight region 25 to be pre nt

nter nedi ate ba IS
weight region 25 is barely apparent and nay Ii@ﬂ},&"’ﬂﬂﬁ!&"’h to

ei ther nonexistent or so close in basis weight (lessx

that of the | ow basis weight region 26, that it is not present for * pur poses
of the present invention. Figures 20 err]-2Derr] show cellulosic
fibrous structures 20 hathnmeygmehiaht erliedidacarrbing Shevseivil osiegf there ay

Al though the fibers may ggaige fnfom being very randomy oriented, as
illustrated in Flgurepz err i

a ernel argé} ??'ﬁﬂgtaégﬁéaces Joined thereto at a proximal
end of each protuberance and extending outwardly to a free
end of each protuberance, said protuberances being separated
from one another by annuluses having a first hydraulic
radius, said protuberances allowing flow therethrougﬁ and
having a second hydraulic radius, whereby the ratio of said
first hydraulic radius to said second hydraulic radius is
greater than 1, and
preferably said ratio of said hydraulic radii is greater

than 1.50, and
more preferably having from 16 to 47 protuberances per

square centimeter.
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radially oriented, as illustrated in Figure 2D[err], no intermedi ate basis
wei ght regions 25, aperturing, or significant basis weight nonuniformty
within the howokhmsg® wei ght regions 26 are present. Cenge-phsys/ob4al
purposes of the present invention, a cellulosic fibrous structure 20 Is
considered to have only two regions 24 andé;?% f t he presence of any

I nternmedi ate basis weight region 25 is les an about 5 percent of the
surface area of the entire | ow basis weight region 26, inclusive of any

i nternmedi ate basis weight region 25, or if the basis weight of the

I nternmedi ate basis weight region 25 is within about 25 percent of the basis
wei ght of the | ow basis weight region 26. By way of exanple, the

i ntermedi ate basis weight region 25 in Figure 2Cferr] is about 4 percent of
the total of the area of the |ow basis weight region 26. For purposes of

t he invention described and cl aimed herein, the cellulosic fibrous
structures 20 illustrated in Figures 2C[err]-2D[ggr] are,gonsidered to have
the clained high and | ow basis wei ght regions 24/ and 26 @9hd to neet the two
region criterion of the clains.

Fig.l
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The fibers of the o regions 24 and 26 may be advant ageously aligned
in different directions. For exanple, the fibers conprirsing the

essential | y go/ysigagpps hi gh basis weight region 24 may be prg &W@;&}@‘Jﬁy
aligned in a generally singular direction, corresponding to e
essentially continuous network of the ann {ﬁgﬁ 65 bet ween adj acent
protuberances 59 and the influence machine direction of the
manuf acturing process, as illustrated in Figure 1.

F/'g.ZA/
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18 This alignnment provides for fibers to be generally nutually
paral l el and have a relatively high degree of bonding. The relatively high
degree of bowthgagozgyoduces a relatively high tensile strengt pcriidoifehsah
basi s wei ght regiaon 24. Such high tensile strength in the relatively

hi gh basis weight region 24 is generally ‘gza ageous, because the high
basis weight region 24 carries and transm pplied tensile | oading

t hroughout the cellulosic fibrous structure 20. The | ow basi s wei ght
region 26 conprises fibers which are substantially radially oriented and
emanate outwardly fromthe centers of each of the | ow basis weight regions
26. Whet her or not fibers are considered "substantially radially
oriented" for purposes of this invention, is determ ned by a scal e of
increasing radiality, illustrated by Figures series 3A through Figure
series 3D respectively.

25 24 26

Fig.lA

s Sheet Has Been Replaced

{IEEL

UNSTITUTE SHFFT H“ll



Figures 3A[err]-3Alerr] illustrate cellulosic fibrous structures 20 having
| ow basis weight regions 26 without a plurality of substantially radially

oriented fivwergsoietm particular, Figure 3Alerr] illustratper/ikes/oeass
cellulosic .fibrous structure 20 having only one radially oriented strand of
fibers, and consequently, poor radial symztyrp Fi gures 3A2-3A3 show | ow

basis weight regions 26 having generally “random fiber distributions.
An increasing tendency towards a two basis weight cellulosic -fibrous
structure 20 is observed as Figures 3A[err]-3Alerr] are studied in order.
Figure 3B[err] illustrates a cellulosic fibrous structure 20 having a
sonmewhat nore radial fiber distribution, but still having very poor radial
symmetry of these fibers. Figures 3Cerr]-3Cerr] show cellulosic
fibrous structures 20 having | ow basis weight regions 26 with substantially
radially oriented cellulosic fibers in the | ow basis wei ght regions 26. The
radially oriented fibers are fairly isonerically distributed throughout al
four quadrants, pronoting radial symretry, and only a small percentage of
nonradi al | y

25 24 26
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oriented fibers is present. Referring to Figures 3Derr]-30err],
cellulosic fibrous structures 20 having extremely radially oriented
fiber distrivagbiy@agsM thin the | ow basis wei ght regions 26 ap&pAkh 8§t ed.
Wil e an increasing tendency towards a two basis weight cellulosic rous
structure 20 is observed as Figures 3D[errgf(29err] are studied in order,
each of the cellulosic fibrous structures Illustrated by Figures
30 err]-3D0err] has only a mninmal

25 24 26

' _Flg.ZB/
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19. percentage of nonradially oriented fibers. Fi gures

30 err]-3Derr] also illustrate good radial symetry within the | ow basis
wei ght regi om0 94/03677 GCenerally, for purposes of the presentpdmyussdsodans
cellulosic fibrous-structures 20 having a degree of radiality at

| east as great as illustrated by Figuref; Frr] 3 err], and preferably
at least as great as illustrated by Figures 30 err]-30err], are considered
to be "substantially radially oriented" and to neet the radlality criterion
of the.clains. Figures 1, 2C[err], 2D err], 3Cerr], 3Cerr], 3D0err], and

30 err] illustrate cellulosic fibrous structures 20 having a | ow basi s
wei ght region 26 which neets both criteria and therefore fall wthin the
scope of the clainmed invention (and are the only figures illustrated

her eunder which fall within the clainmed scope).

Fig. ZC/
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It is, of course, understood that not all of the |ow basis weight regions
26 within a particular cellulosic fibrous structure 20 will neet both (or
necessarily f the aforenentioned criteria of radial ng
of - Iom1baS|sﬁ§£?gﬁ%Tp Due to normal and expected vari ations bb¥"%ﬂgﬂ£%h
manuf acturi ng process, sone |ow basis melgqioggglons 26 within the
cellulosic fibrous structure 20 may not be 6/ | dered to have two regions,
as set forth above, or not have a plurality of substantially radially
oriented fibers, as set forth above, yet-other (even adjacent) |ow basis
wei ght regions 26 may neet both criteria. For purposes of the present

I nvention, a cellulosic fibrous structure 20 preferably has at |east 10
percent, and nore preferably at |east 20 percent, of the | ow basis weight
regions 20 within both of the criteria specified above. Since it is

I npractical to study each | ow basis weight region 26 within a given
cellulosic fibrous structure 20, the percentage of | ow basis weight regions
26 neeting the criteria may be determ ned as foll ows.

24 26

Flg. ZD,
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The cellulosic fibrous structure 20 is divided into thirds, yielding three
trisections which are preferably oriented in the machine direction (if
known) . A Capiceod/gdg7¢oor di nate systemis arranged in each tri ' 1 h
units corresponding to the machine and cross nmachine direction pitches
of the | ow basis weight regions 26. Usin Zggérandon1nunber generator, 33
sets of coordinate points are selected for out board trisection and 34
sets of coordinate points are selected for the central trisection, yielding
a total of 100 coordi nate points. Each coordinate
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20 poi nt corresponds to a | ow basis weight region 26. If a coordinate
poi nt does not coincide with a | ow basis wei ght region 26, but instead

coi nci des wi WO 2483477 gh basi s wei ght region 24, the | ow basi $CEmRUSHEIrOcsRYI ON
26 cl osest to that- coordinate point is selected. The 100 | ow basi s

wei ght regions 26 thus designated are anaJﬁkégyas set forth above,
utilizing magnification and photom croscopy as desired. The percentage of

| ow.basi s wei ght regions 26 neeting both criteria determ nes the
percentage for that particular cellulosic fibrous structure 20. O
course, if a particular cellulosic fibrous structure 20 does not have 100

| ow basi s weight regions 26,.or a representative sanpling of several

i ndi vidual cellulosic fibrous structures 20 is desired, the 100

24 26

frh].éy):;
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points may be spread anong several individual cellulosic fibrous
structures 20 and aggregated to determ ne the percentage for that sanpling.
O course, tWe 9448697 dual cel lulosic fibrous structures 20 sipgyyOsddPo6484
randomy sel ected,- to nmaxim ze the opportunity to achieve a truly
representative sanpling. The individual /2 osic fibrous structure 20
may be randomy selected by assigning a sequentlal nunber to each
cellulosic fibrous structure 20 in the package or roll. The nunbered
cellulosic fibrous structures 20 are selected at random using anot her
random nunber generator, so that 1 to 10 cellulosic fibrous structures 20
are avail able for analysis. The 100 Cartesian points are divided, as
evenly as possible, between the 1-10 individual cellulosic fibrous
structures 20. The | ow basis weight regions 26 corresponding to these
Cartesian points are then anal yzed as set forth above.
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THE APPARATUS . Many conponents of the apparatus used to nake a
cellulosic fibrous structure 20 according to the present invention are well
known i n thewards/e367paper maki ng. As illustrated in Figure 4, ptitgusvaigigt us
may conprise a neans 44 for depositing a liquid carrier and cellulosic
fibers entrained therein onto a liquid peryfg fiber retentive formng

el ement 42. The liquid pervious fiber refentive formng el enent 42 may
be a formng belt 42, is the heart of the apparatus and represents one
conponent of the apparatus which departs fromthe prior art to

24 26

20

Flg.3A,
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21  manufacture the cellulosic fibrous structures 20 described and cl ai ned
herein. .Particularly, the |liquid pervious fiber retentive formng
el’'enment has wopsgspsrances 59 which formthe | ow basis wei ght pcgaisagsdls Of
the cellulosic fibrous structure 20, and internedi ate annul uses 65 which
formthe high basis weight regions 24 of VE?V@Z#' ulosic fibrous structure
20. The apparatus nmay further conprise a Secondary belt 46 to which the
cellulosic fibrous structure 20 is transferred after the majority of the
liquid carrier is drained away and the cellulosic fibers are retained on
the formng belt 42. The secondary belt 46 may further conprise a
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pattern of knuckles or projections not coincident the regions 24 and 26 of
the cellulosic fibrous structure 20. The form ng and secondary belts 42 and
46 travel irmnwbdbgredérrecti ons depicted by arrows A and B respauatt/vuedNescdss
After deposition of the liquid carrier and entrained cellulosic fibers onto
the formng belt 42, the cellulosic fibr/W%fructure 20 is dried according
to either or both of known drying neans a and 50b, such as a bl ow through
dryer 50a, and/or a Yankee drying drum 50b. Also, the apparatus nmay
conprise a means, such as a doctor blade 68, for fore- shortening or
creping the cellulosic fibrous structure 20. If a formng belt 42 is
selected for the formng el enent 42 of the apparatus used to nake the
cellulosic fibrous structure 20, the formng belt 42 has two nutually
opposed faces, a first face 53 and a second face 55, as illustrated in
Figure 5. The first face 53 is the surface of the formng belt 42 which
contacts the fibers of the cellulosic structure 20 being formed. The first
face 53 is referred to in the art as the paper

24 25 ' 26
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contacting side of the formng belt 42. The first face 53 has two

t opographically distinct regions 53a and 53b. The regions 53a and 53b are
di sti ngui shewgn4/é3se7 anount of orthogonal variation from thepggased;/ o
opposite face 55 of the formng belt 42. Such orthogonal variation is
considered to be in the Z-direction. As u rein the "Z-direction”
refers to the direction away from and generalTy orthogonal to the XY plane
of the form ng belt 42, considering the form ng belt 42 to be a pl anar,

t wo- di nensi onal structure. The form ng belt 42 should be able to
withstand all of the known stresses and operating conditions in which

cel lul osi c, two-dinensional
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22 structures are processed and nmanufactured. A particularly
preferred formng belt 42 may be made according to the teachings of
conmmonl y assWmelo3s?s. Pat ent 4, 514, 345 issued April 30, 198%dmusmbssagn et
al ., and particularly according to Figure 5 of Johnson et al., which patent
I's incorporated herein by reference f¢§{g?e purpose of showing a
particularly suitable formng elenent or use wth the present

i nvention and a nmet hod of naking such form ng el ement 42. The form ng
belt 42 is liquid pervious in at |east one direction, particularly the
direction fromthe first face 53 of the belt, through

26 24
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the formng belt 42, to the second face 55 of the formng belt 42. As used
herein "liquid pervious" refers to the condition where tthe liquid carrier
of- a fibrouswelarezg7riay be transmitted through the form ng bpttrusssaeigaout
significant- obstruction. It may, of course, be helpful or even necessary
to apply a slight differential pressure t ﬁg?'st In transm ssion of the
liquid through the formng belt 42 to insure That the form ng belt 42 has

t he proper degree of perviousness. It is not, however, necessary, or
even desired, that the entire surface area of the formng belt 42 be liquid
pervi ous. It is only necessary that the liquid carrier of the fibrous
slurry be easily renoved fromthe slurry leaving on the first face 53 of
the form ng belt 42 an enbryonic cellulosic fibrous structure 20 of the

deposited fibers. The formng belt 42 is also fiber retentive. As
used herein a conponent is considered "fiber retentive" if such conponent
retains a mpjority of the fibers deposited thereon in a

macroscopi cally predeterm ned pattern or geonetry, w thout regard to the
orientation or

heet Has Been Replaced
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di sposition of any particular fiber. O course, it is not expected that a
fiber retentive component will retain one hundred percent of the fibers
deposited t hww@egrogqrarticularly as the liquid carrier of t he Famessa/eisgh NS
away from such conponent) nor that such retention be permanent. It is only
necessary that the fibers be retained on t Eyrn1ng belt 42, or other
fiber retentive conponent, for a period of time sufficient to all ow t he
steps of the process to be satisfactorily conpl eted. The formng
belt 42 may be thought of as having a reinforcing structure 57 and a
patterned array of protuberances 59 joined in face to face relation to the
reinforcing structure 57, to define the two nmutually opposed faces 53 and
55. The reinforcing structure 57 nay conprise a

24 a5
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23 foram nous el enent, such as a woven screen or other apertured

framework. The reinforcing structure 57 is substantially Iliquid

per vi ous. Woed/aadrre foram nous reinforcing structure 57 i /886564484
having a nesh size-of about 6 to about 30 filanents per centineter. The
openi ngs between the filanents nay be genABa(Ey square, as illustrated, or
of any other desired cross-section. The filanments nay be fornmed of

pol yester strands, woven or nonwoven fabrics. Particularly, a 48 x 52 nesh
dual layer reinforcing structure 57 has been found to work well. One

face 55 of the reinforcing structure 57 may be essentially

Fig. 302
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macr oscopi cal |y nonopl anar and conprises the outwardly oriented face 53 of
the formng belt 42. The inwardly oriented face of the forming belt 42 is
of ten referr&p4r03697t he backside of the form ng belt 42 andp@E9ugsd/esisy
above, contacts at-least part of the balance of the apparatus enployed in a
paper maki ng operation. The opposing and oyQyégAly oriented face 53 of the
reinforcing structure 57 may be referred to as the fiber- contacting side
of the form ng belt 42, because the fibrous slurry, discussed above, is
deposited onto this face 53 of the form ng belt 42. The patterned array
of protuberances 59 is joined to the reinforcing structure 57 and
preferably conprises individual protuberances 59 joined to and extendi ng
outwardly fromthe inwardly oriented face 53 of the reinforcing structure
57 as illustrated in Figure 5. The protuberances 59 are al so considered to
be fiber contacting, because the patterned array of protuberances 59
recei ves, and i ndeed nay be covered by, the fibrous slurry as it is
deposited onto the form ng belt 42. The protuberances 59 nay be joi ned
to the reinforcing structure 57
- ;

26
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in any known manner, with a particularly preferred manner being joining a
plurality of_ the protuberances 59 to the -reinforcing structure 57 as a
bat ch proceg‘éon((‘,’gWﬁorati ng a hardenabl e pol yneric phot osensP¢TAHSI306484
rat her than-individually joining each protuberance 59 of the patterned
array of protuberances 59 to the rei nforc@@;/ fucture 57. The patterned
array of protuberances 59 is preferably fornmed by manipul ating a mass of
generally liquid material so that, when solidified, such material is
contiguous with and fornms part of the _protuberances 59 and at | east
parti-ally surrounds rei nf orci ng uct ure 57 in contacting rel ation-
ship, as illustrated i jgure 5.
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24 As illustrated in Figure 6, the patterned array of protuberances
59 shoul d be arranged so that a plurality of conduits, into which fibers of
t he flbrousngafPQEWay deflect, extend in the z-direction frBETAURS3406484
ends 53b of- t he pr-otuberances 59 to the prOX|naI el evation 53a of the
outwardly oriented face 53 of the igr cing structure 57. Thi s
arr angenent prOV|des a defined topography o die formng belt 42 and all ows
for the liquid carrier and fibers therein to flowto the rein- forcing
structure 57. The annul uses 65 BJaween adj &Fpnt prot uberances 59 form
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t he pattern,

protuberances 59 are discrete and preferably regularly spaced so
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A cellulosic fibrous structure having two regions distinguished from one another by basis weight. The first region is an es-
sentially continuous high basis weight network. The second region comprises a plurality of discrete low basis weight regions. The
cetlulosic fibers forming the plurality of second regions are generally radially oriented within each region. The cellulosic fibrous
structure may be formed by a forming belt having zones of different flow resistances arranged in 2 particular ratio of flow resist-
ances. The zones of different flow resistances provide for selectively draining a liquid carrier through the different zones of the




joined at their proxinmal ends 53a to*the outwardly oriented face 53 of the
reinforcing structure 57 and extend away fromthis face 53 to a distal or
free end 53b which defines the furthest orthogonal variation of the
patterned array-of protuberances 59 fromthe outwardly oriented face 53 of
the reinforcing structure 57. Thus, the outwardly oriented face 53 of the
formng belt 42 is defined at two el evations. The proximal elevation
of the outwardly oriented face 53 is defined by the surface of the
reinforcing structure 57 to which the proximal ends 53a of the

pr ot uberances 59 are joined, taking into account, of course, any naterial
of the protuberances 59 which surrounds the reinforcing structure 57 upon
solidification. The distal elevation of the outwardly oriented face 53
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25 I s defined by the free ends 53b of the patterned array of
pr ot uberances 59. The opposed and inwardly oriented face 55 of the formng

belt 42 is defined by the other face of the reinforcing structure 57,

taki-ng into account, of course, any material of the protuberances 59 which
surrounds the reinforcing structure 57 upon solidification,

opposite the direction of extent of the ﬁfotuberanﬁes 59. The »

pr ot uberances 59 may extend, orthogonal

he plane gf the formng belt 42,

outwardl y,fromthe prOX|an elevatlon of the outwaydly oriented
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CELLULOSIC FIBROUS STRUCTURES HAVING DISCRETE REGIONS
WITH RADIALLY ORIENTED FIBERS THEREIN,
APPARATUS THEREFOR, AND
PROCESS OF MAKING

REPLACEMENT SHEET

2 1 AUG 1996

FIELD OF THE INVENTION
This invention relates to cellulosic fibrous structures having
plural regions discriminated by basis weights. More particularly, this
invention relates to cellulosic fibrous structures having an essentially
continuous high basis weight region and discrete low basis weight regions
which comprise radially oriented fibers. The cellulosic fibrous
structures are suitable for use in consumer products.

BACKGROUND OF THE INVENTION

Cellulosic fibrous structures, such as paper, are well known in the
art. Such fibrous structures are in common use today for paper towels,
toilet tissue, facial tissue, etc.

To meet the needs of the consumer, these cellulosic fibrous
structures must balance several competing interests. For example, the
cellulosic fibrous structure must have sufficient tensile strength to
prevent the cellulosic fibrous structure from tearing or shredding during
ordinary use or when relatively small tensile forces are applied. The
cellulosic fibrous structure must aiso be absorbent, so that liquids may

_be quickly absorbed and fully retained by .the cellulosic fibrous

structure. The cellulosic fibrous structure should also exhibit
sufficient softness, so that it is tactilely pleasant and not harsh
during use. The cellulosic fibrous structure should exhibit a high
degree of opacity, so that it does not appear flimsy or of low quality to
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face 53 of the reinforcing structure 57 about Q.Q5 mllineters to about 1.3
mllimeters (0.002 to 0.050 inches). Cbviously, REPLAUEMFNWOSHHEW nces 59

have zero extent in the Z-direction, a nore nda ry-banslaﬁl bas|s wei ght
cellulosic fibrous structure 20 results. Thug, A desited to
mnimze the difference in basis weights betm&er 'd@git h pasi s wei ght
regions 24 and | ow basis wei ght regions 26 of {the_cellulosic _Jiprous

structure 20, generally shorter protuberances|59 should be util}{zed. As
illustrated in Figure 6, the protuberances 59 ‘preferabty—do—ret! have sharp
corners, particularly in the XY plane, so that stress concentrations in the
resul ting |dw bagi.s Aedigist tlkigi dbaskdrepobf tdempetiinguli okarests brtbescealtlulietier e

20 of Fi gurﬁbﬂro@ﬁr%w@%m st%@%rcbh&wcaﬂysopm;te%eéarprbetHM@ggﬁFré aridS

curV|rhonbohedra aped, having a cross- section which rese
rhonbus wi t$P ﬂaﬁﬁruéeféf"cféFnétng yet s sfji{ haffordahde dta §he HOnEWReY's- sect i onal

area of the prOTéJEQ'I@”@@ﬁen’é@h t bee sbEleshof afdremaitalonber pAGRYt dE My behe

generally mgqa{ Yo PR llelﬂur:l'osm fibrous structure to retain its physical
integrity during use. Tensile strength is controlled by the weakest link
under tension in the cellulosic fibrous structure. The cellulosic
fibrous structure will exhibit no greater tensile strength than that of
any region in the cellulosic fibrous structure which is undergoing a
tensile loading, as the cellulosic fibrous structure will fracture or
tear through such weakest region.

The tensile strength of a cellulosic fibrous structure may be
improved by increasing the basis weight of the cellulosic fibrous
structure. However, increasing the basis weight requires more cellulosic
fibers to be utilized in the manufacture, leading to greater expense for
the consumer and requiring greater utilization of natural resources for
the raw materials.

Absorbency is the property of the cellulosic fibrous structure which
allows it to attract and retain contacted fluids. Both the absolute
quantity of fluid retained and the rate at which the cellulesic £ibrous
structure absorbs contacted fluids must be considered with respect to the
desired end use of the cellulosic fibrous structure. Absorbency is
influenced by the density of the cellulesic fibrous structure. If the
cellulosic fibrous structure is too dense, the interstices between fibers
may be too small and the rate of absorption may not be great enough for
the intended use. If the interstices are too large, capillary attraction
of contacted fluids is minimized and, due to surface tension limitations,
fluids will not be retained by the cellulosic fibrous structure.

Softness is the ability of a cellulosic fibrous structure to impart
a particularly desirable tactile sensation to the user’s skin. Softness
is influenced by bulk modulus (fiber flexibility, fiber morphology, bond
density and unsupported fiber length), surface texture (crepe frequency,
size of various regions and smoothness), and the stick-slip surface
coefficient of friction. Softness is inversely proportional to the




orthogonal the plane of the formng belt 42 Alternatively, the
pr ot uberances 59 may be sonmewhat tapered, yielding a frustroconical shape,

as illustrated in Figure 5. It is not nggpgﬁgg Nh hg protuberances
59 be of uniform height or that the free ends ME §%EET

prottuber ances 59
be equal ly spaced fromthe proximl elevatilon 5 a of the glt rdly oriented

face 53 of the reinforcing structure 57 1 i t2ilsAdeP96d |t I ncor porate
nore conplex patterns than those illustratdd|into the cell dl ¢sic fibrous
structure 20, it will be understood by onef{skilled in the arg that this my
be acconplished by having a topography defi I rectional

| evel s of é&#ﬁ%ﬂddm&hﬁr@éM%E@ftCQSbﬁ&s- seamulr@ved ddsek €l diFopmali icher £ng
basi s wel gt LIAT 255aite The S ane %P The Vo1t ifosie! HBro8e Srbdles:
Opacity 1is the property of a cellulosic fibrous structure which
prevents or reduces light transmission therethrough. Opacity is directiy
related to the basis weight, density and uniformity of fiber distribution
of the cellulosic fibrous structure. A cellulosic fibrous structure
having relatively greater basis weight or uniformity of fiber
distribution will also have greater opacity for a given density.
Increasing density will increase opacity to a point, beyond which further
densification will decrease opacity.

One compromise between the various aforementioned properties is to
provide a cellulosic fibrous structure having mutually discrete zero
basis weight apertures in an essentially continuous network having a
particular basis weight. The discrete apertures represent regions of
lower basis weight than the essentially continuous network, providing for
bending perpendicular to the plane of the cellulosic fibrous structure,
and hence increase the flexibility of the cellulosic fibrous structure.
The apertures are circumscribed by the continuous network, which has a
desired basis weight and which controls the tensile strength of the
cellulosic fibrous structure.

Such apertured cellulosic fibrous structures are known in the prior
art. For example, U.S. Patent 3,034,180 issued May 15, 1962 to Greiner
et al. discloses cellulosic fibrous structures having bilaterally
staggered apertures and aligned apertures. Moreover, cellulosic fibrous
structures having various shapes of apertures are disclosed in the prior
‘art. For example, Greiner et al. discloses square apertures, diamond-
shaped apertures, round apertures and cross-shaped apertures.

However, apertured cellulosic fibrous structures have several
shortcomings. The apertures represent transparencies in the cellulosic
fibrous structure and may cause the consumer to feel the structure is of
lesser quality or strength than desired. The apertures are generally too

large to absorb and retain any fluids, due to the limited surface tension
of fluids typically encountered by the aforementioned tissue and towel
products. Also, the basis weight of the network around the apertures
_ must be increased so that sufficient tensile strength is obtained.



26 . structure 20 defined by the protuberances 59 of the other |evels.
Alternatively, this may be ot herw se acconpl g belt 42
having an outwardly oriented face 53 definadhagﬁﬁgﬁgwfﬁgﬁgfl el evati ons by
sonme ot her neans, for exanple, having unifprmsized protuberfances 59 joi ned
to a reinforcing structure 57 having |aj @ haG 1996 ijch

significantly varies relative to thes E-firection extjent of the

pr ot uber ances 59. As illustrated in Fipure 6, the patterjned array of
pr ot uber ances 59

In addition to the zero basis weight apertured degenerate case,
attempts have been made to provide a cellulesic fibrous structure having
mutually discrete nonzero low basis weight regions in an essentially
continuous network. For example, U.S. Patent 4,514,345 qssued
April 30, 1985 to Johnson et al. discloses a cellulosic fibrous structure
having discrete nonzero low basis weight hexagonally shaped regions. A
similarly shaped pattern, utilized in a textile fabric, is disclosed in
U.S. Patent 4,144,370 issued March 13, 1979 to Boulton. ‘

The nonapertured cellulosic fibrous structures disclosed in these
references provide the advantages of slightly increased opacity and the
presence of some absorbency in the discrete low basis weight regions, but
do not solve the problem that very little tensile load is carried by the
discrete nonzero low basis weight regions, thus limiting the overall
burst strength of the cellulosic fibrous structure. Also, neither
Johnson et al. nor Boulton teach cellulosic fibrous structures having
relatively high opacity in the discrete low basis weight regions.

Plural basis weight cellulosic fibrous structures are typically
manufactured by depositing a liquid carrier having the cellulosic fibers
homogeneously entrained therein onto an apparatus having a fibgr
retentive liquid pervious forming element. The forming element-.may Be
generally planar and is typically an endless belt.

The aforementioned references, and additional teachings such as U.S.
Patents 3,322,617 issued May 30, 1967 to Osborne; 3,025,585 issued
March 20, 1962 to Griswold, and 3,159,530 issued December 1, 1964 to
Heller et al. disclose various apparatuses suitable for manufacturing
cellulosic fibrous structures having discrete low basis weight regions.
The discrete low basis weight regions according to these teachings are
produced by a pattern of upstanding protuberances joined to the forming
element of the apparatus used to manufacture the cellulosic fibrous
structure. However, in each of the aforementioned references, the
upstanding protuberances are disposed in a regular, repeating pattern.
The pattern may comprise protuberances staggered relative to the adjacent
protuberances or aligned with the adjacent protuberances. Each
protuberance (whether aligned, or staggered) is generally equally spaced



may, preferably, range in area, as a percentage of the projected surface
area of the formng belt 42, froma mnimnu nt of the

total projected surface area of the form ng HHEPLAGEMENS §HBRIXifrum of about
80 percent of the total projected surface e of the formlng belt 42,

Wi t hout considering the contribution of the relgﬂpgggng?gtructure 57 to the
projected surface area of the formng bgt Y2 The confri RQutji on of the

patterned array of protuberances 59 to the tat—prorectedisyrface area of
the formng belt 42 is taken as the aggregate of the projectged area of each
pr ot uberance 59 taken at the maxi mum projection agalnst an orthogonal to

t he out war dirgmoktieend patentcpro38befantée r éndeeds chieidestetuatluretiizes a woven i s

to be recog%h;&qnqgﬁgngﬁ ﬁﬁetﬁpﬁpsgngphg% s0f the protuberances 59 to the

total surface area of di mi ni shes, the previously
descri bed hi gh BgspEraggenent @séﬁ!ﬁldw §PaSEdt PRRIGIBS  #GeROr RPTRSERES tanather

cel I'ul osi ¢ shbPtSIngt {rHhdr 9:«2& el eamRs apParitibad %vﬁh@ BHQNQAPtEngeémenOf

raw materi %lr'%w eurglistantw?]y un?fng'ﬁ t%%ﬁwee%{}af h?]ow res1s and%s (a(rj)d hence
drainage and hence deposition of cellulosic fibers) throughout the entire
Tiquid pervious portion of the forming element utilized to make the
cellulosic fibrous structure. Substantially equal quantities of
cellulosic fibers are deposited in the liquid pervious region because
equal flow resistances to the drainage of the liquid carrier are present
in the spaces between adjacent protuberances. Thus, fibers may be
relatively homogeneously and wuniformly deposited, although not
necessarily randomly or uniformly aligned, in each region of the
apparatus and will form a cellulosic fibrous structure having a like
distribution and alignment of fibers.

One teaching in the prior art not to have each protuberance equally
spaced from the adjacent protuberances is disclosed in U.S. Patent
795,719 issued July 25, 1905 +to Motz. However, Motz discloses
protuberances disposed in a generally random pattern which does not
advantageously distribute the cellulosic fibers in a manner to
consciously influence any one of or optimize a majority of the afore-
mentioned properties.

Accordingly, it is an object of this invention to overcome the
problems of the brior art and particularly to overcome the problems
presented by the competing interests of maintaining high tensile
strength, high absorbency, high softness, and high opacity without unduly
sacrificing any of the other properties or requiring an uneconomical or
undue use of natural resources. Specifically, it is an object of this
invention to provide a method and apparatus for producing a cellulosic
fibrous structure, such as paper, by having relatively high and
relatively low flow resistances to the drainage of the Tiquid carrier of
the f1bers in the apparatus and to proportion such flow res1stances,
re1at1ve to each other, to advantageously radially arrange the fibers in
the low basis weight regions.




si des of adjacent protuberances 59 of the form ng belt 42 should be
I ncreased as the length of the fibers incre;j fi bers may

bri dge adjacent protuberances 59 and hence hoRERMAREMEME SHEEE lconduits

bet ween adj acent protuberances 59 to the refnforcing structjurje 57 defined
by the surface area of the proximal elevatipn}53a E@Ehe slecond face 55
of the formng belt 42 may have a defingd apdjnoticea t opogr aphy or nmay
be essentially macroscopically nonopl anar. As' esjsential |y
macroscopi cal |y nmonopl anar” refers to the geonetry of the forjmng belt 42
when it is placed in a two-dinmensional configuration only m nor and
tol erabl e devi &y basirgr eegiansobfutrel pf iandy iftigh addi chlatdvedy ilorsrekd sharices

23?’?{“53'8%@ T ‘g?%wuyilgf?rﬁzg ﬁ: gﬁ@gag)pggattﬂ? 508 a9 068 Ve ArddteP’ OHEb T %ver
the orientation and pattern of deposition of the cellulosic fibers, and
obtain cellulosic fibrous structures not heretofore known in the art.
Generally, there is an inverse relation between the flow resistance of a
particular region of the liquid pervious fiber retentive-fofming element
and the basis weight of the region of the resulting cellulosic fibrous
structure corresponding to such regions of the forming element. Thus,
regions of relatively low flow resistance will produce corresponding
regions in the cellulosic fibrous structure having a relatively high
basis weight and vice versa, provided, of course, the fibers are retained
on the forming element.

More particularly, the regions of relatively Tow flow resistance
should be continuous so that a continuous high basis weight network of
fibers results, and tensile strength is not sacrificed. The regions of
relatively high flow resistance (which yield relatively low basis weight
regions in the cellulosic fibrous structure and which orient the fibers)
are preferably discrete, but may be continuous.

Additionally, the size and spacing of the protuberances relative to
the fiber length should be considered. If the protuberances are too
closely spaced, the cellulosic fibers may bridge the protuberances and
not be deposited onto the face of the forming element.

According to the present invention, the forming element is a forming
belt having a plurality of regions discriminated from one another by
having different flow resistances. The liquid carrier drains through the
regions of the -forming belt according to the flow resistance presented
thereby. For example, 1if there are impervious regions, such as
protuberances or blockages in the forming belts, no liquid carrier can
drain through these regions and hence few or no fibers will be deposited
in such regions.

The ratio of the flow resistances between the regions of high flow
resistance and the regions of low flow resistance is thus critical to
determining the pattern in which the cellulosic fibers entrained in the
liquid carrier will be deposited. Generally, more fibers will be
déposited in zones af the forming belt having a relatively lesser flow



27 descri bed above and cl ai ned below. Either geonetry of the second face
55, topographical or essentially macroscopically nonopl anar, S
acceptabl e, so long as the topography of tHhd f{the form ng
belt 42 is not interrupted by deviations of I?Ep&ﬁm? , tand the

form ng belt 42 can be used with the procesg dt eps descri be erein. The
second face 55 of the fornming belt 42 mgy cdntjacZ 1tAdG 9% pirent used in the
process of making the cellulosic fibrous strjudqture 20 and h been referred
toin the art as the nmachine side of the forjm ng belt 42.

resistance, because more liquid carrier may drain through such regions.
However, it is to be recognized that the flow resistance of a particular
region on the forming belt is not constant and will change as a function
of time.

By properly selecting the ratio of the flow resistance between
discrete areas having high flow resistance and continuous areas of lower
flow resistance, a cellulosic fibrous structure having a particularly
preferred orientation of the cellulosic fibers can be accomplished.
Particularly, the discrete areas may have cellulosic fibers disposed in a
substantially radial pattern and be of relatively Tower basis weight than
the essentially continuous region. A discrete region having radially
oriented cellulosic fibers provides the advantage of absorbency for a
given opacity over discrete regions having the cellulosic fibers in a
random disposition or a nonradial disposition.

To overcome these problems, cellulosic fibrous structures having an
essentially continuous high basis weight region and discrete regions of
low and intermediate basis weights have been made, particularly wherein
the low basis weight region is adjacent the high basis weight region and
circumscribes the intermediate basis weight region. An example of such
structures, which do not form part of the present” invention, can be made
in accordance with commonly assigned Application Serial No. 07/722,792
filed June 28, 1991, in the names of Trokhan et al.

However, a plural vregion cellulosic fibrous structure having
discrete intermediate and low basis weight regions has certain drawbacks.
Particularly, the fibers in the intermediate basis weight region do not
contribute to the load carrying capacity of the cellulosic fibrous
structure. Instead, these fibers are bunched together and provide an
ocellus which, while helpful for opacity, do not span the discrete low
basis weight region and hence do not share in the distribution of applied
tensile loadings.

BRIEF SUMMARY OF THE INVENTION |
The invention comprises a single lamina cellulosic fibrous structure
having at least two regions disposed in a nonrandom, repeating pattern.
The first region is of relatively high basis weight and comprises an



The protuberances 59 define annuluses 65 having nultiple and different flow
resistances in the liquid pervious portion ¢T T ety 42, One
manner in which differing regions nmay b Br%@@émi@fﬂl strated in
Figure 6. FEach protuberance 59 of the forming belt of Figufef 6 may be
substantially equally spaced from the df a@ AU Mgsber apce 59,

provi ding an essentially continuous netgorkjahnul us 65 between adj acent

pr ot uber ances 59. Extendi ng in the Z-d{recriromthrougt thhe approxi nate
center of a plurality of the protuberances B9 or, through each of the

prot uberances 59, is an aperture 63 which provides fluld comunication
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the liquid carrlgﬁﬁ%%¢4 drai n through the annul uses 65 between

oriente

In another aspect, the invention comprises a procesé of producing a
single lamina cellulosic fibrous structure having two regions disposed in
a nonrandom, repeating pattern. The process comprises the steps of
providing a plurality of cellulosic fibers suspended in a liquid carrier,
a fiber retentive forming element having liquid pervious zones, and a
means for depositing the cellulosic fibers onto the forming element. The
cellulosic fibers are deposited onto the forming element and the liquid
carrier drained therethrough in two simultaneous stages, a high flow rate
stage and a low flow rate stage. The high and low flow rate stages have
mutually different initial mass flow rates, whereby the fibers in the low
flow rate stage drain in a substantially radially oriented pattern
towards a centroid, and thereby form a plurality of discrete regions

' having relatively lower basis weights than the region formed by the high
flow rate stage and radially oriented fibers within the discrete Tow
basis weight regions. ’

Certain fibers are simultaneously orientationally influenced by both
flow areas. This results in a radially oriented bridging of the
impervious portion. The low flow area provides this orientational
influence without excessive accumulation of fibers over said area.

In yet another aspect, the invention comprises an apparatus for
forming a cellulosic fibrous structure having -at least two mutually
different basis weights disposed in a nonrandom, repeating pattern. The
apparatus comprises a liquid pervious fiber retentive forming element
having zones through which a liquid carrying the cellulosic fibers may
drain, and a means for retaining the cellulosic fibers on the forming
element in a nonrandom, repeating pattern of two regions having mutually
different basis weights. The two regions comprise a first high basis
weight region of an essentially continuous network and a plurality of
second low basis weight discrete regions having substantially radially
oriented fibers. '



adj acent protuberances 59 than through the aperture 63 within and
circunscri bed by the free end 53b of a particul ar protuberance 59. Because

|l ess liquid carrier drains through the apef ' ough t he
annul us 65 between adj acent protuberances 5dﬂﬁié‘§¥ﬂb2385ﬁ€re fibers are
deposited onto the reinforcing structure 5 pubjacent the jannul us 65
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bet ween adj acent protuberances 59 than gntp I h@ T AUGF ®9§i g |structure 57
subj acent the apertures 63. The annul usks 65 and aperjt yres 63
respectively define high flowrate and | ow f rowW Tate Zones ijn the form ng
belt 42. The initial mass flow rate of the_liquid carrier tihrough the

annul uses 65 i Bhedr egadhindiafedne rafi tdompr 18RS Sa f | YN i atperefoushearelihfidkicAng

carrier tllﬁgﬂgthgénan%p%r%%Efﬁ%ngg'array of protuberances joined thereto. The
patterned array of protuberances may have a liquid pervious aperture
therethrough, and/or may be radially segmented.

BRIEF DESCRIPTION OF THE DRAWINGS
While the Specification concludes with claims particularly pointing
out and distinctly claiming the present invention, it is beljeved the
same will be better understood by the following Specification taken in
conjunction with the associated drawings in which like components are
given the same reference numeral, analogous components are designated
with one or more prime symbols, and:

Figure 1 is a top plan photomicrographic view of a cellulosic
fibrous structure according to the present invention having
discrete regions with radially oriented cellulosic fibers;

Figures 2A}-2D3 are top plan photomicrographic views of cellulosic
fibrous structures having a range of differences in basis
weights between the low and high basis weight regions, within
each alphabetically labeled series of figures an increasing
tendency towards a two basis weight structure is shown as each
series is examined in order, and increasing radiality is shown
as the subscripted figures are examined in order within each
alphabetically labeled series;

Figures 3A1-3D3 are top plan photomicrographic views of cellulosic
fibrous structures having a range of degrees of radiality
present in the low basis weight regions, within each
alphabetically Jabeled series of figures increasing radiality
is shown as each series is examined in order, and an

' increasing tendency towards a two basis weight structure
is shown as the subscripted figures are examined within each
alphabetically labeled series;

Figure 4 is a schematic side elevational view of an apparatus which
may be utilized to make the cellulosic fibrous structure
according to the present invention;



28 It will be recognized that no liquid carrier will flow through

t he protuberances 59, because the protuberarC | Vious to 'the
liquid carrier. However, dependi ng upon the e?@egﬁhg&§%5f i fli stal ends

53b of the protuberances 59 and the |ength {f |the cel Tul osi ¢ 1ibers,
cellulosic fibers my be deposited on [tHe 24iAiGI199&nds] 53b of the

pr ot uberances 59. As used herein, thg "iniftial nmass floy fate" refers
tothe flowrate of the liquid carrier whenjit 175 TITst TmToguced to and
deposited upon the formng belt 42. O counse, it wll be recognized that
both fl ow

Figure 5 is a fragmentary side elevational view of a forming element
having apertures through the protuberances and taken along line
5-5 of Figure 4;

Figure 6 is a fragmentary top plan view of the forming element of
Figure 5; and _ _

Figures 7A and 7B are schematic top plan views of an alternative
embodiment of a forming element which may be used to make
cellulosic fibrous structures according to the present
invention and having radially segmented protuberances.

DETAILED DESCRIPTION OF THE INVENTION

THE PRODUCT

As illustrated in Figure 1, a cellulosic fibrous structure 20
according to the present invention has two regions: a first high basis
weight region 24 and second discrete Tow basis weight region 26. Each
region 24 or 26 is composed of cellulosic fibers which are approximated
by linear elements. The cellulosic fibers of the low basis weight
regions 26 are disposed in a substantially radial pattern.

The fibers are components of the cellulosic fibrous structure 20 agd
have one very large dimension (along the longitudinal axis of the- fiber)
compared to the other two relatively very small dimensions (mutually
perpendicular, and being both radial and perpendicular to the longi-
tudinal axis of the fiber), so that linearity is approximated. While
microscopic examination of the fibers may reveal two other dimensions
which are small, compared to the principal dimension of the fibers, such
other two small ‘dimensions need not be substantially equivalent nor
constant throughout the axial length of the fiber. It is only important
that the fiber be able to bend about its axis, be able to bond to other
fibers and be distributed by a liquid carrier.

The fibers comprising the cellulosic fibrous structure 20 may be
synthetic, such as polyolefin or polyester; are preferably cellulosic,
such as cotton linters, rayon or bagasse; and more preferably are wood
pulp, sucﬁ as soft woods (gymnosperms or coniferous) or hard woods
(angiosperms or deciduous). As used herein, a cellulosic fibrous
structure is considered "cellulosic" if the cellulosic fibrous structure
compriges at Teast about 50 weight percent or at Yeast about 50 volume =



rate zones will decrease in mass flowrate as a function of tine as the
apertures 63 or annul uses 65 which define tje—zeres—besors—ohbturated with

cellulosic fibers suspended in the |iquid car RE@irACzEMENTeﬁHﬁEme:i by the
formng belt 42. The difference in flow resi b apertures 63
and the annuluses 65 provides a means for ret3i basi s wei ghts
of cellulosic fibers in a pattern in the,dif he form ng

bel t 42 This difference in flom/rgf is referred

to as "staged draining,” in recognition tha1 a step di sconti n ity exists
between the initial flowrate of the |iquidTarrrer—ttmrough—the hi gh and
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having a length of less than about 1 millimeter and a diameter of about
12 to about 25 micrometers has been found to work well for the cellulosic
fibrous structures 20 described herein.

If wood pulp fibers are selected for the cellulosic fibrous
structure 20, the fibers may be produced by any pulping process including
chemical processes, such as sulfite, sulphate and soda processes; and
mechanical processes such as stone groundwood. Alternatively, the fibers
may be produced by combinations of chemical and mechanical processes or
may be recycled. The type, combination, and processing of the fibers
used are not critical to the present invention.

A cellulosic fibrous structure 20 according to the present invention
is macroscopically two-dimensional and planar, although not necessarily
flat. The cellulosic fibrous structure 20 may have some thickness in the

- third dimension. However, the third dimension is very small compared to
the actual first two dimensions or to the capability to manufacture a
cellulosic fibrous structure 20 having relatively large measurements in
the first two dimensions.

The cellulosic fibrous structure 20 according to the present
invention comprises a single lamina. However, it is to be recognized
that two single laminae, either or both made according to the present
invention, may be joined in face-to-face relation to form a unitary
laminate. A cellulosic fibrous structure 20 according to the present
invention is considered to be a "single lamina" if it is taken off the
forming element, discussed below, as a single sheet having a thickness
prior to drying which does not change unless fibers are added to or
removed from the sheet. The cellulosic fibrous structure 20 may be later
embossed, or remain nonembossed, as desired.

The cellulosic . fibrous structure 20 according to the present
invention may be defined by intensive. properties which discriminate
regions from each other. For example, the basis weight of the cellulosic
fibrous strdcturelzo is one intensive property which discriminates the -
regions from each other. As used herein, -a prOperiy is considered




rate zones (the annul uses 65) of the formng
rate stage of the process used to manufactur
structure 20. The | ow basis weight regions 2 honr andom
repeating pattern substantially correspondin (1#5; flow yate zones
(the apertures 63 and protuberances 59) of thejf ﬁﬂgfﬁgﬁt 2l and to the
low flow rate stage of the process used id nufacture the celf ulosic
fibrous structure 20. The fl ow resistange of the entire florm ng belt
42 can be easily neasured according to techn ewr—t'0 one skilled

Lt 42 and 1o fhe high flow
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in the art. However, asuring the fIOM/re5|stance of the high and Iom1f|ow
rate zones, HRASTYENE1T ditt deaseAeledave ? ¥VRbIG derandephieen theeddasenlden of s
nore values within the plane of the cellulosic fibrous structure 20. Examples

of two dimensionally intensive properties include the density, projected
capillary size, basis weight, temperature, compressive moduli, tensile
moduli, fiber orientation, etc., of the cellulosic fibrous structure 20.
As used herein properties which depend upon the aggregatibn of various
values of subsystems or components of the cellulosic fibrous structure 20
are considered "extensive" in all three dimensions. Examples of
extensive properties include the weight, mass, volume, and moles of the
cellulosic fibrous structure 20. The intensive property most important
to the cellulosic fibrous structure 20 described and claimed herein is
the basis weight.

The cellulosic fibrous structure 20 according to the present
invention has at least two distinct basis weights which are divided
between two identifiable areas referred to as "regions" of the cellulosic
fibrous structure 20. As used herein, the "basis weight" is the weight,
measured in grams force, of a unit area of the cellulosic fibrous
structure 20, which unit area is taken in the plane of the cellulosic
fibrous structure 20. The size and shape of the unit area from which the
basis weight is measured is dependent upon the relative and absolute
sizes and shapes of the regions 24 and 26 having the different basis
weights.

It will be recognized by one skilled in the art that within a given
region 24 or 26, ordinary and expected basis weight fluctuations and
variations may occur, when such given region 24 or 26 is considered to
have one basis weight.  For example, if on a microscopic level, the basis
weight of an interstice between fibers is measured, an apparent basis
weight of zero will result when, in fact, unless an aperture in the
cellulosic fibrous structure 20 is being measured, the basis weight of
such region 24 or 26 is greater than zero. Such fluctuations and
variations are a normal and expected result of the manufacturing process.

It is not necessary that exact boundaries divide adjacent regions 24
or 26 of different basis weights, or that a sharp demarcation between
adjacenf regions 24 or 26 of different basis weights be apparent at all.
It is on]y 1mportant that the distribution of fibers per unit area be
different in different positions ‘of the cellulosic fibrous structure 20



29 difficult due to the small size of the high and ow fl ow rate zones.

However, flow resistance may be inferred fr AU L& adi us of the
zone under consideration. Generally flo Eﬁém#@eé”% i nversely

proportional to the hydraulic radius. The thydraul i ¢ radifjug of a zone is
defined as the area of the zone divided by tlhg w2ttt AUG996 met ¢r of the
zone. The denom nator frequently includeg ajcgnstant, such as|4. However,

since, for this purpose, it is only inportant To exam ne diiferences
between the hydraulic radii of the zones, t tant _may either be
included or omtted as desired.

and that such different distribution occurs in a nonrandom, repeating
pattern. Such nonrandom repeating pattern corresponds to a nonrandom
repeating pattern 1in the topography of the 1liquid pervious fiber

retentive forming element used to manufacture the cellulosic fibrous
structure 20.

3
xj

While it may be desirable from an opacity standpoint to have a
uniform basis weight throughout the cellulosic fibrous structure 20, a
uniform basis weight cellulosic fibrous structure 20 does not optimize
other properties of the cellulosic fibrous structure 20. The different
basis weights of the different regions 24 and 26 of a cellulosic fibrous
structure 20 according toc the present invention provide for different
properties within each of the regions 24 and 26.

For example, the high basis weight regions 24 provide tensile load
carrying capability, a preferred absorbent rate, and imparts opacity to
the cellulosic fibrous structure 20. The low basis weight regions 26
provide for storage of absorbed liquids when the high basis weight
regions 24 become saturated and for economization of fibers.

Preferably, the nonrandom repeating pattern tesselates, so that
adjacent regions 24 and 26 are cooperatively and advantageously
juxtaposed. By being "nonrandom," the intensively defined regions- 24 and
26 are considered to be predictable, and may occur as a result of known
and predetermined features of the apparatus used in the manufacturing
process. As used herein, the term “repeating" indicates pattern is
formed more than once in the cellulosic fibrous structure 20.

Of course, it is to be recognized that if the cellulosic fibrous
structure 20 is very large as manufactured, and the regions 24 and 26 are
very small compared to the size of the cellulosic fibrous structure 20
during manufacture, 1i.e., varying by several orders of magnitude,
absolute predictability of the exact dispersion and patterns between the
regions 24 and 26 may be very difficult or even impossible and yet the
pattern still be considered nonrandom. However, it is only important
that such intensively defined regions 24 and 26 be dispersed in a pattern
s: 3stantially as desired to yield the performance properties which render
t:2 cellulosic fibrous structure 20 su1tab1e for its intended purpose.

~ The intensively d1scr1m1nated regions 24 and 26 of the cellulesic
fibrous structure 20 may be "discrete,” so that adJacent regions 24 or 26



Al gebraically this my be expressed as: Hydraul i ¢ Radi us

Fl ow Area k wher ei n
the flow area is the area through the aperturje EMﬁMJ%

or the flow area between adjacent protuberandeq 59, as nore fulily define

bel ow and the wetted perineter is the linear {dijnrepgi § 0@?6he erimeter

the zone in contact with the liquid carrjeer. The hydra radii of
Engi neers,

several conmmon shapes is well known and can ef erences
such as Mark's Standard Handbook for Mechani cal eighth
edition, which reference is incorporated herein by reteréence for the

pur pose of i=vang riet bemehpalsiauve ight agtteusodfcoatigavat . cAhtemas hagigs amdgton
t-eachi ng of24hgw §6°m5§rb(1\ Emimﬂfs&}m iC radi_ us of

It will be apparent to one skilled in the art that there may be
small transition regions having a basis weight intermediate the basis
weights of the adjacent regions 24 or 26, which transition regions by
themselves may not be significant enough in area to be considered as
comprising a basis weight distinct from the basis weights of either
adjacent region 24 or 26. Such transition regions are within the normal
manufacturing variations known and inherent in producing a cellulesic
fibrous structure 20 according to the present invention.

The size of the pattern of the cellulosic fibrous structure 20 may
vary from about 3 to about 78 discrete regions 26 per square centimeter
(from 20 to 500 discrete regions 26 per square inch), and preferably from
about 16 to about 47 discrete regions 26 per square centimeter (from 100
to 300 discrete regions 26 per square inch).

It will be apparent to one skilled in the art that as the pattern
becomes finer (having more discrete regions 24 or 26 per square
centimeter) a relatively larger percentage of the smaller sized hardwood
fibers may be utilized, and the percentage of the larger sized softwood
fibers may be correspondingly reduced. If too many larger sized fibers
are utilized, such fibers may not be able to conform to the topography of
the apparatus, described below, which produces the cellulosic fibrous
structure 20. If the fibers do not properly conform, such fibers may
bridge various tbpographica] regions of the apparatus, Teading to a
nonpatterned cellulosic fibrous structure 20. A cellulosic fibrous
structure comprising about 100 percent hardwood fibers, particularly
Brazilian eucalyptus, has been found to work well for a cellulosic
fibrous structure 20 having about 31 discrete regions 26 per square
centimeter (200 discrete regions 26 per square inch).

If the cellulosic fibrous structure 20 iTlustrated in Figure 1 is to
be used as a consumer product, such as a paper towel or a tissue, the
high basis weight region 24 of the cellulosic fibrous structure 20 is
preferably essentially continuous in two orthogonal directions within the
plane of the cellulosic fibrous structure 20. It is not necessary that

| such orthogona1 directions be parallel and perpend1cu1ar the edges of the
finished product or be parallel and perpendicu]ar the direction of

BitkfiTuler ance 59,

d
of



I rregul ar shapes. The hydraulic radius of a given formng el enent 42,
or portion thereof, may be calculated by roher unit cell

i.e., the smallest repeating unit which d LAGEMENT| SBE t yberance 59 and
t he annul us 65 which circunscribes the prot rance 59. O }jcqurse, the unit
cell should neasure the hydraulic radii at 2lexeti 99 off tihe

pr ot uberances 59 and annul uses 65 mhicthr ijde the grea?est restriction to
fl ow. For exanple, the height of a photoSensitt ' t yberance 59
fromthe reinforcing structure 57 may influence its flow resilstance. If the
prot uberances 59 are tapered, a correction to the calculated hydraulic
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the cellulosic fibrous structure in two orthogonal directions, so that
any applied tensile loading may be more readily accommodated without
premature fajlure of the product due to such tensile loading.
Preferably, the continuous direction 1is parallel the direction of
expected tensile 1oading of the finished product according to the present
invention.

The high basis weight region 24 is essentially continuous, forming
an essentially continuous network, for the embodiments described herein
and extends substantially throughout the cellulosic fibrous structure 20.
Conversely, the low basis weight regions 26 are discrete and isolated
from one another, being separated by the high basis weight region 24.

An example of an essentially continuous network is the high basis
weight region 24 of the cellulosic fibrous structure 20 of Figure 1.
Other examples aof cellulosic fibrous structures having essentially
continuous networks are disclosed in commonly assigned U.S. Patent
4,637,859 issued January 20, 1987 to Trokhan and incorporated herein by
reference for the purpose of showing another cellulosic fibrous structure
having an essentially continuous network. Interruptions in the
essentially continuous network are tolerable, albeit not preferred, so
long as such interruptions do not substantially adversely affect the

material properties of such portion of the cellulosic fibrous structure
20. '

Conversely, the low basis weight regions 26 may be discrete and
dispersed throughout the high basis weight essentially continuous network
24. The low basis weight regions 26 may be thought of as islands which
are surrounded by a circumjacent essentially continuous network high
basis weight region 24. The discrete low basis weight regions 26 also
form a nonrandom, repeating pattern.

The discrete low basis weight regions 26 may be staggered in, or may
be aligned in, either or both of the aforementioned two orthogonal
directions. Preferably, the high basis weight essentially continuous
network 24 forms a patterned network circumjacent the discrete low basis
weight regions 26, although, as noted above, small transition regions may
be, accommodated.



30 Wt hout such correction, the apparent ratio of the hydraulic
radi i, discussed below, nay be less than th on the
formng el ement 42. The ratios of hydraulic|rBELACEMERR SHEET hg Exanpl es
bel ow are uncorrected, but work well for sug¢hfExanples. ferring to
Figure 6, one possible unit cell for the foimng elgeKes 42 | 1S
illustrated by the dashed lines CGC. & ceoufse, any boundafies which are
created by the unit cell, but which do not ¢ofst+ eri neter of
the flow path are not consi dered when

Differences in basis weights (within the same cellulosic fibrous
structure 20) between the high and low basis weight regions 24 and 26 of
at least 25 percent are considered to be significant for the present
invention. If a quantitative determination of basis weight in each of
the regions 24 and 26 is_desired, and hence a quantitative determination
of the differences in basis weight between such regions 24 and 26 is
desired, the quantitative methods, such as image analysis of soft X-rays
as disclosed in commonly assigned U.S. Patent Application Serial No.
07/724,551 filed June 28, 1991 in the names of Phan et al. may be
utilized, which patent application is incorporated herein by reference
for the purpose of showing suitable methods to quantitatively determine
the basis weights of the regions 24 and 26 of the cellulosic fibrous
structure 20.

The area of a given low or intermediate basis weight region 26 or 25
may be quantitatively determined by overlaying a photograph of such
region 26 or 25 with a constant thickness, constant density transparent

~ sheet. The border of the region 26 or 25 is traced in a color
contrasting to that of the photograph. The outline is cut as accurately
as possible along the tracing and then weighed. This weight is compared
to the weight of a similar sheet having a unit area, or other known area.
The ratio of the weights of the sheets is directly proportional to the
ratio of the two areas.

If one desires to know the relative surface area of two regions,
such as the percentage surface area of an intermediate basis weight
region 25 within a low basis weight region 26, the low basis weight
region 26 sheet may be weighed. A tracing of the border of the
intermediate basis weight region 25 is then cut from the sheet and this
sheet is weighed. The ratio of these weights gives the ratio of the
areas.

Differences in basis weight between the two regions 24 or 26 may be
qualitatively and semi-quantitatively determined by a scale of increasing
differences, illustrated by Figures series 2A through Figure series 2D
respectively. _

Figures 2A}-2A3 show the low basis weight regions 26 are either
apertured, as illustrated in Figure 2A}, or, have a very prominent inter-
mediate basis weight region 25 formed therein, as illustrated in Figures



cal cul ating the hydraulic radius. The f1 pvRER-AREMENT SHEEE 4 cul ate the
hydraul i ¢ radi us does not take into considerpt|on any resirrjctyi ons inposed
by the reinforcing structure 57 underneath the pQO[KﬁQr%@ ed 59. O

course, it will be recognized that as the sjzp of the apertjurles 63
decreases, either due to a smaller sizedlpat}ermberng—seteetdd, or the
di aneter of the aperture 63 being snmaller, cellulosic fibrods structure

20 may result which does not have the requisite radialtTty in the | ow basis
wei ght regifns 26 or even have three regions discrimnated g§3basis wei ght .

Such devi at #21éA%ray IBe ed§dne gad hd Y ol PERIESt arkse FigHIgst &4 -BR3 tame studied
rei nforci ngistordet.ure 20. For the formng elements 42, illustrated in
rones compri se | H&TEnar MEHTREE L S P EUHOSTT b R4S prRoTUarangd 86111 The
extent of theyiagnal amtpemddieterbaisms twes gkl lgient25nwhoeh angemRiate basis
Po the ag) acant oestaf 218 Rss ppifeteindh TheP 0P LI BaPiG ncont -
pr ot uber ances 5bigure 2C7 shows only an incipient formation of an intermediate
basis weight region 25 to be present. The intermediate ba:is weight
region 25 is barely apparent and may be considered to be either
nonexistent or so close in basis weight (less than 25 percent) to that of
the low basis weight region 26, that it is not present for purposes of
the present invention.

Figures 2D}-2D3 show cellulosic fibrous structures 20 having no
intermediate basis weight region 25. Although the fibers may range from
being very randomly oriented, as illustrated in Figure 2Dy, to being very
radially oriented, as illustrated in Figure 2D3, no intermediate basis
weight regions 25, aperturing, or significant basis weight nonuniformity
within the low basis weight regions 26 are present.

Generally, for purposes of the present invention, a cellulosic
fibrous structure 20 is considered to have only two regions 24 and 26 if
the presence of any -intermediate basis weight region 25 is less than
about 5 percent of the surface area of the entire low basis weight region
26, inclusive of any intermediate basis weight region 25, or if the basis
weight of the intermediate basis weight region 25 is within about 25
percent of the basis weight of the low basis weight region 26.

By way of example, the intermediate basis weight region 25 in Figure
2C) is about 4 percent of the total of the area of the low basis weight
region 26. For purposes of the invention described and claimed herein,
the cellulosic fibrous structures 20 illustrated in Figures 2Cj-2D3 are
considered to have the claimed high and low basis weight regions 24 and
26 and to meet the two region criterion of the claims.

The fibers of the 'vw regions 24 and 26 may be advantageously
aligned in different djrections. For example, the fibers comprising the
essentially continuous high basis weight region 24 may be preferentia11y
aligned in a generally singular direction, corresponding to the
essentially continuous network of the annuluses 65 between adjacent
protuberances 59 and the influence of the machine direction of the
manufacturing process, as_i]iustrated in Figure 1.



wi Il have a border, centered therein, which |s cotern1nous t he annul ar
perineter of the adjacent protuberances 59 de 65 between

t he adj acent protuberances 59. Furt her no eBBﬂdﬁEME&Tﬁ%EEbr t uber ances’
59 extend in the Z-direction to an el evati on @bgve—Ttiatr—of al ance of

the reinforcing structure 57, fewer fibers wil ?ri gig%fl nj t he regi ons
superj acent the protuberances 59, becausgthejfib 9@8% d pbn the
portions of the reinforcing structure 57 corr ¢sponding—to-thel apertures 63
and annul uses 65 between adj acent protuberancg¢s nust bui | d up tp the

el evation of the free ends 53b of the protube ~addi ti onal
fibers will renbliiis ahignmpnbfpronidesr tarutfebenscbs bBogenerably mabuald ydpariahbel
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of bonding produces a relatively high tensile strength in the high basis

weight region 24. Such high tensile strength in the relatively high

basis weight region 24 is generally advantageous, because the high basis

weight region 24 carries and transmits appiied tensile loading throughout
the cellulosic fibrous structure 20.

The Tlow basis weight region 26 comprises fibers which are
substantially radially oriented and emanate outwardly from the centers of
each of the low basis weight regions 26. Whether or not fibers are
considered ‘"substantially radially oriented" for purposes of this
invention, is determined by a scale of increasing radiality, illustrated
by Figures series 3A through Figure series 3D respectively.

Figures 3A1-3A3 illustrate cellulosic fibrous structures 20 having
low basis weight regions 26 without a plurality of substantially radially
oriented fibers. In particular, Figure 3A] illustrates a cellulosic
fibrous structure 20 having only one radially oriented strand of fibers,
and consequently, poor radial symmetry. Figures 3A2-3A3 show low basis
weight regions 26 having generally random fiber distributions. An
increasing tendency towards a two basis weight cellulosic -fibrous
structure 20 is observed as Figures 3A1-3A3 are studied in order.

Figure 3By illustrates a cellulosic fibrous structure 20 having a
somewhat more radial fiber distribution, but still having very poor
radial symmetry of these fibers.

Figures 3C1-3C2 show cellulosic fibrous structures 20 having Tow
basis weight regions 26 with substantially radially oriented cellulosic
fibers in the low basis weight regions 26. The radially oriented fibers
are fairly isomerically distributed throughout all four quadrants,
promoting radial symmetry, and only a small percentage of nonradially
oriented fibers is present.

| Referring to Figures 3Dj-3D3, cellulosic fibrous structures 20
having extremely radially oriented fiber distributions within the low
basis weight regions 26 are illustrated. While an increasing tendency
towards a two basis weight cellulosic fibrous structure 20 is observed as

Figures 3D1-3D3 are studied in order, each of the cellulosic fibrous
structures 20 illustrated by Figures 3Dj-3D3 has only a minimal




31 One nonlinmting exanple of a formng belt 42 which has been found

to work.,well in accordance with the present i dual nesh

weave reinforcing structure 57. The reinforci BEEﬂﬂﬁufuszEErl made of

filaments having a warp di aneter of about 0.1% T meters—t6 006 i nches) a
ut 45-50

shute dianeter of about 0.18 mllineters (0.007(i t h
percent open area. The reinforcing gtruc U'eapgsﬁktﬁﬁm

approxi mately 36,300 standard liters per” m nuj e4—-280Q.standar

cubi c feet

per mnute) air flow at a differential pressufe of about 12.7 rmllineters
(0.5 inches) of water. The thickness of théTermforcrnyg :
percentage of nonradially oriented fibers. Figures 3D)-3D3 also

illustrate good radial symmetry within the Tow basis weight regions 26.

Generally, for purposes of the present invention, cellulosic fibrous
structures 20 having a degree of radiality at least as great as
illustrated by Figures 3C1-3C7, and preferably at least as great as
illustrated by Figures 3D1-3D3, are considered to be “substantially
radially oriented" and to meet the radiality criterion of the claims.
Figures 1, 2C3, 2D3, 3Cj;, 3C2, 3D2, and 3D3 illustrate cellulosic fibrous
structures 20 having a low basis weight region 26 which meets both
criteria and therefore fall within the scope of the claimed invention
(and are the only figures illustrated hereunder which fall within the
claimed scope).

It is, of course, understood that not all of the low basis weight
regions 26 within a particular cellulosic fibrous structure 20 will meet
both (or necessarily either) of the aforementioned criteria of radiality
and being of low basis weight. Due to normal and expected variations in
the manufacturing process, some low basis weight regions 26 within the
cellulosic fibrous structure 20 may not be considered to have two
regions, as set forth above, or not have a plurality of substantially
radially oriented fibers, as set forth above, yet other (even adjacent)
low basis weight regions 26 may meet both criteria. For purposes of the
present invention, a cellulosic fibrous structure 20 preferably has at
least 10 percent, and more preferably at least 20 percent, of the low
basis weight regions 20 within both of the criteria specified above.

Since it is impractical to study each low basis weight region 26
within a given cellulosic fibrous structure 20, the percentage of low
basis weight regions 26 meeting the criteria may be determined as
follows.

The cellulosic fibrous structure 20 is divided into thirds, yielding
three trisections which are preferably oriented in the machine direction
(if known). A Cartesian coordinate system is arranged in each trisection
with units corresponding to the machine and cross machine direction
pitches of the low basis WEIth regions 26. Using any random number
generator, 33 sets of coordinate points are selected for each outboard
trisection and 34 sets of coordinate points are selected for the central
trisection, yielding a total of 100 coordinate points. Each coord1nate



structure 57 is about 0.76 mlIlineters (0.03 inches), taking into account

t he knuckles fornmed by the woven pattern bdt ) Ccés 53 and 55 of
the formng belt 42. Joined to the rein*@ggﬁﬁgﬁgﬁﬁﬁﬂ{ ré¢ 57 of the
formng belt 42 is a plurality of bilateraljly staggered pr¢tyberances 59.
Each protuberance 59 is spaced fromthe adjlader2 1phWE U896 ahce on a machi ne

direction pitch of about 24 millimeters20(d.d96 inches) ahd}a cross
machi ne direction pitch of about 1.3 mllinfeters (0.052 rnches). The

prot uberances 59 are provided at a density lof about 47 protuberances 59 per
square centineter (200 protuberances 59 per square inch). Each

pr ot uber an®81% CREEESRODFTIR 3 rowhieasd p oeed Shoeoien @bk eckfi arcossdinada RYIPbSi ng
T 6ot} on botyan oo e g 08 Aol S bashenGElt ebibFRas bt Ifstmani ne
i Infr:ﬁgs). C¢h m%ﬁf‘ogﬁtgbrt}%c@ggh SRQaSiéxf'%Wg‘% ZBOIAn 9,1t I{‘?"hélgéﬁ% ¥ighs4
i nches) i nregonZz26iclesestortof thah tdordpnabei pwminteli evsalieoted3a of the outwardly
oriented face 3§,0{od HGw s3E AhdigRY r2g ML YbCLmis Hsignated are analyzed as
set forth above, utilizing magnification and photomicroséopy as desired.
The percentage of low basis weight regions 26 meeting both criteria
determines the percentage for that particular cellulosic fibrous
structure 20.

of couése, if a particular cellulosic fibrous structure 20 does not
have 100 low basis weight regions 26, or a representative sampling of
several individual cellulosic fibrous structures 20 is desired, the 100
points may be spread among several individual cellulosic fibrous
structures 20 and aggregated to determine the percentage for that
sampling.

Of course, the individual cellulosic fibrous structures 20 should be
randomly selected, to maximize the opportunity to achieve a truly
representative sampling. The individual cellulosic fibrous structure 20
may be randomly selected by assigning a sequential number to each
cellulosic fibrous structure 20 in the package or roll. The numbered
cellulosic fibrous structures 20 are selected at random, using another
random number generator, so that 1 to 10 cellulosic fibrous structures 20
are available for analysis. The 100 Cartesian points are divided, as
evenly as possible, between the 1-10 individual cellulesic fibrous
structures 20. The low basis weight regions 26 corresponding to these
Cartesian points are then analyzed as set forth above.

THE APPARATUS

Many components of the apparatus used to make a cellulosic fibrous
structure 20 according to the present invention are well known in the art
of papermaking. As illustrated in Figure 4, the apparatus may comprise a
means 44 for depositing a liquid carrier and cellulosic fibers entrained
therein onto a Tiquid pervious fiber retentive forming element 42.

The Tiquid pervious fiber retentive forming element 42 may be a
forming belt 42, is the heart of the apparatus and represents one
component of the apparatus which departs from the prior art to



the,free end 53b of the protuberance 59.

aperture 63 centered therein and extending
prot uberance 59 to the proxinmal elevation
that the free end 53b of the protuberance
the reinforcing structure 57. Each apertu
protuberance 59 is generally elliptigal
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element has protuberances 59 which form the low basis weight regions 26
of the cellulosic fibrous structure 20, and intermediate annuluses 65
which form the high basis weight regions 24 of the cellulesic fibrous
structure 20.

The apparatus may further comprise a secondary belt 46 to which the
cellulosic fibrous structure 20 is transferred after the majority of the
liquid carrier is drained away and the cellulosic fibers are retained on
the forming belt 42. The secondary belt 46 may further comprise a
pattern of knuckles or projections not coincident the regions 24 and 26
of the cellulosic fibrous structure 20.
42 and 46 travel
respectively.

After deposition of the 1liquid carrier and entrained cellulosic
fibers onto the forming belt 42, the cellulosic fibrous structure 20 is
dried according to either or both of known drying means 50a and 50b, such
as a blow through dryer 50a, and/or a Yankee drying drum 50b. Also, the
apparatus may comprise a means, such as a doctor blade 68, for fore-
shortening or creping the cellulosic fibrous structure 20.

If a forming belt 42 is selected for the forming element 42 of the
apparatus used to make the cellulosic fibrous structure 20, the forming
belt 42 has two mutually opposed faces, a first face 53 and a second face
55, as illustrated in Figure 5. The first face 53 is the surface of the
forming belt 42 which contacts the fibers of the cellulesic structure 20
being formed. The first face 53 is referred to in the art as the paper
contacting side of the forming belt 42. The first face 53 has two
tdpographical]y distinct regions 53a and 53b. The regions 53a and 53b
are distinguished by the amount of orthogonal variation from the second
and opposite face 55 of the forming belt 42. Such orthogonal variation
is considered to be in the Z-direction. As used herein the "Z-direction"
refers to the direction away from and generally orthogonal to the XY
plane of the forming belt 42, considering the forming belt 42 to be a
planar, two- dimensional structure.

~ The forming be]t 42 should be able to withstand all of the known
stresses and operat1ng cond1t1ons in which cellulosic, two- d1mensiona1

The forming and secondary belts

in the directions depicted by arrows A and B



32 - The protuberances 59 extend about 0.1 millineters (0.004 inches)
above the face 53a of the reinforcing structjurn PL EM NTT?ﬁéiT orm ng belt
42 produces the cellulosic fibrous structur nc in Figure 1.
As illustrated in Figure 4, the apparatus furtlher conprisesjajneans 44 for
depositing the liquid carrier and entrained céll@ﬂoéu Wberdsjonto its
formng belt 42, and nore particularly, 2gntq tthe face 53 of jthe form ng
belt 42 having the discrete upstandi ng protyberances 59, so that the
reinforcing structure 57 and the protuberan y

structures are processed and manufactured. A particularly preferred
forming belt 42 may be made according to the teachings of commonly
assigned U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al.,
and particularly according to Figure 5 of Johnson et al., which patent is
incorporated herein by reference for the purpose of showing a
particularly suitable forming element 42 for use w{th the present
invention and a method of making such forming element 42.

The forming belt 42 is liquid pervious in at least one direction,
particularly the direction from the first face 53 of the belt, through
the forming belt 42, to the second face 55 of the forming belt 42. As
used herein "liquid pervious" refers to the condition where the liquid
carrier of a fibrous slurry may be transmitted through the forming belt
42 without significant obstruction. It may, of course, be helpful or
even necessary to apply a slight differential préssure to assist in
transmission of the liquid through the forming belt 42 to insure that the
forming belt 42 has the proper degree of perviousness.

It is not, however, necessary, or even desired, that the entire
surface area of the forming belt 42 be liquid pervious. It is only
necessary that the liquid carrier of the fibrous slurry be easily removed
from the slurry leaving on the first face 53 of 'the forming belt 42 ;h
embryonic cellulosic fibrous structure 20 of the deposited fibers.

The forming belt 42 is also fiber retentive. As used herein a
component is considered "fiber retentive" if such component retains a
majority of the fibers deposited thereon in a macroscopically
predetermined pattern or geometry, without regard to the orientation or
disposition of any particular fiber. Of course, it is not expected that
a fiber retentive component will retain one hundred percent of the fibers
deposited thereon (particularly as the 1liquid carrier of the fibers
drains away from such component) nor that such retention be permanent.
It is only necessary that the fibers be retained on the forming belt 42,
or other fiber retentive component, for a period of time sufficient to
allow the steps of the process to be satisfactorily completed.

. . The forming belt 42 may be thought of as having a reinforcing
structure 57 and a patterned array of protuberances 59 joined in face to

- face relation to the reinforcing structure 57, to define the two mutua]ly
. opposed faces 53 and 55. The: reinforcing structure 57 may comprise a




covered by the fibrous slurry. A headbox 44, as is well known in the art,
may be advant ageously used for this purpose.__\Wile several types of

headboxes 44 are known in the art, one hea lbeen found to
work well is a conventional twin wire head qﬂ#%éﬁquwfgg erfal |y
continuously applies and deposits the fibrjoys glurry onto {the outwardly
oriented face 53 of the forming belt 42.23 2HcAUB 1996 44 flor depositing
the fibrous slurry and the formng belt 4 re noved rel affi ye to one
another, so that a generally consistent gquantity of the TTqdid carrier and
entrained cellulosic fibers may be depositled—onthe faormingtbelt 42 in a
conti nuous forepbets Alemenhatsuell 35 at wevdn quretncarrdtheraaptrentedaWnamkwork.
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process ef erab t he neans 44 for deposi t he us 's urry onto
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differenti aiazréowrraaéutbes W@@nasm facrmm:cheétpér? @mm@@erdep@ﬁ%tam Agans
44 increas QELepses smal.l e quantltlef d
carrier angﬁqgﬁgggi ﬁgd aments m y be genera]ny square, as.i lustrated or of any

other desired cross-section. The filaments may be formed of polyester
strands, woven or nonwoven fabrics. Particularly, a 48 x 52 mesh dual
layer reinforcing structure 57 has been found to work well. ‘

One face 55 of the reinforcing structure 57 may be essentially
macroscopically monoplanar and comprises the outwardly oriented face 53
of the forming belt 42. The inwardly oriented face of the forming belt
42 is often referred to as the backside of the forming belt 42 and, as
noted above, contacts at least part of the balance of the apparatus
employed in a papermaking operation. The opposing and outwardly oriented
face 53 of the reinforcing structure 57 may be referred to as the fiber-
contacting side of the forming belt 42, because the fibrous slurry,
discussed above, is deposited onto this face 53 of the forming belt 42.

The patterned array of protuberances 59 is joined to the reinforcing
structure 57 and preferably comprises individual protuberances 59 joined
to and extending outwardly from the inwardly oriented face 53 ~of the
reinforcing structure 57 as illustrated in Figure 5. The protuberances
59 are also considered to be fiber contacting, because the patterned
array of protuberances 59 receives, and indeed may be covered by, the
fibrous slurry as it is deposited onto the forming belt 42.

The protuberances 59 may be joined to the reinforcing structure 57
in any known manner, with a particularly preferred manner being joining a
plurality of the protuberances 53 to the reinforcing structure 57 as a
batch process incorporating a hardenable polymeric photosensitive resin -
rather than individually joining each protuberance 59 of the patterned
array of protuberances 59 to the reinforcing structure 57. The patterned
array of protuberances 59 is preferably formed by manipulating a mass of
generally liquid material so that, when solidified, such material is
contiguous with and forms part of the protuberances 59 and at least
partially surrounds the reinforcing structure 57 in contacting relation-
ship, as illustrated in Figure 5. |




cellulosic fibers may be deposited onto the formng belt 42 per unit of
time, respectively. Al so, a neans 50 yi ng the
fibrous slurry fromthe enbryonic cellul cture 20 of
fibers to form a two-dinensional cellulfogic fibrous stifugture 20 having
a consistency of at |east about 90 percent| ay2Heapgogegled. | Any conveni ent
dryi ng neans 50a and/or 50b well known pa |t He papernaklng aft can be used
to dry the enbryonic cellulosic fibrous t rocture26—of—th fibrous
slurry. For exanple, press felts, thermgl__hoods, 'infra-red radiation,

bl owt hrough dryers 50a, and Yankee drying drums 50b, each used alone or in
conbi nati on, aAe Blustfaedoiy Fagurawvél,| thenpabtémed harrayt of Arptubicrantes 59
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rying drum In se nce.
the fibrous slurry may deflect, extend in the Z-direction from the free
ends 53b of the protuberances 59 to the proximal elevation 53a of the
outwardly oriented face 53 of the reinforcing structure 57. This
arrangement provides a defined topography to the forming belt 42 and
allows for the liquid carrier and fibers therein to flow to the rein-
forcing structure 57. The annuluses 65 between adjacent protuberances 59
form conduits having a defined flow resistance which is dependent upon
the pattern, size and spacing of the protuberances 59.

The protuberances 59 are discrete and preferably regularly spaced so
that large scale weak spots in the essentially continuous network 24 of
the cellulosic fibrous structure 20 are not formed. The liquid carrier
may drain through the annuluses 65 between adjacent protuberances 59 to
the reinforcing structure 57 and deposit fibers thereon. More
preferably, the protuberances 59 are distributed in a nonrandom repeating
pattern so that the essentially continuous network 24 of the cellulosic
fibrous structure 20 (which 1is formed around and between the
protuberances 59) more uniformly distributes applied tensile loading
throughout the cellulosic fibrous structure 20. Most preferably, the
protuberances 59 are bilaterally staggered in an array, so that adjacent
low basis weight regions 26 in the resulting cellulosic fibrous structure
20 are not aligned with either principal direction to which tensile
loading may be appiied.

Referring back to Figure 5, the protuberances 59 are upstanding and
joined at their proximal ends 53a to the outwardly oriented face 53 of
the reinforcing structure 57 and extend away from this face 53 to a
distal or free end 53b which defines the furthest orthogonal variation of
the patterned array of protuberances 59 from the outwardly oriented face
53 of the reinforcing structure 57. Thus, the outwardly oriented face 53
of the forming belt 42 is defined at two elevations. The proximal
elevation of the outwardly oriented face 53 is defined by the surface of
the reinfdrcing structure 57 to which the proximal ends 53a of the
protuberances 59 are joined, taking into account, of course, any material
of the protuberances 59 which surrounds the reinforcing structure 57 upon
‘'solidification. The distal elevation of the outward]y oriented face 53




enul sion roll 66 distributes an effective arrtRE?Pﬂ_AOEMENTCBBEETco

|f desired, an apparatus according to the present invention
may further conprise an emulsion roll 66, as-shown in Eigure.4. The

either formng belt 42 or, if desired, to th t {46 during the

process descri bed above. The chem cal copp gdbgﬁé'ﬁﬁg gds ja rel ease

agent to prevent undesired adhesion of tie fefl rcus structure 20
t

to either formng belt 42 or to the secondafyihelt

er, the

is defined by the free ends 53b of the patterned array of protuberances
59. The opposed and inwardly oriented face 55 of the forming belt 42 is
defined by the other face of the reinforcing structure 57, taking into
account, of course, any material of the protuberances 59 which surrounds
the reinforcing structure_ 57 upon solidification, .which face is opposite
the direction of extent of the protuberances 59.

The protuberances 59 may extend, orthogonal the plane of the forming
belt 42, outwardly from the proximal elevation of the outwardly oriented
face 53 of the reinforcing structure 57 about 0.05 millimeters to about
1.3 millimeters (0.002 to 0.050 inches). Obviously, if the protuberances
59 have zero extent in the Z-direction, a more nearly constant basis
weight cellulosic fibrous structure 20 results. Thus, if it is desired
to minimize the difference in basis weights between adjacent high basis
weight regions 24 and low basis weight regions 26 of the cellulosic
fibrous structure 20, generally shorter protuberances 59 should be
utilized.

As illustrated in Figure 6, the protuberances 59 preferably do not
have sharp corners, particularly in the XY plane, so that stress
concentrations in the resulting Tow basis weight regions 26 of the
cellulosic fibrous structure 20 of Figure 1 are obviated. A particularly
preferred protuberance 59 is curvirhombohedrally shaped, having a cross-
section which resembles a rhombus with radiused corners.

Without regard to the cross-sectional area of the protuberances 58,
the sides of the protuberances 59 may be generally mutually parallel and
orthogonal the plane of the forming belt 42. Alternatively, the
protuberances 59 may be somewhat tapered, yielding a frustroconical
shape, as illustrated in Figure 5.

It is not necessary that the protuberances 59 be of uniform height
or that the free ends 53b of the protuberances 59 be equally spaced from
the proximal elevation 53a of the outwardly oriented face 53 of the
reinforcing structure 57. If it is desired to incorporate more complex
patterns than those illustrated into the cellulosic fibrous structure 20,
it will be understood by one skilled in the art that this may be
accomplished by having a topography defined by several Z-directional
levels of .upstanding protuberances 59 - each level y1e1d1ng a different
basis weight than occurs in the regions of the cellulosic fibrous

conmpound to



enul sion roll 66 may be used to deposit a chem cal conmpound to treat the
formng belt 42 or secondary belt 46 and th extend its useful life.
Preferably, the emulsion is added to the out W@EHMCEMEN?WT'[ pogr aphi cal
faces 53 of the form ng belt 42 when such f 5 not have the
cellulosic fibrous structure 20 in contac
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transferred fromthe formng belt 42, and thelfornng belt B2fis on the
return path. Preferred chem cal conmpounds for enmulsipns include
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shown) joined to a re1nforc1ng structure hav1ng a planarity which

significantly varies relative to the Z-direction extent of the
protuberances 59.

As iTlustrated in Figure 6, the patterned array of protuberances 59
may, preferably, range in area, as a percentage of the projected surface
area of the forming belt 42, from a minimum of about 20 percent of the
total projected surface area of the forming belt 42 to a maximum of about
80 percent of the total projected surface area of the forming belt 42,
without considering the contribution of the reinforcing structure 57 to
the projected surface area of the forming belt 42. The contribution of
the patterned array of protuberances 59 to the total projected surface
area of the forming belt 42 is taken as the aggregate of the projected
area of each protuberance 59 taken at the maximum projection against an
orthogonal to the outwardly oriented face 53 of the reinforcing structure
57.

It is to be recognized that as the contribution of the protuberances
59 to the total surface area of the forming belt 42 diminishes, the
previously described high basis weight essentially continuous network 24
of the cellulosic fibrous structure 20 increases, minimizing the economic
use of raw materials. Further, the distance between the mutually opposed
sides of adjacent protuberances 59 of the forming belt 42 should be
increased as the length of the fibers increases, otherwise the fibers may
bridge adjacent protuberances 59 and hence not penetrate the conduits
between adjacent protuberances 59 to the reinforcing structure 57 defined
by the surface area of the proximal elevation 53a.

The second face 55 of the forming belt 42 may have a defined and
noticeable topography or may be essentially macroscopically monoplanar.
As used herein “essentially mdcroscopically monoplanar" refers to the
geometry of the forming belt 42. when it is. placed in a two-dimensional
conf1guration and has only minor and tolerable deviations from absolute
planarity; which deviations do not adverse]y affect the performance of
the forming belt 42 in producing ce11u1051c fibrous structures 20 as



may be utilized to cleanse the formng belt 42 of fibers and other residues
remaining after the «cellulosic fibrous|" P—Ts transferred
fromthe formng belt 42. An opti onal %E{"Hﬁé%ﬁﬁvsé%ﬁ grred step in
providing a cellulosic fibrous structure 20 pccording to tlhg present

I nvention is foreshortening the cellulosic b2oUAUGt 1996t yrd 20 after it is
dried. As used herein, "foreshortening"2irfeflers to the stgp|of reducing the
| ength of the cellulosic fibrous structurg 20 by rearramnging the fibers and
di srupting fiber-to-fiber bonds. Foreshartening nay be jacconplished

in any of several well known ways, the nost conmon and preferred being
creping.  describedsabgyeofandr eliingd nkgione Fdisbanigesmetry ofchp usraondnfadet h
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adher ed t o 3c5eRtAPH8cSO Long s abheyt ?Pr?@" ek ta'nywgtdfm 53t shei forming
renoved fraelt 42 is not interrupted by deviations of larger magnitude, and the

forming belt 42 can be used with the process steps described herein. The
second face 55 of the forming belt 42 may contact the équibment used in
the process of making the cellulosic fibrous structure 20 and has been
referred to in the art as the machine side of the forming belt 42.

The protuberances 59 define annuluses 65 having multiple and
different flow resistances in the liquid pervious portion of the forming
belt 42. One manner in which differing regions may be provided is
illustrated in Figure 6. Each protuberance 59 of the forming belt of
Figure 6 may be substantially equally spaced from the adjacent
protuberance 59, providing an essentially continuous network annulus 65
between adjacent protuberances 59.

Extending in the Z-direction through the approximate center of a
plurality of the protuberances 59 or, through each of the protuberances
59, is an aperture 63 which provides fluid communication between the free
end 53b of the protuberance 59 and the proximal elevation 53a of the
outwardly oriented face 53 of the reinforcing structure 57. )

The flow resistance of the aperture 63 through the protuberance 59
is different from, and typically greater than the flow resistance of the
annulus 65 between adjacent protuberances 59. Therefore, typically more
of the 1liquid carrier will drain through the annuluses 65 between
adjacent protuberances 59 than through the aperture 63 within and
circumscribed by the free end 53b of a particular protuberance 59.
Because less liquid carrier drains through the aperture 63, than through
the annulus 65 between adjacent protuberances 59, relatively more fibers
are deposited onto the reinforcing structure 57 subjacent the annulus 65
between adjacent protuberances 59 than onto the reinforcing structure 57
subjacent the apertures 63.

The annuluses 65 and apertures 63 respectively define high flow rate
and low flow rate zones in the forming belt 42. The initial mass flow
rate of the liquid carrier through the annuluses 65 is greater than the
initial mass flow rate of the 1iquid carrier through the apertures 63.

—h
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Al so, a neans for applying2a rential pre

It will be recognized that no liquid carrier will flow through the
protuberances 59, because the protuberances 59 are impervious to the
liquid carrier. However, depending upon the elevation of the distal ends
53b of the protuberances 59 and the length of the cellulosic fibers,
cellulosic fibers may be deposited on the distal ends 53b of the
protuberances 59.

As used herein, the "initial mass flow rate" refers to the flow rate
of the liquid carrier when it is first introduced to and deposited upon
the forming belt 42. Of course, it will be recognized that both flow
rate zones will decrease in mass flow rate as a function of time as the
apertures 63 or annuluses 65 which define the zones become obturated with
cellulosic fibers suspended in the liquid carrier and retained by the
forming belt 42. The difference in flow resistance between the apertures
63 and the annuluses 65 provides a means for retaining different basis
weights of cellulosic fibers in a pattern in the different zones of the
forming belt 42.

This difference in flow rates through the zones is referred to as
"staged draining," 1in recognition that a step discontinuity exists
between the initial flow rate of the liquid carrier through the high and
tow flow rate zones. Staged draining can be advantageously used, as
described above, to deposit different amounts of fibers in a tessellating
pattern in the different regions 24 and the cellulosic fibrous structure
20.

" More particularly, the high basis weight regions 24 will occur in a
nonrandom repeating pattern substantially corresponding to the high flow
rate zones (the annuluses 65) of the forming belt 42 and to the high flow
rate stage of the process used to manufacture the cellulosic fibrous
structure 20. The low basis weight regions 26 will occur in a nonrandom
repeating pattern substantially corresponding to the low flow rate zones
(the apertures 63 and protuberances 59) of the forming belt 42 and to the
Tow flow rate stage of the process used to manufacture the cellulosic
fibrous structure 20,

The flow resistance of the entire forming belt 42 can be easily
measured according to techniques well known to one skilled in the art.

However, measuring the flow resistance of the high and low flow rate
"zones, and the differences in flow resistance therebetween is more |
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divided by the wetted perimeter of the zone. The denominator frequently
includes a constant, surh as 4. However, since, for this purpose, it is
only important to examine differences between the hydraulic radii of the
zones, the constant may either be included or omitted as desired.
Algebraically this may be expressed as:

Hydraulic Radius = Flow Area
k x Wetted Perimeter

wherein the flow area 1is the area through the aperture 63 of the
protuberance 59, or the flow area between adjacent protuberances 59, as
more fully defined below and the wetted perimeter is the linear dimension
of the perimeter of the zone in contact with the liquid carrier. The
hydraulic radii of several common shapes is well known and can be fouqd
in many references such as Mark’s Standard Handbook for Mechanical
Engineers, eighth edition, which reference is incorporated herein by
reference for the purpose of showing the hydraulic radius of several
common shapes and a teaching of how to find the hydraulic radius of
irregular shapes.

The hydraulic radius of a given forming element 42, or portion
thereof, may be calculated by considering any unit cell, i.e., the
smallest repeating unit which defines a full protuberance 59 and the
annulus 65 which circumscribes the protuberance 59. Of course, the unit
cell should measure the hydraulic radii at the elevation of the
protuberances 59 and annuluses 65 which provide the greatest restriction
to flow. For example, the height of a photosensitive resin protuberance
59 from the reinforcing structure 57 may influence its flow resistance.
If the protuberances 59 are tapered, a correction to the calculated
hydraulic radius may be incorporated by considering the air permeabi]ity '

._ of the forming e]eﬁent-42, as discussed below relative to Table I.
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are uncorrected, but work well for such Examples.

Referring to Figure 6, one possible unit cell for the forming
element 42 is illustrated by the dashed lines C-C. Of course, any
boundaries which are created by the unit cell, but which do not
constitute wetted perimeter of the flow path are not considered when
calculating the hydraulic radius.

The flow area used to calculate the hydraulic radius does not take
into consideration any restrictions imposed by the reinforcing structure
57 underneath the protuberances 58. Of course, it will be recognized
that as the size of the apertures 63 decreases, either due to a smaller
sized pattern being selected, or the diameter of the aperture 63 being
smaller, a cellulosic fibrous structure 20 may result which does not have
the requisite radiality in the low basis weight regions 26 or even have
three regions discriminated by basis weight. Such deviations may be due
to the flow resistance imparted by the reinforcing structure 20.

For the forming elements 42, illustrated in Figure 6, the two zones
of interest are defined as follows. The selected zones comprise the
annular perimeter circumscribing a protuberance 59. The extent of the
annular perimeter in the XY direction for a given protuberance 59 is
one-half of the radial distance from the protuberance 59 to the adjacent
protuberance 59. Thus, the region 69 between adjacent protuberances 59
will have a border, centered therein, which is coterminous the annular
perimeter of the adjacent protuberances 59 defining such annulus 65
between the adjacent protuberances 59.

Furthermore, because the protuberances 59 extend in the Z-direction
to an elevation above that of the balance of the reinforcing structure
57, fewer fibers will be deposited in the regions superjacent the
protuberances 59, because the fibers deposited on the portions of the
reinforcing structure 57 corresponding to the apertures 63 and annuluses
65 between adjacént protuberances must build up to the elevation of the
free ends 53b of the protuberances 59, before additional fibers will
remain on top of the protuberances 59 without being drained into either

| the aperture 63 or annulus 65 between adjacent protuberances 59
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One nonlimiting example of a forming belt 42 which has been found to
work well in accordance with the present invention has a 52 dual mesh
weave reinforcing structure 57. The reinforcing structure 57 is made of
filaments having a warp diameter of about 0.15 millimeters (0.006 inches)
a shute diameter of about 0.18 millimeters (0.007 inches) with about
45-50 percent open area. The reinforcing structure 57 can pass
approximately 36,300 standard liters per minute (1,280 standard cubic
feet per minute) air flow at a differential pressure of about 12.7
millimeters (0.5 inches) of water. The thickness of the reinforcing
structure 57 is about 0.76 millimeters (0.03 inches), taking into account
the knuckles formed by the woven pattern between the two faces 53 and 55
of the forming belt 42.

Joined to the reinforcing structure 57 of the forming belt 42 is a
plurality of bilaterally staggered protuberances 59. Each protuberance
59 is spaced from the adjacent protuberance on a machine direction pitch
of about 24 millimeters (0.096 inches) and a cross machine direction
pitch of about 1.3 millimeters (0.052 inches). The protuberances 59 are
provided at a density of about 47 protuberances 59 per square centimeter
(200 protuberances 59 per square inch).

Each protuberance 59 has a width in the cross machine direction
between opposing corners of about 0.9 millimeters (0.036 inches) and a
length in the machine direction between opposing corners of about 1.4
millimeters (0.054 inches). The protuberances 59 extend about 0.1
millimeters (0.004 inches) in the Z-direction from the proximal elevation
53a of the outwardly oriented face 53 of the reinforcing structure 57 to
the free end 53b of the protuberance 59.

Each protuberance 59 has an aperture 63 centered therein and
extending from the free end 53b of the protuberance 59 to the proximal
elevation 53a of the protuberance 59 so that the free end 53b of the
protuberance is in fluid communication with the reinforcing structure 57.
Each aperture 63 centered in the protuberance 59 is generally
elliptically shaped and may have a major axis of about 0.8 millimeters

- (0.030 inches) and a minor axis of about 0.5 millimeters (0.02] inches}.
With the protuberances 59 adjoined to the reinforcing structure 57, the
forming belt 42 has an air permeability of about 17,300 standard liters
per minute (610 standard cubic feet per minute) and air flow at a
differential pressure at about 12.7 millimeters (0.5 inches) of water.
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44 for depositing the liquid carrier and entrained cellulosic fibers onto
its forming belt 42, and more particularly, onto the face 53 of the
forming belt 42 having the discrete upstanding protuberances 59, so that
the reinforcing structure 57 and the protuberances 59 are completely
covered by the fibrous slurry. A headbox 44, as is well known in the
art, may be advantageously used for this purpose. While several types of
headboxes 44 are known in the art, one headbox 44 which has been found to
work well is a conventional twin wire headbox 44 which generally
continuously applies and deposits the fibrous slurry onto the outwardly
oriented face 53 of the forming belt 42.
The means 44 for depositing the fibrous slurry and the forming belt
42 are moved relative to one another, so that a generally consistent
quantity of the liquid carrier and entrained cellulosic fibers may be
' deposited on the forming belt 42 in a continuous process. Alternatively,
the liquid carrier and entrained cellulosic fibers may be deposited on
the forming belt 42 in a batch process. Preferably, the means -44 for
depositing the fibrous slurry onto the pervious forming belt 42 can be
regulated, so that as the rate of differential movement between the
forming belt 42 and the depositing means 44 increases or decreases,
larger or smaller quantities of the 1liquid carrier and entrained
cellulosic fibers may be deposited onto the forming belt 42 per unit of
time, respectively.
Also, a means 50a and/or 50b for drying the fibrous sturry from the
embryonic cellulosic fibrous structure 20 of fibers to form a
two-dimensional cellulosic fibrous structure 20 having a consistency of
at least about 90 percent may be provided. Any convenient drying means
50a and/or 50b well known in the papermaking art can be used to dry the
embryonic cellulosic fibrous structure 20 of the fibrous slurry. For
example, press felts, thermal hoods, infra-red radiation, blow-through
dryers 50a, and Yankee drying drums -50b, - each used alone or in
combination, are satisfactory and well known in the art. A particularly
preferred drying method utilizes a blow-through dryer 50a, and a Yankee
.drying drum 50b in sequence.
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20 to either forming belt 42 or to the secondary belt 46. Further, the
emulsion roll 66 may be used to deposit a chemical compound to treat the
forming belt 42 or secondary belt 46 and thereby extend its useful life.
Preferably, the emulsion is added to the outwardly oriented topographical
faces 53 of the forming belt 42 when such forming belt 42 does not have
the cellulosic fibrous structure 20 1in contact therewith. Typically,
this will occur after the cellulosic fibrous structure 20 has been

transferred from the forming belt 42, and the forming belt 42 is on the
return path.

O >50.—FO0

Preferred chemical compounds for emulsions include compositions
containing water, high speed turbine oil known as Regal 0il sold by the
Texaco 0i1 Company of Houston, Texas under product number R&0 68 Code
702; dimethyl distearyl ammoniumchloride sold by the Sherex Chemical
Company, Inc. of Rolling Meadows, I1linois as AOGEN TAl00; cety]-a1coﬁb1
manufactured by the Procter & Gamble Company of Cincinnati, Ohio; and an
antioxidant such as is sold by American Cyanamid of Wayne, New Jersey as
Cyanox 1790. Also, if desired, cleaning showers or sprays (not shown)
may be utilized fo cleanse the forming belt 42 of fibers and other
residues remaining after the cellulosic fibrous structure 20 is
transferred from the forming belt 42.

An optional, but highly preferred step in providing a cellulosic
fibrous structure 20 according to the present invention is foreshortening
the cellulosic fibrous structure 20 after it is dried. As used herein,
“foreshortening" refers to the step of reducing the length of the
cellulosic fibrous structure 20 by rearranging the fibers and disrupting
fiber-to-fiber bonds. Foreshortening may be accompiished in any of
several well known ways, the most common and preferred being creping.

The step of creping may be accomplished in.cohjunction with the step
of drying, by utilizing the aforementioned Yankee drying drum 50b. " In
. the creping ‘operation, the cellulosic fibrous structure 20 is adhered to
a surface, preferab]y the Yankee drying ‘drum 50b, and then removed from
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that surface with a doctor blade 68 by the relative movement between the
doctor blade 68 and the surface to which the cellulosic fibrous structure
20 is adhered. The doctor blade 68 is oriented with a component
orthogonal the direction of relative movement between the surface and the
doctor blade 68, and is preferably substantially orthogonal thereto.

Also, a means for applying a differential pressure to selected
portions of the cellulesic fibrous structure 20 may be provided. The
differential pressure may cause densification or dedensification of the
regions 24 and 26 of the cellulosic fibrous structure 20. The
differential pressure may be applied to the cellulosic fibrous structure
20 during any step in the process before too much of the liquid carrier
is drained away, and is preferably applied while the cellulosic fibrous
structure 20 is still an embryonic cellulosic fibrous structure 20. If
too much of the liquid carrier is drained away before the differential
pressure is applied, the fibers may be too stiff and not sufficiently
conform to the topography of the patterned array of protuberances 59,
thus yielding a cellulosic fibrous structure 20 that does not have the
described regions of differing density.

If desired, the regions 24 and 26 of the cellulosic fibrous
structure 20 may be further subdivided according to density.
Particularly, certain of the high basis weight regions 24 or certain of
the Tow basis weight regions 26 may be densified or dedensified. This
may be accomplished by transferring the cellulosic fibrous structure 20
from the forming belt 42 to a secondary belt 46 having projections which
are not coincident the discrete protuberances 59 of the forming belt 42.
During or after the transfer, the projections of the secondary belt 46
compress the certain sites of the regions 24 and 26 of the cellulosic
fibrous structure 20, causing densification of such sites to occur. Of
course, a greater degree of densification will be imparted to the sites
in the high basis weight regions 24, than to the sites of the Tow basis
weight regions 26.

_ When selected sites are compressed by the projections of the
secondary belt 46, such sites are densified and have greater fiber to
fiber bonding. Such bonding increases the tensile strength of such
sites, and generally increases the tensile strength of the entire
cellulosic fibrous structure 20. Preferably, the densification occurs
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Dedensification may occur by transferring the <cellulosic fibrous
structure 20 from the forming belt 42 to a secondary belt 46 having
vacuum pervious regions not coincident the protuberances 59 or the
various regions 24 and 26 of the cellulosic fibrous structure 20. After
transfer of the cellulosic fibrous structure 20 to the secondary belt 46,
a differential fluid pressure, either positive or subatmospheric, is
applied to the vacuum pervious regions of the secondary belt 46. The
differential fluid pressure causes deflection of the fibers of each site
coincident the vacuum pervious regions to occur in a plane normal to the
secondary belt 46. By deflecting the fibers of the sites subjected to
the differential fluid pressure, the fibers move away from the plane of
the cellulosic fibrous structure 20 and increase the caliper thereof.

THE PROCESS

The cellulosic fibrous structure 20 according to the -present
invention may be made according to the process comprising the following
steps. The first step is to provide a plurality of cellulosic fibers
entrained in a liquid carrier. The cellulosic fibers are not dissolved
in the 1iquid carrier, but merely suspended therein. Also provided is a
liquid pervious fiber retentive forming element 42, such as a forming
belt 42. The forming element 42 has fluid pervious zones 63 and 65 and
upstanding protuberances 59. Also provided is a means 44 for depositing
the liquid carrier and entrained cellulosic fibers onto the forming
element 42.

The forming belt 42 has high flow rate and low flow rate liquid
pervious zones respectively defined by annuluses 65 and apertures 63.
The forming belt 42 also has upstanding protuberances 59.

The 1liquid carrier and entrained cellulosic fibers are deposited
onto the forming belt 42 illustrated in Figure 6. The 1iquid carrier is
drained through the forming belt 42 in two simultaneous stages, a high
flow rate stage and a low flow rate stage. In the high flow rate stage,
the 1iquid carrier drains through the 1iquid pervious high flow rate
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low flow rate zones may obturate before the high flow rate zones
obturate.

Without being bound by theory, the first occurring zone obturation
may be due to the lesser hydraulic radius and greater flow resistance of
such zones, based upon factors such as the flow area, wetted perimeter,
shape and distribution of the low flow rate zones, or may be due to a
greater flow rate through such zone accompanied by a greater depiction of
fibers. The low flow rate zones may, for examplie, comprise apertures 63
through the protuberances 59, which apertures 63 have a greater flow
resistance than the 1liquid pervious annuluses 65 between adjacent
protuberances 59.

During both stages of draining, certain cellulosic fibers are
simultaneously orientationally influenced by both the high and low flow
rate zones. These influences result in a radially oriented bridging of
the fibers across the surface of the protuberance 59 which has infinite
flow resistance. This radial bridging spans the high basis weight region
24 throughout each discrete low basis weight region 26. The low flow
rate zone provides the orientational influence for such bridging to occur
without excessive accumulation of fibers at the centroid of the low flow
rate zone and minimizes or prevents an intermediate basis weight region
25 from occurring.

It is important that the ratio of the flow resistances between the
apertures 63 and the annuluses .65 be properly proportioned, If the flow
resistance through the apertures 63 is too small, an intermediate basis
weight region 25 may be formed and generally centered in the low basis
‘weight region 24. This arrangement will result in a three region
cellulosic fibrous structure 20. Conversely, if the flow resistance is

“too great, a low basis weight region having a random, or other nonradial,
distribut1on of fibers- may occur.
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The flow resistance of the apertures 63 and the annuluses 65 may be
determined by using the hydraulic radius, as set forth above. Based upon
the examples analyzed below, the ratio of the hydraulic radii of the
annuluses 65 to the apertures 63, should be at least about 2 for a
forming element 42 having about 5 to about 31 protuberances 59 per square
centimeter (30 to 200 protuberances 59 per square inch). It would be
expected that a lower ratio of hydraulic radii, say at least about 1.1,
would be suitable for a forming element 42 having more than 31
protuberances 59 per square centimeter (200 protuberances 59 per square
inch) up to a pattern of about 78 protuberances 59 per square centimeter
(500 protuberances 59 per square inch).

Table I i11ustrates the geometry of five forming elements 42 used to
form examples of the cellulosic fibrous structures 20 which are analyzed
in more detail below. Referring to the first column in Table I, the
area of the annuluses 65, as a percentage of the total surface area of
the forming element 42, 1is either 30 percent or 50 percent. As
illustrated in the second column, the surface area of the apertures 63,
as a percentage of the total surface area of the forming element 42, is
from 10 percent to 20 percent. The third column gives the extent of the
protuberances 59 above the reinforcing structure 57. In the~ fourth
column, the theoretical ratio of the hydraulic radii of the annuluses” 65
to the apertures 63 is calculated, as set forth above. In the f]fth
column, the actual ratio of the hydraulic radius is calculated, as set
forth below.

The actual hydraulic radii, and hence the ratio thereof, were
iteratively calculated from the air permeabilities of the forming element
42 with and without the protuberances 59. While a theoretical
protuberance 59 size, and hence hydraulic radius, can be easily found
from the drawings used to construct the forming element 42, due to
variations inherent in the manufacturing process, the actual size will
vary somewhat.

The actual sizes of the protuberances 59, and hence annuluses 65 and
apertures 63, were approximated by comparing the air permeability of the
reinforcing structure 57 without protuberances 59, to the air
permeability of the belt 42 with the protuberances 59. The actual air
permeabil{ty is easily measured using known techniques and was less than
that obtained by considering the theoretical deduction of the
protuberances 59 from the flow area through the reinforcing structure 57.
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TABLE I
Theoretical Actual
Ratio of Hydraulic Ratio of Hydraulic
Annulus Aperture Protuberance Radius of Annulus Radius of Annulus

Open Area Open Area Extent to Hydraulic to Hydraulic
{percentage){percentage) (inches) Radius of Aperture Radius of Aperture
50 10 4.6 2.15 2.05
50 15 8.3 1.76 1.50
50 20 2.2 1.52 1.27
30 10 2.7 1.10 0.77
30 20 2.9 0.78 0.52

Each of the forming elements 42 had 31 protuberances 59 per square
centimeter (200 protuberances 59 per square inch). Of course, the ratio
of the hydraulic radii is independent of the size of the protuberances 59
and annuluses 65, as only the ratio of the flow area to wetted perimeter
of the unit cell which is considered, which ratio remains constant as the
unit cell is enlarged or reduced in size.

The range of hydraulic radii of 0.52 to 1.27 is used for the forming
elements 42 used to construct the various examples of cellulosic fibrous
structures 20 given in Table II below. A forming element 42 having a
hydraulic radius ratio of 2.05 is used to construct each example of the
cellulosic fibrous structure 20 illustrated in Table III below.

From these examples, it is believed a forming element 42 having a
hydraulic radius ratio of at least about 2 has been found to work well.
Of course, the mass flow rate ratio is related to at least a second order
power of the hydraulic radius ratio, and a mass flow rate ratio of at
least 2, and possibly greater than 4, depending upon the Reynolds number,
would be expected to work well.

Prophetically, a hydraulic radius ratio as low as 1.25 could be
utiliied-with a forming_e]emént 42 according to the present invention,
providing ‘other factors are adjusted to compensate for such Tower ratio.
For example, the absolute velocity of the forming element 42 could be
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For example, a suitable cellulosic fibrous structure 20 according to
the present invention has been made utilizing a forming element 42 having
a hydraulic radius ratio of 1.50. The absolute velocity of the forming
element 42 was about 262 meters per minute (800 feet per minute) and the
velocity ratio between the liquid carrier and the forming element 42 was
about 1.2. The forming element 42 had 31 protuberances 59 per square
centimeter (200 protuberances 59 per square inch) The protuberances 59
occupied about 50 percent of the total surface area of the forming
element 42 and the apertures 63 therethrough occupied about 15 percent of
the surface area of the forming element 42. The resulting cellulosic
fibrous structure 20 was made with about 60 percent northern softwood
Kraft and about 40 percent chemi-thermo-mechanical softwood pulp (CTMP),
both having a fiber length of about 2.5 to about 3.0 millimeters. The
resulting cellulosic fibrous structure 20 had about 25 percent of the low
basis weight regions 26 falling within both criteria set forth above. -

ILLUSTRATIVE EXAMPLES

Several nonlimiting illustrative cellulosic fibrous structures 20
were made utilizing different parameters as illustrated in Table II. All
samples were made on an S-wrap twin wire forming machine using a 35.6 x
35.6 centimeter (14 x 14 inch) square sample forming element 42 super-
imposed on a conventional 84M four shed satin weave forming wire fed
through the nip and conventionally dried. A1l of these cellulosic
fibrous structures 20 were made using a forming element 42 having a
velocity of about 244 meters per minute (800 feet per minute) and with
the liquid carrier impinging upon the forming element 42 at a velocity
about 20 percent greater than that of the forming element 42. The
resulting cellulosic fibrous structures 20 each had a basis weight of
about 19.5 grams per square meter (12 pounds per 3,000 square feet).

The second column shows the examp]eé in Table II were constructed
using a protuberance 59 size of efther 5 prdtuberanéés 59 per square
centimeter (30 protuberances 59 per square inch) or 31 protuberances 59
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per square centimeter (200 protuberances 59 per square inch). The third
column shows . the percentage open area in the annuluses 65 between
adjacent protuberances 59 to be either 10 or 20 percent. The fourth
column shows the size of the aperture 63 cross sectional area as a
percentage of the protuberance 59 cross sectional area. The fifth column
shows the extent of the distal ends 53b of the protuberances 59 above the
reinforcing structure 57 to be from about 0.05 millimeters (0.002 inches)
to about 0.2 millimeters {(0.008 inches). The sixth column shows the
fiber type to be either northern softwood Kraft having a fiber length of
about 2.5 millimeters or Brazilian eucalyptus having a fiber length of
about 1 millimeter.

A1l of the resulting cellulosic fibrous structures 20 were examined
without magnification and with magnifications of 50X and 100X. The
samples were qualitatively judged by two criteria: 1) the presence of
two regions 24 and 26, three regions 24, 26 and an intermediate basis
weight region 25 generally centered within the low basis weight region
26; and 2) the radiality of the fibers. Radiality was judged on the
bases of the symmetry of the fiber distribution and the presence or
absence of nonradially oriented (tangential or circumferential) fibers.

The Tast column shows the classification of the resulting cellulosic
fibrous structure 20. Each cellulosic fibrous structure 20 in the
examples illustrated in Table II was subjectively classified, using the
aforementioned criteria, into the following categories:

2 region paper having radially (2 Region)
oriented fibers in the low basis
weight regions 26 (Fig. 3D3)

Borderline 3 region paper having (Borderiine 3 Region)
radially oriented fibers in the

lTow basis weight regions 26

(Fig. 2B2 or fig. 3Cj)

Paper having a borderline random (Borderline Random)
distribution of the fibers in the
low basis weight regions 26 -

(Fig. 2D2 or Fig. 3B2)



pernmeabilities of the form ng el ement 42 with the protuberances 59 in
place, the actual size of the protuberances § ryto-gtye such
actual air flow can be found using conventio aﬁ@ngﬁﬁgﬁﬂﬁi i"n|an
iterative fashion, assuming the walls of {the protuberanc s{ 59 taper
equal | y towards the annul uses 65 and the apeft yr ez 16846

TABLE | Theoretica Act ual
Rati o of Hydraulic Ratio of Hydraulic Afhul §is Aperture— P ot uber ance
Radi us of Annulus Radius of Annulus Open Alea Open Area Ext ent
to Hydraulic to Hydraulic (percentage)(percentage) (1nches) Radius
of Aperture di erture 50. 1Q
5 15 Pa;!%"% hWIé@O% egiony, of d1ffer1ng15 (3 Regwg)_ 3 1. 76
1.50 50basis weightg0(Fig. 2Az or Fig. 2A3) 1.52 1.27

Two basis weight paper having a (Random)

random orientation of fibers in
the low basis weight regions 26
(Fig. 3A3)

Paper having apertures in the low (Apertured)
basis weight regions 26 (Fig. 2A})

Unable to produce the desired (Did not produce)
paper under the specified conditions
due to insufficient emulsion

Of course, an exemplary cellulosic fibrous structure 20 could be
placed in more than one classification, depending upon which criterion
applied. 1If only one criterion is listed, the other criterion was judged
to be satisfied as meeting the conditions of a cellulosic fibrdus
structure 20 according to the present invention.
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erring able additional exemplary cellulosic fibrous
structures 20 were made on the same twin wire forming machine, using full
size forming wires and through air dried. The forming element 42 had
about 31 protuberances 59 per square centimeter (200 protuberances 59 per
square inch), each extending about 0.1 millimeters (0.004 inches) above
the reinforcing structure 57. The protuberances 59 6ccupied about 50
percent of the surface area of the forming element 42, and the apertures
63 occupied about 10 percent of the surface area of the forming element
42.

As illustrated in the second column, the ratio of the velocity of
the Tiquid carrier to the velocity of the forming element 42 was either
1.0 or 1.4. As illustrated in the third column, the liquid carrier
either had an impingement of about O percent or 20 percent of its surface
area onto a roll supporting the forming element 42. As illustrated in
the fourth column, the resulting cellulosic fibrous structure 20 had a
basis weight of either about 19.5 or about 25.4 grams per square meter
(12.0 or 15.6 pounds per 3,000 square feet). As illustrated in the fifth
column, the same fibers discussed above relative to Table II were
utilized. As illustrated in the sixth column, the forming element 42 had
a velocity of either 230 or 295 meters per minute (700 or 900 feet pér
minute). As illustrated in the 1ast column, the same criteria applied in
classifying the resulting cellulosic fibrous structures 20.
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occupi ed about 50 percent of the total surface area of the form ng el enent

42 and the apertures 63 therethrough occupiledirabgetimMehe BREMENt of the
surface area of the fornming el enent 42. The ' ulfosi ¢ fibrous

structure 20 was nmade with about 60 percent{ northern softwjod Kraft and
about- 40 percent cheni-therno-nechani cal soft UBPWPETNP)|, bot h havi ng
a fiber length of about 2.5 to about 3.0#5m | ljneters. Theljrgsulting

cellulosic fibrous structure 20 had about 2b percent of the ljow basis
wei ght regions 26 falling within both critetd . e.

| LLUSTRATI VE EXAMPLES Several nonlimting illustrative cellulosic
fibrous struct te¥ibb bReseenripen gxaninatingy foﬁaéﬂéﬂllpaQWFb}k bhe 1liquid

}I lustrat ed:a?r‘?ié'?abvhﬂohﬁty?)é{% w@n S eVcAt MAde v@'l'zé\"ftyir\’é{tql@ WeE NLHé T Rost |
form ng of CHERUSNEHELOR; G deaIATE0 e, EMIORAFS BN POAHESR PSSt
weave formoediudosécl €£4brous structures 20. Typically a velocity ratio of 1.0
generally worked well with eucalyptus fibers, while a velocity ratio of
1.4 generally worked well with northern softwood Kraft fibers. The
velocity of the forming element 42 was a somewhat less significant factor
in determining the classification of the resulting cellulosic fibrous
structures 20. Generally, as the velocity of the forming element 42
decreased, so did the tendency for a random fiber distribution within the
low basis weight regions 26.

Furthermore, it is apparent that the resulting cellulosic fibrous
structures 20 are significantly influenced by the type of fibers
utilized. Typically, the cellulosic fibrous structures 20 having
eucalyptus fibers were more sensitive to the velocity of the liquid
carrier to the forming element 42, resulting in either good two-region
cellulosic fibrous structures 20 having radially oriented fibers in the
low basis weight region 26, or resulting in unacceptable three-region
cellulosic fibrous structures 20. More cellulosic fibrous structures 20
having a borderline three region formation or borderline random fiber
distributions within the Tow basis weight regions 26 occurred when the
northern softwood Kraft fibers were utilized.

VARIATIONS

Instead of cellulosic fibrous structures 20 made on a forming
element 42 having protuberances 59 with apertures 63 therethrough,
prophetically cellulosic fibrous structures 20 having low basis weight
regions 26 with radially oriented fibers may be made on a forming belt 42
as illustrated in Figures 7A and 7B. In this forming element 42, the
protuberances 59’ are radially segmented and define annuluses 65’
intermediate the radially oriented segments 59''.

As illustrated in Figure 7A, the radial segments 59’’ may be
connected at or near the centroid, to help prevent an intermediate basis
weight region 25 from being formed. This arrangement allows the
cellulosic fibers to flow through the annuluses 65'’ intermediate the



through the nip and conventionally . dridd T e cellulosic
fibrous structures 20 were made using a for '§8ﬂ5¢&¥@Nf %ﬂ#ﬂa ing a

vel ocity of about 244 neters per minute (80 eet per mnutg)jand with the
liquid carrier inpinging upon the formng ellefreri 14UG199% Vel pcity about 20
percent greater than that of the form ng jefenent 42. hej resul ting
cellulosic fibrous structures 20 each h%&% a|basi s Wergnt o out 19.5
grans per square neter (12 pounds per 3,000lsquare feet). The second
col um shows the exanples in Table Il were const r uct ed using a

pr ot uber an
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the radial segments 59'‘. :

Alternatively, as illustrated in Figure 7B the radial segments 59'°
may be separated at the centroid aperture 63' to allow unimpeded flow
towards the centroid of the low flow rate zone. This arrangement
provides the advantage that it is not necessary to bridge the centroid of
the radial segments 59’ of protuberances 59’ using this variation, but
instead, radial flow may progress without obstruction.

In a specific embodiment, as illustrated by Figures 7A and 78, the
radial segments 59’ may comprise sectors of a circle. Alternatively,
the radial segments 59‘’ may collectively be noncircular, but convergent
as the centroid of the low flow rate zone is approached.

It will be apparent to one skilled in the art that many other
variations and combinations can be performed within the scope of the
claimed invention. A1l such variations and combinations are included
within the scope of the appended claims.
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1.

A single lamina cellulosic fibrous structure comprising at least
two regions disposed in a nonrandom, repeating pattern, said
cellulosic fibrous structure comprising: _
a first region, of a relatively high basis weight and comprising
an essentially continuous network; and
a plurality of mutually discrete second regions of relatively low
basis weight and being circumscribed by said first region,
said second regions being comprised of a plurality of
substantially radially oriented fibers, and
preferably said plurality of low basis weight regions
comprises at least about 10 percent of the total number
of low basis weight regions within said cellulosic
fibrous structure, and
more preferably said plurality of Tow basis weight regions
comprises at least about 20 percent of the total number
of low basis weight regions within said cellulosic
fibrous structure.

A cellulosic fibrous structure according to Claim 1 characterized
in that said basis weight of said high basis weight region is at
least 25 percent greater than said basis weight of said low basis
weight region.

A cellulosic fibrous structure according to Claims 1 and 2
comprising at least three regions, characterized in that said
first region of a relatively high basis weight comprises high
basis weight regions having mutually different densities.

A cellulosic fibrous structure according to Claims 1, 2 and 3
characterized in that said radially oriented fibers of said low
basis weight regions are disposed in at least four guadrants of

~said low basis'weight region.
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about 1 mllineter. Al of the resulting cellulosic flﬁwﬂ ,”ﬁ ggﬂﬂ HHI
20 were exam ned wi thout nmagnification and with nmagnificat

and 100X. The sanples were qualitatively |j ria: 1) {he'
presence of two regions 24 and 26, three reglqmstﬂﬁmﬁﬁﬁ sueEtan i nternmedi ate
basi s wei ght region 25 generally centered wijt hi-r—t+he—+owbasi $ wei ght

region 26; and 2) the radiality of the fi4fer|s. (Fﬂ aw%: was j udged on
t he bases of the synmmetry of the fiber distribut? H&d e{ptesence or

absence of nonradially oriented (tangential {orlLcircunferentital) fibers.
The | ast colum shows the classification of the resul ting cellulosic
fibrous structure 20. Each ceIIuI05|c OOt S——S -t et-tH€ in the

exanples illustrated.in Table | ectivel C|aSSIerd u5| g the
af orenent i ongd Eritgiea a“ﬁ‘ﬁfd:et]hu\é] F53F| \%rﬁbs c‘éﬂéé PeCOmPri5Tig% §t ot asiper

havi ng radi al | ytwo regions( 8iff@g3ednjn a nonrandom, repeating pattern:
a first essentially continuous load bearing network region; and
a plurality of mutually discrete second regions.having fewer
fibers per unit area than said first region, said fewer
fibers within each of said second regions radially bridging
said second region to said first region. '

6. A process of producing a single lamina cellulosic fibrous
structure having two regions disposed in a nonrandom, repeating
pattern, said process comprising the steps of:
providing a plurality of cellulosic fibers suspended in a liquid
carrier;

providing a fiber retentive forming element having liquid
pervious zones;

providing a means for depositing said celluiosic fibers and said
carrier onto said forming element;

depositing said cellulosic fibers and said carrier onto said
forming element;

draining said liquid carrier through said forming element in two
simultaneous stages: a high flow rate stage and a low flow
rate stage, said high flow rate stage and said low flow rate
stage having mutually different initial mass flow rates,
whereby said fibers in said low flow rate stage drain in a
substantially radially oriented pattern towards a centroid,
and thereby form a plurality of discrete regions having a
re1afive1y lower basis weight than and being circumscribed
by the region formed by said high flow rate stage.

7. The process according to Claim 6 characterized in that said step
of draining said liquid carrier in said lTow flow rate stage
changes as a function of time by obturating selected zones.with
said radially oriented cellulosic fibers.
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An apparatus for forming cellulosic fibrous structures having at
Teast two mutually different basis weights disposed in a non-
random, repeating pattern, saic apparatué comprising:

a liquid pervious fiber retentive forming element ﬁaving zones

through which a 1iquid carrying the cellulosic fibers may
drain; and

a means for retaining the cellulosic fibers on said forming
element in a nonrandom, repeating pattern of two regions
having two different basis weights, whereby said two regions
comprise a first high basis weight region of an essentially
continuous network and a plurality of second low basis
weight discrete regions having substantially radially
oriented fibers, and
preferably said retaining means comprises zones of differeﬁi

hydraulic radii through which said Tiquid carrying said
cellulosic fibers may drain.

An apparatus according to Claim 8 characterized in that said .
retaining means comprises a foraminous, liquid pervious rein-
forcing structure and a patterned array of protuberances joined
thereto at a proximal end of each protuberance and extending

. outwardly to a free end of each protuberance, characterized in

that each protuberance is radially segmented to define a

plurality of radially oriented annuluses intermediate said

segments, and

preferably said radial segments of said radially oriented
protuberances are discontinuous at the centroid of said
protuberances.

An apparatus for forming cellulosic fibrous structures having at
Jeast two mutually different basis weights disposed in a non-
random, repeating pattern, said apparatus comprising:

a liquid pervious fiber retentive forming element having zones
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through which a liquid carrying the celluloesic fibers may
drain; and
a patterned array of protuberances joined thereto at a proximal

end of each protuberance and extending oufward]y to a free

end of each protuberance, said protuberances being separated

from one another by annuluses having a first hydraulic

radius, said protuberances allowing flow therethrougﬁ and

having a second hydraulic radius, whereby the ratio of said

first hydraulic radius to said second hydraulic radius is

greater than 1, and

preferably said ratio of said hydraulic radii is greater
than 1.50, and

more preferably having from 16 to 47 protuberances per
square centimeter.
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the | ow basis weight regions 26 (Fig. 3A3) Paper ‘WabMhyT SHEET ures in the
| ow (Apertured) basis weight regions 26j(Fig. ZAerry) Unabl e to
produce the desired (Did not producp) prpmuﬁn%Q% tjhd specified
conditions due to insufficient emulsion O course,”” gn Jexenpl ary
cellulosic fibrous structure 20 coul d be ®iacedTmmore—~t+handorne
classification, depending upon which criterijn applied. If onlly one
criterion is listed, the other criterion was judged '

CELLULOSIC FIBROUS STRUCTURES HAVING DISCRETE REGIONS

WITH RADIALLY ORIENTED FIBERS THEREIN,
APPARATUS THEREFOR, AND
PROCESS OF MAKING

ABSTRACT

A cellulosic fibrous structure having two regions
distinguished from one another by basis weight. The first
region is an essentially continuous high basis weight network.
The second region comprises a plurality of discrete low basis
weight regions. The cellulosic fibers forming the plurality
of second regions are generally radially oriented within each
region. The cellulosic fibrous structure may be formed by a
forming belt having =zones of different £flow resistances
arranged in a particular ratio of flow resistances. The zones
of different flow resistances provide for selectively draining
a liquid carrier through the different zones of the belt in a

radial flow pattern.

FIGURE 1
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[err] 43 Referring to Table |11, additional
exenplary cellulosic fibrous structures 20 were made on the sane twin wire
form ng machi ne, using full

2721
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size formng wires and through air dried. The formng el ement 42 had about
31 protuberances 59 per square centineter (200 protuberances 59 per square
i nch), each extending about 0.1 mllineters (0.004 inches) above the
reinforcing structure 57. The protuberances 59 occupi ed about 50 percent
of the surface area of the formng elenment 42, and the apertures 63
occupi ed about 10 percent of the surface area of the form ng el enent 42.

As illustrated in the second col um, t?@/%?tio of the velocity of the
liquid carrier to the velocity of the Torm ng el enent 42 was either 1.0 or

1.4. As illustrated in the third colum, the liquid carrier either had
an i npi ngenent of about O percent or 20 percent of its surface area onto a
roll supporting the formng elenent 42. As illustrated in the fourth

columm, the resulting cellulosic fibrous structure 20 had a basis wei ght of
ei ther about 19.5 or about 25.4 grans per square neter (12.0 or 15.6 pounds
per 3,000 square feet). As illustrated in the fifth colum, the sane fibers
di scussed above relative to Table Il were

25 24 26
20
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utilized. As illustrated in the sixth colum, the formng elenent 42 had a
vel ocity of either 230 or 295 neters per mnute (700 or 900 feet per
mnute). As illustrated in the last colum, the sane criteria applied in
classifying the resulting cellulosic fibrous structures 20.
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[err] 45 As will be seen
upon exam nation of Table Il1l, generally, the liquid carrier velocity to
form ng- elenent 42 velocity ratio was the nost significant factor of
determning the classification of these resulting

5721
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cellulosic fibrous structures 20. Typically a velocity ratio of 1.0
generally worked well with eucal yptus fibers, while a velocity ratio of 1.4
generally worked well with northern softwiod Kraft fibers. The
velocity of the form ng el enent 42 was a sonewhat |ess significant factor
in determning the classification of the resulting cellulosic fibrous
structures 20. Generally, as the velocity of the form ng el enent 42
decreased, so did the tendency for a réndéth fiber distribution within the

| ow basi s wei ght regions 26. Furthernore, it is apparent that the
resulting cellulosic fibrous structures 20 are significantly influenced
by the type of fibers utilized. Typically, the <cellulosic fibrous
structures 20 having eucal yptus fibers were nore sensitive to the
velocity of the liquid carrier to the form ng elenent 42, resulting in

ei ther good two-region cellulosic fibrous structures 20 having radially
oriented fibers in the | ow basis weight region 26, or resulting in
unacceptable three-region cellulosic fibrous structures 20. Mre cellulosic
fibrous structures 20

Flg.2Cc ;- REPLACEMENT SHEET
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having a borderline three region formation or borderline random fi ber
distributions within the | ow basis weight regions 26 occurred when the
northern softwood Kraft fibers were utilized. VARI ATIONS | nst ead of
cellulosic fibrous structures 20 nade on a form ng el ement 42 having

pr ot uberances 59 with apertures 63 therethrough, prophetically cellulosic
fibrous structures 20 having | ow basis weight regions 26 with radially
oriented fibers may be nade on a form fy B¢lt 42 as illustrated in Figures
7A and 7B. In this form ng el enent 42, the protuberances 59 are
radially segnented and define annuluses 65 ' internediate the radially
oriented segnents 59''. As illustrated in Figure 7A, the radial
segnents 59'' nmy be connected at or near the centroid, to help prevent an
i nternmedi ate basis weight region 25 from being forned. Thi s
arrangenment allows the cellulosic fibers to flow through the annul uses
65'' internmediate the

REPLACEMENT SHEET
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REPLACENMENT SHEET 46 radi al segnents

59'" in aradial pattern, and to bridge the centroid of the radial
segnments 59''. Alternatively, as illustrated in Figure 7B the radi al

segnents 59'' nmay be separated at the centroid aperture 63" to allow
uni npeded fl ow

8721
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towards the centroid of the low flow rate zone. This arrangenent
provi des the advantage that it is not necessary to bridge the centroid of
the radi al segnments 59'' of protuberances 59' using this variation, but

i nstead, radial flow may progress w thout obstruction. In a specific
enbodi ment, as illustrated by Figures 7A and 7B, the radial segnents 59
may conprise sectors of a circle. Alégae tively, the radial segnents 59
may coll ectively be noncircular, but /gent as the centroid of the | ow

flow rate zone is approached. It will be apparent to one skilled in
the art that many other variations and conbinations can be perfornmed wthin
the scope of the clained invention. Al'l  such variations and

conbi nations are included within the scope of the appended cl ai ns.

24 26
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47 _ 47 CLAI V5: 1. A
single lamna cellulosic fibrous structure (20) conprising only two

rel evant ki nds of regions (24, 26) disposed in a non-random
repeating pattern, which are on the one hand a first region (24) of
a relatively high basis weight and conprising an essentially

continuous network and on the other hand a plurality of nutually

10721
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di screte second regions (26) of relatively | ow basis weight and bei ng

circunscri bed by said first region (24), said second regions (26)
bei ng comprised of a plurality of substantially radially oriented
fibers. 2. A cellulosic fibrous structure (20) according to claim1,
characterized in that said plurality of |ow basis weight regions
conprises at |east about 10 percent, preferably at | east about 20
percent of the total nunber of |ow bagyg #¢i ght regions within said
cellulosic fibrous structure. 3. A cellulosic fibrous structure (20)
according to claim1 or 2, characterized in that sai d basis wei ght

of said high basis weight region (24) is at |east 25 percent greater
than said basis weight of said | ow basis weight region.

24 26
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4. A cellulosic fibrous structure according to one of clains 1 to 3,

characterized in that said first region (24) of a relatively high
basi s wei ght conprises high basis weight regi ons having nutual ly
different densities. 5. A cellulosic fibrous structure according to
one of clains 1 to 4, characterized in that said radially oriented
fibers -of said | ow basis weight regions (26) are disposed in at

| east four quadrants of said | ow basi $Z2ht region. (26). 6. A
cellulosic fibrous structure according to one of clainms 1 to 5,
characterized in that said first region defines an essentially
continuous | oad bearing network region (24); and that said

plurality of mutually discrete second regions (26) have fewer fibers

per unit area than said first region (24), said fewer fibers within each of
sai d second regions (26) radially bridging said second region to
said first region.

24
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48 7. A process of producing a single |amna cellulosic fibrous
structure according to any of the preceding clains, said process

conprising the steps of: ‘

13721
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providing a plurality of cellulosic fibers suspended in a liquid carrier;
providing a fiber retentive formng el enent (42) having |liquid pervious
zones; provi ding a neans (44) for depositing cellulosic fibers and
liquid carrier onto said form ng el enent; depositing said
cellulosic fibers and said carrier onto said form ng el ement (42);
draining said liquid carrier through said formng elenent (42) in two

si mul t aneous stages: a high fiéw2lte stage with a first hydraulic
radius and a |ow flow rate stage wi th a second hydraulic radius,
said high flowrate stage and said low flow rate st age having

mutually different initial nass flow rates, whereby said fibers in said
low flow rate stage drain in a substantially radially oriented pattern
towards a centroid, and thereby forma plurality of discrete regions
having a relatively | ower basi s wei ght than and being circunscribed
by the region fornmed by said high flow rate stage, wherein the ratio
of said first hydraulic radius to said second hydraulic radius is
greater than 1, preferably than 1.5. St -

26 25 24
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8. The process according to claim?7, characterized in that said step of
drai ning said liquid carrier in said low flow rate stage changes as
a function of tinme by obturating sel ected zones with said radially
oriented cellulosic fibers. 9. An apparatus for formng cellulosic
fibrous structures according to any of clains 1 to 6, said
appar at us conpri si ng: a liquid pervious fiber retentive formng
el enent (42) having zones through mh%ﬁhﬂé% liquid carrying the
cellulosic fibers may drain; and a nmeans for retaining the
cellulosic fibers on said formng el ement in a nonrandom repeating
pattern of only two rel evant kinds of regions (24, 26) having two different
basis weights, whereby said two regions conprise a first high basis weight
(24) of an essentially continuous network and a plurality of second
di screte | ow basis

26 24
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wei ght
sai d

regions (26) having substantially radially oriented fibers,
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retaining means conprises zones with a first hydraulic radius providing for
sai d continuous high basis weight region (24) and zones with a
second hydraulic radius providing for said discrete | ow basis weight
region (26), and wherein the ratio of said first hydraulic radius to
said second hydraulic radius is greater than 1. 10. An appar at us
according to claim9, characterized in_that said retaining neans (42)
conprises a foram nous, liquid perviodzyﬁglnforcing structure and a
patterned array of protuberances (59) joined thereto at a proxina
end of each protuberance and extending outwardly to a free end of
each protuberance, characterized in that each pr ot uberance is
radially segnented to define a plurality of radially oriented

annul uses internedi ate said segnents. 11. An apparatus according to
claim 10, wherein said radial segnents of said radially oriented

pr ot uberances are di scontinuous at the centroid of said protuberances.

24 25 26
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12. An apparatus according to claim9, characterized by a patterned array
of pr ot uberances (59) joined to said formng el enent at a proxinal
end of each pr ot uberance and extending outwardly to a free end of
each protuberance, said pr ot uber ances bei ng separated from one

anot her by annul uses having said first hydraulic radius, said

pr ot uberances al |l ow ng fIOM/therethrzegyéﬂnd havi ng sai d second
hydraul i ¢ radi us, whereby the ratio s&i’d first hydraulic radius to said
second hydraulic radius is greater than 1.50. 13. An appar at us
according to claim 10, having from 16 to 47 protuberances (59) per

square centi neter.

REPLACEMENT SHEET

Flg. 302 2 1 AUG 1996




111111 50 t hrough which a liquid

carrying the cellulosic fibers may drain; and a patterned array of
pr ot uberances joined thereto at a proxi mal end of each protuberance and

extending outwardly to a free
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end of each protuberance, said-protuberances bei ng separated from one

anot her by annul uses having a first hydraulic radi us, said

pr ot uberances allowi ng fl ow t heret hrough and havi ng a second hydraulic
radi us, whereby the ratio of said first hydraulic radius to said second
hydraulic radius is greater than 1, and preferably said ratio of
said hydraulic radii is greater than 1.50, and nor e
preferably having from 16 to 47 proggggxéyces per square

centineter.
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CLAIMS:
isf4if4s
1. A single lamina cellulosic fibrous structure (20) comprising only two relevant kinds

of regions (24, 26) disposed in a non-random, repeating pattern, which are on the
one hand a first region (24) of a relatively high basis weight and comprising an
essentially continuous network and on the other hand a plurality of mutually
discrete second regions (26) of relatively low basis weight and being circumscribed
by said first region (24), said second regions (26) being comprised of a plurality of
substantially radially oriented fibers.

2. A cellulosic fibrous structure (20) according to claim 1, characterized in that said
plurality of low basis weight regions comprises at least about 10 percent, preferably
at least about 20 percent of the total number of low basis weight regions within said
cellulosic fibrous structure.

3. A cellulosic fibrous structure (20) according to claim 1 or 2, characterized in that
said basis weight of said high basis weight region (24) is at least 25 percent greater

than said basis weight of said low basis weight region.

4, A cellulosic fibrous structure according to one of claims 1 to 3, characterized in that
said first region (24) of a relatively high basis weight comprises high basis weight
regions having mutually different densities.

5. A cellulosic fibrous structure according to one of claims 1 to 4, characterized in that
said radially oriented fibers of said low basis weight regions (26) are disposed in at
least four quadrants of said low basis weight region. (26).

6. A cellulosic fibrous structure according to one of claims 1 to 5, characterized in that
said first region defines an essentially continuous load bearing network region (24);
and that said plurality of mutually discrete second regions (26) have fewer fibers
per unit area than said first region (24), said fewer fibers within each of said second

regions (26) radially bridging said second region to said first region.
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A process of producing a single lamina cellulosic fibrous structure according to any

of the preceding claims, said process comprising the steps of:

providing a plurality of cellulosic fibers suspended in a liquid carrier;

providing a fiber retentive forming element (42) having liquid pervious zones;
providing a means (44) for depositing cellulosic fibers and liquid carrier onto said
forming element;

depositing said celiulosic fibers and said carrier onto said forming element (42);
draining said liquid carrier through said forming element (42) in two simultaneous
stages: a high flow rate stage with a first hydraulic radius and a low flow rate stage
with a second hydraulic radius, said high flow rate stage and said low flow rate
stage having mutually different initial mass flow rates, whereby said fibers in said
low flow rate stage drain in a substantially radially oriented pattern towards a
centroid, and thereby form a plurality of discrete regions having a relatively lower
basis weight than and being circumscribed by the region formed by said high flow
rate stage, wherein the ratio of said first hydraulic radius to said second hydraulic
radius is greater than 1, preferably than 1.5.

The process according to claim 7, characterized in that said step of draining said
liquid carrier in said low flow rate stage changes as a function of time by obturating

selected zones with said radially oriented cellulosic fibers.

An apparatus for forming cellulosic fibrous structures according to any of claims 1

to 6, said apparatus comprising:

a liquid pervious fiber retentive forming element (42) having zones through which a
liquid carrying the cellulosic fibers may drain; and

a means for retaining the cellulosic fibers on said forming element in a nonrandom,
repeating pattern of only two relevant kinds of regions (24, 26) having two different
basis weights, whereby said two regions comprise a first high basis weight (24) of
an essentially continuous network and a plurality of second discrete low basis
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weight regions (26) having substantially radially oriented fibers, wherein said
retaining means comprises zones with a first hydraulic radius providing for said
continuous high basis weight region (24) and zones with a second hydraulic radius
providing for said discrete low basis weight region (26), and wherein the ratio of
said first hydraulic radius to said second hydraulic radius is greater than 1.

An apparatus according to claim 9, characterized in that said retaining means (42)
comprises a foraminous, liquid pervious reinforcing structure and a patterned array
of protuberances (59) joined thereto at a proximal end of each protuberance and
extending outwardly to a free end of each protuberance, characterized in that each
protuberance is radially segmented to define a plurality of radially oriented
annuluses intermediate said segments.

An apparatus according to claim 10, wherein said radial segments of said radially
oriented protuberances are discontinuous at the centroid of said protuberances.

An apparatus according to claim 9, characterized by a patterned array of
protuberances (59) joined to said forming element at a proximal end of each
protuberance and extending outwardly to a free end of each protuberance, said
protuberances being separated from one another by annuluses having said first
hydraulic radius, said protuberances allowing flow therethrough and having said
second hydraulic radius, whereby the ratio of said first hydraulic radius to said

second hydraulic radius is greater than 1.50.

An apparatus according to claim 10, having from 16 to 47 protuberances (59) per

square centimeter.
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CELLULOSIC FIBROUS STRUCTURES HAVING DISCRETE REGIONS
WITH RADIALLY ORIENTED FIBERS THEREIN,
APPARATUS THEREFOR, AND
PROCESS OF MAKING

ABSTRACT

A cellulosic fibrous structure having two regions
distinguished from one another by basis weight. The first
region is an essentially continuous high basis weight network.
The second region comprises a plurality of discrete low basis
weight regions. The cellulosic fibers forming the plurality
of second regions are generally radially oriented within each
region. The cellulosic fibrous structure may be formed by a
forming belt having =zones of different flow resistances
arranged in a particular ratio of flow resistances. The zones
of different flow resistances provide for selectively draining
a liquid carrier through the different zones of the belt in a

radial flow pattern.

FIGURE 1
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