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METHOD AND APPARATUS FOR MAKI“G CELLULOSIC
FIBROUS STRUCTURES BY SELECTIVELY OBTURATED DRAINAGE
AND CELLULOSIC FIBROUS STRUCTURES PRODUCED THEREBY

EI1ELD OF THE INVENTION

The present ‘invention rel;tetho a method and apparatus for
producing a cellulosic fibrous structure having regions of
- multiple basis weights and, more particularly, having multiple
basis weight regions with 2 high basis weight region comprising an
essentially continuous network.: Such a cellulosic fibrous
structure is typically executed in a paper having three or more

regions discriminated from one another by basis weight.

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 ba1qh¢e several competing interests. For example,
the cellulosic. fibrous structure must have a sufficient tensile
strength to prevent the,ce11ﬁ1osic fibrous structurg'from tearing
or shredding during ordinary use or when undue tensile forces are
not applied. The cellulosic fibrous structure must also be
absorbent, so that 1liquids 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 pleasing and not harsh during use. The fibrous
structure should exhibit a high degree .of opacity, so that it does
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_ The cellulosic fibrous structure will exhibit no greater tensile

strength than that of any region in the cellulosic fibrous
structure which is undergoing a teri_si'le 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 wéight of the cellulosic fibrous
structure. However, increasing the basis weight requires more
cellulosic fibers to be utilized in the manufacture, leading to
greater expense 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 liquids.
Both the absolute quantity of liquid retained and the rate at
which the fibrous structure absorbs contacted liquids must be
considered with respect to the desired end use of the cellulesic
fibrous structure. Absorbency is influenced by the density of the
cellulosic fibrous structure. If the cellulosic fibrous structure’
is too dense.ithe 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 liquids is minimized and, due to surface tension
limitations, 1liquids will not be retained by the 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 wvarious regions and
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Opacity is the property of a cellulosic fibrous structure
which prevents or reduces 1light transmission therethrough.
Opacity is directly related to the basis weight, density and
unif;ormi'ty 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 densify. 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 amidst 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 fibrous structure. _ _

Such cellulosic 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. disc‘loses
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
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U.S. Patent 4,514,345 issued April 30, 1985 .to Johnson et al.
discloses a fibrous structure having discrete nonzero low basis
- weight hexagonally shaped regions. A similarly shaped pattern,
utilized in a textile: fabric, 1is disclosed in U.S. Patent
4,144,370 issued March 13, 1979 to Boulton. '

The nonapertured structures disclosed in these references
provide the advantiges 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 \éeight regions,
thus 1imiting 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.

 Cellulosic fibrous structures are usually manufactured by
depositing a liquid carrier having cellulosic fibers homogeneously
entrained therein onto an apparatus having a fl'iber 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.
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Softness is inversely proportional to the ability of the cellulosic
fibrous structurpritabérances aef dismisednin na aedivart repeattngriplatterat heThel ane

o A1 el U105t Rafiels R SBRMFNR prppuns s Yyeabgernlc HIPRL e i
transni'ssi on t hedjacentopyotubepandesyor aldgnescwith the adiacend Pﬂtt"b%@llses
wei ght, density ggg, protuberance (whether aligned, or staggered) is equally
' .spaced from the adjacent protuberance. Indeed, Heller et al.
utilizes a woven Fourdrinier wire for the protuberances.

The arrangement of equally spaced protuberances represents
another shortcoming in the prior art.. The apparatuses having this
arrangement provide substantiaily uniform and equal flow
resistances (and hence drainage and hence deposition of cellulosic
fibers) throughout the entire liqmd 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 1liquid carrier are present in the spaces
between adjacent protuberances. Thus, fibers will be relatively
homogeneously and uniformly deposited, a'lthbugh not necessarily

" randomly or uniformly aligned, in each region of the apparatus and
will form a cellulosic fibrous structure bhaving a 1like
distribution and alignment of fibers. :

One teaching in the prior art not to have each protuberance
equally spaced from the adjacent protuberances 1is 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
the manner most efficient to maximize any one of or optimize a
majority of the aforementioned properties.

'Accordingly, it is an object of this invention to overcome
the problems of the prior 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 6bject of this invention to provide a
-method and apparatus for producing' a cellulosic fibrous structure,
such as paper, by having multiple and different flow resistances
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uni'formty of fiber distribution of the cellulosic fibrous structure. A
cellulosic fibrous structure having relatively greater basis weight or
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apertures. Moreoelatiancbetneesithef flawonesistanaecofincparticulargregioni oftighe
shapes of apertiy§d pérvious fiber retentive forming 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 1low flow resistance will produce
corresponding regions in the cellulosic fibrous structure having a
relatively high basis weight and vice versa.

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 low basis weight regions in the cellulosic
fibrous structure) may either be discrete or continuous, as
desired. _ :

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 and
inversely proportional to the flow resistance presented thereby.
For example, if there are. impervious regions, such as
protuberances or blockages in the forming belt, no liquid carrier
can drain through these regions and hence relatively few or no
fibers will be deposited in such regions. . o

The flow resistance of the forming belt according to the

. present invention 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 resistance,
because more liquid carrier may drain through such regions.
However, it is to be recognized that the flow resistance of a
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disclosed in the prior art. For exanple, Geiner et al. discloses square '
apertures, dianond-shaped apertures, round apertures and cross-shaped

apertures. woO gy’ . apertured cellulosic fibrous struct ureéﬁwﬁgy
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cellulosic fibrous structure.and may cause ffThe consuner to feel the

structure is of lesser quality or strengththan desired The apertures
are generally too large to absorb and retai

4 fluids, due to tiparticwlaedregien sen thenSormings bﬂtur‘asnwpméltwt and will
encount er ed by the;haﬁgé)ragrga%ﬁ&qgﬁ of t$mele and towel products. Al so,
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basi s wei ght apert urdegosiitgdnentat & region of the forming belt the cellulosic fibers
will obturate the region, increasing 1its flow resistance.
Obturation and increased flow resistance in a region result in
generally reducing the amount 1liquid carrier which drains

therethrough and, hence, the amount of fibers later and further
deposited onto this same region.

BRIEF SUMMARY OF THE INVENTION

The invention comprises a single lamina cellulosic fibrous
structure having at least three regions disposed in a nonrandom
repeating pattern. The first region is of relatively high basis
weight compared to the other two regions and comprises an
essentially continuous network which circumscribes the other two
regions. The second region is of relatively low basis weight
compared to the two other regions and is circumscribed by the
first region. The third region is of intermediate basis weight
relative to the two other. regions and is Juxtaposed . with the
second region, peripherally bordering it. Particularly, the
second region may be substantially contiguous with the third _

. region, more particularly may circumscribe the third region, and
may even be circumjacent the third region. In a preferred
embodiment, a plurality of the cellulosic fibers of the second
region-are substantially radially oriented. . _

The cellulosic fibrous structure ~according to the present
invention may be made according to the process of ‘depositing a
liquid carrier having cellulosic fibers suspended therein onto a
liquid pervious fiber retentive forming e'lement. The liquid
carrier drains through the formmg element in two simultaneous
stages, a high flow rate stage and a low flow rate stage.
corresponding respectively to the high and low flow rate zones in
the forming belt. Both stages decrease in flow rate as a function
of time, due to obturation of the zones with cellulosic fibers.
The stages are discriminated from one another by the initial mass
flow rate through the 'respective zones. '
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case, attenpts have been made to provide a cellulosic fibrous structure
havi ng nutual |y discrete nonzero | ow basis weight regions admts

nonessenti al | woreszbeqargous network. For exanple, U S. Patent 4p&itAISs20s139
i ssued April 30, 1985 to Johnson et al. "discloses a fibrous structure

havi ng di screte nonzero | ow basis wei ght hekagonal |y shaped regions. A
simlarly shaped pattern, utilized in.a textile fabric, 1is disclosed
in US. Patent 4,144,370 issued March 13, 1979 to Boulton. The
nonapertured structures difsel cettilosic t fitbrousefstronture praserdingt hto the
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' The forming element may have a means for retaining cellulosic
fibers in a pattern of three different basis weights. The means
for retaining ce,i\u‘losic fibers in a pattern may comprise zones in
the forming element having different hydraulic radif.

The hydraulic radii of the zones may be made different by
having a patterned array qf upstanding protuberances in the
forming element, by each p’fotuberance being equally spacéd from
the adjacent protuberance and having a 1iquid pervious orifice
therethrough by having protuberances clustered so that some
protuberances are equally spaced from the adjacent protuberances
and some protuberances are not equally spaced from the adjacent
protuberances, or by combinations of the foregoing.

RIEF DES F_THE DRAW |

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 cdnﬁunction with the associated drawings in
which like components are given the same reference numeral,
analogous components are designated .with a prime symbol and:

Figure 1 is top plan photomicrographic view of a cellulosic
fibrous structure according to the present invention having three
mutually distinguishable regions;

Figure 2 is a schematic side elevational view of an apparatus
which may be utilized to make the cellulosic fibrous structure
according to the present invention;

" Figure 3 is a fragmentary side elevational view of a forming
element taken along line 3-3 of Figure 2; |

- —_—
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_The af orementi oned references; and additional teachi ngs such as U S~
Patents 3,322,617 issued My 30, 1967 to Gsborne; 3,025,585 issued

Mar ch 20 19‘?,6 0[&9 swol d, and 3,159,530 i ssued Decenber
: /0
Hel | er' a dﬁsc ose various apparatuses suitable for manu%act ust'r9|9ng5139

cel I ul 05| c fibrous structures havi ng disgrete |ow basis weight regions.
The discrete | ow basis weight regions acCording to these teachings are
produced by a pattern of upstanding protuberances joined to the formng

el ement of the apparatigureSed {50 aneiragatarye tdpe sinl mQﬁleffméoammg
structure. — Hoveve 'leme:?t o?‘ P!gur'et51 ta Leonr% rpgt 'ﬁngd4 r4e1;? %}ces ﬁ havin
upst andi ng ap e g
repl acenent sheet an orifice through each protuberance; .5 prot uberances are
di sposed in a regular, p{fpgaki 19 B2kthdmdtic 'tp plan view of an alternative
' embodiment of a forming element having first protuberances equally
spaced from second protuberances by a particular distance, and
having first protuberances spaced from third protuberances by a
greater distance; and
Figure 6 is a schematic top plan view of an alternative
embodiment of a forming belt having protuberances with orifices
therethrough and which are clustered in different spacings from
adjacent protdheram‘:es.

TAIL SCRIPTION OF T VENT

THE PRODUCT

As illustrated in Figure 1, a cellulosic fibrous structure 20
according to the present invention has three regions: first high
basis weight regions 24; second intermediate basis weight regions
26; third low basis weight regions 28. Each region 24, 26 or 28
is composed of fibers which are approximated by linear elements.

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 longitudinal axis of the fiber), so that
1ineirity is approximated. While microscopic examination of the
fibers may reveal two other dimensions which are small, compared
to the brincipal 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 1iquid carrier.

The fibers comprising the cellulosic fibrous structure may be
synthetic, such as polyolefin or polyester; are preferably
-cellulosic, such as cotton linters, rayon or bagasse; and more

__,'___preferab'ly are wood pu'lp, such as soft woods (gymnosperms or
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pattern.may conprise protuberances' staggered relative to the adjacent
prot uberances or aligned with the adjacent protuberances. Each protuberance

(whether al iwpAfdse094 Staggered) is equally spaced from t hepcpliseg@size -
_protuberance. | ndeed Heller et al. utilizes a woven Fourdrinier wire for

t he protuberances. The arrangement of jgqual l'y-spaced protuberances
represents another shortcomng in the prior art.. The apparatuses having
this arrangenent provide substantially uni form and equal fl ow

resi stances (and hega¢féboakage Rird Wwosdse (drgivsperm of deehdudusyi c Asi hged)
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present in the spdces ers

rel atively horrogene't!@%ﬂ?‘"tﬂndﬂﬂnlﬂé?rcﬂe‘; %&poéqut gépasr]egﬁmﬁﬁhiﬂﬁftednmﬁarl Fy
form s cel il ost ?*“??%ﬁ(?e‘“‘*"““‘*W““’e”“““v”"ﬁ‘"""“°’“‘“‘m’ et o and
alolrgnrrgnt Cgf fi ber having Oﬂ@ N9y r‘ﬁo'ﬁh %:Qe ep?r ?acg’lpagrt ?ﬁ'lgﬁ#el? g@hg
prot uber ance = equal d jameberw of ﬁbmm Z!ndomi;oateiﬂ MFUQMer%n@Bd; hagdwnodc f thary
in US Patent 795g)iflg!s94n6tn dFV1e53 thaROabdu? MIA1iMERePVatid a Pameter of
| about 12 to about 25 micrometers has been found to work well for
the cellulosic fibrous structures 20 described herein. _
1f 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.
It is not necessary, or even likely, that ‘the various regions
24, 26 and 28 of the cellulosic fibrous structure 20 have the same
~or a uniform distribution of hardwood and softwood fibers
lnstead, it is likely that regions 24, 26 or 28 formed by a zone
of the apparatus used to make the cellulosic fibrous structure 20
having a lesser flow resistance will have a greater. percentage of
softwood fibers. Furthermore, "the hardwood and softwood fibers
may be layered throughout the thickness of the cellulosic fibrous
structure 20. B
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 1is ‘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. o

——
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di scl oses protuberances disposed in a generally random pattern which does
not" advant ageousl y-di stribute the cellulosic fibers in the manner nost
efficient to maxim ze any one of. or optimze a majority of the

af orenent i onavD 9B/90474 | e€S. Accordingly, it is an object ®HCIWUS$2/05139
I nvention to overcone the problens of the prior art and particularly to
overcome the problens presented by the coldpeting interests of maintaining
high tensile strength, high absorbency, high softness, and hi gh opacity

Uneconomt cal or - undue. TR Eeafutassé Jlrousr sulicPlE 20° Seihenta 59  tpe Brasent o

an object of this irventtdr ocomprosesr ovi siingle lamidmnd cHukeegmarttt uts fto be

B 09 el | e Bl P et L Svore™ e P, i "1 mace
This is the repl aceannording:do the present invention, may be joined in facegto-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 {s 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 24, 26 and 28 from each other. For example,
the basis weight of the fibrous structure 20 is one intensive
property which discriminates the regions 24, 26 and 28 from each
other. As used herein, a property is considered "intensive" 1f it

- does not have a value dependent upon the aggregation of values
within the plane of the cellulosic fibrous structure 20. Examples
of intensive properties include the density, projected capillary
s_izé, basis weight, temperatdre,’ compressive and tensile moduli,
etc. of the cellulosic fibrous structure 20. As used herein
properties which depend upon the aggregation of various values of
subsystems or components of the cellulosic fibrous structure 20-
are considered "extensive.® Examp‘lés of extensive properties
include the weight, mass, volume, and moles of the cellulosic
fibrous structure 20.

The cellulosic fibrous structure 20 according to the present
invention has at least three distinct basis weights which are
divided between at least three identifiable areas, referred to as

- "regions” of the 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, 26, and 28 having the different basis weights.
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-to the drainage of the liquid carrier of the fibers in the
apparatus. By having regions of relatively high and relatively

| ow resistance to flow present in the apparatus, one can -achieve
greater contrwO9/0047dhe orientation and pattern of deposition BPCTAUS92/05139
cellulosic fibers, and obtain fibrous structures not heretofore known
in the art. Cenerally, there in an invegge relation between the flow
resi stance of a particular region of the liquid pervious fiber retentive
form ng el ement and the basis weight of the region of the resulting

cel lulosic fibrous structtuwdlt derescpgnideddyt ene skthledr tyithesartothatheithin a
formn el enent o] f t h t

will gproduce corre-lilggﬁdréﬁgbe?fon:{sB |?f ﬁ]aa bi‘ﬁﬁﬂrgskﬂd" e){ﬁreg#sd g’??!}%tv&qéﬁt
having a relatively |“§ﬁ“‘5é§\"% mé. Yaviations \may cograirs owhen such giyen region 24,

particularly, the zseurozmsoéonswéremoehsve b@uvbafshevw@ﬁﬁlsraﬁc‘eaamwl o
be conti nuous so

nti nu | be
results, and ten5| I e sgr'g ﬁc?ps n %ve &Sftﬁsé@cﬂeﬂ% é@i {;ﬁgr%trice between
relatively high flovfibess stsalme&st(mm appagent blaeiatuaﬁghy ofl @ero i3l sresult

vei ght regions in J4ag, ﬁ’P'f*aHfosdn?essf T ePture! S CERE PibrdRY stk 20P%s
discrete or .contl “e?‘dé measured esi:lhe basis weight of such region 24, 26 or 28 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, 26, or 28 of different basis weights, or that a sharp
demarkation between adjacent  regions 24, 26, or 28 of -differen_t
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 fibrous structure 20 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 1iquid pervious fiber retentive
forming element used to manufacture the cellulosic fibrous
“structure 20. )

The different basis weights of the regions 24, 26 and 28
‘provide for different opacities of such regions 24, 26 and 28.
While it is desirable from an opacity standpoint to have a uniform
basis weight throughoﬁt the cellulosic fibrous structure 20, a
uniform basis weight cellulosic fibrous structure 20 does not
optimize other properties'df the cellulosic fibrous structure 20,
such as the wet burst strength. However, for the cellulosic

- fibrous structures 20 described herein, it is to be generally
" understood that regions 24:of relatively higher basis weight have.
greater opacity than regions having a lesser basis weight, such as -

_intermediate basis weight regions 26 or low basis-weight regions

28. . ' Ce

Preferably, the nonrandom repeating pattern tesselates, so

. that adjacent regions 24, 26 and 28 are cooperatively and

advantageously juxtaposed. By being "nonrandom," the intensively
defined regmns 24, 26, and 28 are considered to be predictable,
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According to the present invention, the formng element is a formng belt

having a plurality of regions discrimnated fromone another by having
different flow resistances. The liquid carrier drains through

th I ons
of . the forni WO BMMW4Zdccording to and |nversely proporti onal tgctrﬁ 49%39

resi stance presented thereby. For exanpl ﬁé t here are inpervious
regions, =~ such as protuberances or bloc ges inthe formng belt, no

liquidcarrier can drain through these regions and hence rel atlvely few or
no fibers wll

the form ng belt acg'b‘f 8!%*}0%%9’”#%“%51?&' Qfﬁmovm and Rw@etfelrﬁi’}ﬂeﬂe?éa%ﬁfkc%fo‘c

resen hus critic
deternining the patthe rapparatumusm’ tiﬂeth,ﬂel'"mﬂféﬁ‘t‘”ﬂ"gb&r%“éﬁt rzﬂyneﬁeﬁeﬁt

liquid carrier willgpg ??t@é?‘ﬂoﬂ tf‘éf'mecﬁﬁw thw’ oné® A fhéJGFﬁBrdMﬂ itrheture 20.
deposited. in zones

for bel A r el I fd.Qw
resistance, because ndp® 1I'§tﬁ{!ﬁ‘d’ %a‘ﬁr‘FE 1"% gF31%3 ?h anf? £
regi ons. However, fibrious Sstructere 20omay bed"diisaretieh & Sbowartecdhcmtca'egiom |

24, 26 or 28 having the same basis weight are not contiguous.
Alternatively, a region 24, 26 or 28 having one basis weight
throughout the entirety of the fibrous structure 20 may be
*essentially contl'lnueus," so that such region 24, 26 or 28 extends
substantially throughout the fibrous structure 20 in one or both
of its principal dimensions. '

. Of course, it is to be recognized that if the fibrous
structure 20 is very large as manufactured, and the regions 24,
26, and 28 are very ‘'small compared to the size of the fibrous
structure 20 during manufacture, 1.e. varying by several orders of
magnitude, absolute predictability of the exact dispersion and
'patterns among the various regions 24, 26, and 28 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, 26, and 28 be dispersed in a
pattern substantially as desired to yield the performance
properties which render the fibrous structure 20 suitable for its
intended purpose. .

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, 26, or 28, 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, 26, or 28. Such
transition regions are within the normal manufacturing variations
known and inherent in producing a fibrous structure 20 according
to the present invention. ' '

The size of the pattern of the fibrous structure 20 may vary
from about 1.5 to about 390 discrete regions 26 per square
centimeter (from 10 to 2,500 discrete regions 26 per square inch),
preferably from about 11.6 to about 155 discrete regions 26 per
square centimeter (from 75 to 1,000 discrete regions 26 per square
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7 particul ar region on the formng belt is not constant .and will change
as a function of tine. Such change occurs because as the cellulosic

fibers are. Oﬁ’{"ﬁ? onto a- regl on of the formng belt the celpgi-mggg/osmg
fibers wll L the region, increasing its flow resistance.

oturation and increased flow resistance |? aregion result in generally
reducing the amount |liquid carrier th drai ns therethrough and,
hence, the anount of flbers | ater and further deposited onto this sane

region. . $Mﬁhﬁ Y. I

i nvention conpri ses a 5| n 'ﬁ?éﬁc na ce ? T@l gﬁfbggg/?s\qb%ﬁét%sr ghﬁ‘as\?f%“
| east three regi ondeaiohso aerrfqaamrﬁeaﬁwr HEpemdPhgta, Qéﬁﬁ"#ﬂe"%‘?@t
~region is of rel atizseper bg@rebhrchy. wei ght conpared to the other two

E??Lgxc‘??gego?ﬁ;' th?\e t\\xgﬁsebet 'a%{:laryeniog or}\léogﬁiﬂ%tdw u\M‘ a?'lg that as the

. pattern becomes finer (having more discrete regions 24, 26 or 28
per square centimeter) a relatively larger ‘percentage of the
smaller sized hardwood fibers may be utilized, and the percentége
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 fibrous structure
20. If the fibers do not properly conform, such fibers may bridge
various topographical regions of the apparatus, leading to a
nonpatterned fibrous structure 20. A mixture comprising about 60
percent northern softwood kraft fibers and about 40 percent
hardwood kraft fibers has been found to work well for a fibrous
structure 20 having about 31 discrete regions per square
centimeter (200 discrete regions 26 per square inch).

If the fibrous structure 20 {llustrated in Figure 1 is to be
used as a consumer product, such as a paper towel or a tissue, the
high basis weight i'egion 24 of the fibrous structure 20 is
preferably essentially continuous in two orthogonal directions
within the plane of the 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 manufacture of the product, but on]y-tha.t tensile
strength be imparted to the cellulosic fibrous structure in two
orthogonal directions, so that any applied tensile loading may be
more readily accommodated without premafure failure of the product
due to such tensile loading. Preferably, the continuous direction
i's. parallel the direction of expected tensile loading of the
finished product according to the present invention.

The cellulosic fibrous structure 20 according to the present
invention comprises three regions, first high basis 'weight regions
24, second intermediate basis weight regions 26, and third low
basis weight regio'ns 28, as noted above. The regions 24, 26 and
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.regions. The second reglon Is of relatively | ow basis weight conpared
~to the two other regions and is circunscribed by the first region. The

third region js ntermedi ate basis weight relative to the
.regi ons and wg?ﬁﬁwﬁosed with the second region, peripher J’Wﬁﬁ%ﬂ”

bordering it. Particularly, the second qregi on may be substantially
contiguous with the third regi on nor e par{ cularly may circunscribe the
third region, and may even circunjacent the third region. a
preferred embodi megy ﬁ thnoi rdiPaifth! Hgatfnd patE e delErapaeci
region are substanti aI radi a rien The "cel l'ul osi ¢ rous
structure accordi ngP#d F%@" S hp ‘°"anent|on may be made according to the

process of depOSltl Nng aAn dxafpiel ofanni essehtialiy mltlndwsl netwobkr &5 the pieighed

cherermonto a1 i Y. Witgt el 5 G108, FOMP S 0 o
si mul taneous st agfigura hi gﬂtheromamlcsSoiagelhaastc |féhrqusOwtm¢ure§ having

T
due to obturation o aﬂ g%n@“ﬁﬁtﬂ‘@‘@l’ffuﬁgm E i Far §r° a“Tr?é'dsti;!fﬁ%@"é?féd

di scrimnated. fromherenabypive€érdnget for ithe tpurposenof showing anothere cetiudogic
the respective ZON@fyroys 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 materfal properties of such

portion of the cellulosic fibrous structure 20.

Conversely, the Tow and intermediate basis 'weight regions 26
and 28 may be discrete and dispersed throughout the high basis
weight essentially continuous network 24. The low and
intermediate 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 28 and the discrete intermediate basis weight
regions 26 also form a nonrandom, repéating pattern. _ :

The discrete low basis weight regions 28 and the discrete
intermediate 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 28, although, as noted above,
small transition regions may be accommodated.

The high basis weight regions 24 are adjacent, contiguous and
circumscribe the low and intermediate basis weight regions 26 and
28. The intermediate basis weight regions 26 are juxtaposed with
the low basis weight regions 28. The low basis weight regions 28
may peripherally border, but not fully circumscribe the

~ intermediate basis weight region 26 or the low basis weight
regions 28 may circumscribe the intermediate basis weight regions
+ 26. Thus, the intermediate basis weight regions 26 are generally
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The cellulosic fibrous structure according to the present invention
fmy be made on an apparatus conprising a liquid pervious fiber retentive

formng elenment. The form ng el enent has two zones, a high fI B856/65136
and a IOM/fVH%/?ﬂmﬁﬁ&one The- belt al so has protuberances ich are

inmpervious to the flow of liquid carrier therethrough. The protuberances_
and the two zones are arranged in alpatteﬂﬁ corresponding to the basis
wei ghts of the regions of the cellulosic fibrous structure to be forned

{hereon, The for T aandl STRbRRYEi aynd To0 hilon Sl Telleliy! 681 ©
retaining cellul ossurfacdarea, than thetciroumjagentodpw ibaseis sedghti megions 28.

The low basis weight regions 28 may further be contiguous and
even circumjacent the {intermediate basis weight regions 26. The
relative disposition of the low and intermediate basis weight
regions 26 within the'high basis weight regions 24 depends upon
the disposition of the high and Tow flow flow rate stage zones
zones of different flow resistances in the forming belt 42.

The fibers of the three regions 24, 26 and 28 may be
advantageous1y aligned in different directions. For example, the
fibers comprising the essentia‘l'ly 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.

This alignment provides for fibers to be generally mutually
parallel, have a relatively high degree of bonding. The
relatively high degree of bonding prodices 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 applied tensile loading throughout the
cellulosic fiber structure 20.

The relatively low basis weight region 28 comprises fibers, a
plurality of which are generally radially oriented, and emanate
outwardly from the center of the low basis weight region 28. If
the low basis weight region 28 is circumjacent the intermediate
basis weight region 26, the fibers of the low basis weight region
will also be radially outwardly oriented with respect to the
center of the intermediate basis weight region 26. Further, as

" {llustrated in Figure 1, the low basis weight region 28 and the

intermediate basis weight region 26 may .be and preferatﬂy are
mutua11y concentric.

THE APPARATUS

Many components of the apparatus used to make a fibrous
structure 20 according to the present invention are well known in

—
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the formng el ement having different hydraulic radii. The hydraulic
radii of the zones may be nade different by  having a patterned array of

upst andi ng PWS ces in the formng element, by each prot g 39
bei ng equal |y s%%@‘sﬁgfrom t he adj acent protuberance and havi ng a I'qu 05

pervious orifice therethrough by having pﬁftuberances clustered so that
sone protuberances are equally spaced fromthe adjacent protuberances and
some protuberances are not equally spaced fromthe adjacent protuberances,

e protuber ai -
o TﬁECgRA{N“ggsonstﬂé a{,@ ?ff stgawgra As {lustrated in ngu&fﬂz FuraEssﬂattm

Ri
particularly  poi MBYngoRATis&na G‘Fg‘icﬁl nz‘ﬂc%"rgln%ﬁcpﬁ? H?ﬁz 3‘8%‘&%"%8& Aed,.

it is believed ”é@l'ﬁﬂ%?id/\ﬂf'ibe&e éntrd edutiiresn comdoby 1iquid opdrwioug fiber
Speci fication taken

3 njfu i on M "@}‘2 t he associated drawi ngs in whi ch
|i ke components ar é‘etﬁ'v: Metigem & ence numeral,  anal pgous

conmponents are desi gnat‘l’dad Viiquid peyvious Syberoretesdive fomingppquegtlmak be op
pl an phot om crogra k‘lﬁin | GtOk2 2 i%e{ﬂé‘h@ﬂtcof tfhb ﬁﬁﬁaﬁsr%ﬁdﬂ@pm@ﬁtﬂbﬂﬂ

to the present i nven aving three u habl e, re n
Figure 2 is a scherf@mpenest def eq@\/éPPb”n‘&I“va"é&hoﬁe E&Hﬁ& prior &rt o

manufacture the cellulosic fibrous structures 20 described and
"claimed herein. Particularly, the 1iquid pervious fiber retentive
forming element has protuberances 59 which form the low and
intermediate basis weight regions 26 of the fibrous structure 20,
and intermediate annuluses 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 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, 26, and 28 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 1liquid carrier and entrained
cellulosic fibers onto the forming belt 42, the 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 foreshortening or creping the fibrous

structure 20.

If a forming belt 42 is selected for the forming e'lement 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 3. 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 has been 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
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whi ch nﬁy be utilized to make the cellulosic fibrous structure accordi ng

td the present invention; Figure 3 is a fragnentary side el evationa
view of a f ' (2 ement taken along line.3-3 of Figuire2; pcr/us92/05139
%84}90047‘? o 9 Figure 4 is a fragnentary top

bfan view of the forming elenent of Figurﬁ 3, taken along line 4-4 of
Figure 3 and having an orifice through eac 8protuberance; Figure 5 is
a. schematic top plan view of an alternative enbodi nent of a form ng el enent

D 0t B o325 EEAA 0785 e AR GO VR S5 e

prot uberances by a theesecanddiand eppesitedface 55rofjthe Sorming behtend.i c Sudp

plan view of an al tR4RGfondF 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 i_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 structures are processed and manufactured. A
particularly preferred forming belt 42 may be made according to
the teachings of U.S. Patent. 4,514,345 issued April 30, 1985 to
Johnson et al., and particularly according Figure 5 of Johnson et
al., which patent is incorporated herein by reference for the
purpose of shbwing a particularly suitable forming element for use
with the present invention and a method of making such forming
element. o | :

The forming belt 42 is 1liquid 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 S5 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 pressure 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 s]ufny be
easily removed from the slurry leaving on the first face 53 of the
forming belt 42 an embryonic 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, withqut regard

e
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enbodi nent of a"form' ng belt having protuberances with orifices
theret hrough and which are clustered in different spacings from adjacent

pr ot uber ances, DETAI LED DESCRI PTI ON OF THE | NV
_PRODUCT W/Q”/W‘Uét rated in Figure 1, a cellulosic fibrous EEH@&(‘?@%

according to the present invention has thrﬁzg regions: first high basis
wei ght regions 24; second internedi ate bas wei ght regions 26; third | ow
basis weight regions 28. Each region 24, 26 or 28 is conposed of fibers

whi ch are appr oxi ”Qbe@hpyorli'eﬂﬁﬁrioﬁl éosition of Nény' pRAYITuREE ﬂ‘BBPO”GCW S

of the cellulosic fibrous structure ne ver | ar nsi Qn
(al ong the I ongi t ugPUEse adt sis gpt (gxpectant aEcﬁr%ég%rd "ﬁ)e’%l'\ B?"ﬁo if}

relatively very smapktaindi m%mmd Mpercénty ofr phadfibersr depﬂd!thdl nthelbedrh

| eari ty i 5" appr otPRE AR EF ShE b saPEIGE ofe A186rs, pPFlny oy, SPEH
may reveal two ot hesuchhcmpellems ot mtarsuclsmtentiomr’qsapmanmi .t hit pisi pslyal -
di mensi on of the fijggEssaryUeHatOtEFibes HeBLétaifbdRASLIR FoRPRY BTt B2, or
substantially equi VtLEPtf1rt]>g|r~ rge%grsnt,ivet 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 foraminous element, such as a woven
screen or other apertured framework. The reinforcing structure §7
is substantially 1liquid pervious. A suitable foraminous
reinforcing structure 57 is a screen having a mesh size of about 6
to about 50 filaments per centimeter (15.2 to 127 filaments per
inch) as seen in the plan view, although it is to be recognized
that warp filaments are often stacked, doubling the filament count
specified ‘above. The openings between the filaments may be
generally square, as 1{llustrated, or of any other desired
cross- section The fi'laments may be formed of polyester strands,
woven Or nonwoven fabrics Particularly, a 52 dual mesh
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 vreferred 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 Jjoined to the
reinforcing structure 57 and preferably comprises individual
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t hroughout the axial length of the fiber. It is only inportant that the
fi ber be able to bend about its axis be able to bond to other fibers and

be distribut %g% %l quid carrier. The fibers conprisi ngcrings92/05139
cellulosic fi structure may be synthetic, such as polyolefin or

pol yester; are preferably cel lul osic, % ch as cotton linters, rayon or
bagasse; and nore preferably are wood Eulp, such as soft woods

(gymospernms or 10 coniferous) or

2?: Sc\tAﬁ?CeiSZO( gpg: gscgﬁﬁed@ﬁéﬁde{g gglactlof Ai[%ﬁese?&%r ou gp}%c{duge?ggm the

conprises at |east 'HMNUS(DM*@M fpee cbhtofr the rewdercivgustamtuve uﬁ% as

percent cellul osi C {1188t rated ! F‘ﬂju?ﬂ 3.buthe B%tubbkiﬂch?c!'ﬂ bfe al8@@Ansiddreds

listed above. 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 1is 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 relationship, as illustrated in Figure
3. ' _ : '

As illustrated 1in . Figure '4, the patterned array of
protuberanées 59 should be arranged so that a plurality of
conduits, into which fibers of 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 reinforcing' structure 57. The conduits between adjacent
protuberances 59 have 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 fibrous structure 20 are not formed.
The liquid carrier may drain the through 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
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cel lulosic nixture of wood pul p fibers conprising softwod fibers having a
| ength of about 2.0 to about 4.5 millineters and a di aneter of about 25 to

about 50 m cky98Rbsr4 and hardwood fibers having a length of | egg/U892705139
about 1 mllinmeter and a dianmeter of about 12 to about 25 microneters has

been found to work well for the cellulosic pgybrous structures 20 descri bed
her ei n. 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, essmitials‘lyswomimousuhptm 24d ofothe pfitross estrugtdre 20

mechani cal pr ocessezwﬁg‘&h i35 fFormbas agﬁm‘l\"@oﬂegﬂetnertﬂ@t b%%yeraﬁ&% f§9|?efn§re

may be produced by ations of ¢ ses‘or

be recycl ed. The typsifomiyi disteibuteshdappldedsstangite i‘l’?@’l‘g béh@“ﬂbw aFEﬁ
not critical to themsﬁﬁﬁnktm\teﬁlﬂn Most &-éférfab ﬁt the Cpravdbier angis E9CEre

likely, that th d f ot | b

S![ rﬁc%/ure go ha\(iev'flrl Tat; r?g‘lf Og'séﬂ%?"fegr g:g‘gt PFB&’l at? Jﬁ'ﬂ]aﬁ}\%ﬂg fr? ' basts
sof twood fibers. | nsle&gid. riegiors 12Bk#d ythehmesuldgngnfitrdys Z3ructup8 2mrarednby
a_zone of the appar afygndipRied 1T rificipdh! diARtiod 13" AkRASEEITE fostling

having a | esser flowr Sistanc ave 'a greater percentage of so
fibers. Further nor &ay hﬁhéphhledvmod and softwood. fibers may be |ayered

throughout the thicknesspetbréihg CickUl €51 Fidurier 085 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 wupon solidification. The distal
elevation of the outwardly oriented face 53 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, ‘outward‘ly from the proximal. elevation of the
outwardly oriented face 53 of the reinforcing structure 57 about 0
millimeters to about 1.3 millimeters (0 to 0.050 inches).
Obviously, if the protu'berani:es 59 “have zero extent in the
I-direction, a more nearly constant basis weight cellulosic
fibrous structure 20 is approximated. Therefore, if it is desired
to minimize the difference in basis weights between adjacent high
basis weight regions 24 and low basis weight regions 28 of the

mi‘\ii\‘ il |



structure 20. A cellulosic fibrous structure 20 according to the
present invention is.macroscopically two-dinensional and planar, although

not necessarwb?:mi(ﬁ The cellulosic fibrous structure 20 mepcTARYL/08L3sE
t hi ckness in |rd di mensi on. However, the third dinmension is very

small. compared to the actual- first tﬂp dimensions or to the
capability to manufacture a cellulosic™ fibrous structure 20 havi ng
relatively large neasurenents in the first two dinensions.

The cellulosic fi er?"ﬁn%E‘ié'Cﬂ‘B'i-ﬁ’usthﬁE&QFQ 2 _genéra?) 9T Gopbér Igrdidrafces
conprises a single to be recognlzed that two
or nore single Iamsﬁa%m“&ﬁyb%ﬂtﬂlme‘ﬁade

As 1llustrated in Figure 4, the protuberances 59 preferably
do not have sharp corners, particularly in the XY plane, so that
stress concentrations in the resulting high basis weight regions
24 of the cellulosic fibrous structure 20 of Figure 1 are
obviated. A particularly preferred protuberance 59 1is
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 {llustrated
in Figure 3..

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 fibrous structure 20, it will be understood
by one skilled in the art that this may be accomplished bj having
a topography defined by several Z-directional levels of upétanding
protuberances 59 - each level yielding a different basis weight
than occurs in the regions of the fibrous structure 20 defined by
‘the protuberances 59 of the other levels. Alternatively, this may_

. be otherwise accomplished by a forming belt 42 having an outwardly
oriented face 53 defined by more than two elevations by some other
means, for example, having uniform sized protuberances 59 joined
to | a reinforcing structure 57 having a planarity which.
sxgnif1cant1y varies relative to the Z- direction extent of the
protuberances 59.

As illustrated in Figure 4, 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
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according to the present invention,
o0 form a unitary |am nate.
accordi ng tywgd

may be joined in face-to-face relation

A cellulosic fibrous structure 20

acc dodangsent invention is considered to be a si ngPET/USAZAES1Y f

. it is taken off the formng el enent, discussed below, as a single sheet

‘having a thickness prior to drying whi ch S not change unless fibers are
added to -or renoved fromthe sheet. The cellulosic fibrous structure 20 may

be | ater enbossed, or remai n nonenbossed, as desired. The cel |l ul osic

Li br Oust structure 890;%%@6 diga@fice t Meapr 65ethei nformingn beitby 42h¢ withf i thel
y- intensive

each other. For efﬁ °€C$Q%ét55§ﬁ"§9v§ﬂ&%gghé€? tgﬂgﬂéé f?&é‘aﬂp @Siéd)m
one intensive propeutﬁaodmacba dof cthenifoemieg belt r4%i oﬁbezllo“tléb'&HGﬂZS f thn
ﬁgfhhgtge; vafﬁeuz {Eﬁf FHfogﬁd tuberafcéLBY! ﬂﬁ'tﬁ@ total emguaeuf sdrtfa@bes

t
of the cellulosic ﬁlr%i 0915 Q’!& Lf@ﬂ]}'lﬂ ?ggre i 03§25'F V?ﬁ?@%%ﬂé If)qnat}tﬁgef 1&6
include the density rgfdﬂeﬂch?da Caﬂl each Ypmtm“b&sl 59 Wwtakér , at etiper maximon
]

conpr

o e usedher of RPBISHAIRE asatngh & oxEhoskhel 38, MY, BRGNPl imel P ST

val ues of subsyst emf the a'ammreltngssblfuctm 82{(ulosic fibrous structure 20

are considered "extenfy Ve "t befitoGitized’ thl! SISINE cONtMIBILiORS 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 fibrous structure 20 increases,
minimizing the economic use of raw materials. Further, the -
surface area between adjacent protuberances 59 of the proximal
elevation 53a of the forming belt 42 should be increased as the
length of the fibers increases, otherwise the fibers may not cover
the protuberances 59 and 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 geonietry 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 celiulosic fibrous structures 20 as described above and
claimed below. Either geometry of the second face 55,
topographical or essentially macroscopically monoplanar, is
acceptable, so long as the topography of the first face 53 of the
forming belt 42 1is 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 equipment used in the process of making the
fibrous structure 20 and has been referred to in the art as the
machine side of the forming belt 42.
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i ncl ude the weight, mass, volune, and noles of the cellulosic fibrous
structure, 20. The ceIIuI05|c fibrous structure 20 according to the

pr esent mvewbgymm at least three distinct basis weights whPCI/U$93/05139
di.vi ded between at.least three identifiable areas, referred to as -

“regions" of the fibrous structure 20. As ugged her ei n, the "basis weight"
Is the weight, neasured in grans force, of a unit area of the cellulosic
fibrous structure 20, which unit area is taken in the.pl ane of the

cel lulosic fibrous strufhergrotiberantes 59 zdefimeicinngtuges 65 Hawtngumiltiplezand -

absol Ut e si zes and MEVRIEY df T SHR resst RSN The iHd BEVIBLE pokE1di

di fferent basis weigfitthe forming belt 42 One manner in which differing regions may

' ~ be provided is illustrated in Figure 4. Each protuberance 59 of
"the forming belt of Figure 4 is 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 orifice 63 which provides 1liquid
communication between the free end 53b of the protuberance 59 and
the proximal elevation 53a of the outward1y oriented face 53 of
the reinforcing structure §7. ' '

The flow resistance of the orifice 63 through the
protuberance. 59 is different from, and typically greater than, the
flow resistance of the annulus 65 between adjacent protuberances
$9. Therefore, typically more of -the liquid carrier will draip
through the annuluses 65 between adjacent protuberances $9 than

. through the aperture within and circumscribed by the free end 53b
of a particular protuberance’ 59. Because less liquid carrier
drains'through the orifice 63, than through the annulus 65 between
adjacent hrotuberances 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 respectiveiy define high
flow rate and and low flow rate zones in the forming belt 42.
Because the flow rate through the annuluses 65 is greater than the
flow rate through the apertures 63 (due to the greater flow
‘resistance of the apertures 63) the initial mass flow rate of the
liquid carrier will be greater through the annuluses 65 will be
greater than the initial mass flow rate through the apertures 63.

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
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- It will be recognized by one ski I'ied inthe art that within a gi ven

.region 24, 26, or 28, ordinary and expected basis wei ght fluctuations
and vari at i ygpo3rep47@ccur, when such given region 24, 26 oPCREUSR/05139

- considered to have one basis weight. For exanple, if on a microscopic
level, the basis weight of an interstice b ween fibers is neasured, an
apparent basis weight of zero wll result when, in fact, unless an
aperture in the fibrous structure 20 is bei ng neasured t he basis

wei ght of such reglemgth4, of6 the a@liglosic dibensar cetnlostco. fibers may be
fluctuations and VaEbqds@Hrthe 1A Bds 53b BFCLIRBR6LbArinaylsy. Of Lhe

manuf act uri ng proce

{ t t b d
divi de adjacent - redisonsedshergin, GFQ(ZJ'Q“E&C |1“Fé¥ H]%‘oé'g a'c\xéfﬂ}%? 5%pe

5 hﬁ a sharp o demew K-%%O@fbltaéwaqmdadameﬂtwheagﬂons Pitst 2ftraduces tof and
ifferent - basis weights be appar i S g0 t anty tdhat
t he di stributi @ﬁp?ﬁﬂﬁﬁbéﬂ’g“ eu PW‘§&e§et)% (#H e?gn{uolx#eg?ﬁ e‘?{gr!t 5

posi ti ons of the f|rbwgn§lzadrtﬂturbetlﬂ(ﬂmd&thazom;cmaﬂfﬂ&t"e#te in mass flow
di stribution occurgs, ?er 3 ﬂﬂ.@i?d?.d%m tineCRE %N Gp eP&We‘%r 63 or Infidluses 65

partern in the t LB%@ﬁééhgem‘é?kEeefm‘iGsébéfimé. SR tsa I 05 fiste ribers
formng el enent usagspendedNgh aftieun equidecareien: andi eetaﬂnedllw the forming bett
20. The d'fzf.er‘?ﬂe J)i%'egen\ég' gnhtﬁm?fretsqgtﬁr?&' %Q%wge% tﬁe6 a%@ptug'gs 63
: and the annuluses 65 provide 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 rate through the zones is referred to
s "staged draining,” in 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 tesse‘l'laﬁng pattern in the cellulosic
fibrous structure 20.
~ More particularly, the high basis weight regions 24 will
occur in a nonrandom repeating patt_ern 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 intermediate
basis weight regions 26 will occur in a nonrandom repeating
pattern substantially corresponding to the low flow rate zones
(the apertures 63) of the forming belt 42 and to the low flow rate
stage of the process used to manufacture the cellulosic fibrous
structure 20. The low basis weight regions 28 will occur in a
nonrandom repeating pattern corresponding to the protuberances 59
of the forming belt 42 and .to neither the high flow rate stage nor
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
jn the art. However, measuring the flow resistance of the high
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provide for different opacities of such regions 24, 26 and 28. “VWhile it
is desirable froman opacity standpoint to have a uniform basi s wei ght
t hroughout t4o8 g39ddayid 0Si c fi brous structure 20, a uni f or m FGR/USI2MO5 RN
cellulosic fibrous structure 20 does not =~ optimze other properties of
the cellulosic fibrous structure 20," ggch as the wet burst strength.
However, for the <cellulosic fibrous structures 20 descri bed herein,
it is to be generally understood that regions 24 of relatively higher

ba'_sif] wei ghth have and 1gweflow repaciongs; hemd thegiddfierencesgim flesskesibance
wei ght, such as n t r ggQi A0S r

wei ght regi ons 28. thereﬁgfdersg % @Ppé%g?fw?hmé'enggr%dgﬁglp sigg"%’gﬁé S‘ég?er n
tessel ates, so and ﬂomﬂoudja&eemnew eypmsr, flow resistance nyy beris erred

Che i ensi vely 1o B e Zh1 0 coens desigragth
predi ct abl e, Y Genera ow resistance ?s 1nverse’|y proportional to' th

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 includes 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 orifice 63 of the
protuberance 59, or the flow area between unit cells, i.e. the
smallest repeating pattern of annuluses formed by 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 1iquid carrier. The flow area does not take into
consideration any restrictions imposed by the reinforcing
structure 57 underneath the protuberances 59. The hydraulic radif
of several common shapes are well-known and can be found in many
references such as Mark’s Standard Handbook for Mechanical
Ehgineers, 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. '
For the forming belts, illustrated in Figure 4, the two zones
of interest are defined as follows. The high flow rate 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 §9. Thus, the region
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13 and may occur as a result of known and predeterm ned features of the
apparatus used in the manufacturing process. By "repeating" the pattern is
formed nore than once in the fibrous structure 20. The i

- (9(‘7@5#%!139
di scri i nat HOBPMMA 24 26, and 28 of the fibrous structur?ZO may be

"discrete,” so that adjacent regions 24, 26 or 28 having the same basis
wei ght are not contiguous. Alternatively; Y region 24, 26 or 28 having one
basis weight throughout the entirety of the fibrous structure 20 nay be

substant {al |y ¢ nr oubpdutvedtc affihent Praebietantes 58 il HaveCs BHERF. spoterae
princi pal di mensi onsherein, wﬁ!clcohs septerminotiss the bmnuémgmzmte: haf thé
e L8 %oy 56 - AR irolBodtahesoose UeFRIMETSIN Cthnuti! 6 DetAdihothe
structure 20 duri ngﬁﬂ&&ﬂh@t“ﬂ?‘&beﬁnﬁﬂs %% yi ng by several orders of
nmagni tuﬂe absol ute pre@uﬁih}fbmézﬂgt,ygﬁi:aﬁﬁe ﬂieaCﬁroSumﬂeewnswnd)tttmdt HAr nthe
possi ble. and yet FETSRH(aD; #ocin e1ggatigh afe) i, B¢ M€ barafe Rfcthe,
is only inportant tireinfoncing istrunture 3%, dewemddbensgwdhl Imdegesitaddinzahae
di spersed in a regions superjacent the protuberances §9, 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 into.
either the orifice 63 or annulus 65 between adjacent protuberances
59. S | |
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 1iters per minute (1,280 standard cubic feet per minute)
air flow at a differential pressure of about 12.7 millimeters (0.5
inchés) 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 formmg belt 42
is a plurality of bilaterally staggered protuberances 59. Each
protuberance 59 {s spaced from the adjacent protuberance on a
machine direction pitch of about 19.9 millimeters (0.785 inches)
and a cross machine direction bitch of aboutl0.8 millimeters
(0.425 inches). The protuberances 59 are provided at a density of
- about 47 protuberances 59 per square centimeter (300 protuberances
59 per square inch). '
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pattern 'sUbstantiaIIy- as desired to yield the performance
properties which render the fi.brous structure 20 suitable for its intended

purpose be apparent to one skilled in the art t 139
be smal VO #%'1@7 B&/ﬁéﬁz

$i on regions having a basis weight internediate t
basrs_melghts of the adjacent regions 2 26, or 28, which

transition regions by thenselves nmay not be®®ignificant enough in area to
be consi dered as conprising a basi s weight distinct from - the basis

: hts of eith dj 6gq O, 28 t |
areowi thin the normal it oPedned P50 Phagts Wit thi R ol " WuhE
produci ng a fibrous dinegtiamr bemeampamsgcornsns toffeabnudseok mihlimetens, (0. 357

The size of the pattﬁ‘dﬁe?{ drge af NBAGLHS 13t RHEtHECRIRG dFRécY fon betwéérpmp

1.5 to about 390 discre egr on ﬁf per 1? e ce gster % OGﬁ‘F

2,500 di screte regi of¥MeEs pe‘? Pg ﬂ#’@?’%‘r‘%bl{# 0

about 155. discrete pmﬂubmm?ﬁs rSBrexteaquIar ebmnm&mib‘rimetem(umasomclﬁﬁp in

discrete regions 26 per SGHACEion from the proximal elevation 53a of the outwardly
oriented face 53 of the reinforcing structure 57 to the free end
53b of the protuberance §9. : '

Each protuberance 59 has an orifice 63 centered therein and
extending .from the free end 53b of the protuberance to the
proximal elevation 53a of the protuberance so that the free end
53b of the protuberance is in 1iquid communicatfon with the
reinforcing structure 57. Each orifice 63 centered in the
protuberance 59 is generally elliptically shaped“ and has a major
axis of about 5.9 millimeters (0.239 inches) and a minor axis of
abont 4.1 millimeters (0_.160 inches). The orifice 63 comprises
about 29 ﬁercént of the surface area of the protuberance 59. With -
the protuberances 59 adjoined to the reinforcing structure 57, the
forming belt 42 has an air pernieabﬂity of about 490 standard
liters per minute (13,900 standard cubic feet per minute) and air
flow at a differential pressure at about 12.7 millimeters (0 5
inches) of water.

The aforementioned forming be]t 42 produces the fibrous
structure 20 illustrated in Figure 1. It is to be recognized
however the foregoing examp'le is nonl imiting and many variations
in the reinforcing structure, protuberances 59, apertures 63
therethrough, and/or annuluses 65 between adjacent protuberances

~ 59 are feasible and within the scope of the claimed invention.

As {1lustrated in Figure 2, the apparatus further comprises a
means 44 for depositing the Tiquid 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 'ar_‘t, one headbox 44 which has been
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14 inch), and nore preferably from about 23.3 to about 85.3 discrete
regions 26 per square centineter (from 150 to 550 discrete regi ons 26
per square inch) It will be apparent to one skill ed ﬂ{5§39
that as thé”093ﬂl9t'?’ern becones finer (having nore discrete regr ons 5

or 28 per square centineter) a relatively larger percentage of the

smal | er sized hardwood fibers may be utili Zid and t he percentage of the
| arger sized softwood fibers may be correspondlngly reduced I f too many

I ized fib t - fi t bl.e t f
Larger o1 zed 1 b guiess dd iy T conblT560 FRMARARChABB AL AL
fibrous structure gened@lly fcdnlhmlforublzy saphiireet apd otﬁnwlsyt&drﬂeorﬁwrmscrslhrt)er S
may bridge vari gs, ERP%E@%;gaérieﬁgéf%cEfsatPPtﬁ&’%ﬁtﬁﬁpk@%ﬁ' ng to a

nonpatterned fibrous struct re conprrsrng ercent
nort hern sof twood kraf The| means A4l fvuderpsipingcdibe FibrausyyJourX, am
fibers has been fOlﬁﬂﬂnihg BETHK 42ldref Gioved f réYad¥de 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 1liquid 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 {ncreases or
decreases, ’Iarger' or smaller quantities of the l1iquid 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 fibrous structure 20 of fibers to form a
two-dimensional fibrous structure 20 haﬁing a consistency of at
least about 90 percent may be provided. Any convenient drying
means 502 and/or 50b well known in the papermaking art can be used
to dry the embrjonic fibrous structure 20 of the fibrous slurry.
For 'examp'le._ 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 particu'iar‘ly preferred drying method utilizes a
blow-through dryer 50a, and a Yankee drying drum 50b in sequence.

If desired, an apparatus according to the present invention
may further comprise an emulsion roll 66, as shown in Figure 2.
The emulsion roll 66 distributes an effective amount of a chemical
compound to either 'forming belt 42 -or, if desired, to the
secondary belt 46 during the process described above. The
chemical compound may act as a “release agent to prevent undesired
adhesion of the 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 compou'nd to treat the forming belt 42
or secondary belt 46 and thereby extend {its useful 1life.
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structure 20 having about 31  discrete regions per square

centineter (200 di screte regions 26 per square inch). ' If the-
fi brous str %Aﬁg illustrated in Figure 1 is to be used pET/AUSO/SIIWES
pr oduct, suc %per towel or a tissue, the . high basis weight

region 24 of the fibrous structure 20.3#5 preferably essentially
continuous in two orthogonal directions thin the plane of the fibrous

structure 20. It is not necessary that such orthogonal di rections be

[l el d h fsth ianisg N
e Ty
but only that tensi I@P"graﬂﬁcéhgfﬂ?eﬁes?‘rrﬂﬁrﬁ@d PU‘if'guebéél 9%IMC5P¢thf(9!iB1ﬂ9

structure in two  peRt haloaaés dhwcmwsxmmfimnsawmmm egot gasidontact

the product  due TROER cRaERThadnt Mbl aPElF. aPls Bhel *Sureli, Hfcture
direction is par 20l kds beae trmsrfect‘ed)rfrom theptoming bethh 42| eandoAtie riproing
t he finished progd¢t ?c%)r {19 ?&% Present invention. The

cellulosic fibrous structure accor to the resent |nvent|on
conprises three regions, "Ff?@‘?d hi g‘he%&ﬁ s mﬁ"@ﬁ'!“dﬁegl Qhs emulsionss e inglude
i ntermedi ate basis Vom 1tmﬁl QBﬁta%‘inngndatdrhl high Qpe@bsiurbiwd W1 kaowP N

28, as noted above. 'Rega 0i7Y% oqgsby thezc}ea?yc% 011 Company of Houston, Texas under
product number R& 68 Code " 702; dimethyl distearyl .
ammioniumchloride sold by the Sherex Chemical Company, Inc. of
Rolling Meadows, Il1linois as AOGEN TA100; cetyl alcohol
manufactured by the Procter & Gamble Company of Cincihnat'i, 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 fibrous sfructure
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
js foreshortening the fibrous ‘structure 20 after it is dried. As
used herein, "foreshortening" refers to the step of reducing the
length of the fibrous  structure 20 by rearrangirig the fibers . and
disrupting fiberr to fiber bonds. Foreshortening may be
accomplished in any of several well known ways, the most common
and preferred 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, preferably the Yankee drying
drum 50b and then removed from that surface with a doctor blade 68

' 'by the relative movement between the doctor blade 68 and the
surface to which the 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.

\
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28 are di.sposed in a nonrandomrepeating pattern described nore
.particularly as follows. An exanpl e of an essentially continuous

network is the high basis weight region 24 of the cellulosic fg 705139
_structure 20"‘3193&%@'{1‘% 1. O her exanples of cellulosic fibrous strggzt ures

"havi ng essentially "continuous networks gi]e disclosed 'in US. Patent
4,637,859 issued January 20, 1987 to Trokh and ‘i ncor porated herei'n by
reference for the purpose of 'showi ng anot her cellulosic fibrous structure

having an essentially gpgd,i nilOmgamiet YOF KaphTyiRg" WPtdiTherdnt1a11C pPasite! Ao ¥

conti nuous networ k _a.‘re te‘gl erg Ies, Igslt o'g ugr eérer{ed, 2ﬁ3 Io_ng? asrosw'rl'ﬁehd.

interrupti ons do ndtlested partions prabe, £ f PHAULHYNG HafayY B8 P

properties of suchThert déffevéntiad cepresisore C tmapr ogsuset r udénsificition or

Conversely, the | og, aidi HISETSE A the PR 1BnY2E 06" G 2BS Zhe differential
pressure may be applied to the fibrous structure 20 during any
step in the process before too much of the liquid carrier is
drained away,. and 1is preferably app]ied while the fibrous
structure 20 is still an embryonic 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 fibrous structure 20 that does

~ not have the described regions of differing density.

If desired, the number of regions 24, 26 and 28 of the

- fibrous structure 20 may be further subdivided according to
density, by utilizing the means for applying a differential
pressure to.selected portions of the fibrous structure 20. That
is to say each region 24, 26 or 28 of a particular basis weight
may be manipulated by the apparatus and process herein described
so that each such region 24, 26 or 28 of a particular basis weight
will have more than one dens'ity_. ' |

For example, if it {s desired to increase the fiber to fiber

_ bonding, and t'hus_ enhance the tensile strength of the .fibrous
structure 20, it is feasible to increase the density of selected
sites  of the essentially continuous network high' basis weight
region 24. This may be done 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
selected sites of regions 24, 26, and 28 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 intermediate basis weight regions 26 or the low basis
wéight regions 28 due to the greater number of fibers present in
the high basis weight regions 24. Thus, by selectively

_This Sheet Has B

TN




and 28 may be discrete and di spersed throughout the high basis weight
essentially continuous network 24. The low and internedi ate basis

wei ght regions 2 be thought of as islands which are surrﬂﬂr;gggyogmg
a circun acerwoggé‘gg# ially continuous network high basis weight [

regi on
24, The discrete | ow basis weight regions_28 and the discrete _

I nt ernmedi ate basi s wei ght regions 26 al so f3 m a nonrandom repeati ng
pattern. The discrete | ow basis weight regions 28 and the discrete

ot gned T, Ceither QRcaBorGRe;the Brasre isied oA Fisabiorte ¥R cfflutosic
directions. Prefer#ibyous sbeucture20,basesmaywecimpart deostiijcationy ondyntoe nthrus
wel ght ragi ons 26 SE)ekel c Ak TOUE INECURGHCBighsTPue hE igtone Tapast
be acconmpdated. - denstfifgatioghte skies selacind sr’iﬁ?o t&ﬂr}éﬂé and é@gﬁﬂ?dia@!
contiguous and  ci ayECydightt heglonsy ong impart ndeasifécdtdeon stoctiht selegteds
Che T'ow basi s vei gniSEES) i the ok JNtatRi1afe fET1A0 oG METBE PesfhnY 20,
peripherally border26, andi28.not fully circunscribe the i nt er nedi ate
O amert e ek or ool Ting R, st A0 s e
internedi ate basis vk dgiaker agstructyne Jravipg tqur regions: a 9ﬁ basis weight
vegion 24 having a particular density, a high basis weight region
24 having a relatively greater density than the balance of the
high basis weight region 24, an intermediate basis weight region
26, and a low basis weight region 28. Alternatively, it is
possible to make a fibrous structure 20 having five regions: a
high basis weight region 24 of a first density, and a high basis
weight region 24 having a rélatively greater density, an
intermediate basis weight region 26 having a first density, an
. intermediate basis weight region 26 having a relatively greatér
~ density, and a Tow basis weight region 28. Finally, of course, it
is possible to make a cellulosic fibrous structure 20 having six
regions: a high basis weight region 24 having a first density, a
high basis weight region 24 having a first density, a high basis
weight region 24 bhaving a relatively greater density, an
intermediate basis weight region 26 having a first density, an
"intermediate basié weight region 26 having a relatively greater
density, a low basis weight region 28 having a first density, and
a low basis weight region 28 having a relatively greater density.
When selected sites are compressed by the projections of the
secondary belt 46, such sites are densified and incur greater
fiber to fiber bonding. Such densification increases the tensile
strength of such sites and increases the temsile strength of the
entire cellulosic fibrous structure 20. - .
Alternatively, the selected sites of the various regions 24,
26 or 28 may be dedensified, increasing the caliper and absorbency
of such sites. Dedensification may occur by transferring the
cellulosic fibrous structure 20 from the forming belt 42 to a
secondary belt 46 having vacuum pervious regions 63 not coincident

—_—
—
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.16 ~ smaller in dianetrical di mensi on, al though not necessarily in surface

area, than the circunjacent | ow basis weight regi ons 28. The | ow basi s
wei ght regi further be contiguous and even circun] agRAt/usShE 05139
- i.nt er medi at gpégéﬁsow i ght regions 26. The relative disposition 01/ tgg Fow

and internedi ate basis wei ght regions 26 '3t hin the high-basis weight
regions 24 depends upon the disposition of 'the high and low flow flow rate
stage zones zones of different flow resistances in the form ng belt 42.

The fibers of the yitheehs p@baberaftes 26 dp0thaS vEPouRer aﬁptzage{y%w 4 iggned
in different direcf,ons. or, e | e, the fibers conprising the
essential |y contin Scﬂilgiogas@%sgmtruc ure fo. ter ttgansfer of the
' cellulosic fibrous structure to the secondary belt 46, a
differential fluid pressure, either positive or subatmospheric, is
applied to the vacuum pervious regions 63 of the secondary belt
46. The differential fluid pressure causes deflection of the
fibers of each site which {is -coincident the vacuum pervious
regions 63 in a plain 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.
A preferred apparatus to apply a differential fluid pressure
to the sites of the cellulosic fibrous structure 20 coincident the
vacuum pervious regions 63 of the secondary belt 46 is a vacuum
. box 47 which applies a subatmospheric differential fiuid pressdre

to the face of the secondary belt 46 which is not in contact with
the cellulosic fibrous structure 20.

THE PROCESS

. The cellulosic fibrous structure 20 according to the present
invention may be made according to the process comprising the
steps of providing 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

- 1iquid pervious fiber retentive forming element, such as a forming
belt 42 and a means 44 for depositing the liquid carrier and
entrained cellulosic fibers onto the forming belt 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 also has upstanding protuberances
- 59, A '

The 1liquid carrier and entrained cellulosic fibers are

deposited onto the forming belt 42 as {illustrated in Figure 2.
The 1liquid 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 1liquid pervious high flow rate zones at a given
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region 24 may be preferentially aligned in a generally singular direction,

corresponding to.the essentially continuous netwrk of the annul uses 65

bet ween adj agf'(g Jobgiguberances 59 and the influence of the nmacloreUS92/05139
e nmanu

direction of fact uring process. Thi s aI i gnment provi des for
fibers to be generally nutually parallel, d€ relatively high
degree of bonding. -The relatively hi gh Gr ee of bondi ng produces a

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

i gh tensile Strengiyied Mo’ FLAL WEID dBR@kelaR! ceolfl A LRONIGuRT cafrter

general | y advant ageous, basi g arries and

transmts applied t &0 é"ﬂ%ﬁdﬂ’{»@oﬂ?ﬁéuﬁhﬁms tpﬁét'@@l ofith |f(9‘1‘1ﬂ9ebe]§t Akt ure

20. The rel ati vel In! ¥ mslﬂsowmwtsta@g,l qme aaqﬁmamea drlabﬁf 2hréu Hﬂ
ow’

plurality of which ener | Iy radi
fromthe center of 8% 5 §° & & th\{"ea‘(%ﬁ gm?f& 5”& 5@3?1\6
wei ght region 28 i sr'ti‘.ar mhliy:lactsnt'leshethant dheetiitial Olowi s‘aflelttbmugheghenhm

the fibers of the | ¢y ¥§z%éght region wll also be radially outvvardly
oriented with respect to center_of the internediate basis wej

region 26. Further, asOficoursertheef1pw ratg,through: both &he Hﬁﬂhsaﬂﬂquﬁt flow

region 28 and the yateroRed Jhetheaforming i tNt 42decreasés BYa FAnctidn of time,

preferably are mut Hul l% %%e%%ea ‘obtiration of both zones. Without: being bound by
any theory, the low flow rate zones may selectively obturate
before the high flow rate zones obturate.

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. 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
1iquid pervious annuluses 65 between adjacent protuberances 59.

ANALYTICAL PROCEDURES
' | Opacity

To quantify relative differences 1im opacity, a Nikon
stereomicFoscope.' model SMZ-2T sold by the Nikon Company, of New
York, New York may be used in conjunction with a C-mounted Dage
MTI model NC-70 video camera. The image from the microscope may
be stereoscopically viewed through the oculars or viewed in two
dimensions on a computer monitor. The analog image data from the
camera attached to the microscope may be digitized by a video card
made by Data Translation of Marlboro, Massachusetts and analyzed
on a MacIntosh 1ix.computer made by the Apple Computer Co. of
Cupertino, California. Suitable software for the digitization and
analysis is IMAGE, version 1.31, available from the National
Institute of Health, in Washington, D.C.

The simp'le is viewed through the oculars, using stereoscopic
capabilities of the microscope to determine areas of the sample
wherein the fibers are substantially within the plane of the

———— sample and other areas of the sample which have fibers deflected
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THE APPARATUS Many 6onponents of th apparatus wused to nake a
fibrous structure 20 according to the present invention are well known in

the art rmaking. As illustrated in Figure 2, the appgjgidssesiay
,corrprlse a rr%‘g;ngs Q@g or depositing a liquid carrier and cell ul osicé$|bers

entrained therein onto a liquid pervious fifier retentive fornming el ement.
The liquid pervious fiber retentive forning el ement may be a fornming belt

42, is the heart of the apparatus and represents one conponent of the
~apparatus which depagrnd) f{P BneNp14He OF €He' shple. It may be expected that the
areas having fibers deflected normal to the plane of the sample’
will be of lower density than the areas having fibers which lie
principally within the plane of the sample. Two areas, one
representative of each of the aforementioned fiber distributions,
should be selected for further analysis.

. For the user’s convenience in identifying the areas of the
sample of interest, a hand held opaque mask, having a transparent
window slightly larger than the area to be analyzed, may be used.
The sample is disposed with an area of interest centered on the
microscope stage. The mask is placed over the sample so that the
transparent window is centered and captures the area to be
aha]yzed. This area and the window are then centered on the
monitor. The mask should be removed so that any translucent
qualities of the window do not offset the analysis. -

While the sample is on the microscope stage, the back’lighting
is adjusted so that relatively fine fibers become visible. The
threshold gray levels are determined and set to coincide with the
smaller sized capillaries. A total of 256 gray levels, as
described above, has been found to work well, with 0 representing
a totally white appearance, and 255 representing a totally black
appearance. For “the samples described herein, threshold gray
levels of approximately 0 to 125 have been found to work well in
the detection of the capillaries.

The entire selected area is now bicolored, having a first
color represent the detected capillaries as discrete particles and
the presence of undetected fibers represented by gray level
shading.' This entire selected area is cut and pasted from the
surrounding portion of the sample, using either the mouse or the
berfect ‘square pattern found in the software. The number of
thresholded gray level particles, representing the projection of
capillaries which penetrate through the thickness of the sample,
and the average of their sizes (in units of area) may be easily
tabulated using the software. The units of the particle size will
either be in pixels or, if desired, may be micrometer calibrated
to determine the actual surface -area of the ~individual
capillaries.

—————
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manuf acture the cellulosic fibrous structures 20 described and cl ai med
hérein. Particularly, the liquid pervious fiber retentive form ng:-el ement
has protuberances 59 which formthe |l ow and internedi ate basis wei ght

regi ons 26 ofWOR3/00#T ous structure 20, and internedi ate annul IREZUSR/0$§39h
formthe high basis weight regions 24 of the cellulosic fibrous structure
20. The apparatus may further conprise3é secondary belt 46 to which
the fibrous structure 20 is transferred after the majority of the liquid
carrier is drained away and the cellulosic fibers are retained on the
form ng belt 42. The sedBhtidrpcedure is nepgatedufomcihec segandsarea pfit intenest.

knuckl es or proj ect The'seeghd &¥@an§s d@nterdde of CElied hontor Zﬁherﬂ'&tzﬁﬁfpakgﬁl
cellulosic fibrous . strugture ,20. T orm n 46

h d belts, 42
travel in the direff9Mnthe;HAlanes ¢ gl}er o%g'g}fa’gn‘éégg(rjgggre%‘@&é‘leiq mask  as
After depositi oP désirede - |Again,d thear thiresholded particliesgd representingsi the
hccording Lo ot hor PEEEfort of ceaptfared Whieh Behitrath throth, the iChhess of

according to either or bo y|n€
bl ow t hrough dryer %b& samplg.oare couptedeand he, gverage of dbeir sizes tabulated. -

apparatus nmay conprise AnyEfiTFerénceNimthe opaéPty BetwdthatRe re§ions' 24, 26 and
foreshortening or zgre'@ ng tg& flbrgus .str'éﬁ%ﬁrde ZR. d [f, a
forming belt .42 is®*8NEEFPNS exatlon P 9t aue $d-of As disclosed above, it
. , - is expected that the regions 24 of high basis weight regions 24
will have greater opacity than the intermediate basis weight
regions 26 which will have greater opacity than the low basis
weight regions 28. - -

Basis Weight

The basis weight .of a cellulosic fibrous structure 20
according to the present invention may be qualitatively measured
by optically viewing (under magnification if desired) the fibrous
‘structure 20 in a direction generally normal to the plane of the
fibrous structure 20. If differences in the amount of ffbers,
particularly the amount observed from any Vine normal to the
plane, occur in a nonrandom, regular repeating pattern,. it can
generally be determined that basis weight differences occur in a .
Tike fashion. . .

Particularly the judgment as to the amount of fibers stacked
on top of other fibers is relevant in determining the basis weight
of any particular region 24, 26 or 28 or differences in basis
weights between .any two regions 24, 26 or 28. Generally,
‘differences in basis weights among the various regions 24, 26 or
28 will be indicated by inversely proportional differences in the
amount of light transmitted through such fegions 24, 26 or 28.

If a more accurate determination of the basis ﬁéight of one -
region 24, 26 or 28 relative to a different region 24, 26, or-28,'
is desired, such ﬁagnitude- of relative distinctions may be
quantified using multiple exposure soft X-rays to make a
radiographic image of the sample, and subsequent image analysis.
Using the soft X-ray and image analysis techniques, a set of
§tandards having known basis weights are compared to a samb]e of
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the apparatus used to make the cellul osic fibrous structure 20, t he
formng belt 42 has two nutual ly opposed faces, a first face 53 and a

second face 55, as illustrated in Figure 3. The first face 53 is the
.surface of tW@9BM0&THg belt 42 which contacts the fibers of RGUSIZ/05139
cellulosic structure 20 being forned. ‘"The first face 53 has been

referred to in .the art as the paper contagying side of the formng

belt 42. The first face 53 has two t opogr aphi cal | y- di stinct regions
5.3a and 53b. The regions 53a and 53b are distinguished by the
anount of orthogondhe vétbiraus cstriictumet B@. s@heorahadyst soppesi three frasks Sonef té he-

o Pont 2 s SHOF St BEER G ot G PRRURE B R td Tl e,

from . continuous network of high basis weight regions 24, and one to
show the transition regions. Reference will be made to memory
channels in the following description. Howevér, 1t is to be
understood while these particular memory channels relate to a
specific example, the following description of basis weight
determination is not so limited. ' ‘

In the comparison, the standards and the sample are
simultaneously soft X-rayed in order to ascertain and calibrate
_the gray level image of the sample. The soft X-ray is taken of
the sample and the intensity of the image 1s recorded on the film
in proportion to the amount of mass, representative of the fibers
in the fibrous structure 20, in the path of the X-rays.

. If desired, the soft X-ray may be carried out using a Hewlett
Packard Faxitron X-ray unit supplied by the Hewlett Packard
Company,_of Palo Alto, California. X-ray film sold as NDT 35 by
the E.1. DuPont Nemours & Co. of Wilmington, Delaware and JOBO
film processor rotary tube units may be used to advantageously
develop the image of the sample described hereinbelow.

Due to expected and ordinary variations between different
X-ray units, the operator must set the optimum exposure conditions
for each X-ray unit. As used herein, the Faxitron unit has an
X-ray source size of about 0.5 millimeters, a 0.64 millimeters'
thick Beryllium window and a three milliamp continuous current.
The film to source distance is about 61 centimeters and the
voltage about 8 kvp. The only variable parameter is the exposure
time, which 1s adjusted so that the digitized image would yield a
“maximum contrast when histogrammed as described below.

The sample is die cut to dimensions of about 2.5 by about 7.5
centimeters (1 by 3 inches). If desired, the sample may be marked
with indicia to allow precise determination of the locations of
regions 24, 26 and 28 having distinguishable 'basis weights.

- Suitable indicia may be incorporated into the sample by die
cutting three holes out of the sample with a small punch. For the
embodiments described herein, a punch about 1.0 millimeters (0.039

—_—
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and general ly orthogo'nal to the XY plane of the forming belt 42, ,
considering the formng belt 42 to be a planar, two-dinensional structure.

The form ng belt 42 should be able to withstand all of the kno
and oper at i ngv@®R74ns in which cel l ul osic, two-dinensional %bﬁf@g@g

are processed and nmanufactured. A parti cuI arly preferred formng belt
42 may be made according to the teachings of38U.S. Patent 4,514,345 issued

April 30, 1985 to Johnson et al., and particularly according Fi gure 5 of
Johnson et al

., Wwhich pat or ted h f th
pur pose of show ngI a"ﬂg‘F 9?? Q'S e, Ee'T JP\% gg%l X, efﬁncﬁgﬁqmlfﬁ%?ﬂe
present invention anbe aomdwdolofarnmigedghsac&rﬁmu’rang»aaltenant - The
f belt 42 I ty I
e a0 Lt TR S gt S A6 1 ' i
42, to the second fategi®psodd,t i#6 fod rﬁ%gfbélﬂarﬂtc"hﬁsb éd"ﬁ%l H"ﬁ‘! |"G91Q!$
‘pervious” refers to bhe 2604MH 28 Of¥ sHRyud shéteby quhu:dmwrslm ﬁﬁ)pérﬂleb Queh as:

surry may be transm G2 Y G Bt A by udl e K,

slight differential pampeyrtttis weighed om anr anadyt teail obatdncehcadcunatel to four
t hrough the form ng lg%'{”{llgar&ofkmge that the formng

: "~ The DuPont NDT 35 film is placed onto the Faxitron X-ray

unit, emulsion side facing upwards, and the cut sample is placed

onto the film. About five 15 millimeter x 15 millimeter

_calibration standards of known basis weights (which approximate

and bound the basis weight of the various regions 24, 26, and 28

-of the sample) and known areas are also placed onto the X-ray unit

at the same time, so that an accurate basis weight to gray level

calibration can be obtained each time the image of the sample is

exposed and developed. Helium is introduced into the Faxitron for

about 5 minutes at a regulator setting of about one pst, so that

the air is purged and, consequently, ébsorption of X-rays by the

air is minimized. The exposure time of the unit is set for about
2 minutes. | '

Following the helium purging of the sample chamber, the
sample is exposed to the soft X-rays. When exposure is completed,
the film is transferred to a safe box for developing under the
standard conditions recommended by E.I. DuPont Nemours & Co., to
form a comp‘leted radiographic image.

The preceding steps are repeated for exposure time periods of
about 2.2, 2.5, 3.0, 3.5 and 4.0 minutes. The film image made by
each exposure time is then digitized by using a high resolution
radioscope Line Scanner, made- by Vision Ten of Torrehce,
California, in the 8 bit mode. Images may be digitized at a
spatial resolution of 1024 x 1024 discrete points representing 8.9
x 8.9 centimeters of the radiograph. Suitable software for this
purpose includes Radiographic Imaging Transmission and Archive
(RITA) made by Vision Ten. The images are then histograméd to
record the frequency of occurrence of each gray level value. The

standard deviation is recorded for each exposure time.
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‘belt 42 has the proper degree of perviousness. It is not, however,
necessary, or even desired, that the ‘entire surface area of the formng
belt 42 be liqguid perV|ous It is only necessary that the liquid carrier
of the fi brdﬁa9§(@ﬁ7 easily renoved fromthe slurry | eaviB{g/b§92/08139
first face 53 of the forning belt 42 an enbryonic fibrous structure 20 of
the deposited .fibers. The formng belt 42 is also fiber retentive.
As used herein a conmponent is considerdd "fiber retentive" if such
conponent retains a majority of the fibers deposited thereon in

o o eeoPl el Y, Db e ALY A, R SRR bR 1
: o used throughout the following steps. If the exposure times do not
yield a maximum standard deviation, the range of exposure times
should be expanded beyond that {llustrated above. The standard
deviations associated with the images of expanded exposure times
should be recalculated. These steps are repeated until a clearly
max imum standard deviation becomes apparent. The maximum standard
deviation is utilized to maximize the contrast obtained by the
* scatter in the data. For the samples {1lustrated in Figures 8-14,
an exposure time of about 2.5 to about 3.0 minutes was Judged
optimum. :

The optimum radiograph is re-digitized in the 12 bit mode,
using the high resolution Line Scanner to display the image on a
1024 x 1024 monitor at a one to one. aspect ratio and the
Radiographic Imaging Transmission and Archive software by Vision
Ten to store, measure and display the images. The scanner lens is
set to a field of view of about 8.9 centimeters per 1024 pixels.
The film is now scanned in the 12 bit mode, averaging both linear
and high to low lookup tables to convert the image back to the
eight bit mode. :

This image is displayed on the 1024 x 1024 1ine monitor. The

gray level values are examined to determine any gradients across
the exposed areas of the radiograph not blocked by the samp1é or
the calibration standards. The radiograph is Jjudged to be
acceptable if any one of the following three criteria is met:

the film background contains no gradients in gray level
values from side to side;

the film background contains no gradients in gray level
values from top to bottom; or '

a gradient is present in only one direction, i.e. a
difference in gray values from one side to the other
side at the top of the radiograph is matched by the same
difference in gradient at the bottom of the radiograph.

One possible shortcut method to determine whether or not the third
condition may be met is to examine the gray level values of the

. pixels located at the four corners of the radiograph, which covers

are adjacent the sample image.

(T
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course, it is not expected that a fiber retentive conponent will retain one
hundred percent of the fibers deposited thereon (particularly as the liquid
carrier of thewOi9BmOd74r ai ns away from such conponent) nor that S92/05139
retention_be permanent. It is only necessary that the fibers be retained on
the formng belt 42, or other fiber retentive conponent, for a period of
time sufficient to allow the steps of the prdgcess to be satisfactorily
conpl et ed. The form ng belt 42 may be thought of .as having a
reinforcing structure 57 and a patterned array of protuberances 59 joined
in face to face rel ati onTheorenadning stepsimay ba pecfarmed DN, at Gouldf Hodelt IRI545

two nutually -opposgg efmeasso‘i3 mﬁﬁdby5§ould Tﬂﬁ:.,r@F 'rfr@ﬁ&itngcﬁimmaf nd’

my COI’TpI’I se a foram nous Woven ScCreen

apertured framewor k. hosted r%\l rﬁ oQ‘G"Hb“gt rfaﬁiﬂﬂeét sfonperatdons VAKX B350 \computgr ¢
pervi ous. A sui tanb.diag Libeimbﬂmﬁgé enmi:@swrns»fawnecwmﬁiom:aﬁe screen

h h si f t 1

1oy £01 amonts per i nchy Rapeckin®; D10 e et WAERRRE réispRFLhe (gE the ©
recogni zed that war pcrfiltha‘malses ﬁ.orhh above st ae'l@tud dyubt 1liginganf algoréthm to
count specified aboyee\ec i%?eﬂ(f‘gﬁmpﬁew&ﬁ”aret be 1ni:é+é§§‘3“tﬁwe EBreadGre

generally square,

cross-section. The f¢'ﬂém¢ﬁ §°m§y shze 1o 024 ox 4y0§¥%‘r5 dor shmwlataothe, fidm
nonwoven fabrics. pdtkground. a/A Yaussdan FA1telidmatriRssize 29 x 29) is applied to

smooth the resulting image. This image, defined as not containing
either the sample or standards, is then saved as the film
background. .

This film background is digitally subtracted from the
subimage containing the sample image on the film background to
yield a new image. The algorithm for the digital subtraction
dictates that gray level values between 0 and 128 should be set to
a va1ue_'of zero, and gray level values between 129 and 255 should
be remapped from 1 to 127 (using the formula x-128). Remapping
corrects for negative results that occur in the subtracted image.
The values for the maximum, minimum, standard deviation, median,
mean, and pixel area of each image area are recorded.

The new image, containing only the samplie and the standards.
is saved for future reference. The algorithm 1s then used to
selectively set individually defined image areas for each of the
image areas containing the sample standards. For each standard,
the gray level histogram i1s measured. These individually defined
areas are then histogrammed. '

The histogram data from the preceding step is then utilized
to develop a regression equation describing the mass to gray level
relationship and which computes the coefficients for the mass per
gray value equation. The independent variable is the mean gray |
Jevel. The dependent variable is the mass per pixel in each

. calibration standard. Since a gray level value of zero is defiﬁed
to have zero mass, the regression equation is forced to have a y
intercept of zero. The equation may utilize any common
spreadsheet program and be run on a common _' desktop personal

computer.
' mf]ﬁ?iftliiilfemkﬁ




reinforcing structure 57 has been found to work well . One face 55
off the reinforcing structure 57 nmay be essentially macroscopi cal |y
nonopl anar anguresypsdzaes the outwardly oriented face 53 of thepigfiRdi%esizo
belt 42. " The inwardly oriented face of the formng belt 42 is o ten ‘
referred to as the backside of the formng belt 42 and, as noted above,
contacts at least part of the balance of thgyapparatus *enployed in a
paper maki ng operation. The opp05| ng and outwardly oriented face 53 of

the reinforcing structure may be referred to as t he
fiber-contacting side of ypgeaf ﬂhﬂ\gibethelﬁﬂse@emmémﬁahél reausf theirimpge
di scussed above, is deposite this 3 th Of, e

The patterned array S9Ptaindpg, 55@15 Cf‘b‘l né‘*@;get ng%vfn 1mr§&nr?{ 8 J:ﬁanﬂg‘r

structure 57 and qr,efiersdved fmrfprttm'srefemnwdmﬂ is also c'lassified as to
Thi's is the repl acenmgib ﬁnrﬁ‘beeg- of occurrences of each gray level: The regression
"équatidn‘ is then used in -conjunction with the classified image
data to determine the total calculated mass. The form of the.
regression equation is:
Y=AxXxN _
whereih Y equals the mass for each grdy level bin; A equals the
. coefficient from the regression analysis; X equals the gray level
(range 0 - 255); and N equals the number of pixels in each bin
(determined from classified image). '_rhe summation of all of the Y
values yields the total calculated mass. For precision, this
value is then compared to the actual sample mass, determined by
weighing.
The calibrated image of memory channe'l 1 is displayed onto
the. monitor and the algorithm is utilized to analyze a 256 x 256
pixel area of the image. This area is then magnified equally in
eich direction six times. A1l of the following images are formed
from this resultant image.
1f desired, an area of the resultant image, shown in memory
channel 6, containing about ten nonrandom, repeating patterns of
the various regions 24, 26, and 28 may be selected for
ségmentation of the various regions 24, 26 or 28. The resultant
image shown in memory channel 6 is saved for future reference.
Using a digitizing tablet equipped with a Tlight pen, an
interactive graphics masking routine may be used to .define
transition regions between the high basis weight regions.24 and
the low basis weight regions 28. The operator should subjectively
and manually circumscribe the discrete regions 26 with the light
pen at the midpoint between the discrete regions 26 and the
cohtinuous regions 24 and 28 and fill in these regions 26. The
operator should ensure a closed loop is formed about each
circumscribed discrete region 26. This step creates a border
around and between any discrete regions 26 which can be

differentiated according to the gray level intensity variations.
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20 protuberances 59 | nm ing outwardly fromthe inwardly

oriented face 53 of structure 57 as illustrated in .
Figure 3. ThW@o3/0047 an consi dered to be fib 7US92/05139
cbntacting, .because ‘the erne array pr ot uber ances recel ves,
and i ndeed nmay be covered by, the fibrous slurry as it is deposited onto
the form ng belt 42. The protuberance4259 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 bat chTher graphdcs nuasipgeneratgdaimathee paecedingosterrisc then

Dot uber ance. 59 of (opied thrbdt "?‘rtam“ GESSLAT, hsked NalePASleh as in

“reinforcing struct'tﬁgé"“ £6) to 3¢a HSt felzﬁﬁ‘b 3‘?4 ég?d’f"mﬁﬁ?ﬂuf)%g\"gﬁcgé‘cg?si dn

preferably formed by m FEA' ahii nge)a tenss valugafel2s. y Thisumaskndsesawdd Sor-

EEthrﬁ‘SﬁBeESLLSL“ rs Ceferdice, it TRy cofbiing, e’ fysERets Yelforas, 4

structure 57 in conthent ioutwardiyt dhaged pfours p‘lxelsstammw the lcigwtfesence of
each masked region 26.

The aforementioned magnified image of memory channel 6 is
then copied through the dilated mask. This produces an image
shown™ in memory channel 4, having only the continuous network of
eroded high basis weight regions'24. The image of memory channel
4 is saved for future reference and classified as to the number of
occurrences of each gray level value. _ :

The origina'l' mask is copied through a lookup table that:
reramps gray values from 0 - 128 to 128 - 0. This reramping has
the effect of inverting the mask. This mask is then inwardly:
dilated four pixels around the border drawn by the operator. This
has the effect of eroding the discrete regions 26.

The magnified image of memory channel 6 is copied through the
second dilated mask, to'yield the eroded low basis weight regions
28. The fesu]ting image, shown in memory channel 3, is then saved
for future reference and classified as to the number of
‘occurrences of each gray level. : - -

In order to obtain the pixel values of the transition
regions, the two four pixel wide regions dilated into both the
high and low basis weight regions 28, one should combine the two
eroded images made from the dilated masks an shown in memory .
channels 3 and 5. This is accomplished by first loading one of
the eroded images into one memory channel and the other eroded
image 1nto another memory channel.

The image of memory channel 2. is copied onto the image of
memory channel 4, using the image of memory channel 2 as a mask.
‘Because the second image of memory channel 4 was used as the mask

. channel, only the non-zero pixels will be copied onto the image of
memory channel 4. This procedure produces an image containing the
eroded high basis weight regions 24, the eroded low basis weight
regions 28, but not the nine pixel wide transition regions (four



As illustrated in Figure 4, the- patterned array of protuberances
59 shoul d be arranged so. that a plurality of conduits, into which fibers
of the fibroN®98Vasdry may defl ect, extend in the Z-direction PCHIUSIRO5EI®e
“ends 53b of the protuberances 59 to the proxinmal elevation 53a of the
outwardly oriented face .53 of the ‘reinforcing structure- 57. Thi s
arrangerrent provi des a defl ned topography tgathe formng belt 42 and
allows for the liquid carrier and fibers thereinto flowto the
reinforcing structure 57, The conduits between adjacent

pr ot uber ances 59 hapdaxeisdefﬁraed dacbw dtkatdomncandihioph |§rmpéhqenppemon s

th tt
e et ances 50 ar STRABREHA161 I End GIGEY 28 3?3‘?_‘{9’ inage, shBdn in t}%‘"
e e o oak copene) 2o without She cHEANEAFPD CERIgRSLSe SAvRd,ofar Sture

the fibrous structukrgfefneee not forrred The liquid carrier may drain the
t hrough annul uses 65 bet

structure 57 and depom%f’? bg?egj e‘() ruggl'd/g&[aﬂi: S%?i%‘&&* hf@%hgf thethe

prot uberances 59 ar ¢rantsittion bregéoh ilmage aof memowyncbanned cpcall hgve paitvadua ofo

that the zero and one knows the image cannot contain a gray level value
greater than 127, (from the subtraction algorithm), all. zero
values are set to-a value of 255. A1l of the non-zero values from
the eroded high and low basis weight regions 28, in the image of
memory channel 2 are set to a value of zero. This produces an
image which is saved for future reference.

To obtain the gray level values of the transition regions,
the image of memory channel 6 is copied through the image of
memory channel 5. to obtain only the nine pix_e\ wide transition
regions. This image, shown in memory channel 3, is saved for
future reference and also classified as to the number of
occurrences per gray level. '

So that relative differences in basis weight for the low
basis weight regions 28, high basis weight regions 24, and
transition region can be measured, the data from each of the
classified images above and shown in memory channels 3, 5 and 4
respectively are then employed with the regression equation
derived from the sample standards. The total mass of any region
24, 26, or 28 is determined by the summation of mass per grey
level bin from the 1image histogram. The basis weight is
- calculated by dividing the mass values by the pixel area,
considering 'any magnification.

The classified image data (frequency) for each region of
memory channels 3 - § ‘and 7 may be displayed as a histogram and
plotted against the mass (gray level), with the ordinate as the '
frequency distribution. If the resulting curve is monomodal the
selection of areas and the subjective drawing of the mask were
likely accurately performed. The 1images  may also be

" pseudo-colored so that each color corresponds to a narrow range of .
basis weights with the following table as the possib‘le template
for color mapping.
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21 essentially continuous network 24 of the fibrous structure 20 (which
i*s formed around and between the protuberances 59) .nore. uniformy :
di'stributes WOM/W4A’4 tensile |oading throughout the fibroRCHUSH/O5138.
20. Most preferably, the protuberances 59 are bilaterally staggered in
an array, so that adjacent |low basis weight regions 28 in the resulting
fibrous structure 20 are not aligned with &4#ther principal direction to
which tensile |loading rmay be applied. Referring back to Figure
3, the protuberances 59 are upst andi ng and joined at their proxinal
ends 53a to the outwardiThe imagentresu¥ting Fxomr this PEPGEeding ngten r dst hen

57 and extend avway nebli@lch 'rid‘: aGRsed upor dhet otangé fofeegrapd hafeivhi Clthe
defi nes the furt_hepst

ort hogon vari atj o of he t.er ngd arra
of  protuberances SOAewiRg: to?a.é 5% I‘?"%ir‘i Bﬁf dgep a%@“%éﬁgﬁabﬁﬁe&r unéreped
reinforcing structursampfes dhuelldtsioftibrous stouctanes@0f ace 53 of

Gray Level Range Color
0 . | _ Black
1-5 : - Dark blue
6-10 Light blue
11-15 Green
" 16-20 Yellow
21-25 Red

26+ ' , : - White

Creped samples typically have a higher basis wéight than
otherwise similar uncreped samples. The following 1ist was found
suitable for use with creped samples of cellulosic fibrous
structures 20: '

Gray Level Range Color

0 , | Black
1-7 ' Dark blue
8-14 Light blue
15-21 _ Green
22-28 o Yellow
29-36 Red
WS White

The resulting image may be dumped to a printer/plotter. If
desired, a cursor line may be drawn across any of the
aforementioned images, and a profﬂe' of the gray levels developed.
If the profile provides a qualitatively repeating pattern, this is
further. indication that a nonrandom, repeating pattern of basis
weights is present in the sample of the fibrous structure 20.

If desired, basis weight differences may be determined by
using an eleciron_ beam source, in place of the aforementioned soft
X-ray. If it is desired to use an electron beam for the basis

Sheet Has Been Replaced
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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 sW@93/98€7457 to which the proximal ends 53a of t hcrrus92/0513
pr-ot uber ances 59 are joi ned, taking into account, of course, any nateri a?
of the protuberances 59 mhlch surrounds the -reinforcing structure 57
upon solidification. The distal elevag§on of the outwardly oriented
f.ace 53 is defined by the free ends 53b of the patterned array of . _
pr ot uberances 59. The opposed and inwardly oriented face 55 of the

form ng beIt 42 i s deéighsd imgging andhedeterminition, af suiiable cprocedurtengis set

structure t aki ”ﬁ%rﬂh”t?n Euroasapumer&f ARHAERIGAND, 393,305 21A201 pdtN $shed
protuberances 59 whi

surr unds e reinfo
solidification, whichctoberizfel %0 dﬂpb&% t“é“‘??]é’{dli 8’% F% kﬁf' E@(‘t‘gnﬁp‘ﬁficﬁm&"“
pr ot uber ances 59. is incorpdrated diendhr wceefdiﬁncayfthM(tnrmbhogmmﬁdm

| f the - f | f
Phe® * outwar iy or FRTRENE heihon Bt dfefhindefo B Ry T bal ALY s
mllimeters to aboumarious3regivas 2fei28r and 28 of ctheoﬂgso.n s strustune 20.

Goviously, if the protuberances 59 have zero extent in the
Z-direction, a nore__nearly- constant basis weight cellulosic
fibrous structure 20VARL ’Hﬂﬂq xi mted. Therefore, if it is desired to

mnimze the difference ilpsteadi sofretit cebhulosts aRippeusnt striugturieasgd s having

wel ght reg| ons .24 aﬂgscl,re\ﬁ'ebﬁﬁe%ed‘i\ﬁegmsfse%?ﬂﬁ ?@gi%sti‘%e it is prophetically
probable that a celiulosic fibrous- structure 20 having an
essentially continuous network of intermediate basis weight
regions 26 may be formed. Such a cellulosic fibrous structure 20
may prophetically be made using a forming belt 42’ having
protuberances 59 spaced as {llustrated in Figure 5. 1In the
.forming belt 42’ of Figure §, selected protuberances 59 are
clustered more closely together so that the 1liquid pervious
annuluses 65’ between adjacent protuberances 59 have a 1lesser
hydraulic radius, and hence exhibit more resistance to allowing
cellulosic fibers entrained in the liquid carrier to be deposited
therein. . -

Such clusters 58 of selected protuberances 59 are spaced-

apart from other protuberances 59 which form a separate .ciuster
58. The liquid pervious annuluses 65'' between adjacent clusters .
58 of protuberances 59 have a relatively lesser flow resistance
than the liquid pervious annuluses 65’ between the more closely
spaced protuberances 59. As described above, the clusters $8 of
protuberances 59 of the forming belt 42’ tesselate and form a .
nonrandom repeating pattern.' o :

By providing differential spacing between adjacent
protuberances 59, 1iquid pervious annuluses 65’ and 65'‘ having
flow resistances inversely proportioha'l to the spacing between the
clusters 58 may be acheived the forming belt 42. It is, of
course, to be recognized that the basis weights of the regions 24,
26, or 28 of the fibrous structure 20 will still be generally
inversely prpportionai' to -the flow resistance of any given liquid

pervious annulus 65’ or 65'’.
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22 cellulosic fibrous structure 20, generally shorter protuberances 59
shoul d be utilized. As illustrated tn Figure 4, the protuberances 59
preferably dovo®3/6d9& sharp corners, particularly in the XY pl@igussfrosise
that- stress concentrations in the resultlng hi gh basis weight regions 24
of the cellulosic fibrous structure 20 of Figure 1 are obviated. A
particul arly preferred protuberance %% is curvirhonbohedrally
shaped, having a cross-section which resembl es a rhombus w th radiused
corners. Wthout regard to the cross-secti onal area of t he
pr ot uberances 59, the endeexptei:temedtﬁfeteﬂner:hatmrﬁcheayfibeousgsﬂ:mahfq 20

e o PR SRy thEUR) P DR 4T E'd e
fibrous structure 20 produced according to the forming belt 42 of
Figure 3, {is that the fibers of the intermediate basis weight
regiori 26 of the fibrous structure 20 formed according to the
forming belt 42', will be generally aligned with the principal
.directions of the process of manufacture of the fibrous structure
20, rather than being radially oriented with respect to the center
of the intermediate basis weight regions 26 or with respect to the
low basis weight regions 28.

The foregoing means for retaining cellulosic fibers in a
pattern in the forming belts 42 and 42’ may be combined, as
prophetically illustrated in Figure 6. In Figure 6, a forming
belt 42’ is shown having both adjacent protuberances 59 disposed

~in clusters so that discrete annuluses 65’ and 65'‘, between
adjacent protuberances 59 have different flow resistan't_:es.
Additionally, the protuberances 59 are provided with apertures 63’
having a flow resistance generally equivalent that of the liquid
pervious annuluses 65’ or 65'’ between adjacent protuberances, or
- which may be different from the flow resistances HQuid pervious
annuluses 65’ or 65°‘ between adjacent protuberances. _

Compound variations are possible. For example, forming belts
42 (not illustrated) having protuberances 59 with orifices 63 of
one size in desired protuberances 59 and orifices 63 of a second
size (and orifices 63 of yet a third size) in other protuberances
are possible. Y_e_t' another variation is to incorporate orifices 63
of different sizes into the same protuberance. For e'xamﬁle, a
diamond shaped protuberance 59 may have two small orifices 63 near
the apicies of the diamond shape and a large orifice 63 centered
in the diamond shape.

Furthermore, a forming belt 42 (not illustrated) having a
cluster of protuberances 59 with one space in between adjacent
protuberances, a second spacing between adjacent c'l(lsters, and a
" third spacing between galaxies of adjacent clusters is also

possible.
Of course, the compound. protuberance 59 spacing variation may
— . be combined with the compound orifice 63 size variation to yield
ThlS Sheet Has Be
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'sonewhat taper ed yielding a frustroconical shape, as illustrated in
Figure 3. It is not necessary that the protuberances 59 be of uniform
hei ght or t haVOR&0TLe ends 53b bf the protuberances 59 be edR@/UFIHISH
fromthe proxinmal elevation 53a of the outwgrdly oriented face 53 of the
T ei nforci ng structure 57. If it is. desifed to i ncorporate nore
conplex patterns than ‘those illustrated into the fibrous structure 20,
it wll be understoo b gnt t

acconpl i shed by hawl g ‘gth?eg 8@@1%%3& ngg1 a{&cge\blﬁtt‘lﬂtth%ﬁsd@g utations

| evel s of upstandi rare pﬂ&hilbet%c%@lisg of éh%h““@ﬂéf‘“im etdi ﬁ?f SYerﬂ‘e
basi s wei ght than ga§bkfnd B1d#a8. " €9i ons of the fibrous structure 20
defined by the protuberances 59 of the other levels. Alternatively, this
may be ot herw se acconplished by a formng belt 42 having an outwardly
oriented face 53 defined by nore than two el evati ons by sone other neans,
for exanpl e, having uniform sized protuberances 59 joined to a
reinforcing structure 57 having a planarity which significantly
varies relative to the Z-direction extent of the protuberances 59.

As illustrated in Figure 4, the patterned array of pr ot uber ances.
59 may, .preferably, range in area, as a percentage of the projected
surface area of the forming belt 42, from a

is Sheet Has Been Reﬂliced _
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m ni mum of . about 20 percent of. the "total projected sufface area of t he
~forn1ng bel t 42 to

23" proj ectm%mﬁﬁe”‘fﬂlﬂﬁml“ﬂm“ gr%eggenheﬂ tzg to\t/\naltﬁt:rmséz/osm

.reinforcing structure 57*prbvildiy t°he*bal ance of the projected surface

area of the formng belt 42
pr ot uberances 59 to the total

is taken as the aggregate of the projected8 area of each protuberance

t aken

at the.maxi mum projection against an orthogonal to the outwardly

oriented face 53 of the reinforcing structure 57. It is to be

recogni zed

that l.asA shmglecdaminabueldwlasfiict fithnoust abeucinoe sca@aPrisinghat

total surface area ofgjfsheyf R di9ofClisfbled in a nonrandom, repeating pattern:

a first region, of a relatively high basis weight and
comprising an essentially continuous network;

a second region of a relatively Tow or zero basis weight. and
circumscribed by and adjacent said first region; and

. a third region of an intermediate basis weight relative to the

2.

————

"basis weight of said first and said second regions, said
third region being juxtaposed with said second region.

A cellulosic fibrous structure'according to Claim 1 comprising
at least four regions characterized in that said first region
of a relatively high basis weight comprises two relatively high
basis weight regions having mutually different dgnsit{es, each

said high basis weight region comprising an essentially -

continuous network, and preferably characterized in that said
cellulosic fibrous structure comprises at least five regions
characterized in that said first region of a relatively high
basis weight comprises two fe]ative]y high basis weight regions
having mutually different densities and said third region of an
intermediate basis weight comprises two intermediate basis
weight regions haVing mutually different densities, and more
preferably characterized in that said cellulosic fibrous
structure comprises at least six regions charatterized in that
said first region of a relatively high basis weight comprises
two relatively high basis weight regions having mutually
different densities, said third region of an intermediate basis
weight comprises two intermediate basis weight regions having
mutually different densities and said second region of a low
basis weight comprises two low basis weight reg1ons having
mutuaily different densities.

—_—
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The contribution of the patterned array of
projected surface area of the formng belt 42
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“di ni ni shes, the previ o | Al h basis weight essentially
¢onti nuous network 24 J m/ m u ucture 20 increases, mnimzing
the economi WO 934@0474¢ Further, the surfacPCEIUS92/05139

bet ween adj acent protuberances 59 of. the proxi mal el evation 53a of the
formng belt 42 should be increased as the length of the fibers increases,
otherwi se the fibers may not cover the prgtuberances 59 and not penetrate

t he condui-ts between adjacent protuberances 59 to the relnforC|ng structure

57 defined by the, su AL &a t he proxi.mal el evation
second face 55. 01% ‘r&}cbg iprops strugtuce %1‘:9%3 Medo éﬁﬂ"ﬁ'?ot]r c@‘ﬂblze
topography or may beCMetetmaéd ymracthnscmldcaddcynd mpexniphaniar . substadtialiged

herein "essential fgnt rsoﬁicl:%pkfﬁ Wtrgnpﬁﬂgh angg Op#e%ﬁib%#ﬁxaw&eg%erﬁet 'y

of the formng belt 42 en it

confi gurati ongand hath ARy ?ﬂ‘HoFeC%Hd"@SHI%rhﬁ)lsé'bél'émtaﬂ]dns*:"rmm%nmde
planarity, which devtitrdoregioslo not adversely affect the performance of the
formng belt 42 in producing cellulosic fibrous structures 20 as descri bed
above and clainmed below Either geonetry  of the second face 55,

t opogr aphi cal-  or4. eks&rlldosic fabrayscogfiruature ammoodirgnatq anys of the

accept.abl e, so | ong fgrehhithgt %Qﬁﬁsapé}bér%tetrh‘fedf '1rnStth|a't‘C‘§a5n8 Hbeldeor | QHH ng
arger .magnitude,

belt 42 is not interrypted vj atl o
the forming belt 42 &e&?“gé’eﬂé%aéfts‘r‘r‘ SFH’&"?) dcé%‘@a"-‘/ oriented.

5. A 51n91e Tamina cellulosic fibrous structure comprising at
least three regions disposed in a nonrandom, repeating pattern:
a first essentially continuous load bearing network region;
a second discrete region having fewer fibers per unit area
than said first region; and
a third region radially bridging said first network region to
~ said second discrete region.

6. A proéess of producing a single “lamina cellulosic fibrous
structure, said process comprising the steps of:
- providing a pturality of cellulosic fibers suspended in a
liquid carrier; '
.~ providing a fiber retentive forming element having fluid
pervious zones;
- providing a means for dep051t1ng said fibers and said
carrier onto said forming element;
- depositing said fibers and said carrier onto said forming
element; and | ' |
- draining said carrier through said forming eiemeqt in two
stages: a high flow rate stage and a low flow rate stagé, said
high flow rate stage and said low flow rate stage having a
mutuaily different initial mass flow rate, and preferably
characterized in that said second stage of said step of
draining occurs by obturating said nonselected zones with said
cellulosic fibers. B

.

—
——
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st eps descrl bed herein. The second face 55 of the form ng beIt 42 may
contact the eqw ment xmﬂ“““‘““‘mm)lﬂlﬂcess of making the fibrous
structure 20\"0‘9@3 08424 pe the art as the machiPGI/US9R/08139
the form ng belt 42. 24 The
prot uberances 59 define annul uses 65 haV|ng mul tiple and nutually
different flow resistances in the liquid Pgg vi ous portion of the formng
belt 42. One manner in which differing regions may be provided is
illustrated in Flgure4 Each Frotuberance 59 of the form ng belt of

Figure 4 i s substAnt ABI3Ppacalys) Ty SRR qed hkhosic (fibroys &E"é‘ﬁ?""ﬁr BaViserance
59, providing an essééiétalﬁhYeé:OﬂIﬁuaumJdeffemttvmak*lsirwwllgth cdispeseteein a

adj acent pr ot uber ancgg, afyom repeatmﬁra@{'éynngsﬂ'lg éJiﬁrZuﬂ' E%H?ﬂgthr ough the.

approxi mate center

- a fluid pervious fiber retentive forming element having
zones through which a fluid carryirg the cellulosic fibers may
drain; and

- a means for obturating predetermined zones of said forming
element with said cellulosic fibers by sequentially draining a
liquid carrier through said forming element into stages, a
first stage characterized in that said carrier drains through
said element at a threshold 'rate for a time period and
simultaneously draining - said 1liquid carrier through said
forming element in a second stage having a flow rate less than
said threshold flow rate for a lesser time period.

8. - An -apparatus according to Claim 7 characterized in that said:
selective obturating means comprises zones of different
hydraulic radii through which said fluid carrying said
cellulosic fibers may drain. -

9. An apparatus according to Claim 8 characterized in that said
selective obturating means comprises a foraminous, fluid
pervious reinforcing 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, a plurality of said protuberances having at least
one fluid pervious orifice therethrough so that the portions of
said reinforcing structure registered with said orifices are in
fluid communication with said free ends of said protuberances,
each said protuberance being circumscribed by a liquid pervious
annulus, and-preferably characterized in that said hydraulic
radius of said orifice through said protuberance is less than
the hydraulic radius of the annulus between said protuberance
and the adjacent protuberances.

e
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of a plurality of. the pfotuberances 59 or, .through each of the

protuberances 59, lsham m“mmmlmumhlhch ,proxt;i des liquid
comuni cat i t he t he protuberance 59
proxi mal el geg?ig?)or;ﬁg‘ga. of P“ec out war diy driented face 53 of ﬁ,‘t”ﬁgsgz/hg'ﬁg
reinforcing structure 57. - The flow resistance of the orifice
63 through the protuberance 59 is different from and typically
greater than, the fl ow resi stance of tRé& annulus 65 between adj acent

pr ot uber ances 59. Therefore, typically nore of the liquid carrier wll

d[] ain ] hthroughm.hemrbf]ﬁphmg &weinyeaabagﬁigcenﬁha;aetmewnneghse iéifan
t roug t he aperture {nlp..an Clrcunscrl pe Yy er . a
parti cul ar protuber an\é\fét"rgg"."g BRAZ U SEOMPELYS aui %Prg'g}'{olﬁg? nﬁﬁ%r 6ﬁerr]'\sno%s
"through-the orifice 68ginfheginghsbrughunehandnaupakiessedarwarrof protuhgrapeest

protuberances 59, rel 3§iné8! ¥ndrets htbar prafimateRRsi b£deach proteberdfice and
reinforcing structure 57 subjac he annL%I us

nt 65 between adj acent .
pr ot uber ances 59 t han®¥@ngin é’“f‘@rﬁﬁ%rt(ﬂ fg TE8¢ ng %af?' ,P‘”°E‘BB]’%{L‘§M s3ide
apertures 63. patitleenadnantays beingds aermigep avithir £irst rodsranceseispaced

?éf ine high f Owﬁﬁ E“Z‘[@a?ﬂﬁoﬁg‘#“ LWtﬁﬁ’ér%nEé’%?Z%iﬂsrggfdgfs?ﬁmengaml Le

Because the flow_r e annul uses™ | ater than t
flow rate through thepagidilelrios the pldne o0 theerginfareings sexyicture, @adi s3idhce

of the apertures 63) ¥heti NigrotdbeFasce | | BWng at 8p&tedt Nefrom  adjacent  third
protuberances by a second distance taken parallel to the plane
of the reinforcing structure, whereby said first spaced
distance and said second spaced distance are not equal to each
other, each said protuberance being circumscribed by a liquid
pervious annulus, and preferably characterized in that said
hydraulic radius of the annulus between said first
_protuberances and second protuberances is less than the
hydraulic radius = of the annulus between said first
protuberances and said third protuberances.

— .
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liquid carrier will be greater through the annul uses 65 mﬁfl be

-greater than the initial mass flow rate through the apertures 63.

It will be recognized that no liquid carrier will flow t hr qugh
-the prot ubd¥Y@R3W84H  because the progpperances 59 are inpe?gpﬁﬁ?zﬁblﬁke
liquid carrier. However, dependi ng upon, the elevation of the distal ends

53b of the protuberances 59 and the 25
length of the <cellulosic fibers, cellulosic fibers my be deposited
on the distal ends .53bof the protuberances 59. As used herein, the

"initial" mass flowrate\refers to the flowrate of the liquid carrier
when it jis first introduceq to and deposited wupon the formng belt 42.
O course it wl ; v > SRR " SENN

-
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recogni zed that both flow rate zones will decrease in mass flowrate as a
fanction of time as% he apertures 63 or annuyl uses 65 which define the zones
becone obt ur W@d3sg047y cel | ul osic fibers suspended in the |iqui L nd
retained by the formng belt 42. The differeyge in flow resi stgﬁgé‘ysgg‘?%@n
the apertures .63 and the annuluses 65 provide a neans for retaining '
different basis weights of cellulosic fibers in a pattern in the different
zones of the form ng belt 42. This difference in flow rate through the
zones is referregdto as "staged draining," in rggwgnition that a step

di scontinuity exis{s betweef\the initi®, flogsfate of the |iquid.garrigr
through the high \an 5 low ¥low rate \_zon_é : Staged drai nidﬁrlﬁa cgﬁ
be advant ageously ule ~ as desgcribed aboye, ',/’t deposit different janoufts

of fibers in aj aRqfosic i STStr UCt ur 6
h\al'( regignsg 24 wikl.\ ocgur
U e el
AN '

20. Mor e;
in a nonrando / respo g:

flow rate zoneg ‘t:‘ot&_ belt {42 anditd the hygh

flow rate stag NN D SAERGIRT NG o NIESEERITE FINPEDUS

nonrandom repeating pattern bstanti al \X corresponding to yhe | 0\§v

rate zones ' N , /57" //. 57
42 \55 57 57

Fig. 3




(the.apertures 63) of the formng belt 42 and to the low flow rate stage
of the process usclt o manuf.acture the cellulosic fibrous structure 20.
The | ow basiwomssaabsr €gi ons 28 will. occur in a nonrandomrepeating
pattern correspondi ng to the protuberances 35? of the forn ng KdYUSHIOHIR
to neither the high flowrate stage nor t0'the low flow rate stage of the
process used to nmanufacture the <cellulosic fibrous structure 20.

The fl ow resistance of the entire formng belt 42 can be easi |y nmeasured
according to techni ques well-known to one A5°| led @ the art. However,.
nmeasuring the flow resistance of §he high '

26_. and low flow rate zongs '

t herebetween is nore diff
flow rate zones. Howgsse

in fl ow resi stance
{lZbsof the high and |ow

rrady,

53b— = 59
58— S ‘
e 58
S 42'
65" "
65!
65" 65'
Fig. 5
65%. 59 57
53a Fi :
53b-
et N 4 .
| : 42
65 o N e
' s 3 )
Ly egﬁﬁgr ' 65"
alars 65"
d 4 I
¥ gl N/
63" 63'
Fig. 6
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fr Mwlhe_hydraulic radius of the zone under consideration.
resi stance

Generally flow
Is inversely proportional to the hydraulic radius..
The hydraulic radius of a zone is defined as the area of the zone qginsded

by:the wetted perineter of the zone. The denom nator frequently includes a

COf'lSt ant,

such as 4. However, since, for this purpose, it is only
inportant to examine differences betwedn the hydraul i ¢ radi
the constant may either be included or omtted as desired.

of the zones,

Al gebraically this may be expressed as: [err] wherein the fl ow
area is the area through the orifice 63 of the pr ot uberance 59, or the

fl ow area between unit cells, i.e. the smal | est
annul uses

bel ow and the wetted

repeating pattern

of
formed by adjacent otuberances 59, as nmore fully defined

HOReAND, AP WQSIF%HAKEN%SE%‘%‘?Sﬁ the perineter

of the zone in contEgRoys STRUCTURES BY SECECTIVELY OBTORATEDVDRARMAGEHOES not take

Into

AND CELLULOSIC FIBROUS STRUCTURES PRODUCED THEREBY

SR
X

FIELD OF THE INVENTION

The present invention relates to a method and apparatus for
producing a cellulosic fibrous structure having regions of
multiple basis weights and, more particularly, having multiple
basis weight regions with a high basis weight region comprising an
essentially continuous network. Such a cellulosic fibrous
structure is typically executed in a paper having three or more
regions discriminated from one another by basis weight. |

. ACKGROUND OF VENT]

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 a sufficient tensile
strength to prevent the cellulosic fibrous structure from tearing
or shredding during ordinary use or when undue tensile forces are

‘not applied. The cellulosic. fibrous structure must also be

absorbent, so that liquids may ‘be quickiy absorbed and fully

retained by the celluiosic fibrous structure The cellulosic
f1brous structure should -also exhibit sufficient softness. so that:

it is tacti]ely pleasing and not harsh during use. The fibrous

_'structure shou1d exhibit a high degree of opacity, SO that 1t does.'

R VL) S 5

' This is the replacement sheet '
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conki derati on any restrictions | nposed by the reinforcing
structure 57 underneath the protuberances 59. The hydraulic radii of
sever al

comon shapes are wel |l -known and can be found in nany
sugh as Mark'.s Standard Handbook for Mechani cal

edi{tion, which reference is incorporatzd-herein by reference for the
pur pose of show ng the. hydraullc radi us of several common shapes and a

t eachi ng of hqw [ ul p

For the - or ity BBrYts. PRy B 68 ot qua 5, 43 Q§‘° WO Agafhapenis

i nterest ‘ar ebtbdcﬂromwfasomuﬂﬂlowsJnterhét-hl ghefQQJ\’l/“ ?ph&us st F? se the
annul ar peri g %te[:e CééoﬁUnEFHl' bwgtrﬁtpwtdéﬁeﬁ@fﬁf‘aﬂ@&turedThﬂ! @tﬂderfbroi t he
annul ar perine ire

c i ven protuberance 59 is
one: hal f of prefitacdingl yet sitsaﬁﬁﬁoﬂdFBfﬁ ttﬂeﬂ‘e cﬂ?ﬁ{“ﬁgerance 59 to the adjacent
pr ot uber ance 5. 9 Tensies stiéwgthSUion® of the aforementioned properties, is 27

the ability of the 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.

ref erences
Engi neers, eighth

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 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 liquids. -
Both the absolute quantity of liquid retained and- the rate at
which the fibrous structure absorbs contacted liquids 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 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 liquids is minimized and, due to surface tension
limitations, 1liquids will not be retained by the fibrous
structure.

Softness is the abil1ty of a cellulosic fibrous structure to
impart a particu]ar]y desirable tactile sensation to the user’s
‘skin. Softness is influenced by bulk modulus (fiber f\ex1bility,
fiber. morpho1ogy, . bond density and. unsupported fiber - 1ength).
surface' texture - (crepe frequency, 31ze of various regions and

'mmmmemmmmmmsmm'
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69 between adj acent protuberances 59 will have a border, centered therein,
whi.ch is cotermnous the annular perineter of the adj acent
prot uberances 59 defining such annul us 65 between the adj acent

pr ot uber ances 59. Furthernore, because the protuberances 59 extend in
the Z-direction to an el evati on above that of the bal ance of the
reinforcing structure 57, fewer fibers will be deposited in the regions

t he

S o hghal R e Ak ATES b e R ok Fe b s o3
and annul useSofthebet izen mdease‘ryt {pﬁgbe&ru;?zﬂceaowme bLaHidw teF t h?‘?onal
Fibers i1 FERRSED FIBRSuS Shrlenbe e Pats. dubmarion i, ﬁg, PetiPRod
into either nbonartoe |t<be p Bane oinhhe ml@&ld:dtmmroasijmwuntum ]9t uﬁgrsgc\eﬂsﬂi&
o1 "Pn hocor danJBRERYE Y hel GiBRaPepThE § S8 NESe RS 3YRRCRe
rei nforci ng Whicht arevents thereéﬂllm‘sordﬂw stramsmiseian | theretibragh. hes) a
fslh{J?geglt ;ngf‘g?wt@a"i’g{]mi%égﬂ ?irr%a;?&sbt %eoo%frp‘nchesg tﬁ&%qgt aﬁg
percent openURitormity 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 amidst an essentially
continuous network having a particular basis weight. The discrete
apertures represent regions of lower basis weight than the
essentiaﬂy 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 fibrous structure. '

 Such cellulosic 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 fibr.ous structures have several -
shortcomings. | 'The apertures represent transparencies. in. the
ce]'lu]osic fibrous structure and may cause the consumer to feel :

.-the’ structure is. of Tesser qua'lity or strength than desired The -
apertures are genera]]y too 1arge to absorb and retain any”

ThlS is the replacement sheet



The reinforcing structure 57 can pass approximately 36,300 standard
liters per mnute (1,280 standard cubic feet per mnute) air flow at a

di fferential pressure of about 12.7 mllineters (0.5 inches) of water. The
thickness of the reinforcing structure 57 is about 0.76 mllineters (0.03

i nches), taking into account the knucld es formed by the woven pattern
between the two faces 53 and 55 of the formng belt 42. Joined to the
reinforcing structure 57 of the forming belt 42 is a plurality of

bil ateral |y st&itji@seddye otubtheaniddited surfaes tensionbef afiteidsotypicaidyed

- fromthe adj aceﬁeouateﬁéd)esﬁneseoaf@renen@fun@e Gws%é' er\dpltto@m Ofpram% 19.9
millimeters (0N785 |€%rl)es and a cross nmach di rechl on

about 10.8. mi | s pmejohh afethe "?Fl@‘”ﬁr éf@l‘!ﬁ’r & Ee@%@u@rsemﬁtowded

at a density oﬁnc@beeld sfb7tnwtsubefcaeﬁeste591rterstsqwuhe1§ecsttualmédar (300
protuber ances

i,nc
This i s the repl acg ?ggﬁ@gt to raxe zero basis weight apertured degenerate
case, attempts have been made to provide a cellulosic fibrous

structure having mutually discrete nonzero 1low basis weight
regions admits nonessentially continuous network. For example,
U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al.
discloses a 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 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'Htt'le 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
ce]]u]osic fibrous structures having relatively high ‘opacity in
the discrete low basis weight regions. _
Cellulosic fibrous structures are usually manufactured by
depositing a liquid carrier having cellulosic fibers homogeneously
entrained therein onto an apparatus having a fiber retentive
liquid pervious forming element. The forming element may be
genera'lly'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 lTow basis weight regions. The discrete low basis weight
~ regions according to these teachings are produced by a pattern- of

upstanding protuberances joined to the formng element  of the
'-"apparatus ‘used to “manufacture the ce]'lulosic fibrous structure.
However, 1n each of the aforementwned references, t.he upstandmg

Thns is the replacement sheet
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28 - Each protuberance 59 - has a width .in the cross machine

- direction between opposing corners of about 9.1 mllinmeters (0.357 inches)
and a length in the nachine direction between opposing corners of about
13.6 mllinmeters (0.537 inches). =~ The, protuberances 59 extend in

abagut 0.8 mllinmeters (0.003 inches) in the Z-direction fromthe proximal

el evation 53a of the outwardly orlenteg face 53 of the reinforcing
structure 57 to the free end 53b of the protuberance 59. Each

pr ot uberance 59 has an orifice 63 centered therein and extending from the

free end 53 rﬂl{u}?e{—ﬂﬁ;espﬁpé u@?{;ﬁme 14 0a rdgal ar, omeg‘ehtﬁige\mtm 53%91‘ the

pr ot uber ance free,end 53b of the g{otu ranc 1 quid

conmuni cat i onPatfarR maye GompRA 6FC|er§t“t%9(rraﬂE?%r aggpred Eé@ﬁa.t{)‘ﬁ fFQ:e the3
centered in aHB‘ﬁ:eﬁt %Mﬁbmégof Sﬂg?ﬁ@ﬂ ikl thel wjamltl M‘ﬂhﬁ@ﬁﬂlcgﬁd has

Sbock 4.1 m | Barb Bretuberanes, KNReNF \atAREdy [ Bt catadbirsiy Gocediily *2o
percent of thagpated sfremarthe aidjabentpr protuberance. 59 Indékd,h He'l’ler et al.
utilizes a woven Fourdrinier wire for the protuberances.

The arrangement of equally spaced protuberances represents
another shortcoming in the prior art.. The apparatuses having this
arrangement provide substantially uniform and equal flow
resistances (and 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 1liquid carrier -are present 1in the spaces
between adjacent protuberances. Thus, fibers will 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 1ike
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 randoin pattern
which does not advantageously -distribute the cellulosic fibers in
the manner most efficient to maximize any one of or optimize a
majority of the aforementioned properties.

Accordingly, it is an object of this invention to overcome
the problems of the prior art and particularly to overcome the
problems presented by the competing interests of maintaining high
tensile strength, high absorbéncy, 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 cel]u]osrc fibrous structure, .

_'such as paper. by havang multip]e and different f\ow resistances'

Thts !s the replacement sheet :
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t he protuberances 59 adjoined to the reinforcing structure 57, the formng
belt 42 has an air perneability of about 490 standard liters per mnute
(13,900 standard cubic feet per mnute) -and air flow at a differential

pressure at about 12.7 mllimeters (0.5 inches) of water. - The
af arementioned formng belt 42 produdes the fibrous structure 20
illustrated in Figure 1. It is to be recognlzed however the foregoing

exanple is nonlimting and nany variations | n thf rﬁi m:fSF’CI ng strgcture,
pr ot uber ancd® sthe ArainagecsoB3thenddauit ocAimiennal othsn flPEESs 185 thet ween

adj acent pr%lgggmces 59 are feasible and within the scope of the clained
I nventi on. As illustrated in_Fi apparatu her.
conprises a meaB¥ hawing; d'regiﬂéﬁogftl‘%gaavﬁy Fﬁfh E"dcgpi?'{:ﬁ'et‘&n&w

ent r.ai ned Q@s'iﬂtﬁﬁ:lec tfol bRllow Cb"ﬁeeentsmomm napparktus)?, omerdcamr achieve _
particularly

di screte urﬁﬁeéﬁaf rfé’“gr%fmgra %fsontgggt%tggﬁ %g[’ﬁe&gﬁﬁfoﬁ@eﬁggﬁ'{ﬁ&ure 57

and the prottieer 2ettslos$d afthersypl ané! yohtavmr cfibbgus hestnustuves giodrry. A
pescbo 4 poatoralogh S0 afe Sebera W ehee 2 ULy Lot
the art, onerélatdombetweethitbh fiknw nreei-/stance of a particu'lar region of the
liquid pervious fiber retentive forming 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 1low flow resistance will produce
corresponding regions in the cellulosic fibrous structure having a
relatively high bdsis weight and vice versa. ) '

More particularly, the regions of relatively low flow
resistance should be continuous so that a continuous high basis
weight network of fibers results, and tensilée strength is not.
'sacrificed. The regions of relatively high flow resistance (which
yield relatively low basis weight regions in the ce_1'lu1osic
fibrous structure) may either be discrete or continuous, as
“desired. ”

According to the present ihvention, 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 and
inversely proportional to the flow resistance presented thereby.
For example, if there are impervious regions, such as
protuberances or blockages in the forming belt, no Tiquid carrier
can drain through these regions and hence relatively few or no
fibers will be deposited in such regions.

" The flow resistance of the forming belt according to the
. present invention is thus critical to determini_ng' 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 formmg belt having a relatively 'Iesser flow resistance.
'because ‘more Hquid carrier may drain through such regions.
_ However, it 1s to be recogmzed ‘that the flow resistance of a

s s the replacement sheat
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29 found :to work well is a conventional Fourdrinier headbox 44 which
generally continuously applies and deposits the fibrous slurry onto the
outwardly oriented face 53 of the formng belt 42, The neans 44 for
depositing the fibrous slurry and the formng belt 42 are noved relative to
ong another, so that a generally cons}stent quantity of the liquid carrier

and entrained cellulosic fibers nmay be deposited on the formng belt 42 in
a continuous process. Alternatively, the |liquid carrier and

entrai ned cel,l .G Tl oRy fenankt sehton st hatf Yomsbgntoeidd 44110 a
bat ch proce?sa.r,lel‘&gragf erregﬁ‘f'f/ thgpéarreans 43 for déspositi r?g the fibrous slurry
onto the perdhiadge FornfyFtientofiXim8n be regulated, so that as the rate of
differential novegant cioigeecitdure friciude Rl thé2 canliul bl cdepriirki ngemeans
44 increases, or decreases,

] | arger or, smaller quaptities he Iiquid

carrier and 4aposatebente) d gresdon P?b@gﬂﬁ?{'ﬁegggpog\et §8?iﬁ’1{9§qfht%e&sm ng

bel t will obturate the region, increasing i{ts flow resistance.
Obturation and 1increased flow resistance in a region result in
generally reducing the amount 1liquid carrier which drains

therethrough and, hence, the amount of fibers later and further
deposited onto this same region.

£

The invention comprises a single lamina cellulosic fibrous
structure having at least three regions disposed in a nonrandom
repeating pattern. The first region is of relatively high basis
weight compared to the other two regions and comprises an
essentially continuous network which circumscribes the other two
regions. The second region is of relatively low basis weight
compared to the two other regions and is circumscribed by the
first region. The third region is of intermediate basis weight
relative to the two other. regions and 1is Jjuxtaposed with the
second region, peripherally bordering 1it. Particularly, the
second region may be substantially contiguous with the third
region, more particularly may circumscribe the third region, and
may . even be circumjacent the third region. In a preferred
embodiment, a plurality of the cellulosic fibers of the second
region are substantially radially oriented. '

The cellulosic fibrous structure according to the present
invention may be made according to the process of depositing a
liquid carrier having cellulosic fibers suspended therein onto a
liquid pervious fiber retentive forming element. The 1liquid
carrier drains through the forming element in two simultaneous
stages, a high flow rate stage and a low flow rate stage,

corresponding respectively to. the high and low flow rate zones in

the forming belt.” Both stages decrease in flow rate as a function

of time,.due to obturation of the zones with cellulosic fibers..
" The. stages are discriminated. from one another by the ‘inftial mass
"~ flow.rate through the .respective zones. R e

49 AU@EQB

Date:



42 per unit of tinme, respectively. Al so, a neans 50a and/or 50b for
drying.the fibrous slurry fromthe enbryonic fibrous structure 20 of
fibers to forma two-dinmensional fibrous structure 20 having a consi stency
of at |east about 90 percent may be provided. Any convenient drying

means 50a and/or 50b well known in thg papermaki ng art can be used to dry
the enbryonic fibrous structure 20 of “the fibrous slurry. For exanple,

press felts, thermal hoods, infra-red radiation, blowthrough dryers 50a,
and Yankee drying dvufif S0B11ARGRe USPrbrods ONetctife CAEBOMANGOMo Althe -
satisfactory and well khown in the art. A particular Y preterred
dryi ng net hggesant ipyentiongmay, benmpde RMyRndrpRATa40s copnl §ingadkdbauidyi ng

drum 50b in $eARISe fiber retédtiV@SFémingas) ARARl alThe POGARE diGrieRt IR
pr esent 1 nvention ma

y further conprise an enul sjon roll 66, as shown in

Figure 2. TREOGRIES.0A PigN GOWATSES | #ANESNdna ol PEIOYcrabthatne of Hhe-
chem cal  comedunglso iRist pestubferante Wieich 42e otmperkiciesitoedhet P1éweof
Soondary . oG hnid Say et herklFindBhoC R SRR R0k IR B b Sonthecs on
of the fibrousrestarvatgede in0at patidrinercorpespandihgl to Aheobasio weightecondary
conpound o (V8a e Pl MEsPTdiss s, PpBlus (SRlctfef TROTRE Fomed” o7
t hereby ext etheereons useful life. -

The forming element may have a means for retaining cellulosic

fibers in a pattern of three different basis weights. The means

for retaining cellulosic fibers in a pattern may comprise zones in

the forming element having different hydraulic radii.

The hydraulic radii of the zones may be made different by
having a patterned array of upstanding protuberances in the
forming element, by each protuberance being equally spaced from
the adjacent protuberance and having a liquid pervious orifice
therethrough by having protuberances clustered so that some
protuberances are equally spaced from the adjacent protuberances
and some protuberances are not equally spaced from the adjacent
protuberances, or by combinations of the foregoing. .

BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly
pointing out and distinctly claiming the present invention, it is
believed the same will be better understood by the following
Specification taken in conjunction with the associated drawings 1in
which 1ike components are given the same reference numeral,
analogous components are desighated with a prime symbol and:

Figure 1 is top plan photomicrographic view of a cellulosic
fibrous structure according to the present invention having three
mutuaT}y distinguishable regions;

Figure 2 is a schematic side elevational view of an apparatus
which may be.utilized to make “the cellulosic fibrous structure -
-according to the:pfesentginyentioni o T
" Figure 3 is a fragmentary side elevational .viéw. of a forming
element ',tal-;-en. along line. 3_-3_._01.’. : Fi’gq‘rg 2 L -&ix;a 'tep'l.‘ac':émen_t sheet
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Preferably, the emulsion is added to the outwardly oriented
t opogr.aphi cal faces 53 of the.form.ng belt 42 when such form ng belt 42
does not have the fibrous structure 20 in contact therewith. Typically,

this will occur. after the fibrous S ructure- 20 has been transferred from
the formng belt 42, -and the formng belt 42 is on the return pat h.
Preferred cheg}‘cal npo

nds enul’'si ons , - e C sitions
cont ai.ni ng wat 9“"91|§h §péeo‘d"taﬂ‘i"?ﬂ%70|tl°pkr§§\m d’éeﬂeg? | l% BPISy t he
Texaco O |e%@nufOlf'nddwslprtakiﬁxﬂamgnﬁime w-ddo€t FigurebBrand. Ha&dng 68
Code 702; ﬂl et hyl di stear)é amm_ oni unchl ori de sold by the Sherex
Cheni cal 1cg roggh each protiberance;

Figure 5 is a schematic top plan ‘view of an alternative
embodiment of a forming element having first protuberances equally
spaced from second protuberances by a particular distance, and
having first protuberances spaced from third protuberances by a
greater distance; and

Figure 6 is a schematic top plan view of an alternative
embodiment of a forming belt having protuberances with orifices

therethrough and which are clustered jn different spacings from
adjacent protuberances.

DETATLED DESCRIPTION OF THE INVENTION

THE PRODUCT

As illustrated in Figure 1, a cellulosic fibrous structure 20
according to the present invention has three regions: first high
basis weight regions 24; second intermediate basis weight regions
26; third low basis weight regions 28. Each région 24, 26 or 28
is composed of fibers which are approximated by linear elements.’

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 longitudinal axis of the fiber), so that
linearity is approximated. While microscopic examination of the
fibers may reveal two other dimensions which are small, compared
to the principal dimension .of the fibers, such other two small
dimensions need not be substantially equivalent nor constant
throdghout 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 1iquid: carrier.

“The flbers comprismg the ce'l'lu'losm fibrous structure may be .
.synt.het'tc, such as po'lyp’lefm or po]yester, are ‘preferably

- cellulosic, such as- cott’on'\inters._ rayon or bagasse, ‘and' more
~ preferably are wood. '-b_.u'lb. such. . as soft woods (gymnosperms or
ST : Tl 15” w ujpacement sheet
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Rolling Meadows, Illinois as AOCGEN TA100; cetyl al cohol

manuf actured by the Procter & Ganble Conpany of Cincinnati, GChio; and an

ant’i oxi dant such as is sold by Anerican Cyanam d of Wayne, New Jersey as

Cyanox 1790. Also, if desired, cleaning showers or sprays (not shown) may

be utilized to cleanse the form ng bglgt 42 of fibers and other residues

remai ni ng after the fibrous structure 20 is transferred fromthe form ng

- belt 42. An optional, but highly preféerred step in providing a
cellulosic ft&ﬁ%?oﬁ” Ut Lﬂ:ﬁ'ﬁ%@&ﬁo(ﬁi ﬁﬁsé&nishﬂarpfd%%%ﬁods')Ve”hs Ofised S

oo e g AR LS 0 e S sk 1"
structure 20they fﬂmcuangtﬂg:tuhe 20 oar compnilsesdi u‘malsngabdutbéﬁo vedght i ber
veys. the molerEBhoh 94 dekit AborEaSB araEr derfaft e Trpghy i known
creping may becluddogplbiuthawti n'lumdhgdmtm dihoset fibens diiepedf above. ng A by
oper at on,  CRENAOSTEROAIRE o RIGE 1 Pibert LBlpriting soteubilf £iBEf 10
preferably thavinmkeelengthngf abaut 580 ate aheut r Anbyaiil Fimetenshaandsua f ace
65 and the. °"‘“¥%§Z oY amut, 2% ‘%6“9%““52”@?‘?{?&?“'“‘“ SR8 hdrdfiatd fiBerp 2de
doct or having a length of less than about 1 mi ¥1meter 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.

It is not necessary, or even likely, that the various regions _
24, 26 and 28 of the cellulosic fibrous structure 20 have the same
or a uniform distribution of hardwood and softwood fibers.
Instead, it is likely that regions 24, 26 or 28 formed by a zone
of the apparatus used to make the cellulosic fibrous structurelzo
having a lesser flow resistance will have a greater percentage of
softwood fibers. Furthermore, the hardwood and softwood fibers
may be layered thrnnghout the thickness of the cellulosic fibrous
structure 20.

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- ce11ulos1c-
- fibrous structure 20 havxng relat1ve1y \arge measurements in the. -

~first two dimensions.

" “Tnis is the replaceinent_ sheel -
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bl ade 68 is oriented with a component orthogonal the direction of relative
novenment between the surface and the doctor blade 68, and is preferably
substantial |y orthogonal thereto.

31
Al so, a neans for applying a differential pressure to selected portions of

the fibrous structure 20 may be proviHed. The differenti al pressure
may cause densification or dedensification of the regions 24, 26 and.

28. The differential pressure nmay be applied to the fibrous structure 20
during any- stepghencehtulgsbectibrois steucrendOnaceondiag|togshe rresentr is

dr ai ned a""fi‘){venta\%‘n compriéy €5 akling uapwhmﬁft Whiidwdvek e 14 f i13r ogs ghructure
20 is still an enbryoni ¢ fibrous struct too much of .the |iquid
carrier is JP&P%HedeyhaEeftUPeWh@%?fﬁgF&ﬂ AF“‘{N@SS&"@ i0F ébbl imade ¢ he
fibers may RecérPing tbf thProsdnt 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 1t 1is 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 Iater
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 24, 26 and 28 from each other. For example,
the basis weight of the fibrous structure 20 is one intensive
property which discriminates the regions 24, 26 and 28 from each .
other. As used herein, a property is considered "{ntensive" if.it
does not have a value dependent upon the aggregation of values
within the plane of the cellulosic fibrous structure 20. Examples
of intensive properties include the density, projected capillary
size, basis weight, temperature, compressive and tensile modul{,
etc. of the cellulosic fibrous structure 20. As used herein
properties which depend upon the aggregation of various values of

subsystems or components of the_cellu]osic fibrous structure 20

are considered "extensive."™ Examples of extensive properties

include the weight, mass, volume, and moles of the cellulosic
fibrous structure 20.
The cellulosic fibrous structure 20 according to the present

invention has at least three distinct basis weights which are

divided between at least three identifiable areas, referred to as .

"regions" of the fibrous structure 20. As used herein, the "basis
weight" is the weight, measured in grams force, of a unit area of
the ce11ulos1c fibrous structure 20, which unit area is taken in
.the plane of the ce]luIOS\c fibrous structure 20. The size and
. shape of the unlt area from which the basus welght is measured is
dependent upon ‘the relative and absolute sizes ‘and shapes ‘of the

- -regions 24, 26 and 28 hav1n the different basus weights. , :
R : . . ’ o o ThlS tsgthe replacement she_et_
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sufficiently conformto the topography of the patterned array of

prot uberances 59, thus yielding a fibrous structure 20 that does not have

t he described regions of differing density. | f desired, the nunber of
regions 24, 26 and 28 of the fibrous structure 20 may be further
supdi vi ded according to density, by yfilizing the means for applying a
differential pressure to selected portions of the fibrous structure 20.
That: is to say each region 24, 26 ‘or 28 of a particular basis weight may

be mani pul ated by, Lim %pﬁ?c%g%ze@‘ﬂy%@c?gﬁf@d qnntﬁ@%w{ﬁg Figay each

h 24, 26 0 t nore tha
gﬁg d(raﬁg: '?; given reg:l@p hanthe, °a‘l'|r le ft ordinary; rand %P?‘Fﬁ(ﬁdeéééi& H'@iﬂhber to
oot bong'mq“m%?bLﬁ“’ew'a‘{m°"n§3?'8%§‘iﬁd£ ﬁgﬁ'i?md“o?{"sée"hﬁ‘éé o lest o

t r s fea e to.i

o Tre besadt f 128 d5nernsldees st A R BIsS: Bolgtynt For axamReas i f ori o
may be dom abyidrosoep Ry ﬂbmd the balG?HWﬁt#UtCOff h@rmﬁrﬁikﬂcﬁw\xﬁfgﬁ fa; gm
he f on e S

Lot Lol mei o d3Bets ofs, naswe OBF Arbabiny, basTs 0RE ik of) S0 T Srasia$

During (or adhees)in rfacttruxﬂ:eteran talpertqneoﬁncthenﬁibm‘i:s thacteec@oddey belt
46 conpres

fibrous str&éﬁgr'ﬁ%slqgghgﬁﬁgg eiﬁsgl q)@gttlon 0 h E& 0318 zgf %% ?bl ql oste
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, 26, or 28 of different basis weights, or that a sharp
demarkation between adjacent regions 24, 26, or 28 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 fibrous structure 20 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. |

The different basis weights of the regions 24, 26 and 28
provide for different opacities of such regions 24, 26 and 28.
While it is 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,
such as the wet burst strength. However, for the cellulosic
fibrous structures 20 described herein, it is to be generally
understood that regions 24 of re]atively higher basis weight have
greater'opacity than regions having a lesser basis weight, such as
intermediate basis weight regions 26 or low basis weight regions
28. . . . |

Preferably, the nonrandom repeating pattern tesselates, S0
' that adJacent reglons 24 - 26 and 28 are cooperative]y and .
:;f_'” advantageously Juxtaposed By be1ng nonrandom,‘ the 1ntens1ve1y

def ined reg1ons 24, 286, _and 28 are. considered to be predictable, -
S . ' ~ - This is the replacement sheet
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Ihe 35'tBEn X 3GHidh Sloberaf 4t ¥hthe IFIbROSE I ActuRE bd.oW basi s

usi n

ective
densi ficati on, |]he|§npen§mvbng discriminated regions 24, 26, and 28 of the

f1brous structure 20 may be “"discrete,” so that adjacent regions
24, 26 or 28 having the same basis weight are not contiguous.
Alternatively, a region 24, 26 or 28 having one basis weight
throughout the entirety of the fibrous structure 20 may be
"essentially continuous," so that such region 24, 26 or 28 extends
substantially throughout the fibrous structure 20 in one or both
of its principal dimensions. '

Of course, it is to be recognized that if the fibrous
structure 20 is very large as manufactured, and the regions 24,
26, and 28 are very small compared to the size of the fibrous
structure 20 during manufacture, i.e. varying by several orders of
magnitude, absolute predictability of the exact dispersion and
patterns among the various regions 24, 26, and 28 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, 26, and 28 be dispersed in a
pattern substantially as desired to yield the performance
properties which render the fibrous structure 20 suitable for its
1ntended purpose.

It will be apparent to one skilled in the art that there may
be small transition regions having a basis weight intermediate the
basis weighfs; of the adjacent regions 24, 26, or 28, 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, 26, or 28. Such
transition regions are within the normal manufacturing variations
known and inherent in producing a fibrous structure 20 according
to the present invention. |

' The size of the pattern of the fibrous structure 20 may. vary
from about 1.5 to about 390 dlscrete regions 26 per square

* centimeter (from 10 to 2,500 discrete reg1ons 26 per square 1nch), .
" preferably from about 11.6 to about 155-discrete- regions 26 per .
| square centwmeter (from 75 to . 1 000 discrete reg1ons 26 per squire

‘This s the replaeement sheet
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to nake a structure having four regions: a high basis weight region 24
havi ng a particular density, a high basis weight region 24 having a
“relatively greater density than the bal ance of the high basis weight region
24, an internmedi ate -basis weight region 26, . and a | ow basis weight region
2851 Aternatively, it is possible to nake a fibrous structure 20 having
five regions: a high basis weight reggon 24 of a-first density, and a high
basis weight region 24 having a relatively greater density, an
i nternedi ate basis weight region-26 having a first density, an internediate

gglsgf]twe' ant 1) Ok Ry 196 fRr il 2 el abodlt 28 o 19eRBhIY B Al e DaST S

regl on Fi'na course, IS POg

fibrous str ucfﬂ‘@“?(ﬁhaﬂ r@“ér% Gendil B‘h's?" (Erom é,ﬁ%fepsﬁéov@.sgmter segions 24
havi.ng a firspgg %psg4urea1|{uhgh basis wei ght region 24 having a first _

dongi 1y, “an Ut otbel Hr Do 28PETERS g SPboTeh 198 ARVERG ot RaY aertBRy. an
i ntermediate basuesnmmm'esreg\e_m (R@v iy moge adiserate viedgions catl,ep6 dnpty, a
o bast s el Bl SRR L. R e e e
are conpr essedmdiy er hei zedohardwoods f tersheay becabtbizedheand 46e perebntigees are
densified and,pnaye OfGgeP’ sizel®sdrRwbddF1RAAY Ay b§UC&r@S£bdnE%§g“°“
' - 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 fibrous structure
20. If the fibers do not properly conform, such fibers may bridge
various topographical regions of the apparatus, leading to a
nonpatterned fibrous structure 20. A mixture comprising about 60
percent northern softwood kraft fibers and abodt 40 percent
hardwood kraft fibers has been found to work well for a fibrous
structure 20 having about 31 discrete regions
centimeter (200 discrete regions 26 per square inch).
If the fibrous structure 20 11lustrated 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 fibrous structure 20 is
preferably essentially continuous in two orthogonal directions
within the plane of the 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 manufacture of the product, but only that tensile
strength be imparted to the cellulosic fibrous structure in two
orthogonal directions, so that any applied tensile loading may be
more readily accommodated without premature failure of the product
due to such tensile loading. Preferably, the continuous direction
is parallel the direction of expected tensile 1loading of the
finished product according to the present invention.
The cellulosic fibrous structure 20 according to the present
invention comprises three regions, first high basis weight regions
'”24,'second 1ntermediate basis we1ght regions 26, -and- third 10w
_basis welght reg1ons 28, as noted above The reg{ons 24, 26 and- '

per square

| Thls is the replacemem sheet -
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strength of such sites and increases the tensile strength of the
cellulosic fibrous structure 20.

of the various regions 24,
cal i per and absorbency

entire
Alternatively,. the selected. sites
26 or 28 nmay be dedensified, increasing the

of such sites. Dedensification may occur by _
transferring the. cellulosic fibrofs structure-.20 fromthe formng belt
42 to a secondary belt 46 having vacuum pervi ous regions 63 not-c¢oi nci dent
33 with the protuberances 59 or the various regions 24, 26 and 28 of the
cel | ul osi c 28 jaseodispasedydnyde noppandomarepaatipg spattarn described.more)| osic

fibrous stpaaibiFariyOas tftAjowgcondary belt 46, a differential fluid
pressure, either positi

per vi ous régi on&n G?WH\F/ﬁ% ;%'E%tagg‘saﬁgﬂ é%ihaﬂ‘ngl?éts‘grgﬁﬁ ;ﬁe}/ﬁ%m

pressure cabgss defdinctregiowf24 f the cellulosic fibrous structure 20 of

| Figure 1. Other examples of cellulosic fibrous structures having
essentially continuous networks are disclosed in U.S. Patent
4,637,859 {ssued Januéry 20, 1987 to Trokhan and dincorporated
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 and intermediate basis weight regions 26
and 28 may be discrete and dispersed throughout the high basis
weight essentially continuous network 24. The 1low and
intermediate 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 28 and the discrete intermediate basis weight
regions 26 also form a nonrandom, repeating pattern.

The discrete low basis weight regions 28 and the discrete
intermediate 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 28, although, as noted above,
small transition regions may be accommodated. _

The high basis weight regions 24 are adjacent, contiguous and
circumscribe the low and intermediate basis weight regions 26 and
28. The intermediate basis weight regions 26 are juxtaposed with
the low basis weight regions 28. The low basis weight regions 28
may peripherally bdrder, but not fully circumscribe the
intermediate basis weight region 26 or the low basis weight
regions 28 may circumscribe the intermediate basis.weight'rggjons;

. 26. - Thus, the intermediate basis ﬁeightffegions 26 afe:geherally

. This is the "reblaeéméni sheet
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fibers of each site which is coincident the vacuum pervious regions 63 in
a plain normal to the secondary belt 46. By deflecting the fibers of
the sites subjected to the differential fluid pressure, the fibers nove
away fromthe plane of the cellulosic fibrous structure 20 and increase the
cald per thereof. A preferred ap atus to apply a differential fluid
pressure to the sites of the cellulosic fibrous structure 20 coincident the
vacuum pervi ous regions 63 of the secondary belt 46 is a vacuum box 47

\mmhaMMGmaﬁwmwwmmUQﬂﬂmmﬂ%mﬂﬂuw%mwﬁwagmnwfmmof
t he secondarg/urb

h t [ ] ul fib
struct ur e *20°8 feﬂ*!’-ﬂ:_a e the I Fh@i@gﬂf Hs}l’méspﬁ B’Fgﬂl}gte&eldu&ss:ﬁg 20

accordi ng to theThecanbasis weeght ceghams 2@ maydurtheer be rtg)nttcbgudine md)cess
conprising the

entrai ned i n®%€N qig‘gu@faggﬁfogbg P%e%m@%ﬁtgl hé%csoi"feggbt g?@‘ﬁ'& B'r si'lﬂyed in

the 1iquid peYatiive, dispositienyofuthended amﬂerhntremledtttqarbn/sideo:eﬂghta
et s g EUR OV LRATIALE AL, ridhec2ec dbOERiote |
fi bers onto the dtnpnshgiq@emf Ahe high and low flow f‘low rate stage zones

zones of different flow resistances in the forming belt 42.

The fibers of the three regions 24, 26 and 28 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 genera’ny 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. _

This alignment provides for fibers to be generally mutually
parallel, have a relatively high degree of bonding. The
relatively high degree of bonding produces a relatively h‘igh
tensile strength in the high basis weight region 24.  Such high
tensile strength in the relatively hign basis weight region 24 is_
generally advantageous, because the high basis weight region 24 -
carries and transmits applied tensile loading throughout the
cellulosic fiber structure 20.

The relatively low basis weight region 28 comprises fibers, a
plurality of which are generally radially oriented, and emanate
outwardly from the center of the low basis weight region 28. If
the low basis weight region 28 is circumjacent the intermediate
basis weight region 26, the fibers of the low basis weight region
will also be radially outwardly oriented with respect to the
center of the intermediate basis weight region 26. Further, as
illustrated in Fig_urenl, the low basis weight region 28 and the

intermediate basis weight region 26 may be and preferably are
mutua]'ly- concentric. '

_' ,THE APPARATUS |

. Many components of the apparatus used . to make a .fibrous
: structure 20 accordmg to the present mvention are wel'l known - in

_This is the replacement sheet
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The formng belt 42 has high flowrate and low flow rate 1|iquid pervious
zones respectively defined by annuluses 65 and apertures 63. The form ng
belt al so has upstandi ng pr ot uberances 59. The liquid carrier
and entrained cellulosic fibers are deposited onto the form ng belt
42 as illustrated in Figure 2. - Thq7liquid carrier is drained through the
formng belt 42. in two

si mul taneous stages, a high flow rate stage and a
|l ow flow rate stage. In the high flow rate stage, the liquid,

carrier
drains t pe 118ted 1d IFagurate 1R aktd given
34 [ nlbﬁ);ﬁglef?%\%%?gt'g%ﬁ‘tgl I ‘é tﬁ?gfl on %?curswu t1 ea::]pﬁlad carrier
may comprise a means 44 deposi liqu d car er an

cellulosic fibers entrained therein onto a liquid pervious fiber
retentive forming element.

The 1iquid pervious fiber retentive forming e]ement 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
manufacture the cellulosic fibrous structures 20 described and
claimed herein. Particularly, the liquid pervious fiber retentive
forming element has protuberances 59 which form the low and
intermediate basis weight regions 26 of the fibrous structure 20,
and intermediate annuluses 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 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, 26, and 28 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 1liquid carrier and entrained
cellulosic fibers onto the forming belt 42, the fibrous structure
20 is dried according to either or both of known drying means 50a
and 50b, such as a blow threugh dryer 50a, and/or a Yankee drying
drum 50b. Also, the apparatus may comprise a means, such as a
doctor blade 68, for foreshortening or creping the fibrous
structure 20. '

- If a forming belt 42 is selected for the forming element 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 3. The first
face 53 is the surface of the forming belt 42 which contacts the
fibers of the ce]lu]osic structure 20 being formed ‘The first

- face 53 has been referred to in the art as the paper contact1ng'

side. of ;he form1ng be]t 42. . The f1rst face. 53 has two .

' topoéraphica)]y distinct-fegions_§3a,dndﬁS!b The regions 53a and
' Coe - ' This is the repiacement sheet
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IS no longer introduced to this portion of the formng belt 42).

I n
the low flow rate stage, the liquid carrier drains through |l ow flow rate
zones of the formng belt at a given initial. flow rate which is |ess
than the initial flow rate through the high flow rate zones. O

course the flow rate through both t hi gh and | ow f| ow

the formn
obturation
flowrate

t he | esser
based

f I b A
ag;rteﬁ?gg g%nﬁgﬁ'ﬁéra‘%‘?yggﬁﬁo%ﬁﬁ] 6t td%oxghpltalﬂﬁ 6’!‘ Qﬂn‘é %?ﬁfﬁg; eclj per

g belt 42 decreases as a functlon of tine,

rate zones in
due to expected

o 8Ph g T3l B R O Bthgeona it RSBY fpablc. "

zones obt urttee. second and oppesite sfatmcciir rofnghzoﬁemilmgurbaﬂtoﬂz maySuod due to
SrshoBUfIZVeHaRH. 12, Okideral % b oY) Y TaRrg U] ZOnes

shape and
di stributi omsedf henein dhef | lvd?feﬂcéiﬂbne'éﬂfel’ﬁetq other Iddﬁﬁﬁht@ zaumésfrom may,

ve a g Oow_ r esl st ance

whi ch

vi ous -
annul uses ceonsddertng ihp aferming, (Pleﬁbeﬁ%m%sbesg p'lanar, Avaar- ¢imensd oFIOCEDURES
Opaci ty structurdO Qquantify relative differences in opacity, a

Ni kon ' '

" macroscop:cally predeterm1ned pattern or. geometry, without regardﬁ

The forming belt 42 should be able to withstand all of the

known stresses and operating conditions in which cellulosic,
two-dimensional structures are processed and manufactured. A
particularly preferred forming belt 42 may be made according to
the teachings of U.S. Patent 4}514,345 issued April 30, 1985 to
Johnson et al., and particularly according Figure 5 of Johnson et
al., which patent is incorporated herein by reference for the
purpose of showing a particularly suitable forming element for use
with the present invention and a method of making such forming
element.

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 pressure to assist in transmission of
the 1iquid 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 fibrous structure 20 of the deposited
fibers.

" The forming belt 42 is also fiber retentive. As used herein

a ;component is considered 'f1ber retentive® if such 'component-

-rretains a 'maJority of the - f1bers ‘deposited .théreon in - a

This is the replacement sheet
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st ereoni croscope, nmodel SMZ-2T sold by the Nikon Conpany, of New

Yor k,
New York nmay be used in conjunction with a C nounted Dage Ml node
NC-70 video camera. The inmage fromthe mcroscope may _ be
stereoscopi cal ly viewed through the oculars or viewed in two
digrensi ons on a conputer nonitor. nalog | mage data fromthe
canera attached to the m croscope na e digitized by a video card
made by Data Transl ation of Marl boro, Massachusetts andfanalyzed on a
Maci nt osh 11 by..t uf & pertino,
Cali fornia. téuﬁ?]ggl%g?énﬁqgn X'f 916%%%?%&&22& oqugFiéi&]ar HR? é%

yS|
| MAGE, versiitrsegiit dsainphibexpected tiat NatﬂiberalretentNensbmpmemtomHeal th,

i n Washi ngt C. | | [ gﬁqu
usi ng st e?eg&ctégf‘ one hundred chggggfﬁt hgh% g\r‘\gésjrco &E?er m neg]gr eas
of the sanpl a\méF'é\arT]tYhés ‘»h?bb\%“dawr@ﬁbgf éﬁ@.%ﬂheys draimisnawaie fpbmne of

t he -

: “reinforcing structure 57

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.
structure 57 may comprise a foraminous element, such as a woven
screen or other apertured framework. The reinforcing structure 57
is substantially liquid pervious. A suitable foraminous
reinforcing structure 57 is a screen having a mesh size of about 6
to about 50 filaments per centimeter (15.2 to 127 filaments per
inch) as seen in the plan view, although it is to be recognized
that warp filaments are often stacked, doubling the filament count
specified above. The openings between the filaments may be
generally square, as 1{llustrated, or of any other desired
cross-section. The filaments may be formed of polyester strands,
woven or nonwoven fabrics. Particularly, a 52 dual mesh
reinforcing structure 57 has been found to work well.

One face 55 of the ‘reinforcing structure 57 may be
essentia11y macroscopically monoplanar and comprises the outwardly
oriented face 53 of the forming belt 42.
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
operation.

The reinforcing

in a papermaking
The oppos1ng 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
~ shurry, discussed'aboven

is deposited onto this'faﬁe 53 of the
form1ng belt 42 S -

The _patterned array “of protuberances 59

_and preferab]y comprises ‘individual

is joined 1o . the

‘sanpich 2BfpeHdME) MireaRadf sudhe reesmlionhd Perkiaveént!.i beg sydghhgct ed

The inwardly oriented

" This is the replacement sheet
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35 nornmal to the plane of the sanple. It may be expected that the areas

having fibers deflected nornal to the plane of the sanple will be of | ower
density than the areas having fibers which lie principally within the
pl ane of the sanple. Two areas, one representative of each of the

af prenenti oned fi ber distributions, &houl d be selected for further
anal ysi s. For the user's convenience in identifying the areas of the

sanpl e of interest, a hand held opaque mask, having a transparent w ndow
slightly |apgetubtemametsh669arétamed bko annd yswemﬂm eutwaedly Theomathee is

di sposed w tihg%lgr %@1é’rfteuntf9aE€5t53C%?t ored eV nfFBFcTH rﬁ%ef’@rété‘ﬂeasme
mask is place

so_that the transpar ndow i s centered

and captured? i'!‘l%trélt% it“or‘rﬂé"‘an%ﬂ yA88. Prﬁﬂpgra%eéaf’%ﬁd'eth ocprbidergde t hen

centered on tbhebHDnHter cEﬁ&Mﬁ& sheadadsée tﬁ@”ﬂﬂﬁcterﬁédﬂﬁtraj‘”y‘:f
transl ucent pguglltles of: the wi.ndow do, not, of fset the ana

“Whi |
the sanpl e iPEOL¥PANIACES cﬁ‘%sﬁ’(?ﬁé"gf 'agé"d ndesd. 3y e n@velrégazyusttéa e

that rel ati vidbyods R3uiryoas Sﬂbesozmoﬂsedﬂoato theh€ormitigebbm d2gray | evel S
are determ ned set ttuB COi Nnci

A total of 256 degrgg,o grAnces may tb {T%ldl o %éedreln?gnlé1ln%rles
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 bat.ch 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 1s preferably formed by
ménipulating 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 relationship, as illustrated in Figure
3. - -

As {llustrated 1in Figure 4, the patterned array of
protuberances 59 should be arranged so that a plurality of--
conduits, into which fibers of 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 §7. This
'arrangement_provides a defined topography to the forming belt 42
and allows for the 1iquid carrier and fibers therein to flow to
the reinforcing structure 57. The conduits between adjacent
protuberances 53 have 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 fibrous structure 20 are not formed.
The liquid carrier may drain the through aninuluses 65 between-
adJacent protuberances 59 to the remforcmg structure - 57 and
deposit fibers thereon. More preferably, the protuberances 59 are
distributed in a. nonrandom repeating pattern so that the
| | This is the replacement sheet

1 2 AUK19%6

Déte:



descri bed above, has been found to work well, with O representing a
totally white appearance, and 255 representing a totally black appearance.

For the sanples described herein, threshold gray |evels of approximtely
0 to 125-have been found to work well in the detection of the capillaries.

The entire selected area is nom1bicok red, having a first col or represent
the detected capillaries as discrete garticles and t he presence of

undetected fibers represented by gray | evel shading. This entire
oSy R stigty MBS NGB GRS ANRE
the sof twafehich Tise fonnestraraynd 3ﬂﬁr %ﬁﬁ?%dt@r 38/"°I"B‘3§13"5&$t§%) ggore.
[ﬁpgﬁf‘ggts' ggn{Ww@%&kmat%fé t%@ﬂ?'&%’l ate@ﬁnwm mdnﬁ@etmaa@gmmoum t he
e ir siz | n upjts of
area) rmy bé Qﬁﬁﬂslﬁtr“QQHEBIQPEd HAsitn @F Fﬁg %ﬁ%ﬁ\mﬁﬁ% Proty e g# |
particle sipgy H\téﬂaﬂyekté’gﬁ}'erbc HA api X@rayQr soi ft,hdesad,ﬁientra)‘rmbe bﬁ‘stf onet er
,Cﬁld: srgh; weagtbtr p%gﬁrpén%nfs t%%t l#%'su'ltt urffai%rous asrtr%cture ZE) are not
: aligned with either principal direction to which tensile loading
may be applied. |
Referring back to Figure 3, the protuberances 59 are
upstanding and Jjoined 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 wupon solidification. The distal
elevation of the outwardly oriented face 53 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
millimeters to about 1.3 millimeters (0 to 0.050

Obviously, if the protuberances 59 have zero extent
Z-direction, ‘a more '

inches).
in the
nearly -constant - basis weight cellulosic
R f1brous structure 20 is, approx1mated Therefore, if it 15 desired
.'to minimize the d\fference in basis welghts between adJacent h\gh '
- .-basis’ weight reg\ons .24 and low basis :weight' regions."28 of the

Th|s is the replacement sheet

Déte: 2 M 1008



36 This procedure is repeated for the second area of interest. The
second area is centered on the nonitor, then cut and pasted fromthe
bal'ance of the sanple, using the hand-held mask as desired. Again, the

t hreshol ded particles, representing the- projection of capillaries which
penetrate through the thickness oftrﬁ?sanple, are counted and t he average
of their sizes tabul ated. Any difference in the opacity between the

Sbove, it 1sceliassa TErus nelRistit 26 dshers t heHen drgtiberagtene oa
wi Il have gré&atstrouddabe tutilteed.t he i nternedi ate basis weight regions 26
Basts vei ght - RsriafisdaREd i rdaied 06 'BY B hebRACIY SOUBEERaBTY oo ur e
20 gccor di ngdoonethchayeeshanp |cnm@em|, onarrﬁyub@rbudm the i X¥elpy aneassor ¢Hat -
stress concentrations in the resulting high basis weight regions
24 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 3. _

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 remforcmg structure 57. If 1t f{s
desired to 1ncorporate more complex patterns than those
illustrated into the fibrous structure 20, it will be understood
by one skilled in the art that this may be accomp1ished by having
a topography defined by several Z-directional levels of upstanding
protuberances 59 - each level yielding a different basis weight
than occurs in the regions of the fibrous structure 20 defined by
the protuberances 59 of the other levels. Alternatively, this may
be otherwise accomplished by a forming belt 42 having an outwardly
oriented face 53 defined by more. than two elevations by some other
means, for example, having uniform sized protuberances 59 joined
to a vreinforcing structure 57 having a planarity which
significantly varies relative to the Z-direction extent of the
protuberances 59. . ’ ' _

As illustrated in Figure 4, the patterned array of
protuberances 59 may, preferably, rénge3in area, as a percentage
of the projeéted -surface area of the forming belt 42, from -a
.minimum of. about 20 percent ‘of. the total projected surface area bf'-
the form1ng belt 42 to a maximum of about 80 percent of the tota1 _

Tms is the replacement sheet
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by optically view ng (under magnification if desired) the fibrous
structure. 20 in a direction generally normal to the plane of the fibrous
structure 20. |If differences in the amount of fibers, particularly the
amount observed fromany line normal to the plane, occur in a nonrandom
regul ar repeating pattern, it can generally be determ ned that basis weight
di fferences occur in a |like fashion.23 Particularly the judgnent as to
the amount of fibers stacked on-top of other fibers is relevant in

determ ni.ng the basis weight of any particular region 24, 26 or 28 or
di f f er encespraojesieds sunfiaght saredet obertheanforming dtonk2, 2#ith 2aheor 28.
Ceneral l'y, girfffo‘?'g? est d%tb?é' ‘éﬁbgmﬁ\gamg btahsna@rbpueuer ogicteqs. 26
or 28 will be indicate i nver sel ho ortlogﬁ ferences In the
amount of |isgntaqeraaf§m0te&hshfomjmshe tr 48i on 24comferi&rxtm of the | 5

nor e accurab&&eﬁr@m%y QR afotw@rahass $9\RoJthe ea‘otameprojeege@rsu?ﬁace% or
28 relative to a reqgi

magni tude @8fear8 att 9e$°m’§‘9| ﬁ olh% %?nﬁakedb as qﬁ%t?qqréaat%s‘?f g’élhe

mul tiple e)pp@§¢tft§ed Sa}feta of reach. protubekence 59 adaken aphi ¢he rrmmmfm the
sanpl e, and uent ge an

ft, X
anal ysi s t@Eﬂ?ﬁ ag%{lrgs arbprgh ogﬁbaﬁ'%ﬁﬁa&’% rlgﬂi\?\?riﬁﬁgéi% gag(rae
conpared to of s&aaﬂednﬁbrcing 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 fibrous structure 20 increases,
minimizing the economic use of raw materials. Further, the

~surface area between adjacent protuberances 59 of the proximal
elevation 53a of the forming belt 42 should be increased as the
length of the fibers increases, otherwise the fibers may not cover
the protuberances 53 and 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 cellulosic fibrous structures 20 as described above and
claimed below. Either geometry of the second face 5%,
topographical or essentially macroscopically monoplanar, is
acceptable, so long as the topography of the first face 53 of the
forming belt 42 is not interrupted by deviations of 1larger
magnitude, and the form1ng belt 42 can be used with the process

steps described herein ‘The second face 55 of the forming belt 42

may contact ‘the equ1pment used in the process of making the

.fIbrous structure 20 -and_ has been referred to 1n the art as the ' '
- machine slde of the forming be]t 42 '

© This is the t.eoiecént.éﬂt- sheet .
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37 the fibrous structure 20. The analysis uses three masks: one to show
the discrete | ow basis weight regions 28, one to show the continuous

net wor k of high basis weight regions 24, and one to show the transition
regions. Reference will be nmade to menory channels in the follow ng
description. However, it is to be understood while these particular
menory channels relate to a specific2éxanple, the follow ng description of
basis weight determination is not so limted. I'n the conparison, the

standards and the sanple are sinultaneously soft X-rayed in_order to

ascertain and cdhebpeataibenancgsafd dafdnei anfyd usest b haying aultipdesand Xx-ray
i s taken of i1 199" Fredeft [NBwi Fis39adcesOint tie NTRERY perviRus s ipR the

el e BucB s st e e G i, A8 o THeF T rebfins by~ "
: be provided is illustrated in Figure 4. Each protuberance 59 of
the forming belt of Figure 4 is 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, fis an orifice 63 which provides 1liquid
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 orifice 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 liquid carrier will drain
through the annuluses 65 between adjacent protuberances 59 than
through the aperture within and circumscribed by the free end 53b
of a particular protuberance 59. Because less liquid carrier-
drains through the orifice 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 and low flow rate zones in the forming belt 42.
Because the flow rate through the annuluses 65 is greater than the
flow rate through the apertures 63 (due to the greater flow
resistance of the apertures 63) the initial mass flow rate of the
liquid carrier will be greater through the annuluses.65 will be
greater than the initial mass flow rate through the apertures 63.

"It will be recognized that no liquid carrier will flow
‘through the protuberances 59, 'be:.cauéé,' the protuberances 5§ are - ,

__-3:impéfv~iou$ to the liquid carrier. . .However, _depéndi'ng-- upon-. :t.ﬁe S
.elevation of the distal- ends 53b of the protuberances 59 and the =
el T A This i the replacement sheet
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If desired, the soft X-ray may be carried out using a Hew ett Packard
Faxitron X-ray unit supplied by the Hew ett Packard Conpany, of Palo Alto,
California. X-ray filmsold as NDT 35 by the E.I. DuPont Nemours & Co. of
W m ngton, Delaware and JOBO fil m processor rotary tube units nay be used
t o, advant ageousl y devel op the i nmage t he sanpl e descri bed herei nbel ow.
Due to expected and ordinary variatiths between different X-ray units, the
operat or nust set the optinmum exposure conditions for each X-ray unit. As

w1 ot or o 1ea9%h o BF ;A SBLIwIBEFe SEsESy, RRNGFastcl Pt MerdOily 0% 11 amp
continuous depostied Shethe Histad ensisr 63b wifsthacrrotyubarinsesed®.centineters and
the voltage aboujs & JeHpneldifh,ORhY VLI cndy aMRiCirate ridFeries ithe L1 e,
ich is adjusted so that the digitized ina \‘vouéd ¥|ﬁ_{$cri_§ rTBX{me_
contrast whefl oWi sateyofnbhel 14guidesannigEMhan 3&/ s tirstyiptrodypede ¢ 20 e cut
50 di mensi Oflﬁgeétfapu &BStﬁa 2bRMing7 te1tCeaR | MEOET Touksdy 18 withepe | f
esired, the sanple ma'?ge e rkf d wth_ indici ?.'.Eo al | oVy Peci se £low
det er ni nat i 0iec@BNiZRd |{dakt Pgﬁs if"" vats gnoes Wilhadegradass in, masy,
di stingui shafte Rasias foRtEivns of Ginet alsl ¢héndperturesy 6Beor namupusest &5 i nt o
e ST, MHieh Ginsihe LAPheteEphlE” sBEbrRbed A TTIE, PasdRy
mllimeters {@pealed in the liquid carrier and retained by the forming belt
42. The difference in flow resistance between the apertures 63
and the annuluses 65 provide 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 rate through the zones is referred to
as "staged draining," in 'recogniti_on that a step discontinuity
exists between the initial flow wrate 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 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 intermediate
basis weight regions 26 will occur 1in a  nonrandom repeating
pattern substantially corresponding to the low flow rate zones
(the apertures 63) of the forming belt 42 and to the low flow rate
stage of the process used to manufacture the cellulosic fibrous
structure 20. The low basis weight regions 28 will occur in a
nonrandom repeating pattern corresponding to the protliberances 59
of the forming belt 42 and to neither the high flow rate stage nor
" to the low flow rate stage of the process used to manufacture the
cellulosic fibrous structure 20. . o
| The . flow resistance of the .entire forming belt _42'. can. be
easily measured according to techniques well-known to one skilled . =~
“inthe art. However, measuring the flow resistance of the high - = .°°

| _ This is-the replacement;shee; :
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38 inches) in dianeter has been found to work well. The hol es may be
colinear or arranged in a triangular pattern. These indicia nay be
utilized, as described below, to nmatch regions 24, 26 and 28 of a

particul ar basis weight with regions 24, 26 and 28 di stingui shed by ot her
i ntensive properties, such as thickéss and/or density. After the indicia
are placed on the sanple, it is weighed on an anal ytical bal ance, accurate
to four si nifican% figures. TQe DuPont NDT 35 filmis placed onto the
Faxi tron X-4"dy '8¥; ],°"b?ﬁ?lt§i BANeY &Nt athtrf WSRERBGES ot fliow cexistengel e is
pl aced ont ctheirbpetwWeehms sreudifficudt die t& kheMeh&N 4zelef the! hidret er
cal i bration %tﬁng?ds of, known basi s wei ght s %mhgch appr oxi mat e and bound
the basis wWI9GAPY o OFnERWFaAPBEY: r HETRYSE, D4 oW Eesisipnsg may be {nferred
from the hydraulic radius of the zone. under consideration.
Generally flow resistance f{s

hydraulic radius.

inversely proportional to the

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 includes 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 Perimetér

wherein the flow area is_the area through the orifice 63 of the
protuberance 59, or the flow area between unit cells, i.e. the

smallest repeating pattern of annuluses

formed by 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 flow area does not take into
consideration any restrictions imposed by the reinforcing
structure 57 underneath the protuberances 59. The hydraulic radii
of several common shapes are 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. |

For the forming belts, illustrated in Figure'4, the two zones

of interest are defined as follows. The high flow rate zones

comprise the anhular'pbrjmeter 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.pro;uberance 59. "Thus, the region
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of the sanple) and known areas are also placed onto the X-ray unit at the
same tinme, so that an accurate basis weight to gray |evel calibration can
be obtained each tinme the.image of the sanple is exposed and devel oped.
Hel iumis introduced into the FaX|trog for about 5 mnutes at a regul ator
setting of about one psi, so that thetfair is purged and, consequently,

absorption of X-rays by the air is mnimzed. The exposure tine of the unit.
is set for-

Samle chant bepeen diFeny pratyiatancil 39w, Aeve Tifrodtndeflonsdl, o | ¢

conpl et ed, therefin] nwhich r dissf esteradincusa thd e ahoul dror peeimetepi nd uhder 't he

standard con rma
conpl et ed ragﬂ%ﬁ é%hﬁ gggmq % %Fh“@{égo‘m{?f‘wg@ E\E%&%Srcgbektg%@}ﬂ for
exposure ti rredmehbqa'oeﬂbemees $8.2, 2.5, 3.0, 3.5 and 4.0 ninutes. The

filminage made pyrufaaBrexp ées@set'm ﬁrott'ilﬁéz'ﬂi&'st'g?de 45 )0 ghe 9N

resol ution radi oscope Line canner sion S r Encer
Cal i forni a, quﬂﬂeﬁé‘@ bta %dé‘evatliﬁﬁgéhf’\fﬁayt'ﬁé’r Afyi the cbrlance ofpthe al

resol ution OPeWc%gl%uétW@e [FRWER SFIbPS CaeTY | w&gssw&d&& the
centinmeters of the radi ograp éwltabesoftwarefor th urpose I ncl udes
Radi ogr aphi c TeSas 5ng£“PFE£§ﬂ"§S| abeptaberances (%vTAye‘h'é'éé e vifdbers Ten.

The inmages agepddieedhigi oghe@mpdrtions 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 into
either the orifice 63 or annulus 65 between adjacent protuberances
53. _ .

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 S7 can pass app’roximate'ly' 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
{s 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 1{is spaced from the adjacent protuberance on a
machine direction pitch of about 19.9 millimeters (0.785 inches)
and a cross machine direction pitch of aboutlo 8 millimeters
(0.425 mches) The protuberances 59 are provided at a density of

- about 47 protuberances 59 per square. centimeter (300 protuberances
59 per square 1nch) ' :
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record the frequency of occurrence of each gray |evel
deviation is recorded for each exposure tine.

39 The exposure tine yielding the naxi rum standard deV| ation is used
t hroughout the follow ng.steps. If tgg exposure times do not yield a-

maxi mum st.andard devi ati on, the rang&®of exposure tinmes should be expanded
beyond that ill u'st rated above. The standard devi ati ons associated with the

b Tt T T R R e E L

mexi mum st andfaredt they batween oppasingi covvers afasboit: §. tlhuivdnet@m (6b1531i ned by
the scatter

exposure ti nt&&kggbg'ﬂ% a‘z Eé}{gthhqnsqgg tgfcmhé“a“‘é”étq@n ealé&'\r %Rgs% an

corners of about 13.6 millimeters (0. 5:*7 1nches) The
protuberances 59 extend in about 0.8 millimeters {0.003 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 orifice 63 centered therein and
extending from the free end 53b of the protuberance to the
proximal elevation 53a of the protuberance so that the free end
53b of the protuberance is in liquid communication with the
reinforcing structure 57. Each orifice 63 centered {in the
protuberance 59 is generally elliptically shaped and has a major
axis of about 5.9 millimeters (0.239 inches) and a minor axis of
about 4.1 millimeters (0.160 inches). The orifice 63 comprises
about 29 percent of the surface area of the protuberanceISQ._ With
the protuberances 59 adjoined to the reinforcing structure 57, the
forming belt 42 has an air permeability of about 490 standard
liters per minute (13,900 standard cubic feet per minute) and air
flow at a differential pressure at about 12.7 millimeters (0.5
inches) of water.

The aforementioned forming be]t 42 produces the fibrous
structure 20 {llustrated in Figure 1. It is to be recognized

. however the foregoing example is nonlimiting and many variations

in the reinforcing structure, protuberances 59, apertures 63

= therethrough, and/or annuluses 65 between adjacent protuberances
59 are feasible and within the scope of the claimed invention.

As 11lustrated in Figure 2, the apparatus further comprises a
means 44 for depositing the 1liquid 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 complete’ly ‘covered by the fibrous
'slurry A headbox 44, .a,s is well known - in the . art, may be

. advantageously . used for -this 'purpo.se While. several” types of -
'headboxes 44 are known in the art, one headbox 44 which has been

val ue. The standard

Th|s |s the rnpfacement sheet

Date: 12 AU 1998



The optinmumradi ograph is re-digitized in the 12 bit node, using the high
‘resolution Line Scanner to display the inmage on a 1024 x 1024 nonitor at a
onme to one aspect ratio and the Radi ographi c | magi ng Transm ssi on and
Archive software by Vision Ten to stq 2r nmeasure and di-splay the inmages.
The ‘scanner lens is set to a field of % ew of - about 8.9 centineters per

1024 pixels. The-filmis now scannéd in the 12 bit node, averaging both
[ h,to |l o

| i near and up.tables t ack ,to. the eight
o oanaan® Yolhei o, \BRk B2 %5! & o ehe g ESlrab Ry TR ARE e BhIdRE, ' S
gray |evel \geneesilyr e:oaxtmxmsdyt appdies namk deppsitsadthent £ibroussslurey

Al br at | on B, BybFEHATS 8P lertly Pack 6ShPtnt E“"??“‘”%"b%‘ﬁé Y ceptabl e i f
any one of the fThe omeans t4# e@omudteeosgtims the: fi rOUStﬁbU'm.VI nanshckhe ound
contains no Giadhenbald AT e | RKR relative to GHe!hokher] sislethdt S de:
the film backgrouhd contains no gradi ents I n g evel val ues
fromtop to 9RRerakly sonsistentyquantditynofithe,] %‘é%t carrian pndnentradned  on,
i.e. a celluloéid [fAbEPE Emay wadeﬁcakm g Qﬁeomw:@e bedtt 42 of her

side at the to of t he radi ogra

th
di fference i #PTHANOWSHt PEPCRS R boBﬂ%ﬁT'b’f el aéh%gﬁi&ﬂﬂ% 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 1iquid 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 fibrous structure 20 of fibers to form a
two-dimensional fibrous structure 20 having a consistency of at
_"least about 90 percent may be provided. Any convenient drying
means 502 and/or 50b well known in the papermaking art can be used .
to dry the embryonic 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.

If desired, an apparatus according to the present invention
may further comprise an emulsion roll 66, as shown in Figure 2.
The emulsion roll 66 distributes an effective amount of a chemical
compound to either. forming belt 42 or, {f desired, to the
secondary belt 46 during the process described above. The
chemical compound may act as a release egent to prevent undesired
adhesion of the fibrous structure 20 to either forming belt 42 or
to the 'secondary belt 46. Further, the emu'lsioil roll 66 may be

L used to deposmt a chemtcal ¢ompound: to . treat: the forming ‘belt 42 -
’ .or_ "secondary belt _ 46 and thereby extend its usefu] er
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One possible shortcut nmethod to determ ne whether or not the third
condition nmay be net is to exam ne the gray |evel values of the pixels
~located at the four corners of the radi ograph, which covers '

40 The remai ning steps may be performed on a Goul d Model 1P9545 | nmage
Processor, made by Gould, Inc., of F8Bront, California and hosted by a .

Digiti zed Equi prent Cor porati- on VAX 8350 corrput er, using Library of I|nage
Processor Softvvare (LI PS% sof

r epr esent at iRreferablye &h t&"’\“&wi%‘l ﬁértwd%osgrth‘ogéﬁ’féﬁ'%g‘g]’;;kam%gé?:lgugﬁ
al gori thm t @ opeh efdhiamaﬁcet 5Beofatid ef onningn bane 41 wmersaeh foimng areas
are enl argech&tlg 3‘52?@% 024 X 1% e(l’s t gul at f{:l,gga
backgr ound a S i 19t hp¥e: G o 5 ‘59 d eactmot h
the resul ti ngheremnith. 'I'fypslcah’lagge thdefwiﬁédowrntﬁte«roﬂlealfdbnqus 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 1nclude
compositions containing water, high speed turbine '911 known as
Regal 0i1 sold by the Texaco 011 Company of Houston, Texas under
product number R0 68 Code 702; dimethyl distearyl
ammioniumchloride sold by the Sherex Chemical Company, Inc. of
Rolling Meadows, I1linois as AOGER TAl00; cetyl alcohol
manufactured by the Procter & Gamble Company of Cincihnati, 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 fibrous structure -
20 is transferred from the forming belt 42.

An optional, but highly preferred step in proﬁding a
cellulosic fibrous structure 20 according to the pfesent invention
is foreshortening the fibrous structure 20 after it {is dried. As
used herein, "foreshortening" refers to the step of reducing the
length of the fibrous structure 20 by rearranging the fibers an'd
disrupting fiber to fiber bonds. Foreshortening may be
accomplished in any of several well known ways, the most common
and preferred 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, preferably the Yankee drying
drum 50b and then removed from that surface with a doctor blade 68
by the relative movement between the doctor blade 68 and the
surface to which the fibrous structure 20 is adhered. The doctor

" blade 68 is oriented with a component ~orthogonal. the direction of
_relatwe movement between the surface and the doctor blade 68 and

s, preferably substantia'ﬂy orthogona} thereto

" This is the replacement sheet
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either the sanple or standards, is then saved as the fil m background.

This filmbackground is digitally subtracted fromthe subi mage contai ni ng
the sanple image on the fil mbackground to yield a new i nage. The
algorithmfor the digital subtraction dictates that gray |evel values
between 0 and 128 shoul d be set to agyalue of zero, *and gray |evel values
bet ween 129 and 255 should be remapped from1 to 127 (using the fornula
x-128). Remapping corrects for negative results that occur in the

subtracted i magealsthe avamesss f fort hepptykngrur differentiadt apressdrdevioat i-on,
medi an,

Ih
e cone Se AR b1 B e B TR HPRE BB 20 Y B arongged e
reference. Thee aﬂtﬁﬂermﬁrﬁﬂs t peessured tmay seicagse veldynsiafiqattdnm dust |y
defined i t I
standards.  EgBhERIEElon BT R FRGonsTAE 6 Pay A0 PR G ERGTEREIY O .
i ndi vi dual | wmsumdnuabeaapa‘rtﬁd Hen trhestfdgrmmaructure 2hhsduriing oamEm dat a
f th t
descr i bing. CHhds EPp *Fi“éﬂﬁﬂbé’w‘“*?'e{g? D o P Fduie kR Cfye "

coef fi ci ent sdnadped hé"ﬂﬁes 3|Bér igr aﬂre\f&ﬁﬁé‘)’eqé@ﬂlﬂsﬂ whide ﬁh@peﬂ@éﬂ@s
variable is {(fictBed 20" 3 stfvClan edbeyoddpepilious Vatrutlfe 265 LNE to@ss per
P! _Xel " eal%J]ch of the 1iquid carrier is drained away before the differential
pressure 1is applied, the fibers may be too stiff and not
sufficiently conform to the topography of the patterned array of
protuberances 59, thus yielding a fibrous structure 20 that does
not have the described regions of differing density.

If desired, the number of i'eg*lons 24, 26 and 28 of the
fibrous structure 20 may be further subdivided according to
density, by utilizing the means for applying a differential
pressure to selected portions of the fibrous structure 20. That
is to say each region 24, 26 or 28 of a particular basis weight
may be manipulated by the apparatus and process herein described
so that each such region 24, 26 or 28 of a particular basis ueight
will have more than one density. .

For example, if it {is desired to increase the fiber to fiber
bonding, and thus enhance the tensile strength of the fibrous
structure 20, it is feasible to increase the density of selected
sites of the essentially continuous network high basis weight
region 24. This may be done 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
selected sites of regions 24, 26, and 28 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 intermediate basis weight regions. 26 or the low basis'
"weight regions 28 due to the greater number of fibers present “dn

.. the high basis weight regions 24. . Thus, -by. se]ective\y.
[P : o ‘This is the replacement sheet
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calibration standard: Since a gray |evel value of zero is defined to have
zero nass, the regression equation is forced to have, ay intercept  of

zero. The equation may utilize any comon spreadsheet program and
be run on a conmon desktop personal conput er.

41 The ‘al gorithmis then used t 2define the area of the. |mage

containing only the sanple Thi s i mge, shown in nenory channel 1, is saved
for further refere i s al sg ¢l assj

occurrences Wr%%fgﬁ?ﬁg aU‘eI RyARer 3‘1%39 a r@é?@%ag&qu ehu'é{f’iged in

conj uncti on fAibirbus hstradkctard f205d oneagayddmparto dias £fitateort ha;ltyotta:l the
cal cul ated "Se So‘z't:t.e es‘iftggmﬂf tt'ﬁ% high basis weight regions, i{mpart |
densification to the selected sites in the high and intermediate-
basis weight regions or, impart densification to the selected
sites in the high, intermediate and low basis weight regions 24,
26, and 28. :
Therefore, by using se'lective densification, it is possible
to make a structure having four regions: a high basis weight
region 24 having a particular density, a high basis weight region
24 having a relatively greater density than the balance of the
high basis weight region 24, an intermediate basis weight region
26, and a low basis weight region 28. Alternatively, it is
possible to make a fibrous structure 20 having five regions: a
high basis weight region 24 of a first density, and a high basis
weight region 24 having a relatively greater density, an
intermediate basis weight region 26 having a first density, an
intermediate basis weight region 26 having a relatively greater _
density, and a low basis weight region 28. Finally, of course, it
is possible to make a cellulosic fibrous structure 20 having six
regions: a high basis weight region 24 having a first density, a ~
high basis weight region 24 having a first density, a high basis
weight region 24 having a relatively greater density,
intermediate basis weight region 26 having a first density, an
intermediate basis weight region 26 having a relatively greater
density, a low basis weight region 28 having a first density, and
a low basis weight region 28 having a relatively greater density.
When selected sites are compressed by the projections of the
secondary belt 46, such sites are densified and incur greater
fiber to fiber bonding. Such densification increases the tensile
~ strength of such sites and increases the tensile strength of the
entire cellulosic fibrous structure 20.
Alternatively, the selected sites of the various regions 24,

26 or 28 may be dedens‘lfied,. 1ncfeasing the caliper and absorbéncy
of such sites. 'Dedensification may occur by transferring the.
-cellulosic fibrous structure .20 -from the -forming. belt 42 to a .
_secondary be'lt 46 havmg vacuum pervious reg'aons 63 not: co1nc1dent

an
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regressi on equation is: .Y =AXXXN wherein Y
equal s the mass for each gray level bin; A equals the coefficient fromthe
regression analysis; X equals the gray level (range O - 255); and N equals
t he nunber of pi xel's in each bin (de{’ rmned fromclassified image). The
sunmation of all of the Y values yiefls the total calcul ated nass. For

precision, this value is then conpared to the actual sanple nass,
det er i ned Q}(

h a f r
di spl ayed ont Oﬁrﬁebp&uberanc& g? he at{% L?F J;HQE%@, snﬁm %oggn%z%la 256
x 256 pi xethar sgldelasie ifribgeus mrtscta:rrea 205 trkfrtenragtmamw egfialthe in
each direct i@ §gs it/ n?fbroﬁU pérgkb@ré ol goowit e 'mﬁa A € o %”E@h fromthis
resul tant i f an:area o resultant shown in

rrerrpry cha#ﬁgfe@ntdéhtﬂlurw Ry e5BBIR @éﬁhﬂom%ﬁlﬁlbfﬁ °F‘e§1@éttm%y Cér‘ﬁs of

the* variougp 'IFQdOLrbS thé4vacuifr p eﬁ@fbuszﬁ-eg'l@ﬂs é?eofs%ecﬁé‘ébndfa?f belt
segnmentatio bjﬁe Var | ous

r . esuf tant_ | mege
shown in me gniddf @'ei“yégvgﬁ‘morp“fe&ﬁﬂf"é FE‘F%erserfgvfsectJéi“ng’f athe
digitizing ﬁi@l@ket ofeciicRpgdte Wvhiich ais! ic®ihciden, then viduuR! 3elrvY6us
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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.

A preferred apparatus to apply a differential fluid pressure
to the sites of the cellulosic fibrous structure 20 coincident the
vacuum pervious regions 63 of the secondary belt 46 is a vacuum
box 47 which applies a subatmospheric differential fluid pressure

to the face of the secondary belt 46 which is not in contact with
the cellulosic fibrous structure 20.

' THE PROCESS

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

The 1liquid carrier and entrained cellulosic fibers are
deposited onto the forming belt 42 as {llustrated in Figure 2.
The liquid carrier is drained through the forming belt 42.14n two
,lmu]taneous stages, a high flow rate stage and 2 low ﬂow rate
stage In the .high flow rate stage,. the liquid carrier drains
through the Tiquid perkus high flow rate zones at a ‘given

‘This is the replacement shest
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the | ow basis weight regions 28. The operator should subjectively and
manual |y circunscribe the discrete regions 26 with the Iight pen at the
m dpoi nt between the discrete regions 26 and the continuous regions 24
and 28 and fill in these regions 26. The operator should ensure a.

closed loop is fornmed about eaclyq circunscribed discrete region 26.
This step creates a border around and between any discrete regions
26 which- can be differentiated accordlng to the gray level intensity

varlﬁtlons ﬂgitia] flow rate unt11 obturation ‘occurs (or 4Re- 11quid carfﬁE?
oo T B e v datua s BBt OBk R, b ChECFmgro SRR OV 2,
zero, and all unppsfedisefien l(ﬁ’JertﬁgE.l the 'quuhdycanai%daaﬁsZS&rdugha val ue
of, -128. _ TTQ&% ?335 #giesggggsfof ‘the forming belt at a given initial flow-
‘ rate which is less than the initial flow rate through the high™
flow rate zones.
Of course the flow rate through both the high and low flow
rate zones in the forming belt 42 decreases as a function of time,
due to expected obturation of both zones. Without being bound by
any theory,' the low flow rate zones may selectively obturate
before the high flow rate zones obturate.
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. The low flow rate zones
may, for example, comprise apertures €3 through the protuberances
59, which apertures 63 have a greater flow resistance than the

1iquid pervious annuluses 65 between adjacent protuberances 59.

ANALYTICAL PROCEDURES
| Opacity .
To quantify relative differences in ‘opacity, a Nikon
stereomicroscope, model SMZ-2T sold by the Nikon Company, of New
York, New York may be used in conjunction with a C-mounted Dage
MTI model NC-70 video camera. The image from the microscope may
be stereoscopically viewed through the oculars or viewed in two
dimensions on a computer monitor. The analog image data from the
camera attached to the microscope may be digitized by a video card
made by Data Translation of Marlboro, Massachusetts and analyzed
" on a MacIntosh Ilx computer made by the Apple Computer Co. of
Cupertino, California. Suitable software for the digitization and
analysis is IMAGE, version 1.31, available from the National
Institute of Health, in Washington, D.C. _ '

The sample is viewed through the oculars, using stereoscopic
._.capabilities of -the microscope to determxne areas of " the sample .
. wherein the fibers are. substantia]]y within the p]ane of the
-5fsamp1e and other areas of the. sample which have fibers deéflected
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future reference. This nmask,
outwardly dil ated four

covering the discrete regions 26, is
pi xel s around the circunference of

t hen

each masked
regi on 26. The af orenenti oned nagnified i nage of nmenory channel 6
S t hen copied through the dil ated nask. This produces an inage

shown in nmenory channel 4, having o

hi gh basis

for future reference and classified as to the nunber of
each gray “ﬁ
| ookup table

reranpi ng hereas havtlﬁb fébﬁé&td g‘%ﬁé

i nwar dl y
Thi s

t he conti nuous network of
wei ght regions 24. The irfdge of nmenory channel

effect of ero

er oded

4 |is saved
occurrences of
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resulting inm anne is en save or uture
ref erence Wﬁﬁdc$%s§QFFgﬁg%ng &Fgmefﬂgwjﬁﬁﬁﬁer of occurrences of
each gray |evel For the user‘lsn conviaviehoe obi aid‘exttl‘léytrigﬂlhevgi'fw %ﬁ tHe both
transition re ns dij.ated_ into bot
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~smaller sized capiliaries.

“to determine -. the actual. .surface

‘either be. in pixels or,

window slightly larger than the area to be analyzed, may be used.
The sample is disposed with an area of interest centered on the
microscope stage. The mask is placed over the sample so that the
transparent window is centered and captures the area to be
analyzed. This area and the window are then centered on the
monitor. The mask should be removed so that any translucent
qualities of the window do not offset the analysis.

While the sample is on the microscope stage, the backlighting
is adjusted so that relatively fine fibers become visible. The
threshold gray levels are determined and set to coincide with the
A total of .256 gray levels, as
described above, has been found to work well, with 0 representing

a totally white appearance, and 255 representing a totally black

appearance. For the samples described herein, threshold gray

levels of approximately 0 to-125 have been found to work well in -

the detection of the capillaries.

The entire selected area is now bicolored, having a first
color represent the detected capillaries as discrete particles and
the presence of undetected fibers represented by gray level
shading. This entire selected area is cut and pasted from the
surrounding portion of the sample, using either the mouse or the
perfect sduare pattern found in the software. The number of
thresholded gray level particles, representing the projection of
capillaries which penetrate through the thickness of the sample,
and the average of their sizes (in units of irea) may be easily
tabulated using the software. The units of the particle size will

if desired may be m1crometer ca]ibratedj

Fapi11ar1e$.
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eroded i nmages made fromthe dil ated masks an shown in nenory
3 and 5. This is acconplished by first |oading one of

i mages into one nenory channel and the other eroded
menory channel

channel s
t he eroded

i mage into anot her
The i.mage .of menory channel. 2 is copied onto the

| mage of "menory channel 4, usindbthe image of nenory channel 2 as a
mask. Because the second inage of menory channel 4 was used as the
mask channel., only the non-zer els be .copi ed the I mage
of merory cHYsnerogedurg; &s- rﬁ”&éﬂj ar ﬁ diﬁ;‘t?é‘daﬁ ¢ Y%ﬁtm ng the

eroded hi gh fhassecomdi aear 69 cuntered ohhtthermoietterWtbemeut\/\ﬂnghpasted
ng' ons 28, rloltn- rt% ‘b@?aﬁ‘ée“eoP' )t(ﬁel sampelet.ra'}%g Pe' %%':.8%1%“ Wsk as
. desired. Again, the thresholded particles, representing the-
proJection'of capillaries which penetrate through the thickness of

the.sample, are counted and the average of their sizes tabulated.
Any difference in the opacity between the regions 24, 26 and

28 under consideration is now quantified. As disclosed above, it

is expected that the regions 24 of high basis weight regions 24
will have greater opacity than the intermediate basis weight

regions 26 which will have greater opacity than the low basis
weight regions 28.

Basis Weight

The basis weight of a cellulosic fibrous structure 20
according to the present invention may be qualitatively measured
by optically viewing (under magnification if desired) the fibrous
structure 20 in a direction generally normal to the plane of the
fibrous structure 20. If differences in the amount of fibers,
particularly the amount observed from any line normal to the
.plane, occur in a nonrandom, regular repeating pattern, it can’
generally be determined that basis weight differences occur in a
11ke fashion. .

Particularly the judgment as to the amount of fibers stacked
on top of other fibers is relevant in determining the basis weight
of any particular region 24, 26 or 28 or differences in basis
weights between any two regions 24, 26 or 28. Generally,
differences in basis weights among the various regions 24, 26 or
28 will be indicated by inversely proportional differences in the
amount of light transmitted through such regions 24, 26 or 28.

If a more accurate determination of the basis weight of one
region 24, 26 or 28 relative to a different region 24, 26, or 28,
is desired, such magnitude of relative distinctions may be
quantified using mu]tiple exposure soft X- -rays. to make a
radiographic image .of the sample, and subsequent image - ana]ysis ,
.Using ‘the soft X- -ray: and image analysis techniques, a set of
standards havung known basis weights are compared to a- sample of

ThlS 1s the: replacement sheet
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pi xels from each dilation and one from the operator's
circunscription of the regions 26). This imge, shown in nenory channel 2,
wi thout the transition regions is saved for future reference. Si hce

t he pixel values for the transition regions in the transiti.on region inmage
of menmory channel 2 all have a value gf zero and one knows the image cannot
contain a gray - level value greater than 127, (fromthe subtraction
algorithm, all zero values are set to a value of 255. All' of the non-zero
v?l ues fromhtthe fle!'bwlmz stirgbtaved 200w msia?aVﬂBth_?_ﬁgtWe% gﬂsk,si:n oh8etd mage
of .menory c ne e set to a,val ue ero. produyces . an ge
which is sa ¥ 3Pef§5fﬁr eflgvehég.s we?gh or%f’afnhﬁheo'&;%? ISBO¥| ’t% ues
of the transtantdnuowsyiretsorkt b€ highgdasis neeright afeglord 24 iandcopecth

t hrough the | f o 5 LN yukh | ne pixel wde
transition gr*g)g?gcrl?g trﬁ#@%ﬁa%?‘@%m“?ﬂ%ﬁ%r;tillluaﬂgeﬁa@, rﬁ"s MEROEY £ or
future refc¢handelsadn thesdoldpwing rdescriptdont o Howevemuniteris ofo be

e . . : . |
ot gnt for  Adlerdtiq | @fle these pafticidar! gRory Ecaielsaefid Ko O o
24, and trepesifien exagpbes ¢ ebefﬂga%mgeddesqrép&gm foforbasish wedghtie

classified | §demiaPOrR R8hdthQ¥M imitegnory channels 3, 5 and 4

In the comparison, the standards and the sample are
simultaneously soft X-rayed in order to. ascertain and calibrate
the gray level image of the sample. The soft X-ray is taken of
the sample and the intensity of the image {is recorded on the film
in proportion to the amount of mass, representative of the fibers
in the fibrous structure 20, in the path of the X-rays.

If desired, the soft X-ray may be carried out using a Hewlett
-Packard Faxitron X-ray unit supplied by the Hewlett Packard
Company, of Palo Alto, California. X-ray film sold as NDT 35 by
the E.I. DuPont Nemours & Co. of Wilmington, Delaware and JOBO
fi'l.m processor rotary tube units may be used to advantageously
develop the image of the sample described hereinbelow. , |

Due to expected and ordinary variations between different
X-ray units, the operator must seét the optimum exposure conditions
for each X-ray unit. As used herein, the Faxitron unit has an
X-ray source size of about 0.5 millimeters, a 0.64 millimeters
thick Beryllium window and a2 three milliamp continuous current.
The film to source distance is about 61 centimeters and the
voltage about 8 kVp. The only variable parameter is the exposure
time, which is adjusted so that the digitized image would yield a
maximum contrast when histogrammed as described below.

The sample is die cut to dimensions of about 2.5 by about¢7.5
centimeters (1 by 3 inches). If desired, the sample may be marked
with indicia to allow precise determination of the locations of

~regions. 24, 26 and 28 having distinguishable basis weights.
Suitable indicia may be incorporated into the sample by die
cutting- three holes out of the sample with a small punch. For the -
"embodiments described herein, a punch about.1.0 millimeters (0,039

© Tnisis the céplacéﬁiem_'sneet
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respectively are then enployed with the regression equation derived from
t he sanpl e standards. The total nmass of any region 24, 26, or 28 is
determ ned by the. summati on of mass per grey level bin from the inmage
hi st ogr am The basis weight is. calculated by dividing the nmass
values by the pixel area, consi ‘ing any magnification. The -
classified i mage data (frequency) for each regi on of nennry channels 3 -

5 and 7 may be di ayed as a ,his and Io t ed \ag st the nass
(gray |evel)} “%eﬁi { ?ﬁ'ét'b“a e%’h?n““‘f ett?u dgt Fl'b‘ﬂ 1Y t he
resul ti.ng cubyeoldneamerodetanged in aet'elehgm‘rnrobahtms and t he subjective
draw ng of the

O N9 o e MRSl h 5L b BFELEELC A ashEF i H0n, MmO,
range of 'baeg'mn\sezghtas waridh ZBheffmlmeqglaralblaMaswe‘r@tpuéth breglomspl at e
24, 26 and 28 distinguished by other intensive properties, such as
thickness and/or density. After the indicia are placed on the
sample, it is weighed on an analytical balance, accurate to four
significant figures. .
The DuPont NDT 35 film is placed onto the Faxitron X-ray
unit, emulsion side facing upwards, and the cut sample is placed
onto the film. About five 15 millimeter x 15 millimeter
“calibration standards of known basis weights (which approximate
and bound the basis weight of the various regions 24, 26, and 28
of the sample) and known areas are also placed onto the X-ray unit
at the same time, so that an accurate basis weight to gray level
calibration can be obtained each time the image of the sample is
exposed and developed. Helium {is introduced into the Faxitron for
about 5 minutes at a regulator setting of about one psi, so that
the air is purged and, consequently, absorption of X-rays by the
air is minimized. The exposure time of the unit is set for about
2 minutes. '
Following the helium purging of the sample chamber, the
sample is exposed to the soft X-rays. When exposure is completed,
the film is transferred to a safe box for developing under the
standard conditions recommended by E.I. DuPont Nemours & Co., toO
form a completed radiographic image. .
The preceding steps are repeated for exposure time périods of
about 2.2, 2.5, 3.0, 3.5 and 4.0 minutes. The film image made by
each exposure time is then digitized by using a high resolution
radioscope Line Scanner, made by Vision Ten of Torrence,
California, in the 8 bit mode. Images may be digitized at a
spatial resolution of 1024 x 1024 discrete points representing 8.9
X 8.9 centimeters of _the radi'ograph. Suitable software for this
purpose includes Radicgraphic Imaging Transmission and Archive .
(RITA) made by Vision Ten. The images are then histogranmed to :
. record the frequency of occurrence’ of ‘éach gray 1eve'| va'lue 'The"- o

3 standard dev1at1on is recorded for each exposn#r s%é ¢ eplacement shest
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44 The image resulting from this proceeding step is then
pseudo-col ored, based upon the range of gray .levels. The foll ow ng
~list of gray | evel s has been found suitable for uncr eped sanpl es of
cellulosic fibrous structures 20: _ - G ay
Level Range Col or 39 0

Bl ack 1-5 Dar k bl ue - 6-10
bg?PéVJﬂ ue The2§§e§?5?35t1me ylelding the maximuq%§§aﬁﬁSFﬁ]dev1at128+1s 16-20
Wite us&i dipedughout! the tfiodil owldnigystepave [fathe géxposei timesidphnot t han
otnerutse. ST A YRBARAFSEAMIESgeyTRE ! LW Pondd %3¢ 'Epebi i ' 201
: | should be expanded beyond that 111ustrated above. The standard ~
-' deviations associated with the 1mages of expanded exposure times
should be recalculated. These steps are repeated until a clearly
maximum standard deviation becomes apparent. The maximum standard
deviation is utilized to maximize the contrast obtained by the
- scatter in the data. For the samples illustrated in Figures 8-14,
an exposure time of about 2.5 to about 3.0 minutes was judged
optimum.
The -optimum radiograph is re-digitized in the 12 bit mode,
using the high resolution Line Scanner to display the image on a
1024 x 1024 monitor at a one to one aspect ratio and the
Radiographic Imaging Transmission and Archive software by Vision
Ten to store, measure and display the images. The scanner lens is
set to a field of view of about 8.9 centimeters per 1024 pixels.
The film is now scanned in the 12 bit mode, averaging both linear
and high to low lookup tables to convert the 1image back to the
eight bit mode. :
This image is dispIayed on the 1024 x 1024 1ine monitor. The"
gray level values are examined to determine any gradients across
the exposed areas of the radiograph not blocked by the sample or
the calibration standards. The radiograph 1s Jjudged to be
acceptable if any one of the following three criteria is met:
the film background contains no gradients in gray level
values from side to side;
the film background contains no gradients in gray level
values from top to bottom; or
a gradient is present in only one direction, i.e. a
difference in gray values from one side to the other
side at the top of the radiograph is matched by the same
difference in gradient at the bottom of the radiograph.
‘One possible shortcut method to determine whether or not the third
. condition may be met is to examine the: gray Tevel va1ues of the
pixels Yocated at the four corners - -of the radiograph which covers

are adjacent the sample 1ma e. . |
j g ’ This is ihe replacemen sheet
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G ay Level Range _ Col or 0

Bl ack 1-7 - Dark bl ue 8-14

Li ght bl ue 15- 21 ' G een 22-28
Yel | ow. 29- 36 : . o Red . 36+

Whi.te The resulting inage nmay b&g dunped to a printer/plotter. | f
desired, a cursor I|ine. may be drawn across any of the

af orenenti oned i mages, and a profile of the gray levels developed. If the
profile providesTive qendiringi ytéps mapechkd ipepforaedcom,a tGouddi Modedr IH9545

I ndi cation, {hat nonr and r hAg fte : S i .S ,present
in the sanpl 38F ?ﬁ%‘%?@'ﬂs{“&?ﬁ@ﬁ‘pg'zﬁ?‘" of P'Itq‘n*&ﬁéi?%ﬁ,fgp%@siaﬁdmi ght

di f f er ences hmstetebyeneDigitdaedy tquisimegt aboxporat tam Woan83Surcomputiem, pl ace

of the afor
beam for th

gﬁ%&g: gfﬁ'qrfoth Im3ge Procedsor $oftRafESLIPY) [tagr&N €l ect

A portion of the film background representative of the
criteria set forth above is selected by utilizing an algorithm to
select areas of the sample which are of interest. These areas are
enlarged to a size of 1024 x 1024 pixels to simulate the fiim
background. A gaussian filter (matrix size 29 x 29) is applied to
smooth the resulting image. This image, defined as not containing
either the sample or standards, is then saved as the film
background. '

This film background is digitally subtracted from the
subimage containing the sample image on the film background to
yield a new image. The algorithm for the digital subtraction
dictates that gray level values between 0 and 128 should be set to
a value of zero, and gray level values between 129 and 255 should

ron

be remapped from 1 to 127 (using the formula x-128). Remapping

corrects for negative results that occur in the subtracted image.

The values for the maximum, minimum, standard deviation, median,

mean, and pixel area of each image area are recorded.

The new image, containing only the sample and the standards,
is saved for future reference. The algorithm is then used to
selectively set individually defined image areas for each of the
image areas containing the sample standards. For each standard,

the gray level histogram is measured. These individually defined -

areas are then histogrammed.

The histog'r;m data from the preceding step is then utilized
to develop a2 regression equation describing the mass to gray level
relationship and which computes the coe'fficieni‘:s for the mass per
gray value equation. The independent variable is the mean gray
level. The dependent variable is the mass per pixel in each

. calibration standard. Since a gray level value of zero is defined

‘to have zero mass, the regression equation is forced to have a y

© intercept df zero.” The equation may utilize any common
spreadsheet program and be run .on' a- Common desktop ~personal

- computer.

" This is-the fépl:écéfn‘ent sheet
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45 —meLghLJJnﬂﬂJELEEE%detern1nation, a suitable procedure. is set forth
i n Euopean Patent Applicati '

I cation 0,393,305 A2 published Cctober 24, 1990 in
the nanes of Luner et al., which application is incorporated herein by
reference for the purpose of. showing a suitable nethod of determning
differences in basis weights of various regions 24, 26 and 28 of the
fibrous structure 20. VARI ATI ONS 41 I nstead of the cellulosic fibrous
structure 20 having discrete internedi ate basis weight regions 26, it is
prophetically probable that a cellulosic fibrous structure 20 having an

essential | y contTheu@lgorithmwork then rlIS‘!ﬂm%dl defineathe aregyhdf rthgi dmsge26 may
e for e SARsTuRe nA1P S, SRS, ShFLCIaloR. 20ndy e BRGY SRabiele, Moo
in Figure 1, islsavedefor further reference, and is also classified as to
the number of occurrences of each gray Yevel: The regression
equation is then used in conjunction with the classified image
data to determine the total calculated mass. The form of the
regression equation is:
Y=AxXxN
wherein Y equals the mass for each gray level bin; A equals the
coefficient from the regression.iﬁa\ysis; X equals the gray level
(range 0 - 255); and N equals the number of pixels in each bin
(determined from classified image). The summation of all of the Y
values yields the total calculated mass. For precision, this
value is then compared to the actual sample mass, determined by
wewghing.
The calibrated image of memory channel 1 is displayed onto
the monitor and the algorithm is utilized to analyze a 256 x 256
pixel area of the image. This area is then magnified equally 1in
each direction six times. A1l of the following images are formed
from this resultant image.
1f desired, an area of the resultant image, shown in memory
channel 6, containing about ten nonrandom, repeating patterns of

the various regions 24, 26, and 28 may be selected for

segmentation of the various regions 24, 26 or 28. The resultant

image shown in memory channel 6 1is saved for future reference.
Using a digitizing tablet equipped with a 1light pen, an
interactive graphics masking routine may be used to define
transition regions between the high basis weight regions 24 and
the low basis weight regions 28. The operator should subjectively
and manually circumscribe the discrete regions 26 with the light
pen at the midpoint between” the discrete regdons 26 and the
:,continuous regions 24 and 28 and fi]\ in these regions 26. The
operator should ensure a closed 1oop is formed about each.
_eir;umscribed discrete reg1on 26. This step . creatés a border
ardund' and . between any - discrete regions 26 which can be
"L: differentiated according to the gray level 1ntens1ty variatlons

T“e as ‘the replacement sheet
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form ng—bett+—42-—of Figure 5, selected protuberances 59 are clustered nore

cl oselly together—so—that—t he |iquid pervious annul uses 65 between adjacent
prot uberances 59 have a | esser hydraulic radius, and hence exhibit nore
resistance to allowing cellulosic fibers entrained in the liquid carrier to
be- deposited therein. Such clugéz ers 58 of selected protuberances 59
are spaced apart from other protuberances 59 which forma separate cluster
58. The liquid pervious annul uses 65" between adjacent clusters 58 of

prot uber ances 53htageaphice! mask eggneretedrirf | the rpreced tngcestephds tthen | i qui d

bet | 59.
he descr i boa iEa, IhPelon ) BEEp1e BT Ce€ ATinksked VTR ] PR Ofs g
belt 42" te&egdost 26hite orahug Oﬁowanm atbammapkedaadven. (such as By

providing  red{dndr oBtadd 28)5PEE! fivalfe! YECT28. AdthdcCRask PO URRARGES 59,

l'i quid pervious annu uses avi ng | ow resi stanc Fsely
propor t i onafutyyre; Rafenienge ng Thd s vpask, tF@’erdﬂmsﬁhérgigs"%yrmoashtﬁ,véd t he

forning bel knéR. outdafrdw Sdnafed ToUr SSué‘l@ RPo bR O Z@ﬂ'chm‘éretngg B?S' S

wei ghts of thqb $ é? 28 of the fibrous structure
still be gef&FaM 33 HFQFE%I proportlonal to the flow resistance of any

given liquid pdhe aferementiosedmaynibbed image of memory channel 6 is

then copied through the dilated mask. This produces an image

shown in memory channel 4, having only the continuous network of

- eroded high basis weight regions 24. The image of memory channel

4 is saved for future reference and classified as to the number of
occurrences of each gray level value.

The original mask is copied through a lookup table that
reramps gray values from 0 - 128 to 128 - 0. This reramping has
the effect of inverting the mask. This mask is then inwardly
dilated four pixels around the border drawn by the operator. This
‘has the effect of eroding the discrete regions 26.

The magnified image of memory channel 6 is copied through the
second dilated mask, to yield the eroded low basis weight regions
28. The resu]ting image, shown in memory channel 3, is then savedn_

for future reference and classified as to the number of
‘occurrences of each gray level. '

In order to obtain the pixel values of the transition
regions, the two four pixel wide.regions dilated into both the
high and low basis weight regions 28, one should combine the two
eroded images made from the dilated masks an shown in memory
channels 3 and S. This 1s accomplished by first loading one of
the eroded images into one memory channel and the other eroded
image into another memory channel. . .

The image of memory channel 2 is copied onto the image of
memory channel 4, using the image of memory channel 2 as a mask.
Because the second image of memory.channel 4 was used'as the mask
channel, only the non-zero pixels will be copied onto the image of
‘memory channe] 4. This procedure produces an 1mage containlng the
eroded high bas1s weight reg1ons 24, the ‘eroded low basis weight

.. regions 28 but not the nine pirel wide transition regions. (four:

“This is the replacement sheet
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46 __==:::£%§%afﬁﬁ§f:§g~difference between the fibrous structure 20
produced accordi formng belt 42 '

. . of Figure 5 in the fibrous
structure 20 produced according to the formng belt 42 of

that the fibers of the internediate basis weight - region 26 of the
fibrous structure 20 forned accordlnq to the formng belt 42", wll be
generally aligned with the principal dlrectlons of the process of

manuf acture of the fibrous structure rat her than being radially
oriented mnt

regi ons 26 dF mﬁ:?pe? pect{aréﬁoc‘aqtlf{ion zﬂicdbt R ”tf?érﬁmdtl?é e Wa%oé“f‘s' ght

asl's wel ght i ons
The foregoi nuincemsertpdion dtfalthﬂngetﬂnlsu?-@)ﬂ c Mipeimagen éh wn in memory
channel 2, without the transition regions is saved for future

reference.

Figure 3, is

4

Since the pixel values for the transition regions 1n the
transition region image of memory channel 2 all have a value of
“zero and one knows the image cannot contain a gray Yevel value
greater than 127, (from the subtraction ,algorjthm). all zero
values are set to a value of 255. All of the non-zero values from
the eroded high and low basis weight regions 28, in the image of
memory channel 2 are set to a value of zero. This produces an
image which is saved for future reference.

To obtain the gray level values of the transition regions,
the ‘image of memory channel 6 is copied through the image of
memory channel 5 to obtain only the nine pixel wide transition
regions. This image, shown in memory channel 3, {s saved for
future reference and also classified as to the number of
occurrences per gray level.

So that relative differences in basis weight for the low

~ basis weight regions 28, high basis weight regions 24, and

| transition region can be ‘measured, the data from each of the.

classified images above and shown in memory channels 3, 5 and 4

respectively are then employed with the regression equation

derived from the sample standards. The total mass of any region

24, 26, or 28 is determined by the summation of mass per grey

‘level bin from the {image histogram. The basis weight

: calculeted by dividing the mass values by the pixel
considering any magnification. '

The classified image data (frequency) for each region of
memory channels 3 - 5 and 7 may be displayed as a histogram and
plotted against the mass (gray level), with the ordinate as the
frequency distribution. If the resulting curve is monomodal the
'selection of areas and the subjective drawing of the mask were

“likely . accurately performed.  The images may also be
_pseudOacolored so that each color. corresponds to a narrow range of

. basis we{ghts with the fo1lowing table .as  the possib1e template
for color mapptng

is
area,

Thns is the replacement sheet
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patterﬁ?TTTTﬁ?TTWﬂ+ﬁg—beLts 42 and 42' may be conbi ned, as

"prophetically illustrated in Figure 6. In Figure 6, a formng bel t
42' ' is shown having both adjacent protuberances 59 di sposed in
clusters so that discrete annuluses 65 and 65" , between adj acent
pr et uberances 59 have different flow 4ésistances. Addi tionally, the
prot uberances 59 are provided with apertures 63' having a fl ow
resi stance generally equivalent that of the liquid pervi ous annul uses

65' or 65" betmeeﬁeadﬁmgentrwtmmgard’moms thdis procekdiry rrng/ed)ewi ftment :
fromthe rovtg rgad %qu&e b?&é'dd H@E)ﬁll %8  ran nnU#u?ﬁ‘Yg&b gfbl N bet ween

adj acent protuberanc und variation The €ror
exanpl e, for rfioldowingt st of gray( il.eveluﬂ hastmeﬂqundasumbﬁeofmenamm 59

With orificesagi&d of ce'l'l‘ﬂ'i‘@sfd FebhdusdetHuadires Ojgiber ances 59 and orifices

63 of a second size (and orifices 63 of .yet a third size) in other
pr ot uber ances are possible. Yet another variation is to incorporate
orifices 63 of gty fleveltRangees i nto the samggyppt uberance. For
exanple, a dlanDQd shaped protuberance 59 ﬂﬁi have two smal |l orifices
63 near the apici®es of the dianond shape a aB | arge orifice 63
centered I n the dl&éond shape. Funtmmm)re a formng belt
42 (not illustrated) hawag a -cluster of p ances 59 with one
space in between adj acél'r*fI pr ot uber ances, {'@oﬁiﬂ%pam ng bet ween
adj-acent clusters, andleld Green

16-20 Yellow

21-25 Red

26+ . White

Creped samples typically have a higher besis weight than
otherwise similar uncreped samples. The following 1ist was found

suitable for use with creped samples of cellulosic fibrous
structures 20:

Gray Level Rahge Color
0 Black
1-7 ~ Dark blue
8-14 - Light blue
- 15-21 Green
22-28 Yellow
29-36 Red

36+ White

The resulting image may be dumped to a- printer/plotter. If
desired, a cursor line may be drawn across any of the
aforementioned;images, and a profile of the gray levels developed.
If the profile provides a qualitatively repeating pattern, this is
further indication. that a nonrandom, repeating pattern of basis
weights is present in the sample of the fibrdue-structure -20. |

' 1f desired,  basis we1ght differences may be determined by

. us1ng an electron beam source, in place of the aforementioned soft

- X-ray. If. it s desired to. ‘use an. e]ectron beam for the basis,
S Thls is- the replacement sheet. )
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third spéETﬁg‘ﬂﬁﬁwwx#L‘gngxles of adjacent <clusters is also

possi bl e. - OF course, the conpound protuberance 59 spacing
variati on may be combined with the conmpound orifice 63 size variation to

yield 47 yet further conbinations.
A1 such variations and pernutatlons45re wi thin the scope of the.invention,
as set forth by the follow ng clains.
weight imaging and determination, a suitable procedure is set
forth in Enropean Patent Application 0,393,305 A2 published
October 24, 1990 in the names of Luner et al., which application
is incorporated herein by reference for the purpose of showing a
suitable method of determining differences in basis weights of
various regions 24, 26 and 28 of the fibrous structure 20.

VARIATIONS

Instead of the ce]lu]osic fibrous structure 20 having
discrete intermediate basis weight regions 26, it is prophetically
probable that a cellulosic fibrous structure 20 having an
essentially continuous network of intermediate basis weight
regions 26 may be formed. Such a cellulosic fibrous structure 20
may prophetically be made using a forming belt 42’ having
protuberances 59 spaced as {illustrated in Figure 5. In the
forming belt 42’ of Figure 5, selected protuberances 59 are
clustered more closely together so that the liquid pervious
annuluses 65’ between adjacent protuberances 59 have a lesser
hydraulic radius, and hence exhibit more resistance to allowing
cellulosic fibers entrained in the liquid carrier to be deposited
therein. .

Such clusters 58 of selected protuberances 59 are spaced
apart from other protuberances 59 which form a separate cluster
58. The liquid pervious annuluses 65’’ between adjacent clusters
58 of protuberances 59 have a relatively lesser flow resistance
than the liquid pervious annuluses 65’ between the more closely
spaced protuberances 59. As described above, the clusters 58 of
protuberances 59 of the formin§ belt 42’ tesselate and form a
nonrandom repeating pattern. _

- By providing differential spacing between adjacent
protuberances 59, liquid pervious annuluses 65’ and 65’’ having
flow resistances inversely proportionél to the spacing between the
clusters 58 may be acheived the forming belt 42. It is, of
course, to be recognized that the basis weights of the reg1ons 24,

: 25, or 28 of the’ fibrous structure 20 will st111 be . generally-

1nverse1y proportiona] to the flow resistance of any given 11quid“
pervaous annulus 65’ or 65"

Th|s is the replacement sheet
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46

- One expected difference between the fibrous structure 20
produced according the the forni'lng ‘belt 42’ of Figure 5 in the
fibrous structure 20 produced according to the forming belt 42 of
Figure 3, 1{s that the fibers of the intermediate basis weight -
region 26 of the fibrous structure 20 formed according to the
'forming belt 42‘, will be generally aligned with the principal
directions of the process of manufacture of the fibrous structure
20, rather than being radially oriented with respect to the center
of the intermediate basis weight regions 26 or with respect to the
low basis weight regions 28. '

The foregoing means for retaining cellulosic fibers in a
pattern in the forming belts 42 and 42' may be combined, as
prophetically illustrated in Figure 6. 1In Figure 6, a forming
belt 42°‘ 1s shown having both adjacent protuberances 59 disposed
in clusters so that discrete annuluses 65’ and 65’’, between
adjacent protuberances 59- have different flow resistances.
Additionally, the protuberances 59 are provided with apertures 63’
having a flow resistance generally equivalent that of the liquid
pervious annuluses 65’ or 65'’ between adjacent protuberances, or
which may be different from the flow resistances liquid pervious
annuluses 65’ or 65’’ between adjacent protuberances. '

Compound variations are possible. For example, forming belts
42 (not 1llustrated) having protuberances 59 with orifices 63 of
one size in desired protuberances 59 and orifices 63 of a second
size (;md orifices 63 of yet a third size) in other protuberances
are possible. Yet another variation is to incorporate orifices 63
of different sizes into the same protuberance. For example, a
diamond shaped protuberance 59 may have two small orifices 63 near
the apicies of the diamond shape and a large orifice 63 centered
in the diamond shape.

Furthermore, a2 forming belt 42 (not illustrated) having a
cluster of protuberances 59 with one space in between adjacent
protuberances, a" second spacing between adjacent clusters, and a
third spacing . between ga’laxies of adJacent c]usters is a'lso
_ .possible. L - : .
| _ Of course, the compound protuberance 59 Spacing variation may .
- be combined with the ‘compotind or1f1ce 63 Size variation to yieId

- This is the replacement sheet
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yét further combinations. A1l such variations and permutations
are within the scope of the {invention, as set forth by the.
following claims.
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[err] ' 48 C ai ns: 1.
A siﬁgﬁeN#anLng\ggLLELgijc fibrous structure (20) conprising two regions
di spos nonrandom repeating pattern: a first
regi on M/’ H i vely high basis weight and conprising an '
essenti ”ﬂ’ﬂj@onti nuous netmprk; a second region (28) of
a relatlvely ‘| oW o¢ 0 basis weight relative to the first

regi on and circunscri bed by and adjacent said first region (24);

characterised in that the lam na conprises a third region (26) of
an internedi ate basi s wei ght relative to the basis weight of said
first and said second regions (24,28), said third regi on (26)

bei ng juxtapoéﬁdﬁﬂﬁib sai d second region (28).

1. A single iamina cellulosic fibrous structure comprising at

least three regions disposed in a nonrandom, repeating pattern:

a first region, of a relatively high basis weight and
comprising an essentially continuous network;

a second region of a relatively low or zero basis weight. and
circumscribed by and adjacent said first region; and

a third region of an intermediate basis weight relative to the
basis weight of said first and said second regions, said
third region being juxtaposed with said second region.

2. A cellulosic fibrous structure according to Claim 1 comprising
at least four regions characterized in that said first region
of a relatively high basis weight comprises two relatively high
basis weight regions having mutually different densities, each
said high basis weight region comprising an essentially
continuous network, and preferably characterized in that said
cellulosic fibrous structure comprises at least five regions -
characterized in that said first region of a relatively high
basis weight comprises two fe]ative]y high basis weight regions
haﬁing mutually different densities and said third region of an
intermediate basis weight comprises tﬁn intermediate basis
weight regions having mutually different densities, and more
preferably characterized in that said- cellulosic fibrous
structure comprises at least six régions characterized in that
said first region of a relatively high basis weight comprises
two relatively high basis weight regions having mutually
different densities, said third region of an intermediate basis
weight comprises two intermediate basis weight regions having . -
mutually different densities and said second region of a low

~ basis welght comprises two low basis weight regions having
: mutual]y different dens;t1gs

' This Sheet Has Been Re; : : . o - - . L
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ciiu.u“ic fibrous structure (20) according to claim1 conprising
regions wherein said first

region (24) of a .
relat JEH”H , wei ght conprises two relatively high basis
wei ght'« mutual ly different densities, each said

hi gh basi s MEIght regi on conprising an essentially continuous network, and
preferably wherein said cellulosic’ fibrous structure conpri ses at | east
five regions, said first region (24) of a relatively high basis
wei ght coRpr |%|¢ﬁjlpm1|ce|ﬁ1thro@$ ystifugifure accordingatosCheimshtl ragi dhs haV| ng

mutual 'y di ff@(a?&‘étéﬁﬂédt '1ﬁ5 & Sadid tJHc'qur%mg‘?&h (26) s%stant'namy

I nt ermedi ate basi s wei nprising two 1 nter diate reglons

havi ng nut ualqept Hg‘fquérgh‘ih ééhgl'ﬁh‘é'g "Qﬂ’!@"nﬁﬂé‘ Bf%ﬁeé'labbY yChM‘ié*?—f@imZ@hl d

cellulosic in that séidars@aan@tfégthlres(ﬁm)stsmmﬁe&&hmh@@eﬂt §hi€dfeg' ons,
said first rel atively high basis weight

s
conpri si ng tﬁﬂ‘ alé¥ngry hi gh basis wei ght regions ~ having
nmutually different densities, said third region (26) of an |nterned|ate

D muialh, AT EIOELET S TR ARG D ot BF RS 005,
of a |low ba3|f§"‘m0'gm claipsi shagacterizedy in that saidasfibenei gﬁt sadgdi ons
havi ng nut ual Jééoﬂﬂfrfégr Sﬁtaﬂe%ﬁbﬂa‘?ﬁlalw ra&ia] y é‘ﬁﬁltu!'l osi ¢ fibrous

| al ne and 2, sard

structure (20) according to second’ regi on
(28) is substantially contiguous with said third region (26), and

preferabl ¥, V\hﬁrgiﬁghl r'lamma c%@l@lo)%%oquf'&% OftrueBhrd Scomisiy ' at! Y

acent regi on
cireun f%as three reg1ons dgsposed in a nonrandom, repeating pattern:

a first essentially continuous load bearing network region;
a second discrete region having fewer fibers per unit area
than said first region; and

a third region radially bridging said first network region to
said second discrete region.

6. A process of producing a single lamina cellulosic fibrous
structure, said process comprising the steps of:
- providing a plurality of cellulosic fibers suspended in a
liquid carrier; _
.- providing a fiber retentive forming element having fluid
pervious zones; _
- providing a means for depositing said fibers and said
carrier onto said forming element;
- depositing said fibers and said carrier onto said forming
element; and |
- draining said carrier through said forming element in two
stages: a high flow rate stage and a low flow rate stage, said
high flow rate stage and said low flow rate stage having a
mutually different initial mass flow rate, and preferably )
characterized in that said second stage of said step of

draining occurs by obturat1ng said nonselected zones with said
_ce]]ulos1c f1bers

g
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4. AT;;JT:H:E;7;_-_‘BF6DS structure (20) accordlng to any of the

fore90|n MFu"u haracterised in that said fibers of said second
regi on ( uu&m"ﬂally radially ori ent ed. 5. A single
| ami na cellul osic®ilkross structure according to clainm31 wherein

the first region (24) fornms an essengpal ly continuous | oad bearing network

regi on; the second region (28) being discrete and having fewer
fi bers per_unit area '

a . said.fjrst the third
regi on (26 5 r ABi %ﬂﬂaﬁa%‘ﬁ ﬁarn@@é{‘% cfeSIpg{osggfﬁﬁ‘oe%@trygt\gﬁ 83%W90AY regi on
(28). least three mutually different basis weights disposed in a

- nonrandom repeating pattern, said apparatus comprising:

4

- a fluid pervieus fiber retentive forming element having

zones through which a fluid carrying the cellulosic fibers may
drain; and

- a means for obturating predetermined zones of said forming
element with said cellulosic fibers by sequentially draining a
liquid carrier through said forming element into stages, a
first stage characterized in that said carrier drains through
said element at a threshold rate for a time period and
simultaneously draining said 1liquid- carrier through said
forming element in a second stage having a flow rate less than
said threshold flow rate for a lesser time period.

8. An apparatus according to Claim 7 characterized in that said
selective -obturating means comprises zones of different
hydraulic radii through which said fluid carrying said
cellulosic fibers may drain. |

9. An apparatus atcording to Claim 8 characterized in that said
selective obturating means comprises a foraminous, fluid
pervious reinforcing 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, a plurality of said protuberances having at least
one fluid pervious orifice therethrough so that the portions of
said reinforcing structure registered with said orifices are in
fluid communication with said free ends of said protuberances,
each said protuberance beind circumscribed by a liquid pervious
annulus, and preferably characterized in that said hydraulic
radius of said orifice through said protuberance is less than
the hydraulic radius of the annulus between said protuberance

-and the- adJacent protuberances.-’
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A process of producing a single lamna cellulosic fibrous structure

6.
(20), sf S conprising the steps of: - providing a
ol ural | unmm'“"".,miﬂﬂﬂfl bers suspended in liquid carrier; -
providing a®fiber® reteative form ng el ement (42) having fluid pervious
zones (63,65); 51 providing a neans (44) for
depositing said fibers and said carrier onto said : form ng

el-ement (42); - depositing said fibers and said carrier onto
said form eMerapraratus accondingate oflajaq 8j gharacterized in ghatnsaid said

carrier througsbtuphelingor ki €lcofprises42h | PoradnsisigeFludd highrvious
flowrate stage a

g T LR r
nmass flow ratejoineddthereto at a prodmahdend ofi easheprotubkrance nand. _
o ol | i osi EXenBioutbHITY R0 aliRse ond. of  sach, protEhERMCICSERITE 1 0
structure (20)pakherned arrapcheinghaeranged withndicst Ipyotubierances “spased _
oo o e B AA5RERE Sdcind OMIBYAEY BIAS istancBBhgH . o1 o
form ng el emenPardddpl ntwithe plaee g thesypinforcing structure, and said

first protuberance being spaced from adjacent third

protuberances by a second distance taken parallel to the plane

of the reinforcing structure, whereby said first spaced

distance and said second spaced distance are not equal to each

other, each said protuberance being circumscribed by a liquid

pervious annulus, and preferably characterized in that said

hydraulic radius of the annulus between said first

protuberances and second protuberances is less than the

hydraulic radius " of the annulus between said first

protuberances and said third protuberances.
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t hrough which a fluid carrying the cellulosic fibers ﬁay dr ai n;

characterised . in that the apparatus conprises

50 ‘a means conprising high flowrate and low flowrate liquid
pervi ous zones for obturating predeterm ned zones of said
formng element with said cellulosic fibers by sequentially
draining a liquid carrier through saingorning el ement into

stages, a first stage conprising draifning said carrier through
said elenent at a threshold rate for a tine period and sinmultaneously
draining said liquid carrier through said form ng elenment in a second stage

having a flow rate | ess METHODS 2ND APPARATUE FORWMARERG éﬁx.ﬂuhééf r t' ”E

Card sel ect i ve obt daNONy SibiteEs by SeksRitlyd BBARREED BrafuhoE

hydraulic radii thr dNh GHHLER.OSIIC] FIBROYSC STRYCHYRES PRODUCED THEREBY

ABSTRACT OF THE DISCLOSURE

Discloced herein 1s a cellulosic fibrous structure having
multiple regions distinguished from one another by basis weight.
The structure is a paper having an _essentially continuous high
basis wefght network, and discrete regions of low basis weight
which circumscribe discrete regions of intermediate basis weight.
The cellulosic fibers forming the low basis weight regions may be

. radially oriented relative to the centers of the regions. The
paper may be formed by using a forming belt having zones with
different flow resistances. The basis weight of a region of the
paper is generally inversely.proportional to the flow resistance
of the zone of the forming belt, upon which such region was
formed. The zones of different flow resistances provide fo;
selectively draining a.1iquid carrier having suspended cellulosic
fibers through the different zones of the forming belt.

FIGURE 6
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said cellulosic fibers may drain. 9. An apparatus according to claim3$8
characterised in that said selective obturating means conprises a
foram nous, fluid pervious reinforcing structure (57) and a

patterned array of protuberances (59) joined thereto at a proximal end of
each ~ protuberance and extending outwardly to-a free end (53b) of
each protuberance, a pIuraIityyfﬁ sai d protuberances having at | east
one fluid pervious orifice (63) t her et hrough so that the portions of
said reinforcing structure registered with said orifices are in
fluid communication with said free ends (53b) of said protuberances,

each said protuberancggbei ng circunmscribed by a |iquid pervious annul us

(65), said hydrgulic radius of said orifice (63) through said
pr ot uberance preferabl yNpeing | ess : than the hydraulic radius of the
annul us (65) beiueetasald\d Tz TaTeT<S TaTo B0 802 [CURMIVIRPIR - (o | W (o1 1A 14

pr ot uber ances. Bsterised in

that said obtur g pervious
rei nforcing str & SR EL S, 1 T s Lber ances
(59) joined thefdt-a RNt . TR T o . and
ext endi ng out waiyg ‘ ' : \ v , gaid
patterned : 8 spaced from
an adj acent sec (. bn—p2Gl | el
to the plane of $EE

Sl
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structure, and said first protuberances being spaced from adjacent third
protuberances by a second distance taken parallel to the plane of the

réi nforci ng structure, whereby said first spaced distance and said
second spaced di stance are - not .equal to each other, each said
pr.otuberance being circunscribed by a liquid pervi ous annul us,
preferably wherein said hydraulic radi &/3of the annul us (65')

This is the replacenent sheet 51
bet ween said first protuberances and second prot uberances is |less than the

hydraulic radius of the annulus (65") between said first protuberances and
said third 58&tuberanc§§ S53b
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Claims:

1. A single lamina cellulosic fibrous structure (20) comprising two regions disposed in
a nonrandom, repeating pattern:

a first region (24), of a relatively high basis wéight and comprising an essentially
continuous network;

a second region (28) of a relatively low or zero basis weight relative to the first
region and circumscribed by and adjacent said first region (24); characterised in
that the lamina comprises a third region (26) of an intermediate basis weight
relative to the basis weight of said first and said second regions (24,28), said third
region (26) being juxtaposed with said second region (28).

2. A cellulosic fibrous structure (20) according to claim 1 comprising at least four
regions wherein said first region (24) of a relatively high basis weight comprises two
relatively high basis weight regions having mutually different densities, each said
high basis weight region comprising an essentially continuous network, and
preferably wherein said cellulosic fibrous structure comprises at least five regions,
said first region (24) of a relatively high basis weight comprising two relatively high
basis weight regions having mutually different densities and said third region (26) of
an intermediate basis weight comprising two intermediate basis weight regions
having mutually different densities, and more preferably wherein said cellulosic
fibrous structure (20) comprises at least six regions, said first region (24) of a
relatively high basis weight comprising two relatively high basis weight regions
having mutually different densities, said third region (26) of an intermediate basis
weight comprising two intermediate basis weight regions having mutually different
densities and said second region (28) of a low basis weight comprising two low
basis weight regions having mutually different densities.

3. A cellulosic fibrous structure (20) according to Claims 1 and 2, said second region
(28) is substantially contiguous with said third region (26), and preferably wherein
said second region (28) is substantially circumjacent said third region (26).

ﬁhis'is the replacement sheet
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4.

A cellulosic . fibrous structure (20) according to any of the foregoing claims
characterised in that said fibers of said second region (28) are substantially radially
oriented. '

A single lamina cellulosic fibrous structure according to claim 1 wherein

the first region (24) forms an essentially continuous load bearing network region;
the second region (28) being discrete and having fewer fibers per unit area than
said first region; and

the third region (26) radially bridging said first region (24) to said second region
(28).

A process of producing a single lamina cellulosic fibrous structure (20), said

process comprising the steps of:

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

- providing a fiber retentive forming element (42) having fluid pervious zones
(63,65);

- providing a means (44) for depositing said fibers and said carrier onto said
forming element (42);

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

characterised in

- draining said carrier through said forming element (42) in two stages: a high
flow rate stage and a low flow rate stage, said high flow rate stage and said
low flow rate stage having a mutually different initial mass flow rate, said
second of said step of draining preferably occurring by obturating pre-
determined zones with said cellulosic fibers.

An apparatus for forming cellulosic fibrous structure (20) having at least three
mutually different basis weights (24, 26, 28) disposed in a nonrandom repeating
pattern, said apparatus comprising:

- a fluid pervious fiber retentive forming element (42) having zones (63, 65)
through which a fluid carrying the cellulosic fibers may drain; characterised
in that the apparatus comprises

This is the réplacemen_t sheet
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- a means comprising high flow rate and low flow rate liquid pervious zones

50

for obturating predetermined zones of said forming element with said
cellulosic fibers by sequentially draining a liquid carrier through said forming
element into stages, a first stage comprising draining said carrier through
said element at a threshold rate for a time period and simultaneously
draining said liquid carrier through said forming element in a second stage
having a flow rate less than said threshold flow rate for a lesser time period.

8. An apparatus according to claim 7 characterised in that said selective obturating
means comprises zones of different hydraulic radii through which said fluid carrying
said cellulosic fibers may drain.

9. An apparatus according to claim 8 characterised in that said selective obturating
means comprises a foraminous, fluid pervious reinforcing structure (57) and a
patterned array of protuberances (59) joined thereto at a proximal end of each
protuberance and extending outwardly to a free end (53b) of each protuberance, a
plurality of said protuberances having at least one fluid pervious orifice (63)
therethrough so that the portions of said reinforcing structure registered with said
orifices are in fluid communication with said free ends (53b) of said protuberances,
each said protuberance being circumscribed by a liquid pervious annulus (65), said
hydraulic radius of said orifice (63) through said protuberance preferably being less
than the hydraulic radius of the annulus (65) between said protuberance and the
adjacent protuberances.

10.  An apparatus according to claim 8 characterised in that said obturating means
comprises a foraminous, fluid pervious reinforcing structure (57) and a patterned
array of protuberances (59) joined thereto at a proximal end of each protuberance
and extending outwardly to a free end (53b) of each protuberance, said patterned
array being arranged with first protuberances spaced from an adjacent second
protuberance by a first distance taken parallel to the plane of the reinforcing
structure, and said first protuberances being spaced from adjacent third
protuberances by a second distance taken parallel to the plane of the reinforcing
structure, whereby said first spaced distance and said second spaced distance are
not equal to each other, each said protuberance being circumscribed by a liquid
pervious annulus, preferably wherein said hydraulic radius of the annu_!us (65"
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between said first protuberances and second protuberances is less than the

hydraulic radius of the annulus (65") between said first protuberances and said third
protuberances.
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