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: PAPER HAVING IMPROVED PINHOLE CHARACTERISTICS AND

" PAPERMAKING BELT FOR MAKING THE SAME

10 FIELD OF THE INVENTION
. The present invention is related to papermaking belts useful in papermaking
machines for making strong, soft, absorbent paper products and the paper products
produces thereby. More particularly, this invention is concerned with papermaking
belts comprised of a resinous framework and a reinforcing structure and the multi-
15 density paper products produced thereby. |

BACKGROUND OF THE INVENTION
Paper products are used for a variety of purposes.' Paper towels, facial tissues.
toilet tissues, and the like are in constant use in modern industrialized societies. The
20 large demand for such paper products has created a demand for improved versions
of the products. If the paper products such as paper towels, facial tissues, toilet
tissues, and the like are to perform their intended tasks and to find wide acceptance.
they must possess certain physical characteristics. Among the more important of
these characteristics are strength, softness. and absorbency.
25 ’
Strength is the ability of a paper web to retain its physical integrity during use.

Softness is the pleasing tactile sensation consumners perceive when they use
the paper for its intended purposes.
30 | | .
Absorbency is the characteristic of the paper that allows the paper to take up
and retain fluids, particularly water -and aqueous solutions and suspensions.
Important r_lot'only is the absolute quantity of fluid a given amount of paper will
hold. but also the rate at which the paper will absorb the fluid.

5

Through air dried paper webs are made as described in U.S. Pat. 4,514.345
issued to Johnson et al on Apr. 30, 1985; U.S. Pat. 4.528,239 issued to Trokhan on
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density and relatively low intrinsic strength compared to the network region.

Generally, the papermaking process includes several steps. An aqueous
dispersion of the papermaking fibers is formed into an embryonic web on a
15 foraminous member. such as a Fourdrinier wire. This embryonic web is associated
with a deflection member having a macroscopically monoplanar, continuous.
patterned non-random network surface which defines within the deflection member
a plurality of discrete. isolated deflection conduits. The papermaking fibers in the
embryonic web are deflected into the deflection conduits and water is removed
20 through the deflection conduits to form an intermediate web. The intermediate web
is dried and foreshortened by creping. The creping is a process of the removal of
the dried intermediate web from the surface (usually, also drying surface, such as
the surface of a Yankee dryer) with a doctor blade to form a finished paper web.

- 28  Deflection of the fibers into the deflection conduits can be induced by, for
example, the application of differential fluid pressure to the embryonic paper web.
One preferred method of applying differential pressure is by exposing the
embryonic web 10 a vacuum through the deflection conduits. As a result of a
sudden application of the vacuum pressure, a deflection of the fibers into the
30 deflection conduits occurs, which can lead to separation of the deflected fibers from
each other and from the embryonic web. In addition, as a result of a sudden
application of a vacuum pressure, a certain number of partially dewatered fibers
separated from the embryonic web could completely pass through the papermaking
belt. These phenomena causes formation of pin-sized holes, or pinholes, in the

35  domes of the finished paper web. and clogging the vacuum dewatering machinery.
The undesirable creation of pinholes in the domes of the paper web, or
pinholing, was mitigated by commonly assigned U.S. Patent No. 5.334.289, issued
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PCT/ US97/ 00634 July 9. 1985: and U. S. Pat. 5.334.289 issued to
Trokhan et al on Aug. 2. 1994 -- all three patents are assigned to
The Procter and Ganbl e Conpany and i ncor porat ed ‘herein by reference.
5 Paper wy #fgsed by through air drying is disclosed i n POTEISIHa634
No. 4.529. 480 and U.S. Pat. No. 4.637,859. both issued in the nane of
Tr 6khan, which patents are i ncorporated herein by reference. The
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SUMMARY OF THE INVENTION
15 A papermaking belt of the present invention is genera]lv comprised of two
primary elements: a reinforcing structure and a framework. In its preferred form.
the papermaking belt is an endless belt which has a paper-contacting side and a
backside opposite the paper-contacting side. '

20 The reinforcing structure has a paper-facing side and a machine-facing side
opposite the paper-facing side. The reinforcing structure has air permeability not
less than 800 cfm and a Fiber Support Index not less than 75. In its preferred form,
the reinforcing structure is a woven element. Preferably, the reinforcing structure
comprises two parallel layers of interwoven yamns interconnected in a contacting

25  face-to-face relationship by tie yams. Alternatively. the reinforcing structure can
comprise a non-woven element, such as felt.

The framework is joined to the reinforcing structure and extends outwardly

not more than about 6.5 mils from the paper-facing side of the reinforcing

30 structure, one mil being equal to one-thousandths of an inch. A vanety of suitable
resins can be used as the ﬁ'amework

The framework has a first surface defining the paper-contacting side of the
papermaking belt, a second surface opposite the first surface, and deflection

35 conduits extending between the first surface and the second surface. The first
- surface comprises a paper-side network and paper-side openings where the
deflection conduits intercept the first surface. Essentially all paper-side openings
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A paper of the present invention has two regions: a network region and a
dome region. The network region is an' essentially continuous, essentially
macroscopically monoplanar region. The. dome region comprises a plurality of
discrete domes encompassed by the network region. A substantial portion of each

15  dome is not less than about 45 mils in each of its dimensions measured in the X-Y
plane. In the preferred embodiment, the perimeter of each of the majority of the
domes defines a closed figure, such as bow-tie shaped figure, a diamond-shaped
figure and the like, and the domes are distributed in a non-random, repeating
pattern.

20 '

BRIEF DESCRIPTION OF THE DRAWING
- FIG. 1 is a schematic side elevational view of onc embodiment of a
continuous papermaking process which uses the papermaking belt of the present
invention, o

25 . .
FIG. 2 is a top plan view of a portion of the papermaking belt of the present

invention. showing the framework joined to the reinforcing structure and having
diamond-shaped paper-side openings of the deflection conduits.

30 FIG. 3 is a vertical cross-sectional view of a pomon of the papermaking bclt
shown in FIG. 2 as taken along line 3--3.

FIG. 4 is a.vertical cross-sectional view of a portion of the papermaking belt
shown in FIG. 2 as taken along line 4--4.

35
F1G. 5 is a simplified representation in vertical cross-section of a portion of

the papermaking belt of FIGs. 2-4 showing the overburden.




on Aug. 2. 1994 to Trokhan et al. and incorporated by reference herein.
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15 .
FIG. 9 is an enlarged photograph of one embodiment of the framework joined

to the reinforcing structure of the papermaking belt of the present invention.
showing the bow-tie openings of the deflection conduits.

20 FIG. 9a is a top plan schematic representation of one exemplary framework
having bow-tie openings of the deflection conduits, and the portion of the paper web
produced using the belt having this exemplary framework.

FIG. 10 is a vertical sectional view of a jaortion of the paper web shown in
25  FIG. 9a as taken along line 10--10.

_ FIG. 11 is an enlarged schematic representation of one exemplary paper-side
opening, having a bow-tie shaped configuration, of the deflection conduit of the
papermaking belt of the present invention.

30
FIG. 11a is an enlarged schematic representation of one exemplary paper-side
opening, having a diamond-shaped configuration, of the deflection conduit of the
papermaking belt of the present invention.
35 . FIGs. 11 and 11a are schematic only. illustrating the method of establishing

‘whether a substantial part of the opening of the deflection conduit is not less than
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10 (1) The Papermaking Beh _

: In the representative papermaking machine schematically illustrated in FIG. 1.
the papermaking belt of the present invention takes the form of an endless belt,
papermaking belt 10. The papermaking belt 10 has a paper-contacting side 11 and a

. backside 12 opposite the paper-contacting side 11. The papermaking belt 10 carries

15 a paper web (or "fiber web") in various stages of its formation (an embryonic web

27 and an imtermediate web 29).  Processes of forming embryonic webs are

described in many references, such as U.S. Pat. No. 3,301,746, issued to Sanford

and Sisson on Jan. 31, 1974, and U.S. Pat. No. 3,994,771, issued to Morgan and

Rich on Nov. 30, 1976, both incorporated herein by reference. The papermaking

20  belt 10 travels in the direction indicated by directional arrow B around the retumn

rolls 19a and 19b, impression nip roll 20, return rolls 19¢c, 19d, 19e, 19f, and

“emulsion distributing roll 21. The loop around which the papermaking belt 10

“travels includes 2 means for applying a fluid pressure differential to the embryonic

web 27, such as vacuum pickup shoe 24a and multislot vacuum box 24. In FIG. 1,

25 the papermaking belt 10 also travels around a predryer such as blow-through dryer

.-26, and passes between a nip formed by the impression nip roll 20 and a Yankee
dryer drum 28. :

Although the preferred embodiment of the papermaking belt of the present

30 invention is in the form of an endless belt 10, it can be incorporated intc numerous
other forms which include. for instance, stationary plates for use in making
handsheets or rotating drums for use with other types of continuous process.
Regardless of the physical form which the papermaking belt 10 takes, it generally

has certain physical characteristics st fourth below. The papermaking belt 10 of

35  the present invention may be made according to commonly assigned U.S. Pat. No.
5,334,289, issued in the name of Trokhan et al., ‘which patent is incorporated by

reference herein.
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portion of the paperna
deflected mto the individual deflection conduit 36. The first surface 34 of the

framework 32 comprises a paper-side network 34a and paper-side openings 42

15 formed therein. That is to say. the paper-side network 34a comprises a surface of
the solid portion of the framework 32. or a portion of the first surface 34. which
surrounds and defines the paper-side openings 42 in the first surface 34.

The second surface 35 of the framework 32 comprises a backside network 35a
20  and backside openings 43. The backside network 35a surrounds and defines the
backside openings 43 in the second surface 35. The paper-side openings 42 and the
backside openings 43 define the deflection conduits 36. The paper-side opening 42
preferably are uniform shape and are distributed in a non-random. repeating pattern.
The pattern comprising a bilaterally staggered array is preferred. The backside
25  openings43 are also preferably uniform shape and are distributed in a non-random.
repeating pattern. Accordingly. the deflection conduits 36 are preferably arranged
in a non-random, repeating pattern comprising bilaterally staggered array. In FIG.
2, the openings 42 are shown as having a diamond-shaped configuration, but it will
be apparent to one skilled in the art that the paper-side network 34a and the backside
30  network 35a can be provided with a variety of patterns having various shapes, sizes,
and orientations. The practical shapes of the paper-side openings 42 and the
backside openings 43 include. but are not limited to, circles, ovals, polygons of six
and fewer sides, bow-tie shaped figures, weave-like patterns.

35 The profile of the cross-section of the walls 44 of the deflection conduits 36
can be relatively straight. curved, partially straight and partially curved, or irregular
when viewed in cross section. It should be noted that the drawings schematically
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As shown in FIGs. 2-5. and 9, the framework 32 is Joined to the reinforcing
structure 33.  The reinforcing structure 33 has a paper-facing side 51 and a
machine-facing side 52, opposite the paper-facing side 51. The framework 32
extends outwardly from the paper-facing side 51 of the reinforcing structure 33.
The reinforcing structure 33 strengthens the resin framework 32 and has suitable
projected open area to allow the vacuum dewatering machinery emploved in the
papermaking process to perform adequately its function of removing water from the

embryonic web 27, and to permit water removed from the embrvonic web 27 to pass

through the papermaking belt 10. -

As used herein, the term "overburden” means the - portion- of the resin
framev(ork 32 extending from the paper-facing side 51 of the reinforcing structure
33. In FIG. 5 the overburden is designated as OB. More particularly, the
overburden is defined by the distance between the first surface 34 (and. for this
purpose. the paper-side network 34a) of the framework 32 and the paper-facing side
51 of the reinforcing structure 33.

It has been believed that the increase of thickness and absorbency of the papér
can be achieved by increasing a caliper of the embryonic web 27. One way of
increasing the caliper is to increase the overburden OB. In theory, the. greater the
overburden OB, the more fibers can be deflected and accumulated in the deflection
conduits 36. The greater overburden enables the conduits 36 to serve adequately
their purpose of providing a space into which the fibers of the embryonic web 27
can be deflected so that these fibers can be rearranged without the constraint of the
strands of the reinforcing structure 33. The preferred range of the overburden used
in the prior art is disclosed in U.S. Pat. No. 5,334,289 as being between about 4 mils
and about 30 mils (0.102 mm and 0.762 mm).

However, there are at least two practical problems associated with a relatively
high overburden. First, excessive deflection and accumulation of fibers into the
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increasing the cost of drving. Consequently, the speed of the whole papermaking
process needs to be decreased or the cost of pre-drying needs to be increased.

While not intending to be limited by theory. it is believed that much of the
caliper generation can be achieved at the creping operation. As shoW_n inFIG. 1, in
15 the drying operation. the web 29 is adhered to a Yankee surface 28 and then
removed from the Yankee surface 28 with a doctor blade 30. It has been found that
the effective caliper generation occurs at the preferred Yankee speed of not less than
about 1000 feet per minute (fpm). More preferably, the Yankee speed is not less
than about 3500 fpm.

20 .
The findings that the desired caliper generation can be achieved at this creping
speed tends to unexpectantly eliminate need to increase the overburden OB. In the
présent invention, the preferred range of the overburden is between about 1 mil and
about 6.5 mils (0.0254 mm and 0.1651 mm), which is considerably less than would
25  be expected from the prior art findings. The more preferred range of the overburden
is between about 2.5 and about 5.5 mils. The most preferable overburden range is

between about 4 and about 5 mils.

It has also been found the low overburden can be particularly advantageous if

30  used in combination with large domes and high fiber support. As used herein, the
term "large dome” refers to a dome, a substantial portion of which is not less than
about 45 mils in each of its dimensions measured in the X-Y plane at the level of
papef—side network 34a. As used herein. X, Y and Z directions are orientations

- relating to the papermaking belt 10 of the present invention (or paper web disposed

35 on the belt) in a Cartesian coordinate system. In the Cartesian coordinate system
described herein, the paper-contacting side 11 and the backside 12 of the
papermaking belt 10 lie in the plane formed by the X and Y axes. The X axis is the
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PCT/ US97/ 00634 about 45 nils in each of its X-Y d] hBisSUEET HAS GEENLL
and 1la shoul d not be used to scale the areas of the opeREMACBR whi ch
meet the 45 m | criterion. FIG 12a and 12b are '
representati qpg o9hepy0 di gitized images ofl pi nhol es of réPOsPRBEs Web
sanpl es, as seen On a conputer screen. 5 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The specification contains a

detail ed description of.(1 esent

i nvention and (me?%'@acfhfr% %ﬁ&t&) 2}52? Fo ad%t mehl?%g"?fP%IseWF ‘P‘ﬁgéﬁ‘ﬁ Bn. 10
(1). The Paper makpetgenBishtar to the Plane defingchbyt the X anjsl ¥ auest s wsed herpiar thelkermg

mﬁchl ne schemati cabdiymial buﬁbxi"atneduslﬂbt fiése. than about 4o1%he|f [t BF Yredsdangr Bl L of
the present i nvep - % i ng
belt 10. The apetrdrrvquia)léjiLa S&ﬁfﬁgg arg)h E@%ghﬁﬁgbgﬁ?gb/ Ofcf T?@B?c]‘qa
backsi de 12 oppo¥¥ h%apffa‘b% CPERRR Fc? "ﬁeg e‘éﬂé’"ﬂ“ I 5’5??@5‘%&(1}‘56{ Felt 10
carries 15 a pplparatueievebof the nebwark vegion 83 iand the papsursidshaagerk 3dd. it s

formati on (an enbryonic web . 27 and an internmedi ate web 29). Processes

o o 0LV M9, STy o0 G808 By el B ek M SLSLSTSESs ST
1974. and U.S. Pefe ongpinggddelhe qonduitsséiaiill be ARFAGHYIO apeiskilled in thecary that Nov .
30, 1976. boté iincedgas piodckelrepapernwilylarge fdomes) i subhientiphpwtioredd thgpaper- bel t
10 travels in t hﬁdﬂ(&lﬂeﬁ:ﬁk 49 Bf dh@@éxﬁlﬁii Qﬂsﬂmd%db%tnbﬂ@é'mﬁrarbgﬂi’ 43 n%fs%' F{ibt he
ig'é?r 29 e, 19f, ro a?féts mensnons measureanthes}é Oprl]anglapthe?cvel gfothe Lgpgerqs:de networ
34a. In FIGs. 8 and 10, the symbol "A" indicates one of the dimensions of the
opening 42 as measured in the X-Y plane at the level of the paper-side network 34a.
15 . S
FIGs. 11 and 11a illustrate what is meant by a requirement that.a substantial
portion of the paper-side opening 42 is not less than about 45 mils in each of its
dimensions measured in the X-Y plane at the level of paper-side network 34a. In
FIG. 11. an exemplary paper-side opening 42 in the form of a bow-tie shaped figure
20 is shown. The symbols "S1" through "S18" represent individual areas of the paper-
side opening 42. The individual areas S1 through S18 are formed by corresponding
border lines Bl through B18 and the perimeter of the opening 42. The length of
each border line Bl, B2. .... B18 is equal to 45 mils. As FIG. 11 shows, at least
" some of the dimensions of the individual areas S1 through S18 are less than 45 mils.
25  The number of the border lines and the location of each border line are found such
as to maximize the resulting areas formed by the multiplicity of the border lines and
the perimeter of the opening 42. The symbol "S" represents the portion of the
opening 42 formed by subtracting from the whole area of the opening 42 the
resulting areas formed by the border lines and the perimeter of the paper-side
30  opening 42. In FIG. 11, the perimeter of the area S is designated by a dotted line.
According to the present invention, S should comprise a substantial portion of the
. opening 42.

In FIG.‘ 11a, an exemplary paper-side opening 42 in the form of a diamond-

35  shaped figure is shown. Analogously to the example shown in FIG. 11, the symbols
"S21," "§22," “S23," "S24" represent individual areas, or portions of the paper-side
openmg 42, formed by the border lines B21, B22, B23, B24, cach of them being
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emul sion distributing roll 21. The | oop around whi ch the paper nmaki ng belt
10 . travel s includes a neans for applying a fluid pressure
differential to the enbryonic web 27, such as vacuum pi ckup shoe 24a
and nmultislot vacuumbox 24. In FIG 1, 25 the papernmeking belt 10 al so
travel s aroundeg @gsbryer such-as bl owthroygh dryer 26, PCEAUSHNQ86ESE S
between a nip fornmed by the inpression nip roll 20 and a Yankee dryer
drum 28. Al t hough the" preferred enbodi nent of the papernaking

beft of the present, 30, dsWEENiHaqRe peiinleter bP e ogérﬂ‘ﬁé)i? afhe%lelb@ls'%*'bPeb;eséan’ it
can be i ncor por ateq into n rous .
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10 of 35 the presen I nven accor to commonly-assi gned
U S. Pat. No. 5, 334, 289, |ssued in the nane of Trokhan-et al., which
pat ent is incorporatedltbshould be poinetianue tiae thegesuiting area or the surd\Of he/ @64

areas formed bylﬂg—l‘olt@ ih&0Rd 4he perimeter of the opening 42 may be equal

or smaller than the arithmetic sum of the individual areas formed by the border lines
10 and the perimeter of the opening 42. FIG. 11 illustrates the situation when the sum

of the resulting areas formed by the border lines B1 through B18 and the perimeter

are smaller than the sum of the individual areas S1 through S18. FIG. 11a illustrates

the situation when the resulting areas formed by the border lines B21 through B24

and the perimeter of the opening 42 are equal 10 the sum of the individual areas S21-
1s  S24.

It should be noted that the examples shown in FIGs. 11 and 11a are presented
for the purposes of illustration only, and not for the purposes of limitation. The
paper-side openings 42 can comprise a variety of shapes including, but not limited

20 1o, ovals, polygons, weave-like patterns and the like, and the same method of
establishing whether the substantial part of the opening 42 is not less than 45 mils in
any of its dimensions measured in X-Y plane would apply. FIGs. 11 and 11a are
schematic only, illustrating the method of establishing whether the substantial part
of the opening 42 is not less than about 45 mils in each of its dimensions measured

25  inthe X-Y plane. FIGs. 11 and 11a should not be used to scale the real dimensions
of the openings 42, the lengths and locations of the border lines, and the areas
formed by the border lines and the perimeter(s) of the openings 42. 1

The domes are formed when the deflection of the fibers into the deflection
30  conduits 36 occurs. When the fibers are deflected into the deflection conduits 36,
water removal from the embryonic web 27 and through the deflection conduits 36
begins. This water removal results in a decrease in fiber mobility in the embryonic
web 27. This decrease in fiber moblhty tends to fix the fibers in place after they
have been deflected and rean'anged Deflection of the fibers into the deflection
conduits 36 can be induced by, for example. the application of differential fluid
pressure to the embryvonic web 27. One preferred method of applying differential
pressuré is by exposing the embryonic web 27 to a vacuum through deflection

[
ta




As shown in FIGs. 2-4. the papermaking belt 10 of the present i nvention is
generally conprised of two primary elenents: a franework 32. and a

rei nforcing structure 33. The framework 32 has a first surface 34, a
second surface 35 opposite 5 the first surface 34. and deflection
conduits 36 exbandédg between the first surli ace 34 ancdrinsewessesd

surface 35. The first surface 34 of the franework 32 contacts the
enbryonic web fibers to be dewatered, and defines the paper-cont acting side

11 of the QARSLTEKLDACOPY: b B K HRLLAD: KAREULLS 38, et endi ng

between the fir secon sur‘fa * wat er
fromthe enbryonr-é' \Wetonzaily. ppgitive pypssess ip theforgrofialipressyresandgusedee 34 to the-
second surface 35 and provide areas into whi ch the fibers of the
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of the f r areworbrr gDfactorsyingluding fibgsdensth. s Thiefrerctnde ok loBdex fitet qaaber - si de
openings 42 15 rheélentt iR Bt Rondlit 361 WhileQh&ia Ybppdsh€ eBRLE ré{rﬂﬁednﬁxtw k 34a

conprises a surfg @(gnocgf nefwork sr&%@ess OAd %hggt[t}cklwlsh%tvntrp?lé 62 I}Eﬁ effﬁeﬁ 5%dstaﬁ o

portion of the fir ounds™ an
paper - si de openi fefslonger fikers gan hand é?geshar inthe.argg of the deflection conduit ﬁﬁémb@éond

surface 35 ofi0t heeschiagtiworelaf@ing strgrnire 3. Orbas kheniatically siewn 3FIG20, theand
backsi de openi ngsniddle a}hseom ifidérs R84 B bknt IR tEéJEJrﬁUIE‘% vathduddid ﬁﬁ the

backsi de openin ond, spr.fa er-sid en s 42
and the g bg?Eéme 0 ’é"ﬁr n ?g%\% 8g § &eﬁf%eondc Of'ﬁu ? ?%C%Ong\ﬂﬁeﬁg g‘/ The
paper - si de openi rf'@efézpfedOmmmﬁgef@r%‘Bﬂsf enes) eam ety Pacfplly deflecieddnto the

di stributed in acosdnit38andeontaeperinforging afriotird 33. as shown IWBIRAL t er n
conprising a RBilaterally staggered array is preferred The backsi de 25

openi ngs 43 are also ref erabl y yni form.shape re |str|btedina .
non-r andom agt F‘ﬁ gPoyEP lé*Ferﬁfb‘dB‘reB %if s“? “ge'?w&’d‘t 3BF R@BFfaui t s
36 are preferabl yldapp@nge@ of the deflection conduit 36 is not less than about 45 mils in each of

its dimensions measured in the X-Y plane. This size allows substantially all fibers

that have been deflected to be fully deflected into the deflection conduits 36, as -

20  schematically shown in FIG. 8. While applicants decline to be bound by any
particular theory. it appears that, providing the low overburden and high fiber
support are present. full deflection of the fibers into the conduits 36 provides more
caliper. improves thickness impression and enhances strength of the finished paper
product. compared to paper having domes formed by other methods than full

25  deflection of the fibers into the conduits 36.

The reinforcing structure 33 is one of the primary elemenmts of the

papermaking belt of the present invention. The reinforcing structure 33 strengthens

. the resin framework 32 and has a suitable projected open area in order to allow the

30 vacuum dewatering machinery employed in the papermaking process to adequately

perform its function of removing water from partially-formed webs of paper, and to

permit water removed from the paper web to pass through the papermaking belt 10.
Therefore. the reinforcing structure 33 should be highly permeable to fluids such as |

air and water. By "highly permeable” it is meant that the reinforcing structure 33

35 should have an air permeability not less than abowut 800 cubic feet per minute (¢fm)

per’ square foot of its surface at a pressure differential of 100 Pascals. The

reinforcing structure 33 of the present invention has the preferred air permeability
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configuration, but it wll be apparent to one skilled in.the art that
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lines. for ease of |quwanqavﬁ&?l%Smpye.ssured‘ffe’e““a*r?feloﬂrl’%?lFe of the
cross-section of the walls 44 of the deflection conduits 36 is
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variety of suitable resins used No.
5  4,529.480 descrirtimRgtarh inglig,of PEPYrE e g‘f@%%‘ﬁ%ﬂﬁ?{ %°2d‘f“§ 36.

i ncor por at ed hereei mot allowing them to be blown through the belt 10. Therefore, the high fiber
support provided by the reinforcing structure 33 of the present invention is of
primary importance. By "high fiber support” it is meant that the reinforcing
structure 33 of the present invention has a Fiber Support Index of not less than about
75. As used herein. the Fiber Support Index or FSI is defined in Robert L. Beran.

15  “The Evaluation and Selection of Forming Fabrics," Tappi / April 1979. Vol. 62. No.
4. which is incorporated by reference and attached as an Appendix 1 herein.
Preferably. the reinforcing structure of the present invention has FSI not less than
85. More preferably, the FSI is greater than 90.

20 The reinforcing structure 33 can take any number of different forms. It can
comprise a woven element. a non-woven element, a screen, a net. a scrim, or a band
or plate having plurality of holes. Preferably, the reinforcing structure 33 comprises
a woven element, and more particularly, a foraminous woven element, such as
disclosed in U.S. Pat. No. 5,334,289 which patent is incorporated by reference
herein. More preferably, the reinforcing structure comprises a first layer of
interwoven yams and a second layer of interwoven yamns being substantially
parallel to each other and interconnected in a contacting face-to-face relationship by
a tic yamns. The first layer and the second layer can individually comprise a
plurality of machine-direction yamns interwoven with a plurality of cross-machine
30 direction yamns. This type of the reinforcing structure 33 is illustrated in FIG. 5a.
11.S. Patent application Serial No: 08/254.387, filed June 2, 1994 in the names of
Stelljes, Jr. et al. and allowed on September 12, 1995 under Issue Batch No. P13 is

| incorporated herein by reference to show a suitable reinforcing structure 33.

~ According to U.S. Patent application Serial No: 08/254, 387, the web facing first

35  layer is woven so that the top dead center longitude of each yam of the first layer
that is in the top plane of the paper-facing side 51 does not extend more than 1.5

vamn diameters, and preferably not more than 1.0 yarn diameters away from the top

"~
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by reference. As shown in FIGs. 2-5. and 9, the framework 32

Is joined to the reinforcing structure 33. The reinforcing
structure 33 has a paper-facing side 51 and a 10 machi ne-faci ng side
52, opposite the paper-facing side 51. The framework 32 - ext ends

outwardly fro per-facing side 51 of the reinforcing stgeis
The reinforci %6%68@ture 33 strengthens t¥e resin framework 32 and
sui tabl e . projected open area to allow the vacuum dewat eri ng
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the 15  are incorporated herein by reference.

The Paper .

Papermaking fibers-useful in the present invention include those cellulosic
fibers commonly known as wood pulp fibers. Fibers derived from soft woods

20 (gymnosperms or coniferous trees) and hard woods (angiosperms or deciduous
trees) are contemplated for use in this invention. Preferably, the weight ratio: soft
wood fibers/hard wood fibers is about 25/75. The particular species of trees from
which the fibers are derived are immaterial. In addition to the various wood pulp
fibers. other cellulosic fibers, such as cotton linters, rayon, and bagasse, can be used

25 in this invention. Synthetic fibers, such as polyester and polyolefin fibers can also
be used.

As shown in FIGs. 9 and 10, the improved finished paper web 80 of the

present invention is characterized as having two distinct regions: a network region

30 83 and a dome region 84. The network region 83 corresponds to and is formed on
the paper-side network 34a of the first surface 34 of the papermaking belt 10. The

" network region 83 is an essentially continuous, macroscopically monoplanar region
having a non-random, repeating pattern. It is described as "continuous” because it
comprises the §ystcm of essentially uninterrupted lines forming at least one

35  essentially unbroken net-like pattern of essentially uniform physical characteristics.
~ The pattern is said to be "essentially" continuous because it is recognized that the
interruptions in the pattern may be tolerable, but not preferred. The network region



strands of the reinforcing structure 33. The preferred range of the

over burden used in the prior art is disclosed in U S. Pat. No. _
5,334,289 as being between about 4 mls and about 30 mls (0.102 nm
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comprises a bilaterally staggered array. A substantial portion of each dome is
greater than about 45 mils in each of its dimension measured in the X-Y plane at the
level of the network region 83. In the plane of the paper web 80 (or in X-Y plane),
the shape of the domes is defined by the network region 83. That is to say, the
15  shape of the domes in the X-Y plane is defined by the configuration of the paper-

side openings 42 of the deflection conduits 36.

paper maki ng

The shapes of the domes in the X-Y plane include, but are not limited to.
circles. ovals, polygons of six and fewer sides, bow-tie shaped figures, weave-like
.20 pattems. Preferably, domes are in the form of a closed figured, such as a bow-tie
shaped figure, diamond-shaped figure and the like. FIG. 9a schematically shows the
exemplary X-Y geometry of a part of the paper web 80 (and, natwrally, of the
openings 42 of the deflection conduits 36) having the domes in the form of a bow-
tie shaped figure. '
25 .

Only a portion of the paper web (and the first surface 34a) showing a
repeating pattern is shown in FIG. 9a. In FIG. 9a. the symbol "MD" indicates
machine direction, i.e., the direction which is parallel to the flow of the web through
the equipment. The symbol "CD" indicates cross machine direction, i.e., the

30 direction perpendicular to the machine direction in the X-Y plane. Preferably, there
are not more than about 80 bow-tie shaped domes per square inch of the paper web,
oriented in a bilaterally staggered array pattern as shown in FIG. 9a. It will be
apparent to one skilled in the art that when the domes comprise other than bow-tie
shaped figure, the number of the domes can be different from that indicated above.

355 It will also be apparent to one skilled in the art that the particular design of the
presented in FIG. 9a bow-tie dome is one exemplary design. Other designs of bow-
tie figures can be utilized in the present invention, as well as other, different from




process needs to be decreased or the cost of pre-drying needs to be

I ncr eased. Wiile not intending to be limted by theory. it is
bel i eved that -nuch of the cal i per generation can be achieved at the
creping operation. As shown in FIG 1, in 15 the drying operation, the web
29 i s adher edygepestrnkee surface 28 and then renoved fpcavosofiosyankee
surface 28 wth a doctor blade 30. It has been found that t he
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over burden i s between g

abaut 1 ml an .. about, 6. |s (0.0 and
0 1651 1y . wiit CHAR LERH e a) vy PR it o Gp RS2 e dpueas o BEGTHS, om ¢ he
prior art findi ngifereppeinthe dengitiesfpsimarily gegwry as presultad deflastionieffehers into the s
bet ween about 2. JefrtonbsidiitsB6> Al {he timkhdie ERMBiyoilt HeB 23kt @ssoui/ED Wil ke "ange
| S bet ween L’\Tvoﬁ ﬁthea oxﬁc mebsﬁ s an_essentiall Lﬁifmsba%%'s\geiqﬁ.e n-
found the | ow over hur can_pe particul ar advant aq‘_'eous o f Gised in
conbi nat i on wi t h OUEREETHEHAR ABETRATE g P ATPES T PR o siasantiiby wirce ¢ he
term"large demedf thefrapg-sids netwiskdda intg thgsdedlattion] copduits i36rthatbywtreaingiss not
! Iess t hfmt . akwﬁl e Jaudity| oF fiberseover tef s?ﬁ&e?fgﬁnﬁdpeﬁﬁdmdﬁﬁkeﬁa'éPndg(aheYX' Yd
pl ane a e level 0 . - Si a. .use er , an
Z directions ar ere(l)arulvg ﬁ'tlpaem u(')tﬁgf?%eé ﬁﬂ@l é;e?lf %ﬂé; Py éﬁge‘ﬁ%?)oé‘r ‘f?ﬁﬁ‘l"ﬁg’%ogﬁq“elo of
the present i nvedtflestsd fisers pesevllagapart]i ang sepaeatedsirom eash pther biibe ppplisation
Cartesi an coor di ofthe vaysn rassurd\desitsyifgbiondséxisting bawetinidse fibets t £1the same
described Nengi nemk e BHEktioR OF URCabiigh freliee 1dndd Bsledali es?ﬂ%kéh@o‘?k Mgl the
ip:lpte Lrem 'ng be 8}8.&. Ith%t ;I)or}tion oei'tipc e?n ?yon%rv{r’r&dz‘i v)i'ngh cgrrespgnr}lg thhet‘ﬁ(e_epsaber-sife axi S
network 34a) over the surface of the paper-side network 34a, while the dome region
84 (i.c.. the portion of the embryonic web 27 within the deflection conduits 36) is
not compressed over the surface of the paper-side network 34a. This compression
20 of the network region 83 tends 1o further exaggerate the difference in densities
between the two regions. In addition, pressing the network area 83 against the
Yankee dryer drum 28 even further increases the density of the network 83.

As was shown above, the combination of large domes, low overburden and

25  high fiber support of the belt's reinforcing structure reduces the number of pinholes

- in the paper of the present invention. In a paper web having the caliper between

about 11 mils and 17 mils and the dome area of about 65%, the number of pinholes

in the dome area, measured by the analytical procedure described below is not

greater than 7500 pinholes per 100 square inches of the paper web. Preferably, the

30 number of pinholes is not greater than 5000 pinholes per 100 square inches of the
paper web.

The caliper of the paper web is measured under a pressure of 95 grams per

square inch using a round presser foot having a diameter of 2 inches. The dwell

35 time.is 3 seconds. The caliper can be measured using a Thwing-Albert Thickness
Tester Model 89-100, manufactured by the Thwing—Alberi Instrument Company of
Philadelphia. Pennsylvania. The caliper is measured under TAPPI temperature and
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PCT/ US97/ 00634 cross-machine direction, the Y axis is the machine
direction, and the Z axis is per pendi cul ar to the plane defined by the
X and Y axes. As used herein, the term . "substantial portion" means not
| ess t han abouiwdéssr the X-Y area of the i ndi vi dual dorRCTAR97/00634
accordingly -- not |ess than about 40% of the area of the 5 i ndi vi dual
paper - si de openi ng 42 of the deflection conduit 36. nmeasured in'the XY

pl ane at the Ievelhum“dlt»h@nm&daorme Eamem;&?ﬁmed £Rr pxatp@rprahdsh medieey & 34a.

Because the X-Y geonetry eolret & th er -
si de openi ngs 42 of" lstaﬁ’e "86“# %re %’g%ab{v the??qrpgr s wg‘ment 'tlsya 9 Ei ﬁ?gd in
the art that 10 rnOSbPra@rablecfalmebaﬁé@ﬁ@sfﬁaﬁéWWﬂfﬁtha‘feaé laaﬁléénd tlﬂemls

substantial portion of the paper- si de opening 42 of the conduit 36
shoul d al so be not |ess than about 45 mls in each of its dinensions
neasured in the X-Y plane at the | evel of the paper-side network 34a.

In FIGs. 8 and 10, the synmbol "A" indicates one of the dinensions of the
opening 42 as neasured in the X-Y plane at the |evel of the paper-side
network 34a. 15 FIGs. 11 and 1lla illustrate what is neant by a
requi renent that a substanti al




portion of the paper-side opening 42 is not |ess than abou .... ASE @
of its di mensi ons measured in the X-Y plane at the |e}y& ngbb

network 34a. In FIG 11, an exenplary paper-side open ng 423

formof a bowtie shaped figure 20 is shown. The synbols ™SI Tthrough

" S18" represemo $redaori dual areas of the papgr- si de openpoguderodiae

I ndi vi dual areas S1 through S1 8 are fornmed by correspondi ng bor der
lines Bl through B18 and the perinmeter of the opening 42. The |ength of
each border line B1, B2. B .... Bl8Anslygél@tackdurédd M ls. As FIG 11 shows,.
at | east some of the dinensions ofp}mnl ndi vi dual areas S1 through S18
are less than 45 mls. 25 The nunber H& border Iines and the | ocation
of each border -line are found such as to nmaximze the resulting areas
formed by the mul ti plFocat gnabftlcalhmtlbdrufédentlfyﬁl@cmdng and chﬁﬂ@\eﬁ‘ﬁﬁéﬁﬁﬂ of

the opening 4% The H¥iRed of Spa ﬁe?%@saeﬂfa&nfogﬁa‘t&ﬂiﬁér%th rhall ‘%’Q’%’r’féor atn| ng

42 f d by subt,
Cesulting areas foereanor RABLST a oREr Bodtle o 230t phwmamagtberined in

paper - si de 30 oﬁ@W"H‘"éwﬂZW“‘P rth¢-|oggical scannpr Pﬁ'elscméttteﬂpdhllt Ppuge asrcaﬁ;erSw.g‘
desi gnated by a dlsk$xdn softeare VersnonAcssmrodlme— tMa&ﬁl@shDd)@a’ﬂ?é‘éoo' YrE ?
er abI Y,

shoul d conpri se wbg,;daltg

t he number of th Hh geigl‘a{':]gn {J}XI’ s |s rmfige Dne?%’rgpgefe“e d 1AM ARBBUL ~ 80
condui ts per squ(ejﬂ1 l%? ‘ﬁ"""" olor monitory flodelMIR13 Jor amedeb alidveing apbigher- si de
openi ng 42 in the&splytipn)san fe dsednﬁnmbl%ﬁmfapwcxbsguEﬁel Ve or later.

Anal ogously to thsd emgaolv&rﬁd]pmy Bvdilable fidm ﬂu@q\la‘i%ﬂﬁohl?.muﬁ of HeRM, in. S22, "

"S23," "S24" rep 839 ©OF portions paper- lf‘de
opening 42, forne Eﬂkmﬁ%j agygl“fﬁg% I%le B22, B23, B24, each of them

bei n
: g 15 A parent roll of the finished paper web 80 is divided along its longitudinal .
axis into five approximately equal parts. Usually, two parent rolls produced by the
same equipment and at the same time are used for testing. At least one paper web
sample, randomly taken from each of the five parts of each parent roll is tested,
Thus. ten paper web samples are usually tested.
20 '
A web sample is.placed on the glass of an optical scanner under a black
background board. The image through the scanner is digitized and viewed in two
dimensions on a computer monitor. The settings are as follows: Brightness is 106:
Contrast is 178; Scaling is 200. Print Path is set at 100 dots per inch. The scanning
25  size is about 10 square inches. The sample is scanned into the computer as an
image file composed of pixels. The term "pixel” indicates the smallest discrete
digitized picture element generated by a computer. The pixel of about 0.0001
square inches is used.

30 FIG. 12 illustrates the digitized image of the paper ‘web sample having
pinholes, as it could be seen on the computer screen. The image file is processed by
an image analysis application that identifies and measures each pinhole in the image
according to the specific criteria. For the samples described therein. the threshold of _
gray level of 254 has been found to work well in the detection of pinholes. The

35 macro selectively measures all of the "suspected” pinholes that have gray value of
254. Then, the data file which lists the size of each pinhole it has found is created.
Microsoft Excel is then used to tabulate the data regarding the size, number and

" This Sheet Has Been Replaced
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PCT/ US97/ 00634 equal to 45 nils, and the perineter | qfjis BHEBHEASHEEEN
42. The synbol "S*" represents the portion of the opgning p(l@l_fmmed

by -subtracting the resulting areas of the openi ng 42 W-erret—by—the
border |ines BabddRdsand the |ine defining {he perineter PCHUSP 1100634
paper -si de opening 42 fromthe whol e area of the opening 42. According to
5 the present invention. S* should conprise a substanti al portion of the

openi ng 42. dlstnbutlonl(;f ﬁ%%ﬂpxhﬁoli@' Rbﬁlﬁtdﬂm réph’e%éntgi hﬁ r@ﬁﬁlmzt PiRRb1&r ea

or the sum of the ul ti reas .fo % S and
perimeter of the d{)’éa??‘ &gcﬂhgf fFan é(fﬂ" fhe ’{ppend‘x 1ihrrram‘f'{a' 5 ?'ﬁgﬁls aﬁl

ari thnetic sum of et"hleatF rﬂél'i orilyi thg Inuepes 05 M@Ph&d’“b?‘sq treheyprrepsical| disigbption of and
the perineter of tthe pinh6las Attoiing fol fheir Isize] bh uséraget singlé Iptmhsliet iRl iand) oufeen t he

sum of the rgsilat g areas fornmed by the border lines Bl through B18
-and the perineter are smaller than the sumof the individual areas Sl
through S18. FIG 1la illustrates the situation when the resulting

areas formed by the bEHEdR showssbe digitizechimpgespfBiripaper web samples predysed bisieg er  of
the opening 42 ar QwSQifPArerft%eﬁsheﬂﬁleaﬁé At #86hd ngbduﬁlsaxame@&,ﬁé’eh usihg the24.

|1 shoul d be not eq.bhahbl 60D s iyn 08Uk (OB Bbodt 153D 1A Bl pj

present ed
purposes of |ilfi té?ei dpegeTofothe Sampleparﬁ@fceg|‘B@go‘B%rHaPF@§‘a'ﬂ'23 belh heyigra dev g
vari ety of shapes overburdeh acrording tondk present igterZion t(OB Bvablost, 4.8 ahilgONSther
weave-|ike patter Qﬁarﬁﬁ&xsht@oﬂ ﬂhkewo %aek tha a%adﬁﬁiergﬂe%q mfm Su or@ﬁid@\b' hi ng
whet her the substa al : s?p‘ g 42 |sl é:és%n i s in
any of its dinensi® ﬂ%‘isur’%‘ﬁ ‘i°ﬁnp9\" & bt e%olfﬂ“ﬁ? n g ﬂ“sgﬁ‘ﬂs 11a
are schemat i éh% mewamanhmdaﬁqdngm bpéttwéua !9rw @gtbapsden aeriordingdadher

the substanti als pa@rdsent invention has significantly less number of pinholes (Image B) compared to
the paper web produced using the papermakmg belt having a higher overburden

(Image A).

This visual evaluation can be confirmed by the analytical data compiled in

20 Appendix 2. In Appendix 2, the Diagram A represents the data relating to the

samples produced using the belt having a high overburden of about 7.5 mils. The

Dlagram B represents the data relating to the samples produced using the belt

having a low overburden of about 4.9 mils. As Appendix 2 shows, the number of

pinholes in the samples produced using the belt having a high overburden is 11325

25 pinholes per 100 square inches (Diagram A). The number of pinholes in the

samples produced using the belt having the low overburden according to the present
invention is 1592 pinhole# per 100 square inches (Diagram B).

As can also be seen from the Appendix 2, the low overburden belt of the
30 present invention improves pinholing not only in terms of the amount of the
pinholes, but also -- in terms of the size of the pinholes. For example, as presented
in the Diagram A. in the samples produced using the high overburden belt. the
average number of pinholes having an area of about one pixel is 5852, and the
average number of pinholes having an area of about 20 pixels and larger is 51. In
35  the samples produced using the low overburden belt of the present invention. the -
corresponding numbers are 1084 and 1, as presented in the Diagram B.

- This Sheet Has Been Reﬂlaced-




of the opening 42 is not less than about 45 mls in each of its dinensions
nmeasured 25 in the X-Y plane. FIGs. 11 and 1la should not be used to scale
t he real dinmensions of the openings 42, the lengths and | ocati ons of
the border lines, and the areas formed by the border lines and the
perimeter(s) efodpesapeNI NgSs 42. The dones are f g5dmgk t he
deflection of the fibers into the deflectioff 30 conduits 36qf)ccur9\sﬂ.a- en
the fibers are deflected into the deflection conduits 36. wat er

renoval fromthe enbr ' 27. and .t hrough t deflection conduits 36
begi ns. This water reég\% ofﬁ(;g’ﬁﬁugn'i aﬁd£°ﬁ'§'c%@é8€ﬁf’ﬁa"f’l“b‘§? ffﬁ\amqgi Fgmples t he
enbryonic werepresented. s decrease in fiber nobility tends to fix the
fibers in place after they have been defl ected and rearranged.

Defl ection of the fibers into the deflection 35 conduits 36 can be induced
by, for exanple. the application of diffeagpgijal fluid pressure to the
enbryoni c web 27. One preferred nethod of applying differenti al

pressure is bySexposing the enbryonic web 27 to a vacuum t hrough defl ection

W 97/ 26407 12 Pinhole
PCT/ US97/ 00634 -conduits 36. In FIG | the preferredNagtehod Area
Illustrated by the use of vacuum box gex 24. Optionally, p_o‘gi ti vEaguare

) - tb _ inholes  Mils per

pressure in the forgpef aigbePr essure cangbe waRRk: per100 100
. Reinforcing Support Overburden  perm Area Uncalendered  square square
Structure Index {mib (cfin) {%) Caliper (mil) inches inches)
PVT-533 94 75 487 40 235 9,646 654,484
PVT-533 94 29 477 40 19.0 2,671 121631
PVT-543 94 3.1 - 453 35 179 2.045 86,377

PVT-543 94 49 494 35 20.5 2,284 100,101

The belts having the same Fiber Support Index and relatively similar air
permeability were tested in plant manufacturing conditions. As can be seen from

the Table L. the pinhole counts related to the belts having a low overburden of 2.9

10 mils, 3.1 mils, and 4.9 mils (second, third, and fourth lines of the Table I) are
significantly less than the pinhole count related to the belt having a high overburden

of 7.5 mils (first line of the Table I). '

_ At the same time, comparison of the belts having relatively close overburdens

15 (second and third lines of the Table I) but different ratio of the network area/dome
arca shows that the pinhole count related to the belt with the smaller network area
(35%), and therefore -- larger dome area (65%), is lower than the pinhole count
related to the belt having larger network area (40%) and therefore -- smaller dome
area (60%). '

20




Wthout being limted by theory, it is believed that the rearrangenent of
the 5 fibers in the enbryonic web 27 can generally take one of two
nodel s dependent on a nunber of factors including fiber |ength. The
free ends of |onger fibers can be merely bent into the conduits 36
whil e their oppaséiRe@nds are restrained in ghe regi on oPCHUEWNOR34
surfaces. As schematically showmn in FIG 6. these free ends of t he
| onger fibers can bond together in the area of the deflection conduit 36
wi thout 10 reaching the reinforcing structure 33. O, as schematically

shown in FIG 7. the m ddl e parts oft4 B&#g‘ér flbers can be bent into
the conduit 36 without being fully defl ected. Thus. "bridging" of the .
defl ection conduit 36 occurs. Alternatively. fibers (predom nggtdy.

the shorter ones) can actually be fully deflected into the  wNumberCONApht 36
and contact the reinforcing structure 33. as shown in FIG 8. of (Square

As noted above, in the present invention,Bethe substanti al por%@dﬁ oMils pee
paper - side ogfeefiohg 4Bb®f the def | eb¥ i oH“t‘,'?!hdw t 36 is belool esd% han
about 45 nils in e ﬂ“ﬁ\“" Support j Dyerty }"Fﬁsngf'ﬁ‘)ns Qﬁ%surcéﬁ‘e 'E) Y plafeE
This size allows suB™%8tial"tS al 1 ™ ber hat Nave. eencéefl'm:“ﬁ to
be fully deflected into the deflection COQ?UIIS 36, as, 20 schematical [
shown in FIG 8. Wﬂ"fesappl i€ants Yetline®*to be*bound %)‘é any 10054 S84.12
particul ar theory, HMT-ppear® t hat ,7%rovi4dPng t4e | ow Ber bur d8PF andsdfidyh
fiber Suppor tyvatsd2 pr esent . fuid defdsecti o of theef i bersaonto iives
conduits 36 provi dq,g ?ﬁ calnl_,oer dg§Provgs thicjgness i g.,eSS|gy]59§nd
enhances strength o e flnlshed pa product. conpare to pape

havi ng domes for med@VBy43ot her®net ho& than‘”FuII ¥5  deft%ct i oY tH‘ér°39

fibers into the comdmis4is 36.94 4.0 4Bhe retOnforci 13 structigy e 33496
one of the primary elenents of the paper maki ng bel t of the present
~invention. The reinforcing structure 33 strengthens resin

framework 32 and has a Sahle Histreespripfhecesulis ofjesting sevgral heltfraélé!e pilet plant gpderhe
30 vacuum dewatser isigulABE Bordaioys. € N3 €3kl bé Bednhfrorp ahe Mabliei IRthp rtesie@sulds Gin

adequat el y pinholing count (1,101 and 139 ) were achieved using the belts having low
overburden of 3.9 mils and 4.0 mils (third and sixth lines of the Table II). As*
between these two belts having low overburdens, the best results in pinholing were
received using the belt with the higher Fiber Support Index of 94 (sixth line of the
10  Table II).




performits function of renmoving water from partially-forned

and to permt water renoved fromthe paper web to stgmmg-mﬁ
paper maki ng belt 10. Therefore, the reinforcing striu P@A@ED)UI d_Re
hi ghl'y pernmeable to fluids such as air and water.

perneabl e” i tyisepeaRt that the reinforcing structure 33 35 ,;é)‘?é%,gi e an
air pernmeability not |ess than about 800 cubic feet per mnute 190834
per square foot of its surface at a pressurezdifferential of 100 Pascals.

The rei nf or ciwgast IsUGIARED K- Of the present invention has the
preferred air perneability WO 97/ 26407
13 PCT/ US97/ 00634 bet ween about 900 and

about 1 100 cfm per!.sdunsrermaking bsit hiaving 8 pepescsentagting sisiecand uar Eackside opposite
differential of 100 P34id paper-codtdctingdfide], Suidgpyrmaking béli donfpakingabi | ity of the

rei nforcing str gCrEHfo?cu?égstﬂjfcnﬁp ﬁ‘avﬁ'nrgeasgge -f'aQME @idk %nd 'asm%ﬁ;fnf aecxr}:ﬁabf

950 and about 1050 cfmp
100 Pascal s. The nost pre‘PEPPéE[’PI "@‘da‘?’P“'fa“:'S"gs rsﬂééﬁ T°!“ﬁ sﬁf""t’ﬁé‘%&rﬁ@!’m ng

structure 33 of the preseparmeabilinef nohlesssthan®O9tcfih@0da Fiber Suppbmipdek nerjesr e

foot at a pr'essUre_ di ff er gad #8landdf 100 Pascal s. At the sane
an T hportant Tuncti on*arsuet 9%@’ %wtf@‘ﬁf%&f?%ﬁm S BRE i pere
conduits 36. more than mils from said paper—facmg side of said reinforcing

structure to form an essentially continuous network, said framework
having a first surface defining said paper-contacting side of said
papermaking belt, a second surface opposite said first surface, and
deflection conduits extending between said first surface and said second
surface, said first surface comprising a paper-side network and paper-side
openings and said second surface comprising a backside network and
backside openings, a substantial portion of each of said paper-side
openings being not less than 45 mils in each of its dimensions measured
in the X-Y plane at the level of said paper-side network, said paper-side
openings and said backside openings defining said deflection conduits.

2. The papermaking belt of Claim 1, characterized in that said reinforcing
structure comprises a plurality of machine-direction yams interwoven with a
plurality of cross-machine direction yamns, and preferably a first layer of
interwoven yams and a second layer of interwoven yarns, said first and second
layers being substantially parallel to each other and interconnected in a
contacting face-to-face relationship by tie yams.

3. The papermaking belt of Claim 1, characterized in that said reinforcing
structure comprises  felt.

4.  The papermaking belt of Claims 1, 2 and 3 characterized in that said paper-side
openings are disposed on said first surface in a non-random, repeating pattern, -
and preferably said non-random, repeating pattern compnses a bllaterally
staggered array.

5. The papermaking belt of Claim 4, characterized in that each of said paper-sldc
openings defines a closed figure.

6.  The papermaking belt of Claims 4 and 5, characterized in that the amount of
said deflection conduits is not greater than 80 conduits per square inch.

7. A papermaking belt having a paper-contacting side and a backside opposite
said paper-contacting side, said papermaking belt comprising:

I
e ———
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10 not allowing themto be blown through the belt 10. Theref

{f ngmt

fiber support provided by the reinforcing structure .33

i nvention is of primary inportance. By "high fiber suppp S
meant that the reinforcing structure 33 of the present ention has
a Fi ber Supportwbetgesoof not | ess than about 75. As usedrB8470063dhe

Fi ber Support Index or FSI is defined in Robert L. Beran. 15 "The

Eval uati on and Sel ection of Forming Fabrics,® Tappi /April 19 79. Vol . 62.
"No. 4. which is iaeinforcinnstantus haviriger prpsefaging side tand laguachise-dvingpsidendi x
1 herein. Pref erabl yoppdsite k0 Phper-fichg Sde| Weill Weifodding BPuchir@IRGhg air

i nvention has FSl not ! essp&n\?’%xhty not l?s§§han'\%0 ﬁRraﬁ{i ﬂip%§ugﬁohte nﬁ%len& less

greater than 90. or cl ng STTuC any
nunber of differ ent forms thap 7% & conprise a woven elenment. a
non-woven el ement, a sarfemrewoek Jmeed toesagicreinfreing steuchmenghd extending bumlasdiynot

having plurality of holes, é“ﬁéﬁhﬁﬁq““n‘%?ﬁ;“gg?’f?ﬁ*&?ggg g‘*%ﬁfﬁ%ﬁ%”‘ ven
el ement, such as di s SR Bfa°f8§° BRI BAPERt i s
|ncorporat ed by reference Q‘B“aﬂmﬂeq“bq{“‘dWﬁ?'@f‘@?‘abﬂyondtwéamm:mmﬂg
structure conprises a firsfirst ayface, @hd deflectiorn bindnitgOe@Ending Itidtveam daid fiHQCanad
l'ayer of interwoven yarns E&bﬂ&uﬁk&ﬁsﬁ‘i@"ﬂrﬁ'shiface com nﬂﬁré‘b J’-sx% OndiRGh é?ﬁiher
and interconnected in a cont act%%nﬁ ere at 08 fé%

yarns. The first layer andPiPiE™%e é‘fb‘“éﬁ'f? iPRED; A Faf 5 ﬁ}?PP‘gé'd&
plurality of machi ne-di r ecopepingsheingnot hs%%m@%mlwm%choﬁtMIatnsmys measured
cross-machine 30  directi pihe/RuySlane Bthe 1§vePsT saifl pﬁﬁb&siﬂ@h%@l’k%ﬂ%aﬂts&&ﬁure

0/ 2%, 567 101 ed dune. o, S8t somate 3, LR VAL 8 lRer fines

and al l owed on September 1pepersigppenings;and said bagiside wpogines pefmunggsaid deflection
i ncorporated herein by refemduise to show a suitable reinforcing structure

33. Accor di ng t 0 sdilf Feinfbiding HruckiR® bbk sir@rh ﬁ@ﬂhﬁy ohg: l&ﬁi‘@éﬁmel?\g&ﬁent he

web facing first 35 | ayer is vwoven, So,t dead cent, | tude
of each yarn of the first Yaé"felFa "g & mpt?'n ﬁegtefﬁngﬁ%etcg "ﬁ"%r?gqm gam

paper-facing side 51 does digpetesspbsad paperefaging, side, and a S°°°“d grrof i ldwehtmo§
and preferably not nore t hiaterwloven yamissaitl SisEirdrssconddayers being mﬂaﬁtﬁﬂy parallel

to each other and interconnected in a contacting face-to-face relationship
by tie yarns.

8. A paper web having two regions and comprising:
an essentially continuous, essentially macroscopically monoplanar network

region, and a dome region comprising discrete domes, said domes being
dispersed throughout, encompassed by, and isolated one from another by
said network region, a substantial portion of each of said domes being
not less than 45 mils in each of its dimensions measured in the X-Y plane
at the level of said network region, the density of said network region
being greater than the density of said dome region.

9. A paper web of Claim 8, characterized in that said domes are distributed in a
repeating pattern, preferably said repeating pattern comprising a bilaterally
staggered array, and more preferably the perimeter of substantially each of said
domes defining a closed figure. :

10. A paper web of Claim 9, characterized in that the amount of said domes is not
greater than 30 domes per square inch of said paper web and preferably said
closed figure comprises a bow-tie shaped figure.
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PCT/ US97/ 00634 pl ane of the paper-facing side 51. and remains
within 1.0 or 1.5 yarn di aneters of t he paper-facing side 51 at al
positions. unless such yarn is a tie yarn i nterconnecting the first
and the secondwbaygé®? Wil e a woven el enent is a RaTafsev/edsie
for the reinforcing structure 33 of the 5 present invention, a

paper maki ng belt 10 according to the present invention can be made
using a felt as a reinforcing structure, as set forth in the patent

appl i cations: Serial No. 08/391,372, filed 2/15/95 in the nanme of
Trokhan et al. and entitled: ]J/IQQhod O Applying A Curable Resin To A
Substrate For Use |In Papermnmaking: Serial No. 08/268.213, filed
6/29/94 in the name of Trokhan et al. and allowed on 10 8/ 22/ 95,
entitled: "Paper Structures Having At Least Three Regions D sposed At

D fferent Elevations, and Apparatus And Process For Mking The Sane;"

Seri al No. 08/461,832, filed 06/05/95 in the name of Trokhan et al.
and entitled: "Wb Patterning Apparatus Conprising A Felt Layer And A
Phot osensitive Resin Layer." Al'l of these patent applications are

assigned to The Procter & Ganble Conpany and 15 arg incorpor@ted herein by
ref erence. X
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The Paper Paper maki ng fibers useful in the present invention

I ncl ude those cellulosic fibers commonly known as wood pulp fibers.

Fi bers derived fromsoft woods 20 (gymosperns or coniferous trees) and
hard woods (angi osperns or deci duous trees) are contenplated for use
in this inventipzogief erably, the weight ratio: soft Wo ORCT/U$RT 08634 ar d
wood fibers is about 25/75. The particul ar species of trees from whi ch
the fibers are derived are inmaterial. In addition to the various wood pulp

fibers. other cellulosic fibers, such as cotton linters, rayon, and
bagasse, can be used 25 in this inventi%?.]ﬁbnthetic fibers, such as

pol yester and polyolefin fibers can al so / be used. As shown
in FIGs. 9 and 10, the inproved finished paper web 80 of the pr esent
invention is characterjgzed as having two distinct regions: a network region
30 83 and a done regiin 84. The network region 83 corresponds to and is
formed on the paper-side netyork 34a of the first surface 34 of the
paper naki ng bel ta1f-—»=THe 340, netywork regjon 83 is an essg ally
conti nuous, nacroscopi ¢ally npnophanar rei<m4l avi ng a non-random
repeating pattern. It-;s desc "g&ﬁtinu [

conpri ses the systemo 1 I'. (e Igast

! g U
one 35 essential | Yhungpakenl Qe - 3= 1T IS N EES T E BT
physi cal characteri%tics. ‘g;’ L»"\;/ L3\ S¥ LN\ e/ s entianr;"

conti nuous because it it he
thmnrmybetoHﬂ?Me, |

o
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WO 97/ 26407 15 :
PCT/ US97/ 00634 83 i s described as "nmacroscopical ly nonopl anar™

because the top surface of the ~ network region (i.e., the surface
| ying on the sane side of the paper web as the protrusions of the

dones) is essengbabresopl anar when the paper web 80 as a whol e PET/US97/00634
pl aced in a planar configuration. It is "essentially" nonopl anar because
mnor 5 deviations fromabsolute planarity are tolerable. but not

preferred. The done region 84 conprises a plurality of dones
di spersed throughout the whol e of the network region 83. Essentially
each individual donme is enconpassed by, and isolated one from

anot her, by the network region 83. The dones are 10 distributed in a
non-random repeating pattern. Preferably this repeating pattern
conprises a bilaterally staggered array. A substantial portion of each done

i's greater than about 45 mls in each of its dinension neasured in
the X-Y plane at the | evel of the network region 83. In the plane of
t he paper web 80 (or in X-Y plane), t he shape of the dones is defined
by the network region 83. That is to say, the 15 shape of the .dones in the

- X-Y plane is defined by the configuration /16 paper- si de openi ngs
42 of the deflection conduits 36. The shapes of the dones in
the X-Y plane include, but are not limted to. circles, ovals,

pol ygons of six and fewer sides. bowtie shaped figures, weave-like 20
patterns. Preferably, donmes are in the formof a closed figured, such as a
bowtie shaped figure, dianond-shaped figure and the like. FIG 9a

schematically shows the
32 \ /II. 34, 34a
) \

12, 35, 35a




exenplary X-Y geonetry of a part of the paper web 80 (and, naturally, of

t he - openi ngs 42 of the deflection conduits 36) having the dones in
the formof a bow tie shaped figure. 25 Only a portion of
t he paper web (and the first surface 34a) showing a repeating pattern-
is shown in FlLG ‘{?ﬁgml n FIG 9a, the synbol "MD" indicates permdetdne

di recti on, i.éy99 direction which is parallel to the flow of the web

t hrough t he equi prent. The synbol "CD' indicates cross nachi ne
direction, i.e., the 30 direction perpendicular to the machine direction
in the X-Y plane. Preferably, there are not nore than about 80 bowtie
shaped dones per square inch of the paper web, oriented in a
bilaterally staggered array pattern as shown in FIG 9a. It will be

apparent to one skilled in the art that when the domes conprise other than
bowtie shaped figure, the nunber of the dones can be different from
that indicated above. 35 It will also be@abbﬁ)ent to one skilled in the

art that the particular design of the presented in FIG 9a bowtie
donme is one exenplary design. O her designs of bow tie figures can be
utilized in the present invention, as well as other, different from

WO 97/ 26407 16 .

PCT/ US97/ 00634 '

Fig. 5a




the bowtie shapes of the done. The practical shapes of the dones include,
but not limted to, circles, ovals, polygons of six and fewer sides.
bowtie shaped figures. weave-|i ke patterns and the |ike.

The network region 83 of the paper 80 of the present invention has a high
5 density (Web9ghbesper unit volune) relative to the density aicTss7oisse
regi on 84. The difference in the densities primarily occurs as a
result of deflection of fibers into the defl ection conduits 36. At
the tine the enbryonic web 27 is associaIEﬁ;yﬂﬁp t he framework 32,

t he enbryonic web 27 has an essentially unri’o basi s wei ght. Duri ng
deflection. fibers are free to rearrange and mgrate from adj acent the
surface .10 of the paper-side network 34a into_the deflection conduits 36

thereby creating a relative paucity of #8642 over the surface of the
paper-side network 34a and a relative spuperfluity of fibers fully
deflected into the deflection conduits 36. So deflected fibers are

"pul l ed apart” and separated from
t he vacuum pressure destroyi ng bo

each of her Py the
g, bt

LN
AN

\ ‘u‘\'\a‘ fibers. At the

same 15 tinme, the application o Nl NN \é&as to conpress
the network region 83 (i.e. SRS \\( N e 3geb 27
whi ch corresponds with the paper N NN r the surface
of the paper-side network 34a, Y ‘ \ 4 (i.e.. the
portion of the enbryonic web 27 Pr-PRe-g SNAA NN 36) is

not conpressed over the surface of the papef-~ de network 34a. This
conpressi on 20 of the network region 83 tendé to further exaggerate the

difference in densities between the two3jmgegions. In addition,
pressing the network area 83 against the " Yankee TrYgg qsun128 even
further increases the density of the network 83. * 7As was shown

- above, the conbination of |arge dones, |ow overburden and 25 hi gh fi ber.
i support of the belt's reinforcing structure rgduces the nunber of pinholes
in the paper of the present invention. In a ppp¥4®%b having the caliper
bet ween about 11 mls and 17 m|s .and thg dome area of about 65% the
nunber of pinhol es '

11, 34, 34a




in the done area, neasured by the analytical procedure described belowis

not greater than 7500 pinholes per 100 square inches of the paper web.
Preferably, the 30 nunber of pinholes is not greater than 5000 pinholes
per- 100 square i nches of the paper web. The cal i per of the

paper web is gras under a pressure of 95 granms per §Q§ﬂ; '

using a round preé&@g foot having a dianeter of 2 inches. The méﬁr&ggb
tine is 3 seconds. The caliper can be measured using a Thw ng- Al bert

Thi ckness Tester Model 89-100, nmanufactured by the Thw ng- Al bert

| nstrunent Conpany of Phi | adel phi a, Pennsyl vania. The caliper is
nmeasur ed under TAPPI tenperature and WO 97/ 26407

17 PCT/ US97/ 00634 hum dity conditions. The
caliper of the finished paper web is preferably between 9 mls and 30
mls. Mre preferably. the caliper is 11 mls and 30 mls. The

nost preferable caliper of the finished paper web is between 12 mls and 14
mils. '

32
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PCT/ US97/ 00634 Anal ytical Procedures
Pi nhol i ng For an anal ytical nethod of identifying. counting
and-characterizing pinholes 5 in a specinmen of a paper web, a

Maci nt osh conpwices7r264d7h a mat h- copr ocessor. at | east 4 NEECTMNSIOM3I4 and
a nonitor capable of 256 shades of gray may be used in conj unction
with the optical scanner HP ScanJet |Ip full page scanner with

DeskScan software Version 1.5.2. or later. Macintosh Quadra 800 with MB of
8 RAM and | onega External Renovable Cartridge Drive are preferred.
An Apple 10 H'gh Resol ution colorjﬁzigfr. Model ML212 (or a nbde

al l owi ng a hi gher resol ution) e used. Suitable software is

M crosoft Excel, Version 4.0 or later, and | nmage Version 1.45,
available fromthe National Institute of Health, in Washi ngton. D.C. ,
and Qui cKeys 2v 2.1. 15 A parent roll of the finished paper web 80
is divided along its |ongitudinal axis into five approxi mately equal
parts. Usually, two parent rolls produced by the sanme equi pnent and
at the same tine are used for testing. At | east one paper web sanpl e,
randomy taken from each ofathe five parts of each parent roll is tested.
Thus, ten paper web sanplesiare usually tested.

I, 34, 340




20 A web sanple is placed on the glass of an optical scanner
under a bl ack background board. The imge through the scanner is
digitized and viewed in two di mensi ons on a conputer nonitor. The
settings are as follows: Brightness is 106; Contrast is 178; Scaling
is 200. Print Path is set at 100 dots per inch. The scanning 25 size is
about 10 squar N PR¥IEY The sanple is scanned into the conput ePCAYUSET00634

imge file conposed of pixels. The term"pixel" indicates the small est

di screte digitized picture el enent generated by a conputer. The pi xel

of about 0.0001 square inches is i. 30 Fig. 12a and 12b

illustrate the digitized i mage of the pgz Q/eb sanpl e havi ng

pi nhol es, as it could be seen ongkhe uter screen. The image file is

processed by an i mage ) al'ySis applicBTion that identifies and

measur es each pinhole i he™T hage agcor d®dig to the specific

criteria. For the s I descrided~tberei/n, tAe thpeshol d of gray

| evel of 254 hasﬁeﬁ? 5\,«;1{!&3”'!&?&.?4 e ge ééti on of pinholes. The
eRN53; SRl Jsect ed" pi nhol es that have

35 macro sel ec
gray val ue of 7
pinhole it has found igyc

tabul ate the data regardi / \
19 - | APCT/ US97/ 00634

NHSL 'g o) %7

3 ‘ﬁe dat> Z=Whi cMNJ i'sts the size of each
A\&r bspfggExtel is then used to

and WO 97/ 26407

e e Y
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distribution of all found pinholes. Appendix 2 represents the resulting

Pi nhol e Anal ysis. As can be seen fromthe Appendi x 2. the pinhole
analysis allows to eval uate not only the nunber of pinholes, but also
-- .the nunerical distribution of t he pinholes according to their size,
an aver age 5| {%w,hol e size. and other 5 rel evant dat a.pctusemoezs Fl G
12a and 12b show digitized i mages of the paper web sanpl es produced

usi ng two different belts. The Image A is the image of the sanple
produced using the paper naki ng belt having a high overburden (OB is
about 7.5 mls). The Image Bis 10 the inage of the sanple produced using
t he papermaking belt having a | ow over burden according to the present

invention (OB is about 4.9 mls). Oher g;(aggaracterlstlcs of the two
belts, such as donme size and Fi ber Suppor are about equal .

Vi sual conparison of the two sanples shown in FIG 12a ans 12b illustrate
that the paper web produced using the belt with a | ow overburden accordi ng
to the 15 present invention has significantly |ess nunber of pinholes
(I'mage B) conpared to t he paper web produced using the papernmaking
belt having a higher overburden (I'mage A). Thi s visua
eval uation can be confirnmed by the analytical data conpiled in 20

Appendi x 2. In Appendix 2, the Diagram A represents the data relating to

t he sanpl es produced using the belt having a high overburden of about
7.5 mls. The- D agram B repxesents the data relating to the sanples
produced using the belt ‘o haV|ng-a | 6w _.over bur-den* af abolt 4.9 nmils. As
Appendi x 2 shows, the numer. = - ._plnholes i*n the sanp1es ps oduced usi ng
the belt having a high ovarbUTden 4§ 11325 25 plnhotes per 100 square
inches (Diagram A). The nunbeﬁ of plnh@PES |n the. .

Fig. 12A




sanpl es produced using the belt having the | ow overburden according to the
pr esent invention is 1592 pinholes per 100 square inches (D agram B)
As can al so be seen fromthe Appendix 2, the | ow overburden belt of the 30
present invention inproves pinholing not only in terns of the anount of the

pi nhol es, butvagso g | N terms of the size of the pinholes. Fatrg3dpse: as
present ed P24 Diagram A. in the sanples produced using the high
over burden belt. the aver age nunber of pinholes having an area of
about. one pixel is 5852, and the aver age nunber- of pinhol es having an
area of about 20 pixels and larger is 51. In 35 the sanples produced using
the | ow overburden belt of the present invention. the correspondi ng
nunbers are 1084 and 1. as presented in the D agram B. WO 97/ 26407
20 PCT/ US97/ 00634 By way of

illustration, and not by way of Iim'tatiP@/tlr@ foll owi ng exanpl es
are presented.

. - Fig. 12B
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TABLE 1: B Avd%65-

Pi rihol e

Number Ar ea

of ( S8 9926407 - _ Bel gcTrus9rionsss

Pi nhol es MIs per Type of Fi %er Alr Net wor k
per 100 100 Rei nforcing Support Overburden perm Ar ea

Uncal ender ed ALE e RVIPT UGt I m | (cfin)
(% Cal i per a?«%ﬂl )J%ulsl 1H%%éeh§5feits ‘Is I’IYC?‘:em%:;'% LHI@S.F!}}_[{ﬁggl‘éalshoulé ncgjlp)e used

7.5 487 © scale4be areas of the opgniges 42 which Q‘FB%BC 45 m615:41,tg@4, PVT- 533
94 2.9 FIIG.7A2a and 12b4Qe representatity®s &F two digitizéd fbdes of piftdlestG@l
PVT- 543 e web 4 17.9 2. 045
86, 377 PVT B4 Séib%szf as seen é.%af,. et gtl:"'E‘*?l'§;-4 35 20.5
2.284 100. 101 The belts having the same Fi ber Support

Index and rel atively si mDETABED DESCRIRI4ONQDTHE{INVENHONeSt ed i n pl ant
manuf act uri ng condirhl QRRificASorC MRS S&R4l1el dR Bription of t(FF hgg%&eg%ﬁlgn%t}%b

t
pi nhol e counts related to the be havi a | ow overpur I ;
P Te0! S SO < oF i prepeey inyqntion SRS DRI PSS HOTHELPE He PIESR INgFitiRe. Tabl o

) are significantly less than the pinhole count related to the belt
having a hijgh @werhalpslRfAnaking Belpf 7.5 mls (first line of the Table I).

At the sane tine, gq(:)%ar 1 son _of. t he belts a@g.vi Qg_gr %I.gtl' vlﬁ{&%{ cl.ose _
overburdens 15 (s GEPEFEMRHYS REPFTHENE JPACPINE SFPIRH qf)y raigd 13 BlGrt ratio
of the networ k tizr papedoaking belt ofitheapresconinveition takes the rfoamt of anendlessebedt, ed t o
the belt with thersARink 8Ll 16! YR kap&nSRing belt 10 has a paper-contacting side 11 and a
backside 12 opposite the paper-contacting side 11. The papermaking belt 10 carries
15 a paper web (or "fiber web") in various stages of its formation (an embryonic web
27 and an intermediate web 29). Processes of forming embryonic webs are
described in many references, such as U.S. Pat. No. 3,301,746, issued to Sanford
and Sisson on Jan. 31, 1974, and U.S. Pat. No. 3,994,771, issued to Morgan and
Rich on Nov. 30, 1976. both incorporated herein by reference. The papermaking
20  belt 10 travels in the direction indicated by directional arrow B around the return
rolls 192 and 19b, impression nip roll 20, return rolls 19¢, 19d, 19e, 19f, and
emulsion distributing roll 21. The loop around which the papermaking belt 10
travels includes a means for applying a fluid pressure differential to the embryonic '
web 27, such as vacuum pickup shoe 24a and multislot vacuum box 24. In FIG. 1,
25  the papermaking belt 10 also travels around a predryer such as blow-through dryer
26, and passes between a nip formed by the impression nip roll 20 and a Yankee
dryer drum 28.

Although the preferred embodiment of the papermaking belt of the present

30  invention is in the form of an endless belt 10, it can be incorporated into numerous
other forms which include. for instance, stationary plates for use in making
handsheets or rotating drums for use with other types of continuous process.
Regardless of the physical form which the papermaking belt 10 takes, it generally

has certain physical characteristics set fourth below. The papermaking belt 10 of

35  the present invention may be made according to commonly assigned U.S. Pat. No.
5,334,289, issued in the name of Trokhan et al., which patent is incorporated by

reference herein.

REPLACEMENT SHEET
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(35%, and therefore -- larger done area (65 he pi nhol e
count related to the belt having- Iarger@b\kﬂqngé % and
therefore -- smaller done area (60%. 20 19%) 97426407

21 PCT/ US97/ 00634 19 JuL

TABLE 11 :

Pi nhol e WO 97/26407 10 PLT/US97/00634
Number Ar ea : '

of (Squar e Bel t

Pi nhol es M | s péross-machine difgcpen.othe Y axBiibahe machine direction. and Mier Z axdetsnor k
per 100 100 perpendiculdr@d mceCHl&ieQQﬁne%JQpﬁEtX afd/ TR ARY used’rdth. the e

Uncal endered - RstbSantial port%n means not less than about 40% of the X-Y area of the

_ individual dome and -- accordingly -- not less than about 40% of the area of the
s individual paper-side opening 42 of the deflection conduit 36, measured in the X-Y
plane at the level of the network region 83 and the paper-side network 34a.

Because the X-Y geometry of the domes reflects the geometry of the paper-

side openings 42 of the conduits 36, it will be apparent to one skilled in the art that

10 in order to produce a paper with large domes, the substantial portion of the paper-
side opening 42 of the conduit 36 should also be not less than about 45 mils in each

of its dimensions measured in the X-Y plane at the level of the paper-side network

In FIGs. 8 and 10, the symbol "A" indicates one of the dimensions of the
opening 42 as measured in the X-Y plane at the level of the paper-side network 34a.

34a.

15
FIGs. 11 and 11a ilfustrate what is meant by a requirement that a substantial
portion of the paper-side opening 42 is not less than about 45 mils in each of its
dimensions measured in the X-Y plane at the level of paper-side network 34a. In
FIG. 11. an exemplary paper-side opening 42 in the form of a bow-tie shaped figure
20 is shown. The symbols "S1" through "S18" represent individual areas of the paper-
side opening 42. The individual areas S1 through S18 are formed by corresponding
border lines Bl through B18 and the perimeter of the opening 42. The length of
each border line B1, B2, .... B18 is equal to 45 mils. As FIG. 11 shows, at least
some of the dimensions of the individual areas S1 through S18 are less than 45 mils.
25  The number of the border lines and the location of each border line are found such
as to maximize the resulting areas formed by the multiplicity of the border lines and
the perimeter of the opening 42. The symbol “S" represents the portion of the
opening 42 formed by subtracting from the whole area of the opening 42 the
resulting areas formed by the border lines and the perimeter of the paper-side
30  opening 42. In FIG. 11, the périmeter of the area S is designated by a dotted line.
According to the present invention, S should comprise a substantial portion of the
opening 42, Prefershly, the munber of the bow-tie sheped conduits is rot greater
than about 80 conduits per square inch.
In FIG. 1la, an exemplary paper-side opening 42 in the form of a diamond-
35  shaped figure is shown. Analogously to the example shown in FIG. 11, the symbols
"S21." "S22," "S23," “S24" represent individual areas. or portions.of the paper-side
opening 42, formed by the border lines B21, B22, B23, B24, each of them being



o O ’REPMI:QI?AENT SHKE‘E

Structure | ndex (ml) (ml) I nches

i nches) HMT- 502 40 20. 8
10. 134 584. 128 HMT- 502 59 479 40
18. 4 5. 395 260, 584 HMTE 533 JUL 19999 3.9 532
40 Mgo®7126407 1. 101 42| 9p8 g PVT 543 PAT/US97/00634
11.3 485 40 18. 7 +—76 . 169. 693 PVT- 543
94 9.1 415 40 17.9 3.514 142. 039
PVT- 543 94 4.0 4dilytical ProcBures 13.5 139
4.490 Table I1 represer&f%'oéhe results of testing several
belts at the pilot plant under %d conditions. As could be
seen from the Table Il, the best results in pi nhol i ng count (1,101

and 139 ) were achi @eedn ht&ﬂﬂﬁa[hh&h&ﬁbﬁ%cﬂﬂ%h@g:oh% andI clhaF%:‘&géBHégﬁxﬂo [ 3.9

mls and 4.0 ml,
these two bel’ts
recei ved using tﬁié‘

10 conjlafrica With.the optical scanner HP Scanjet Ilp full page scanner with

i ne of the
22 CLAI VS:
10
15
20
25
30

\(/JIPEMWQO%FQ\%?% éns act"ﬁ%Sh cé’g’tP“P’-és‘UFt & M- COPFASETSPH gt
W{ﬁ@ mmgmmr capablerof 336 sbades lofi geay rody Bdused iix

DeskScan software Version 1.5.2. or later. Macintosh Quadra 800 with MB of 8
RAM. and lomega Extemnal Removable Cartridge Drive are preferred. An Apple
High Resolution c?lor monitor. Model M1212 (or a model allowing a higher
resolution) can be used. Suitable software is Microsoft Excel, Version 4.0 or later.
and Image Version 1.45, available from the -National Institute of Health, in
Washington. D.C.. and QuicKeys 2v 2.1.

A parent roll of the finished paper web 80 is divided along its longitudinal
axis into five approximately equal parts. Usually, two parent rolls produced by the
same equipment and at the same time are used for testing. At least one paper web
sample, randomly taken from each of the five parts of each parent roll is tested.
Thus. ten paper web samples are usually tested.

A web sample is placed on the glass of an optical scanner under a black
background board. The image through the scanner is digitized and viewed in two
dimensions on a2 computer monitor. The settings are as follows: Brightness is 106:
Contrast is 178; Scaling is 200. Print Path is set at 100 dots per inch. The scanning
size is about 10 square inches. The sample is scanned into the computer as an
image file composed of pixels. The term “pixel” indicates the smallest discrete
digitized picture element generated by a computer. The pixel of about 0.0001
square inches is used.

pinholes, as it could be seen on the computer screen. The image file is processed by
an image analysis application that identifies and measures each pinhole in the image
according to the specific criteria. For the samples described therein. the threshold of
gray level of 254 has been found to work well in the detection of pinholes. The
macro selectively measures all of the "suspected” pinholes that have gray value of
254. Then, the data file which lists the size of each pinhole it has found is created.
Microsoft Excel is then used to tabulate the data regarding the size. number and

et ween

wer e
th



What i.s clained is: 1. A papernmaki ng belt having a paper-contacting

side and a backsi de opposite sai d paper-contacting side, said
paper maki ng belt conpri sing: -~ areinforcing structure having a
paper -facing side and a machi ne-facing side opposite said

paper-facing side, said reinforcing structure having an air

per meabi | i twoobrzéwot | ess than about 800 cfm and a Fi ber Suppariusstdesssnot
| ess t han about 75; and a franework joined to said
reinforcing structure and extendi ng outwardly not nore than about

6.5 mls from ypuibudRRIr-AruRd piihdRs.Of AgiRha _r_'e.ha{j&t'égérﬁg Wk resulting PRiHoHCt Ur e
to forman essent r

al |y, cont | nuous, net wor K, sai anewor k havihg a
first surface M’yﬁ}sth§ﬁ?’Hl’?)é?fé’rf'%ﬁpgcﬁpPHﬁ’%gdg’eoﬁ'"&? d“"’g' Fﬁ%‘kﬁ iy belt,
a _ secondvaluatt aceondp egiumbes af pinholes busalsd aabs nemeficibfiseibuiiamof
condui ts ext enghd@inholes accdrfthg\RS MheiRisile.l bl Sleridr §iR0E IS L SRCHMG:

surface, said fllr‘§tt urface conprising a paper-side network and
paper - si de (’)peﬁ'f'ﬁgaé1 Y sai d second surface conprising a backside
net wor k and backsi de openi ngs, at |east about 40% of the area of

each of said papBi. d2aladoge shavgibe Qigitigethimagised sthe paper weti Sraples poxitosd bsing | s
| evel of

Sai d paper - i A& PaTIBHR R ok e &b 0% ikt B Bl padped psipg b
openi ngs def i niPABermakiag belf having akick ovetbyrden (OB {3 about 7ihmilgla JehetmlgaB ibel t  of
cl aih_m 1, d}A/pg(r: te:zme smgri gei:m:f mlf‘,g’rﬁgd\,‘ﬁm‘gr“% ﬁ&?"ﬁhb&r&ﬁging lFelt gaﬁnglaum'-i ty of
xgh: RZ di rect iog%bélgdre ﬁsagéo'}&igé"{@ ! ?Wéesﬁapwgﬁwpﬁ@éoé ?E’%'g 42?&?“?)'1, Othser ei n
sai d rei nf or ci sharagtenistics o& thediver belisssuch as dome size and Fiber Support Index. are
_ that the paper web produced using the belt with a low overburden according to the
IS  present invention has significantly less number of pinholes (Image B) compared to
the paper web produced using the papermaking belt having a higher overburden
(Image A).

This visual evaluation can be confirmed by the analytical data compiled in

20 Appendix 2. In Appendix 2, the Diagram A represents the data relating to the

samples produced using the belt having a high overburden of about 7.5 mils. The

Diagram B represents the data relating to the samples produced using the belt

ha\}ing a low overburden of about 4.9 mils. As Appendix 2 shows, the number of"

piriholes in the samples produced using the belt having a high overburden is 11325

25 pinholes per 100 square inches (Diagram A). The number of pinholes in the

samples produced using the belt having the low overburden according to the present
invention is 1592 pinholes per 100 square inches (Diagram B).

As can also be seen from the Appendix 2, the low overburden belt of the

30 present invention improves pinholing not only in terms of the amount of the

pinholes, but also -- in terms of the size of the pinholes. For example, as presented

in the Diagram A. in the samples produced using the high overburden belt. the

average number of pinholes having an area of about one pixel is 5852, and the

average number of pinholes having an area of about 20 pixels and larger is 51. In

35  the samples produced using the low overburden belt of the present invention. the
corresponding numbers are 1084 and 1. as presented in the Diagram B.
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a first layer of interwoven yarns and a second |ayer of interwoven yarns,

sai d first and second | ayers being: substantially parallel to each

ot her and i nterconnected in a contacting face-to-face relationship by
tie yarns. 4. ‘The paper nmaki ng bel tooof claim 1, wherpi n cai d
reinforcing structure conprises a felt. The

G Sbosed on Sad f1rat Suriace (n a non-random repeat .pﬁSl | Iﬂllﬁllll LTI

The papermaking belt of claimb5, wherein said non-random fepeat'ind pattérn
conpri ses 3dVimtlistlaimedliss st aggered array. 7. The paper maki ng belt of
claim6, wherein essentially each of said paper-side openi ngs defi nes

a closed f i1gur €a papermaking belt having a paper-contacting side and a backside opposite
said paper-contacting side, said papermaking belt comprising:
a reinforcing structure having a paper-facing side and a machine-facing side
opposite said paper-facing side, said reinforcing structure having an air
permeability of not less than about 800 cfm and a Fiber Support Index not less
than about 75; and
a framework joined to said reinforcing structure and extending outwardly not
more than about 6.5 mils from said paper-facing side of said reinforcing
structure to form an essentially continuous network, said framework having a
first surface defining said paper-contacting side of said papermaking belt, a
second surface opposite said first surface, and deflection conduits extending
between said first surface and said second surface, said first surface
comprising a paper-side network and paper-side openings and said second
surface comprising a backside network and backside openings, at least about
40% of the area of each of said paper-side openings being not less
than about 45 mils in each of its dimensions measured in the X-Y plane at the
level of said paper-side network, said paper-side openings and said backside
openings defining said deflection conduits.

2. The papermaking belt of claim 1, wherein said reinforcing structure comprises
a plurality of machine-direction yarns interwoven with a plurality of cross-
machine direction yarns.

3. The papermaking belt of claim 1, wherein said reinforcing structure comprises
a first layer of interwoven yarns and a second layer of interwoven yarns, said
first and second layers being substantially parallel to each other and
interconnected in a contacting face-to-face relationship by tie yarns.

4, The papermaking belt of claim 1, wherein said reinforcing structure comprises
a felt.
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8.

a bomf
wher ei
about

paper -
si de,

havi ng a pa

paper -

. The paper- rrakl—ng—tr‘l’f’of cl ai m 7, wherein said closed flﬁﬁPleAOEMENﬂ'l SKEET

tie SW@ “ . The paper maki ng bel tf ¢f—ctarmms;
n the a l.ect | on conduits is not fgrie %9
80 condu quasre *I nch. 10,3 A paperneking beljt th v?ﬁ‘gjla
cont acti ng si de and a backsi de opposite said pa eﬂ—een.t.a.r.t_i_ng__
sai d papernaklng bel t conpr|5|ng a reinforcingjstructure

QIU

f d hi f
(aPaBet; LEe Bhogidir Bl SToOGHT Tt DO Sailpaper-sice BRI AR 1 1y

not |ess than abaupoﬁa(bncsfamf&ﬁtchuﬁabem Sngrpa@ntompadpeatingt pdttess t han

about

75; and a framework joined to said reinforcing structure and

ext endi ng outwardly not nore than about 6.5 mls fromsaid

paper -

faci ng. si dEh@paparirikingibeft@f claltg 5, whereirs baid Glousrandara,i répéatingepatten

having a first surface def.i pi aid er-contacting side of said
paper neki ng bel t ©CBPEES a@(é’@é@@%@@?ﬁ% said first surface, and
def | ection conduits ext endi ng between said first and second surfaces sai d

first

surface conprisi a_paper.-si de .net wor k. and
openi ngs, al- | ealii® paperma '6'83’%"&6‘9? qﬁ@eﬁ%gswt'ﬁlycﬁa%Wssﬂquﬁ%ﬁSéfd si de
openi ngs bei ng nogerirggdefihésna closed figip@ut 45 nmils in each of its di mensions
nmeasured in the X-Y plane at the |evel of said paper-side network,
and said second surface conprising a backside net wor k and backsi de
openi ngs, sé&i d péipepaserohakiog delt ofclaiamd, wherdinksalk sloskd figure compesesngbow-

defi ni
conpri

ng said defleﬁ:tlg? condui ts; said reinforcing structure
singaflr gBrleaplurallty of interwoven

Q. The papermaking belt of claim 8, wherein the amount of said deflection |
conduits is not greater than about 80 conduits per square inch.

10. A papermaking belt having a paper-contacting side and a backside opposite
said paper—cbntacting side, said papermaking belt comprising:
a reinforcing structure having a paper-facing side and a machine-facing side
opposite said paper-facing sidé, said reinforcing structure having air
permeability not less than about 800 cfm and Fiber Support Index not less than
about 75; and
a framework joined to said reinforcing structure and extending outwardly not
more than about 6.5 mils from said paper-facing side of said reinforcing
structure, said framework having a first surface defining said paper-contacting
side of said papermaking belt, a second surface opposite said first surface, and
deflection conduits extending between said first and second surfaces, said first
surface comprising a ‘paper-side network and paper-side openings, at least
about 40% of the area of each of said paper-side openings being not less than
about 45 mils in each of its dimensions measured in the X-Y plane at the level
of said paper-side network, and said second surface comprising a backside
network and backside openings, said paper-side openings and said backside
openings defining said deflection conduits;
said reinforcing structure comprising a first layer of a plurality of interwoven
yarns having a top dead center longitude remaining within 1.5 yarn diameters



yarns, having a top dead center |ongitude remaining wthin 1 5RBPH\UEM§§T SHEET

di.aneters 24
paper - facing si ayer of a plurality of intprjoy r
said first and qmmmlﬁmﬁgﬂmang subs%@nt ially parallel t aaét?dbﬁe%n

i nterconnected i acontasting face-to-face relationship byjtle yarns.
11. A paper web having two regions and conpri sing: An essentially

conti nuous, essentigll croscopi cal | opl apar_, n. J —_ﬁﬁ%_o.n.,___
and a done regi sé'grﬂﬁ‘%?r'g%ﬁ'ag 8@(:?’5?%%‘5’532? e§é’P g p&@%@i‘%ﬁl’é}eﬁ\&/wen '

di tSIoer ied thr Ougbmulﬁnst @nE QsERand ¢4lehy beiag dsubstaintilydpanaliel f toosachnothee andy sai d
network region, .at |eas out 40% of the X-Y area,of C sai d dones

bei ng not |ess t"%ﬁ@ﬁ'&?ﬁi?%@ (fﬂ"fas‘:{?#a&ﬁ'é?ff%? r?@éor}ﬁh%wgtfe&%srgﬁeasured in the
X- Y plane at the level of said network region, the density of said

net wor k region %ﬁter.than the density of said done region.

bei r
12. A papér m@bpgﬂer(wegﬁ}%vi%g, QFRIWERNd LORPHIAREs are distributed in a

repeating an essentially continuous, essentially macroscopically monoplanar network

O
-

region, and a dome region comprising discrete domes, said domes being
dispersed throughout, encompassed by, and isolated one from another by said
network region, at least about 40% of the X-Y area of each of said domes
being not less than about 45 mils in each of its dimensions measured in the X-
Y plane at the level of said network region, the density of said network region
being greater than the density of said dome region.

12. A paper web of claim 11, wherein said domes are distributed in a repeating
pattern.

13. A paper web of claim 12, wherein said repeating pattern comprises a bilaterally
staggered array.

14. A paper web of claim 13, wherein the perimeter of substantially each of said
domes defines a closed figure.

16. A paper web of claim 14, wherein said closed figure comprises a bow-tie
shaped figure.

16. A paper web of claim 15, wherein the amount of said domes is not greater than

about 80 domes per square inch of said paper web.

17. A paper web having two regions and comprising:
an essentially continuous, essentially macroscopically monoplanar network
region, and a dome region comprising a plurality of discrete domes, essentially
all of said domes being dispersed throughout, encompassed by, and isolated
one from another by said network region, at least about 40% of the X-Y area of
each of said domes being not less than about 45 mils in each of its dimensions



IR

pattern. 13. A paper web of claim 12, wherei n—said Tepeating pattern

conprises a bilaterally staggered array. Wﬂ“ of
claim 13, wherein the perineter of substantially e “ﬁﬂ H ““l dones
defines. a closed figure. 15. A papessweb of cl aian k4, twheret n said

closed figure conprises a bowtie shaped fi gure. 16. A paper web
of claim 15, wherein the anount of said donmes is not greater than

about 80 dones per_ square, i f sai [ N : ;

havi ng two regi dﬂ%asé'ﬁ%i’a@otnﬁ%gipx e @ e ﬁ)&}%gﬁf %@Q@ﬁ”ﬁf@?%@%ﬁ?ﬁgéﬂw
essential | y macreastegtivor regiombeing lgeesder than therdensity of saidrdegicoiegioand a done
region conprising a plurality of discrete dones, essentially all of
sai d donmes bei ng dispersed throughout, enconpassed by, and isol ated

one from anot her by said network region, at |east about 40% of the X-Y area
of each of said donmes being not |ess than about 45 mls in each of

its di nensions .
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region.

PCT

nmeasured in the X-Y pl ane at the | evel of said network region,
density of said network region being greater than the density of sai
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(57) Abstract

A papermaking belt (10) comprising a
reinforcing structure (33) and a framcwork
(32). The reinforcing structure (33) has air l
permeability not less than BOO cfm and a Fiber

(33). The framework (32) has deflection con-
duits (36) dispersed throughout, encompassed
by, and isolated one from another by the
frameworic (32). A paper-contacting surface
(11) of the framework (32) comprises a paper-
side network (34a) which encompasses paper-
side openings {42) of the defiection conduits
(36). A substantial portion of each paper-side
opening (42) is not less than about 45 mils in
each of its dimensions measured in the X-Y
plane. A paper web (80) having two regions:
an essentially continuous and macroscopically
monoplanar nctwork region (83), and a dome
region (84) comprising a plurality of discrete
- domes encompassed by -the network region.
The domes are distributed in a nonrandom, re-
peating pattemn. A substantial portion of each
dome is greater than about 45 mils in each of
its dimensions measured in the X-Y plane. The
density of the network region (83) is greater
than the deasity of the dome region (84).
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Support Index not less than 75. The frame- s

work (32) is joined to the reinforcing struc- I 32
ture (33) and extends outwardly not more than

about 6.5 mils from the reinforcing structure i )
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