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February 1p, 1996 in the nane of Trokhan et al., which is a continuation of
Serial No. 08/163,498 fil ed Decenber 6, 1993, which is a continuation of
Serial No. 07/ 92PABERSTRHCINRES HAYING A4 U.S. Patent Application

Serial Number 08/ 710p$PDRAATVE PATTERNAND MEUTHOD PORTMAKING! Least

Three Regi ons Distinguished by Intensive Properties, an Apparatus for and a
Met hod of Making Such Cellulosic Fibrous Structures, filed Septenber 23,
1996 in the nanes of Phan et al., which is a continuation of Serial No.

08/ 613,797 filed March 1, 1996, which is a continuation of Serial No.

08/ 382,551 filed February 2, 1995, which is a divisional of Serial No.

07/ 071, 8342fi | ed Jlhiypatent applicatipg sanss referencesshe falloming cemmonlyassigiedi S, No.
07/ 724,551 fi |P%Flen1]\¥/k\2§liga%on§1991? U.S. Patent Application Serial Number

08/ 748, 871 " Paper Having a Rel atively Thinner Continuous Network Region

and Di screte Rel atingel patdiiti @lpplicdiofi Method hie Appurgudffot Nefakippt Cemaysic
Network Regi Orh;}ofxsl' lSet(rjuc't\luor\tlas(>a rg)ye rSe?‘eléﬁng)? 98btlugat%cri] eratalt%%eO];nE h&é}iulosic Fibrous
Structures Produced Thereby, filed March 31, 1995 in the names of Trokhan et al.,
which is a continuation of Serial No. 08/066,828 filed May 24, 1993, which is a

18 continuation of Serial No. 07/722,792 filed June 28, 1991,

U.S. Patent Application Serial Number 08/601,910 "Cellulosic Fibrous
Structures Having Discrete Regions with Radially oriented Fibers Therein,
Apparatus Therefor, and Process of Making, filed February 15, 1996 in the name of
Trokhan et al., which is a continuation of Serial No. 08/163,498 filed December 6,
1993, which is a continuation of Serial No. 07/922,436 filed July 29 1992;

24 U.S. Patent Application Serial Number 08/710,822 "Cellulosic Fibrous
Structures Having at Least Three Regions Distinguished by Intensive Properties, an
Apparatus for and a Method of Making Such Cellulosic Fibrous Structures, filed
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30 1993, which is a continuation of Serial No. 07/724,551 filed June 28, 1991;
U.S. Patent Application Serial Number 08/748,871 "Paper Web Having a
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in the name of Phan;
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physical integrity during use. Absorbency is the property of the fibrous
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quantity of fluid and the rate at which theg fibrous structure will absorb
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consuner products. Further, such paper webs have been used in di sposable
absorbent articles such as sanit D THE RIVENT rs. 18 Attenpts
have been made in the art to provide paper having two different basis
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rate at which the fibrous structure will absorb such fluid must be considered when

evaluating one of the aforementioned consumer products. Further, such paper webs
have been used in disposable absorbent articles such as sanitary napkins and diapers.

18 Attempts have been made in the art to provide paper having two different basis
weights, or to otherwise rearrange fibers. Examples include U.S. Patent 795,719
issued July 25, 1905 to Motz; U.S. Patent 3,025,585 issued March 20, 1962 to
Griswold; U.S. Patent 3,034,180 issued May 15, 1962 to Greiner et al; U.S. Patent
3,159,530 issued December 1, 1964 to Heller et al; U.S. Patent 3,549,742 issued
December 22, 1970 to Benz; and U.S. Patent 3,322,617 issued May 30, 1967 to

24  Osborne.

Separately, there is a desire to provide tissue products having both bulk and
flexibility. Improved bulk and flexibility may be provided through bilaterally
staggered compressed and uncompressed zones, as shown in U.S. Patent 4,191,609
issued March 4, 1980 to Trokhan, which patent is incorporated herein by reference.

Several attempts to provide an improved foraminous member for making such
30 cellulosic fibrous structures are known, one of the most significant being illustrated
in U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al.,, which patent is

incorporated herein by reference.

Another approach to making tissue products more consumer preferred is to
dry the paper structure to impart greater bulk, tensile strength, and burst strength to
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paper web fro er creping can
crepi ng patteﬂwfﬂ wltf@tﬂdto t he web. For I nstance, enbossing can elimnate

the creping pattern in.s portions of the web by cpppacting or stretching
the crepi By patt egﬁ“"estlequs%sﬂﬁl’?’ ‘T‘%‘P"Mdggﬁsw&lﬁ‘l ‘@Z b, With gag of H%’%P'éﬁ ff‘?iﬁs

pattern i npr ojes ptdss nfpptarnbe made dit freletively highyspeeds. The conventionally pressed
paper, once dried, can then be embossed to pattern the web, and to increase the

macro-caliper of the web. For example, embossed patterns formed in tissue paper
products after the tissue paper products have been dried are common.

However, embossing processes typically impart a particular aesthetic
24  appearance to the paper structure at the expense of other properties of the structure.
In particular, embossing a dried paper web disrupts bonds between fibers in the
cellulosic structure. This disruption occurs because the bonds are formed and set
upon drying of the embryonic fibrous slurry. After drying the paper structure,
moving fibers normal to the plane of the paper structure by embossing breaks fiber
to fiber bonds. Breaking bonds results in reduced tensile strength of the dried paper
30 web. In addition, embossing is typically done after creping of the dried paper web
from the drying drum. Embossing after creping can disrupt the creping pattern
imparted to the web. For instance, embossing can eliminate the creping pattern in
some portions of the web by compacting or stretching the creping pattern. Such a
result is undesirable because the creping pattern improves the softness and flexibility

of the dried web.



of the dried web. 5 PCT Publication WO 96/ 35018 di scl oses a paper sheet
having a degopeaidose pattern corresponding to areas havi ng a RCBUSINNS343
appear ance corresponding to a rel atively Igmer basis weight. It is believed
that one problem associated with such paper is that tissue paper webs with
transl ucent areas can be consi dered unfavorable by consuners. For instance,
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The present invention provides a paper web having a first surface and an 12
oppositely facing second surface. The paper web has a background portion
and a non-enbossed decorative pattern. The decorative pattern includes at
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basi s wei ght region having a basis weight which is greater than the average
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The decorative pattern can comprise one or more low basis weight regions.
The relatively low basis weight regions have a basis weight less than the average
18 basis weight of the surrounding background portion, and the low basis weight
" regions can substantially circumscribe one or more high basis weight regions. At
least some of the low basis weight regions can be disposed intermediate the
background portion and the high basis weight regions, and at least some of the low
basis weight regions can separate adjacent high basis weight regions. By
~ substantially circumscribing one or more high basis weight regions, the low basis

24 weight regions help to accentuate the visual appearance of the decorative indicia.

The term "decorative pattern" as used herein refers to a recognizable shape or
shapes imparted to the web, preferably during initial formation of the web. Such
shapes include, but are not limited to, floral shapes, animal shapes, geometric shapes,
and the like.

The background portion preferably comprises at least 50 percent of the
" 30 surface area of the first surface of the paper web, and in one embodiment the
~ background portion comprises at least 70 percent of the first surface of the paper

web,

In one embodiment, the decorative pattern can comprise less than about 500
decorative indicia per square foot of the web. The pattern can comprise between
about 1 and about 300 discrete decorative indicia per square foot of the web, more
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web can have a dry burst strength of at least about 75 grams, preferably at least
about 120 grams. In one embodiment, the ratio of the burst strength to the total
tensile strength is at least about 0.3. Such a paper web provides the aesthetic
benefits associated with a decorative pattern without sacrificing strength and
elongation properties. The total tensile strength, elongation, and burst strength are

24  measured using procedures set forth below.

The background portion preferably comprises at least two regions disposed in

a nonrandom, repeating pattern and distinguishable from each other by at least one

property, such as basis weight, density, or fiber composition. In one embodiment,

the background portion comprises at least two regions distinguishable from each

other by basis weight. Such a multiple basis weight background portion is believed

30 to enhance the elongation properties of the web, and increase the ratio of burst
strength to total tensile strength. '

Two or more paper webs having a background portion and decorative pattern
having at least one high basis weight region can be joined together to provide a
multiple ply paper product.
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density region and discrete, relatively low density regions.



Figure 3 is an photographic enlargenent of the type of paper web shown in
Figure 1. $o99739050 Figure 4 is a schematic illustration of RCEURAIGRMIr aph
of Figure 3. Figure 5 is a cross-sectional gschematic illustration of a
portion of a paper web of the type shown in Figure 4. Figure 6 is a

phot ograph of a portion of a paper web of the type shown in Figure 1

showi ng the paper web to have a continuous network region. Figure 7 is a
schematic illustration of the paper Web shovvn in Figure 6. 18 Fi gure
8 is a schematic illustratiBH XFIOMN HE\DRAWINAS be used to nake
a paper web of the type shown in F| gures 1- 4 Fi gure 9 is a schematic

11 ustration of theygiieale Shedficalord cblited Gy eRRAY piticallrif PoirkiRg (1R

nmake a paper bof t he, tyype,shown in Fi 0] shena
i1 lustration sASURGY SIAINUAR She RFESROE (IYEY 8?" t“hé‘i 55‘? &g&‘él’é P“dk‘pi’%‘i%’d in

Figure 9. 24 understoEd @Wthbfolié\wﬁgcﬂmmcthkmﬁlcohjuhbﬁdﬂ withahe afodiatd a
1215 8l dh v (obHiaf BB aﬁef qﬁ%lg%gtﬁé@y o R e %ﬁe%le&g”r ’
Payer Bt or ST O SCPOOUAML A R P10

provi de a cont emb@dJmenfe@ﬁ/tbmrmw\wpﬂomu ng surface. Figure 13 is

a cross-sectional schenatlc i.llustration ng the, paper meb transferred
to the web support Fiiselds yschematie, “ﬁ?ﬁé’%&é&%mﬂ?ﬂﬂf"gé ewnin Figute k.o provi de

a paper web having first surface gonfqrnmed to atus and a second
substantial |y nonopigffas §@nehote fg’&?@‘a¥$°W§“%°é&ﬁéﬁﬁ‘?P PRRAT %40 shovghin
showi ng a papeFigwedlbeing transferred to a Yankee dryer.

12 Figure 4 is a schematic illustration of the photograph of Figure 3.

Figure § is a cross-sectional schematic illustration of a portion of a paper web
of the type shown in Figure 4.

Figure 6 is a photograph of a portion of a paper web of the type shown in
Figure 1 showing the paper web to have a continuous network region.

Figure 7 is a schematic illustration of the paper web shown in Figure 6.

18 Figure 8 is a schematic illustration of a paper machine which can be used to
make a paper web of the type shown in Figures 1-4

Figure 9 is a schematic illustration of the sheét side of a forming element
which can be used to make a paper web of the type shown in Figs 1-4.

Figure 10 is schematic illustration showing an enlarged portion of the
forming element depicted in Figure 9.

24 Figure 11 is a cross-sectional illustration showing a web supported on the
forming element of the type shown in Figure 9.

Figure 12 is a plan view illustration showing the sheet side surface of a web
support apparatus in the form of an imprinting fabric comprising a.felt
layer and a patterned photopolymer layer joined to the felt layer to
provide a continuous network web imprinting surface.

30 Figure 13 is a cross-sectional schematic illustration showing the paper web
transferred to the web support apparatus of the type shown in Figure 9



Figure 15 is a photograph of a portion of a paper web nmade according to one
6 enbodi nent of the present invention. Figure 16 _is a schematic
i |l ustratiWR%BRI%0 paper web of the type shown in Figure 10.FERPE2H is an
phot ographi ¢ enl argenent of the paper webjgshown in Fig. 15. Figure 18 is a
schematic illustration of a paper web of the type shown in Figure 17. 12
Figure 19 is a cross-sectional schematic illustration of a paper web of the
type shown in Fi gure topropidgamapgrovebshayingraficstsusfiee sonfarmest to the apparatupaper

web of the type shownaida §icehd SublbnfiilBWhorbpldnar Aafee Web to have a
continuous network region. Figure 21 is a schematic illustration of the

paper web shown i Fightegl4 8 a2éthematiillastfalionshowinghepaper oveb lbeing!transfesed @6 t he
sheet side of a form'g& %e%nﬁﬂér 18 whi ch can be used to nmake a
paper web of the type & ' Figure 15. Figure 23 is a cross-sectional

il lustration show | Ey@lba f ' of the
type shown in Fi \3”5@'%35 ﬁ%ﬁé‘?&éﬁrﬁp I'S g%ﬁgtﬁ’gggﬁ‘@’ @Jdgg?ﬁrgkiﬁ%ae paper
web made atcording t o egwediment pfitheipresertipvaiaBnt of the present invention
Figure 25 is a schematic,illystratjon of the paper sho in Figure 22.
24 Fi gure Figurgl ‘%ﬁiﬁﬂﬁ?‘&dh“%ﬁt‘aﬂﬁgﬂ’gﬂ%%ﬂb tkfa'ya%@ﬂ'@f the type
shown in Figure 24 sh@igurg10he paper web to have a continuous network
region. Figure 27 is a schematic illustration of the paper web shown in

Fi gure 26. Fi gur eFifireé 37 & angihetagraphic ¢rlargemertiof thegfaper web shown ialFégrdist whi ch
can be used to nake a paper web of the type shown in Figure 24. DETAI LED
DESCRI PTI ON OF THEigure/E3\is| adxh@natic illustration of e paper avabl dftka type shawmpiaper web 20
made according to one lggg}gqymant of the present invention. Figure 1 is a
phot ograph of the paper-web 20. Figure 2 is a

12 Figure 19 is a cross-sectional schematic illustration of a paper web of the type
shown in Figure 15.

Figure 20 is a photograph of a portion of a paper web of the type shown in
Figure 15 showing the paper web to have a continuous network region.

Figure 21 is a schematic illustration of the paper web shown in Figure 20.

Figure 22 is a schematic illustration of the sheet side of a forming element
18 which can be used to make a paper web of the type shown in Figure 15.

Figure 23 is a cross-sectional illustration showing an embryonic web
supported on a forming element of the type shown in Figure 22,

Figure 24 is a photograph of a portion of a paper web made according to one
alternative embodiment of the present invention '

Figure 25 is a schematic illustration of the paper web shown in Figure 22.

24 Figure 26 is a photograph of a portion of a paper web of the type shown in
Figure 24 showing the paper web to have a continuous network region.

Figure 27 is a schematic illustration of the paper web shown in Figure 26.

Figure 28 is a schematic illustration of a forming element which can be used
to make a paper web of the type shown in Figure 24.

DETAILED DESCRIPTION OF THE ION

30 Figures 1-4 illustrate a paper web 20 made according to one embodiment of
the present invention. Figure 1 is a photograph of the paper web 20. Figure 2 is a

iR



11 schematic illustration of the paper web shown in Figure 1. Figure 3 is a
phot ogr aph wbowsgego an enl arged portion of the type of paper REHYUSHWIA3 n
Figure 1, and Figure 4 is a schematic illqﬁtration of the paper web shown
in Figure 3. Figure 5 is a cross- sectional illustration of a paper web of
the type shown in Figure 4, taken along lines 5-5 in Figure 4. The paper
web is wetl ai dschanstiodnustmon@tﬁdiémsedmb showeg irbFigureU SFigate Rid 3/ pligtegraph dry

nb ts. T
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di scl osur e gof substaﬁtxallyfteaemdppémb@dmbmsel n by reference. Alternati veI y or
additionally, foreshortening nmay be acconplished via wet mcrocontraction
as taught in commulheypapesi2Qreay bk foreshureened théidfkn&ﬁﬁ in ithes atd Fyreshortaning 984
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Fi gure 2. t h a | 0; heast
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erein y reference for the purpose of disclosing gap transters for providing

foreshortening.

Referring to Figures 1-5, the paper web 20 has first and second oppositely
facing surfaces 22 and 24, respectively. The paper web 20 comprises a background
portion indicated by reference number 100, and a nonembossed decorative pattern
indicated by reference number 200.

24 The background portion 100 can comprise at least 50 percent of the surface
area of the first surface 22, as viewed Figure 2. In one embodiment, the background
portion 100 comprises at least 70 percent of the surface area of surface 22.

The term "decorative pattern” as used herein refers to a recognizable shape

or shapes imparted to the web, preferably during initial formation of the web. A

decorative pattern can be continuous, such as in the form of a continuous network

30 shape; discontinuous, such as in the form of discrete shapes; or semicontinuous (e.g.

continuous in one direction, such as along the machine or cross-machine direction of

the web 20.) The decorative pattern 200 can be imparted to the web by selective

drainage of water from the web during formation of the web, as described in more
detail below.



30 shape; discontinuous, such as in the formof discrete shapes; or

sem continuous (e.g. continuous in one direction, such as g 95/&,% chi ne

or cross- NRVI%irection of the web 20.) The decorative g? & n can

be inparted to the web by sel ective drai hage of water fromthe web during

formati on of the web, as described in nore detail bel ow 12 In Figures

1-4, the nonenbossed. decor atjve patter 00 conprlse lur.ality o
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about 1 and 28tem CADFOMPESS between ab‘!!’éécﬂ“étq\gg\ét 3Q0discrate fiecorativé indiciapRr  and

even nore prahgdrafbyt HEthecweb, aherétpréRrablidbetbeet abidutdeand aboute20ondissrete per
square foot of t

he weh. .Each discrete ecorative.indicia 220 i epgr at ed
Frlom ad] aBenteRab SIS Pranis 15 Sy SFohBte HEReh SHSert apul g4 o
decorative pabbetr7s debrativeindicieperagudre fodt oftiee welph basi s wei ght regi on
having a basis weight which is greater than the surroundi ng background
portion 100. 12 Each discrete,Fdegorative dndigial 220 is separated fom adjecenh deesrative20

~conprises a ﬁﬁdéggbhé;iéaﬁehﬁgcﬁ%oaa& g@t&ﬁg@gt mse&m&i‘,%ﬁﬁja%ﬁ%%w@rﬁgmn

form a border Inin e shape . decorative, i
decor ati ve i deastpae high basispyejghtregion haying a basts weight 48 igreptessthansthes 240

subst anti al | wARB6A Badk¥rduné poaioheroof or med by the high basis weight
regi ons 230. The high basis weight regions 230 can have a basis wei ght that

Ls greatan than tHa Rgigesyanddseshwizcolativoindicic22Cedmpridéd a phirelita\of highe
aver age. basi So0ie e GFEPRE LS oich, TS, BN BePLishiRIUE sthfle bOfre
conpri se at |deesrativéhinslicia 830.0nFheldeqonativg indicia Z2himaFiguras 3 epd indydeat t er n,
the regions hei gy el 940 SEERInGially ©4BIGRE 'byGh& 8brdeY formed by the high basis
' weight regions 230. The high basis weight regions 230 can have a basis weight that

is greater than the average basis weight of each cell 240. The average basis weight

18 of each cell 240 can be substantially equal to the average basis weight of the
background portion 100.

=

The paper web 20 can comprise at least three regions disposed in a
nonrandom, repeating pattern, the regions being distinguishable from each other by
at least one property selected from the group consisting of basis weight, density,
thickness, and fiber composition, In Figures 3 and 4, the background portion 100

24 comprises a plurality of first background regions 110, at least one second
background region 120. The regions 110 and 120 are distinguishable from each
other by basis weight. The basis weight of the regions 110 is less than the basis
weight of the region 120. In Figures 3 and 4, the regions 110 are generally discrete,
and are substantially encircled by a continuous network region 120.

In Figure 3, the cells 240 each comprise a plurality of first cell regions 242
30  and at least one second cell region 244, The regions 242 and 244 are distinguishable
from each other by basis weight. The basis weight of the regions 242 is less than the
basis weight of the regions 244. _In Figures 3 and 4, the regions 242 are generally
discrete, and are substantially encircled by a continuous network region 244. Each

cell 240 is substantially encircled by one or more high basis weight regions 230.



at | east one property selected fromthe group consisting of basis weight,
density, fhyeegseo and fi ber conposition. In Figures 3 and 2CT{U$89/02343
background portion 100 24 conprises a pl E;al ity of first background
regions 110, at | east one second background region 120. The regions 110 and
120 are distinguishable fromeach other by basis weight. The basis wei ght
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regions. |n Fi pasieaveighysegians 2 samwbsmldIYeplmgmsmemﬂew merg hi
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basi's wei ght intermediate either the background portion 100 or a cell 240. The low basis -’eight
18 regions form a border intermediate adjacent high basis weight regions. By
substantially circumscribing one or more high basis weight regions, the low basis
weight regions 290 and 290A help to accentuate the visual appearance of the

decorative indicia.

Figure 5 provides a cross-sectional illustration of the different basis weight

regions of the paper web 20. The basis weights of different portions of the web are

24  indicated by different thickness in Figure 5. The background portion 100 can have an

opacity of at least about 3.0. The cells 240 can have an opacity of at least about 3.0

The high basis weight regions 230 have an opacity which is greater than that of the

background portion and the cells 240, and the high basis weight regions 230

preferably have an opacity which is at least about 4.0. The first surface 22 can have

a visible surface texture, and can have a surface smoothness value of at least 900.

30 The web 20 can have a surface smoothness ratio of at least about 1.2. The surface

smoothness and smoothness ratio are measured as set forth below in “Test
Methods.”

The paper structure 20 can be selectively densified to provide a nonrandom,
repeating pattern of density variation. The paper structure 20 can be selectively
densified as described in more detail below. In one embodiment, the paper structure

36  comprises a nonrandom, repeating pattern of relatively high and low density regions
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equency in the regions 340 will be lower than the creping frequency in the region

330.

18. A paper structure 20 according to the present invention can be made with the
papermaking apparatus shown in Figure 8. The method of making the paper
structure 20 of the present invention is initiated by providing a plurality of fibers
suspended in a liquid carrier, such as an aqueous dispersion of papermaking fibers in
the form of a slurry, and depositing the slurry of papermaking fibers from a headbox
1500 onto a fiber retentive forming element 1600. The forming element 1600 is in

24  the form of a continuous belt in Figure 8.

The slurry of papermaking fibers is deposited on the forming element 1600,
and water is drained from the slurry through the forming element 1600 to form an
embryonic web of papermaking fibers 543 supported by the forming element 1600.
The slurry of papermaking fibers can include relatively long fibers having an average
fiber length of greater than or equal to 2.0 mm, and relatively short fibers having an

30  average fiber length of less than 2.0 mm. For instance, the relatively long fibers can
comprise softwood fibers, and the relatively short fibers can comprise hardwood
fibers.

Figure 9 is schematic illustration of web or sheet facing side of a forming
element 1600 suitable for making a paper web 20 according to the present invention.
Figure 10 is a schematic illustration showing an enlarged portion of the forming



density regions dispersed throughout the relatively high density continuous
net wor kK r egvo99/3950 Figures 6 and 7 depict the surfacePQWUSINR34aper
structure 20 of the type shown in Figure 1,4 Referring to Figures 6 and 7,
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18  corresponding to the high basis weight regions 230 in Figure 3-4.

In Figure 9, the flow restriction members 1650 also include cell flow
restriction members 1672 and 1674 which together with the woven base 1610
provide a third drainage zone 1676 corresponding to the cells 240 in Figures 3-4.

The liquid carrier (e.g. water) is drained through the forming element 1600 in

simultaneous stages corresponding to the drainage zones 1656, 1666, and 1676.

24  The drainage rate in the drainage zones 1666 is relatively higher than the drainage

rates in the drainage zones 1656 and 1676, with fibers in the aqueous slurry tending

to accumulate in the drainage zone 1666, thereby forming the relatively high basis
weight regions 230 in Figure 3 and 4.

The relatively shorter fibers tend to accumulate in the drainage zones 1666.
As a result, it is believed that the average fiber length of the papermaking fibers in
30 the relatively high basis weight regions 230 of the decorative indicia 220 is smaller
than the average fiber length of the papermaking fibers in surrounding portions of
the web, such as in the background 100 and in the cells 240.

The flow restriction members 1650 can be formed on the woven base by
selectively curing a photopolymeric resin on the woven base 1610. Such flow
restriction members 1650 are generally liquid impermeable, such that second
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dr ai nage than about 1/4 the average fiber length of the fibers, preferably hardwood fibers, 1n

the layer adjacent to the forming element 1600.

For instance, for a furnish made up of 100 percent Eucalyptus fibers, the width
18 W should be less than about 0.5 millimeter, based on an average fiber length of about
1.0 mm. Alternatively, if the furnish is made up of 100 percent Northern Softwood
Kraft fibers having an average fiber length of about 3.0 mm, then the width W
should be less than about 1.5 mm. In one embodiment, the width W can be less than

or equal to about 0.38 mm (less than or equal to about 0.015 inch).

The segments 1660 can be spaced to provide a channel width C (Figure 9 and

24 10) of between about 1.0 mm and about 3.0 mm, and in one embodiment about 2.0

mm. The members 1652 and 1654 can have a width W2 substantially equal to the

width W, and a spacing C2 which is less than C, and which is between about 0.4 mm

and about 0.8 mm. The members 1672 and 1674 can have sizes and shapes
substantially the same as those of member 1652 and 1654.

The resulting decorative indicia can each comprise high basis weight regions

30 230 having a substantially closed path shape which substantially encircles at least one -
cell 240. The width of the high basis weight regions 230 (corresponding to the
channel width C) as measured at any point along the closed path shape is between
about 1.0 millimeter and about 3.0 millimeter, and in one embodiment is about 2.0

millimeter.



rates in the drainage zones 1656 and 1676, with fibers in the aqueous
slurry tendavogg/smsaccurml ate in the drai nage zone 1666, ther BOYUSR4Y t he
relatively high basis weight regions 230 in |7:| gure 3 and 4. The relatively
shorter fibers tend to accumulate in the drd I nage zones 1666. As a result,
it is believed that the average fiber length of the papermaking fibers in
30 the relatively hilgh ﬁmaipatemmhﬁod@mlpmsamgveﬁeﬁdaemne@ﬁhﬂly Ssinprivdithe a
220 is smallerthanthfz ;@ qﬁé (@H ﬁ thepgerr’rﬁ{?ng ﬁlbersm
Surroundi ng por (RBH=MAEE KBeqidsed i i OEYRT LB e e Shtots pUia,
cell's 240. The fshciwas eetton bners,nbagassb,erayonbao «an beaistdr Wiedd qulpshesefud \herein
base by selecti |

y e el l?ulﬁ?@ﬁﬁpﬁy KPR sﬁlﬁEfﬁgftﬂﬂté @.ﬂ?y‘@e’ ?%gﬁﬁfecﬂ-ﬁﬂ&”u |

Suchflowrestrlctlon nme 50 are génera
that second poins inchding to5 fxample, &r@@@owao eﬁrag@eﬁl&p@ahml@ﬁ and Chemi-

substantial | g Zeﬂﬁnn&l\rﬁbhdxﬂil EPdl] b@c*mm)enpmye deaivel nﬂ'oﬁi %B%Ht dé&@.ﬂnﬁaﬁn@e
formed wth a phot XgEH C r%Iel nﬁs ghsc os %Eneral 1 r@ ehn
5,503, 715 |ssued:°ﬂ£ grops dree Gay be st QUfRalye yFr flafoR %H"s‘% et §“°

Pat ent 5, 534, 326Gynthstiefibels)icanbe us&6 i n t he name of Trokhan et al, which

patents are incorporated herein by reference. 6 The segrrents 1660
have a mi ni mum vm dththvhanbmdr puipg e seftwgod pulpe, neither separately tdrgtogesheremay s

length. If the yg ”‘?ﬂa F%rd@oﬁﬂ g4 %oﬁ%BS? (ﬁbelfb é?ﬁrbe ﬁlgﬁ%dt Be al Y@rﬂﬁtﬂeﬁy

preferably | ess tha and nore era | ess

fourth of the arapd§ ep%*@ﬁ in |2yers o provideea #traﬂéieé wqbf WﬁerBt'?smOcﬂsﬂwuaé a
ho;r?gengorsbxm XtNkj[S\ﬁ 1of 198 ﬁfca@tean% hlﬁ?U .S . \Rueént Izwmnﬁﬁhameﬁdf er23 0] 197F to
SOorTtwoo | bers € SE(g nts v 1.C I'S ere ess
S b e S g AT et raaraed Bein b rtethond S e ppoe o disiobiog
average fi ber | dagdring @i hatdevdodratddsoftiwbodfibersf or mi ng the web. On the ot her

hand, if the web conprises two or nore layers, the width Wshould be |ess
t han about 1/2, and nbhe papesffurnish gan cemptisean oyt of additives, dneludipg tut et
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binder materials, and chemical softening compositions. Suitable wet strength binders

18 include, but are not limited to, materials such as polyamide-epichlorchydrin resins
sold under the trade name of KYMENE® 557H by Hercules Inc., Wilmington,
Delaware. Suitable temporary wet strength binders include but are not limited to
synthetic polyacrylates. A suitable temporary wet strength binder is PAREZ® 750
marketed by American Cyanamid of Stanford, CT.

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

The paper furnish deposited on the forming element 1600 can comprise a

debonding agent to inhibit formation of some fiber to fiber bonds as the web is dried.

The debonding agent, in combination with the energy provided to the web by the dry

creping process, results in a portion of the web being debulked. In one embodiment,

30 the debonding agent can be applied to fibers forming an intermediate fiber layer

positioned between two or more layers. The intermediate layer acts as a debonding

layer between outer layers of fibers. The creping energy can therefore debulk a
portion of the web along the debonding layer.

Suitable debonding agents include chemical softening compositions such as
those disclosed in U.S. Patent 5,2.79,767 issued January 18, 1994 to Phan et al.
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are dispersed in a carrier liquid to have a consistency less than about 50 percent. In
~ yet another alternative embodiment, and without being limited by theory, it is
- 18 believed that the present invention is also applicable to airlaid structures, including

. . airlaid webs comprising pulp fibers, synthetic fibers, and mixtures thereof.

The percent consistency of a dispersion, slurry, web, or other system is defined
as 100 times the quotient obtained when the weight of dry fiber in the system under
consideration is divided by the total weight of the system. Fiber weight is always
expressed on the basis of bone dry fibers.

24 The embryonic web 543 can be formed in a continuous papermaking process,
as shown in Figure 8, or alternatively, a batch process, such as a handsheet making
process can be used. After the dispersion of papermaking fibers is deposited onto
the forming element 1600, the embryonic web 543 is formed by removal of a portion
of the aqueous dispersing medium through the forming element 1600 by techniques
well known to those skilled in the art. Vacuum boxes, forming boards, hydrofoils,

30 and the like are useful in effecting water removal from the aqueous dispersion of
papermaking fibers to form embryonic web 543.

Figure 11 shows an embryonic web being formed on the forming element
1600. The difference in elevation D between the top surface of the flow restriction
members and the woven base 1610 is preferably less than about 6 mils (0.006 inch;
0.152 millimeter) in order to provide an generally monoplanar embryonic web 543
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press felt manufactured by Appleton Mills of Appleton, Wisconsin.

18 The dewatering felt can have a stacked double woven base with multifilament
MD yarn and cabled monofilament CD yarn, a woven base weight of about 2.3
ounce per square foot,_and a stratified batt construction (3 denier over 15 denier)
having a weight of 2.2 ounce per square foot. The dewatering felt can have an air
permeability of about 22 scfm. The resulting web can have a generally uniform
density. Alternatively, the web support apparatus 2200 can be constructed to impart

24  apredetermined pattern of densification to the web.

The web support apparatus 20 may be made according to any of commonly
assigned U.S. Patents: 4,514,345, issued April 30, 1985 to Johnson et al;
4,528,239, issued July 9, 1985 to Trokhan; 5,098,522, issued March 24, 1992;
5,260,171, issued Nov. 9, 1993 to Smurkoski et al.; 5,275,700, issued Jan. 4, 1994
to Trokhan; 5,328,565, issued July 12, 1994 to Rasch et al.; 5,334,289, issued Aug.

30 2, 1994 to Trokhan et al.; 5,431,786, issued July 11, 1995 to Rasch et al.; 5,496,624,
issued March 5, 1996 to Steljes, Jr. et al.; 5,500,277, issued March 19, 1996 to
Trokhan et al.; 5,514,523, issued May 7, 1996 to Trokhan et al.; 5,554,467, issued
Sept. 10, 1996, to Trokhan et al.; 5,566,724, issued Oct. 22, 1996 to Trokhan et al.;
5,624,790, issued April 29, 1997 to Trokhan et al.; 5,628,876, issued May 13, 1997
to Ayers et al.; 3,301,746, issued Jan. 31, 1967 to Sanford et al.; 3,905,863, issued

36 Sept. 16, 1975 to Ayers; 3,974,025, issued Aug. 10, 1976 to Ayers; 4,191,609,



18 Suitabl e bi odegradabl e chem cal softening conpositions are disclosed in
U S Patent 5,312,522 issued May 17, 1994 to Phan et al. U, g ngggﬁgg
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to fiber bonding in one or nore |ayers of the fibers making up the web. 6
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enbryoni ¢ web 543 can be forned in a continuous papermaki ng process, as
shown in Figure & Figuresd 12andit1By eheyfirsh weht comtasting sudfacesigohfiest felt surfaceheet
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el ement 1600 25%0 higs REN S Spositely facing second felt surface 2232.
18 In Figures 12 and 13, the second web contacting surface is provided by the
web patterning layer 2250. The web patterning layer 2250, which is joined to the
felt layer 2220, has a web contacting top surface 2260 at a second elevation 2261.
The difference between the first elevation 2231 and the second elevation 2261 is less
than the thickness of the paper web when the paper web is transferred to the web
support apparatus 2200. The surfaces 2260 and 2230 can be disposed at the same
24  elevation, so that the elevations 2231 and 2261 are the same. Alternatively, surface
2260 can be slightly above surface 2230, or surface 2230 can be slightly above
surface 2260.

The difference in elevation is greater than or equal to 0.0 mils and less than

about 8.0 mils. In one embodiment, the difference in elevation is less than about 6.0

mils (0.15 mm), more preferably less than about 4.0 mils (0.10 mm), and most

30  preferably less than about 2.0 mil (0.05 mm), in order to maintain a relatively smooth
surface 24 of the web 20. ' '

The dewatering felt layer 2220 is water permeable and is capable of receiving
and contéining water pressed from a wet web of papermaking fibers. The web
patterning layer 2250 is water impervious, and does not receive or contain water
pressed from a web of papermaking fibers. The web patterning layer 2250 can have
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formed can have a denier of between about 3 and about 20 grams per 9000 meters of
filament length,

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

24  felt surface 2230 as compared to the density and pore size of the felt layer 2220
adjacent the second felt surface 2232, such that water entering the first surface 2230
is carried away from the first surface 2230.

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

30 PCT Publications WO 96/00812 published January 11, 1996, WO 96/25555
published August 22, 1996, WO 96/25547 published August 22, 1996, all in the
name of Trokhan et al.; U.S. Patent Application 08/701,600 "Method for Applying a
Resin to a Substrate for Use in Papermaking" filed August 22, 1996; U.S. Patent
Application 08/640,452 "High Absorbence/Low Reflectance Felts with a Pattern
Layer" filed April 30, 1996; and U.S. Patent Application 08/672,293 "Method of
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dryi ng and |rrpart| ng, a pattern to a paper web on a paper _machine. The web
support appar at usThextesvaesingfelt layer 2 W‘a‘tﬁﬁg@ﬁ'@é"mz)fbetween about 800

and about 2000 grams per square meter, an average density (basis weight divided by

18 thickness) of between about 0.35 gram per cubic centimeter and about 0.45 gram per
cubic centimeter. The air permeability of the web support apparatus 2200 is less
than or equal to the permeability of the felt layer 2220.

~ One suitable felt layer 2220 is an Amflex 2 Press Felt manufactured by

Appleton Mills of Appleton, Wisconsin. The felt layer 2220 can have a thickness of

about 3 millimeter, a basis weight of about 1400 gm/square meter, an air

24  permeability of about 30 scfm, and have a double layer support structure having a 3

ply multifilament top and bottom warp and a 4 ply cabled monofilament cross-

machine direction weave. The batt 2240 can comprise nylon fibers having a denier

of about 3 at the first surface 2230, and a denier of between about 10-15 in the batt
substrate underlying the first surface 2230.

The web support apparatus 2200 shown in Figure 12 has a web patterning

30 layer 2250 having a continuous network web contacting top surface 2260 having a
plurality of discrete openings 2270 therein. Suitable shapes for the openings 2270
include, but are not limited to circles, ovals elongated in the machine direction (MD

in Figure 9), polygons, irregular shapes, or mixtures of these. The projected surface

area of the continuous network top surface 2260 can be between about 5 and about

75 percent of the projected area of the web support apparatus 2200 as viewed in



and a second oppositely facing side 2204. The web support apparatus 2200 is
vi ewed wi t hwoleadoss st web facing side 2202 toward the vi ewer PEFUSYY3348 12.
The first 12 web facing side 2202 conprises a first web contacting
surface and a second web contacting surface. In Figures 12 and 13, the
first web contacting surface is a first felt surface 2230 of the felt |ayer
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2250 can have Zhe web is transferred to the web support apparatus 2200 such that the first

face 547 of the transferred web 545 is supported on and conformed to the side 2202
of the apparatus 2200, with parts of the web 545 supported on the surface 2260 and

18  parts of the web supported on the felt surface 2230. The second face 549 of the web
is maintained in a substantially macroscopically monoplanar configuration. Referring
to Figure 13, the elevation difference between the surface 2260 and the surface 2230
of the web support apparatus 2200 is sufficiently small that the second face of the
web remains substantially macroscopically monoplanar when the web is transferred
to the apparatus 2200. In particular, the difference in elevation between the surface

24 2260 and the surface 2230 can be smaller than the thickness of the embryonic web
at the point of transfer.

The steps of transferring the embryonic web 543 to the apparatus 2200 can be
provided, at least in part, by applying a differential fluid pressure to the embryonic
web 543. The embryonic web 543 can be vacuum transferred from the forming
element 1600 to the apparatus 2200 by a vacuum source 600 depicted in Figure 8,

30  such as a vacuum shoe or a vacuum roll. One or more additional vacuum sources
620 can also be provided downstream of the embryonic web transfer point to
provide further dewatering.

The web 545 is carried on the apparatus 2200 in the machine direction (MD in
Figure 8) to a nip 800 provided between a vacuum pressure roll 900 and a hard
surface 875 of a heated Yankee dryer drum 880. Referring to Figure 14, a steam



a continuous web contacting top surface 2260, as shown in Figure 12.
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The vacuum providing portion 920 is in communication with a source of
vacuum (not shown). The vacuum providing portion 920 is stationary relative to the
rotating surface 910 of the roll 900. The surface 910 can be a drilled or grooved
surface through which vacuum is applied to the surface 2204. The surface 910
rotates in the direction shown in Figure 14, The vacuum providing portion 920
24  provides a vacuum at the surface 2204 of the web support apparatus 2200 as the
web and apparatus 2200 are carried through the steam hood 2800 and through the
nip 800. While a single vacuum providing portion 920 is shown, in other
embodiments it may be desirable to provide separate vacuum providing portions,
each providing a different vacuum at the surface 2204 as the apparatus 2200 travel
around the roll 900.

30 The Yankee dryer typically comprises a steam heated steel or iron drum.
Referring to Figures 8 and 14, the web 545 is carried into the nip 800 supported on
the apparatus 2200, such that the relatively smooth second face 549 of the web can
be transferred to the surface 875. Upstream of the nip, prior to the point where the
web is transferred to the surface 875, a nozzle 890 applies an adhesive to the
surface 875.




publ i shed August 22, 1996, WO 96/ 25547 published August 22, 1996, all in
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As the web is carried on the apparatus 2200 through the nip 800, the vacuum

18  providing portion 920 of the roll 900 provides a vacuum at the surface 2204 of the

web support apparatus 2200. Also, as the web is carried on the apparatus 2200

through the nip 800, between the vacuum pressure roll 900 and the dryer surface

800, the web patterning layer 2250 of the web support apparatus 2200 imparts the
pattern corresponding to the surface 2260 to the first face 547 of the web 545.

The second face 549 is a substantially macroscopically monoplanar face,
24 substantially all of the of the second surface 549 is positioned against, and adhered
to, the dryer surface 875 as the web is carried through the nip 800. As the web is
carried through the nip, the second face 549 is supported against the smooth surface
875 to be maintained in a substantially macroscopically monoplanar configuration.
Accordingly, a predetermined pattern can be imparted to the first face 547 of the

web 545, while the second face 549 remains substantially monoplanar.

30 In non-through air dried embodiments, the web 545 preferably has a
consistency of between about 20 percent and about 60 percent when the web 545 is
transferred to the surface 875 and the pattern of surface 2260 is imparted to the web
to selectively densify the web. The pattern of the surface 2260 is imparted to the
web to provide the continuous network region 330 and the discrete, relatively low
density regions 340 shown in Figures 6 and 7.
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decorative indicia 220 per square foot of the surface 22, as viewed in Figure 15.
 The background portion 100 can comprise at least SO percent of the surface
18 area of the first surface 22, as viewed Figure 15. In one embodiment, the
" background portion 100 comprises at least 70 percent of the surface area of surface
22,

Each discrete, decorative indicia 220 is separated from adjacent decorative
indicia 220 by the background portion 100. The decorative pattern 200 comprises at
least one high basis weight region having a basis weight which is greater than the

24  average basis weight of the surrounding background portion 100.

In Figures 15-18, each decorative indicia 220 comprises a plurality of high
basis weight regions 230 which, together, form a border defining the shape of the
decorative indicia 220. The high basis weight regions 230 preferably comprise less
than about 30 percent, more preferably less than about 15 percent of the surface area
of surface 22.

30 The decorative indicia 220 in Figures 15-18 include a plurality of cells 240
substantially enclosed by the border formed by the high basis weight regions 230.
The high basis weight regions 230 can have a basis weight that is greater than the
average basis weight of each cell 240. The average basis weight of each cell 240 can
be substantially equal to the average basis weight of the background portion 100.
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carried over the vacuum pressute ro . . .
plurality of discrete regions 246, each region 246 generally encircled by a relatively

lower basis weigh region 242. The regions 242 and 244 are distinguishable from

18 each other by basis weight. The basis weight of the regions 242 is less than the basis
weight of the regions 244. The regions 246 can have a basis weight which is
intermediate the basis weight of the region 244 and the regions 242.

The predetermined variation of basis weight within the background 100 and
the cells 240 help to make the decorative indicia 220 stand out visually, thereby
helping to accentuate the decorative pattern of the paper structure

24 Figure 19 provides a cross-sectional illustration of the different basis weight
regions of the paper structure 20 depicted in Figures 15-18. The basis weights of
different portions of the web are indicated by thickness in Figure 19. The
background portion 100 can have an opacity of at least about 3.0. The cells 240
can have an opacity of at least about 3.0. The high basis weight regions 230 have
an opacity which is greater than that of the background portion and the cells 240,

30  and the high basis weight regions 230 preférably have an opacity which is at least
about 4.0

The difference in the opacity of the background 100 and the cells 240 as
compared to that of the high basis weight regions 230 in the decorative indicia 220
help to make the decorative indicia visually discernible, Basis weight and opacity are
measured as described below under Test Methods.
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The members 1680 can comprise photopolymer resin protrusions which are
cast onto the base 1610. The flow restriction members 1680 provide drainage zones
corresponding to the background 100 and the cells 240 of a paper structure 20 of the
type shown in Figures 15-18. The open network 1682 between adjacent members
1680 provides a drainage zone corresponding to the regions 120 and regions 240 in

24  a paper structure of the type shown in Figure 17. The apertures 1681 provide
drainage zones corresponding to the regions 130 and 246 in a paper structure of the
type shown in Figure 17. The upper surfaces of the members 1680 provide zones of
virtually no drainage corresponding to regions 110 and 242 in a paper structure of
the type shown in Figure 17.

The flow restriction members 1680 are selectively cast on the base 1610 to
30  provide areas 1684 substantially free of the members 1680. The areas 1684 provide
drainage zones corresponding to the high basis weight regions 230 in a paper
structure of the type shown in Figure 17. The areas 1684 shown in Figure 22 are
separate, unconnected segments which together correspond to a single decorative
indicia. Alternatively, a single continuous closed path area 1684 could be provided

to form each decorative indicia.
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pounds of adhesive can be appljied per ton of paper fibers dried on the
Yankee drum 880. As Theepsgdererminedpattern ofrdensificationain the fome @f regionu 330 and

nip 800, the vayyauand’ foRh&QVidh amrshbsm%a?ar&fusfsb& 0thht SHYWInOmijp6tes1 22
vacuum at the s rfaqie §§04 f the web sk;ppor ) a&parahus 2200. Al so r@f t he
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| ayer 2250 of the web support apparatus 2200 1 nparts the pattern

correspondi ng to theFigures 3427alhGfrateca paper ieb 20 acearding4d yef aridtierwiiboliktent The
substant | a1y a1 s PR, o, ¥ TR oRRer, Biidhueetin BRER” PAia7. 68pafesce
and adher ed background portion 100 and about 1 to about 200 discrete, decorative indicia 220
per square foot of the surface 22, as viewed in Figure 24. The background portion
100 can comprise at least 50 percent of the surface area of the first surface 22, and in
18 one embodiment, the background portion 100 comprises at least 70 percent of the
surface area of surface 22.

Each decorative indicia 200 can comprise at least one high basis weight
region 230 having a basis weight which is greater than the average basis weight of
the surrounding background portion 100. In Figures 24-27, each decorative indicia
220 comprises a plurality of high basis weight regions 230.

24 The decorative pattern 200 in Figures 24-27 comprises one or more low basis
weight regions. In Figures 24-27, the decorative indicia 220 comprise low basis
weight regions 290 and 290A. Low basis weight regions 290 and 290A have a basis
weight less than the basis weight of the high basis weight regions 230. The low basis
weight regions 290 and 290A can substantially circumscribe one or more high basis
weight regions 230. The low basis weight regions 290 form a border intermediate

30 the background portion 100. The low basis weight regions 290A form a border
intermediate adjacent high basis weight regions. By substantially circumscribing one
or more high basis weight regions, the low basis weight regions 290 and 290A help
to accentuate the visual appearance of the decorative indicia.
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weight regions 290 and 290A help to make the decorative indicia 220 stand out
visually, thereby helping to accentuate the decorative pattern of the paper structure

18 The background portion 100 can have an opacity of at least about 3.0 The
high basis weight regions 230 can have an opacity which is greater than that of the
background portion, and the high basis weight regions 230 preferably have an
opacity which is at least about 4.0.

Referring to Figures 26 and 27, the structure 20 can include a continuous

network, relatively high density region 330 and a plurality of discrete, relatively low

24  density regions 340 dispersed throughout the continuous network region 330. The

continuous network region 330 provides web strength, while the relatively low

density regions 340 provide web bulk and absorbency. The regions 330 and 340 are
superimposed on the background 100 and the high basis weight regions 230.

Figure 28 is an illustration of a forming element 1600 which can be used to

provide the predetermined variation in basis weights of the type depicted in Figures

30 24-27. The forming element 1600 comprises a liquid permeable woven base 1610
and flow restriction members 1680 disposed on the woven base 1610. For clarity,

only a portion of the woven base 1610 is shown in Figure 28. The flow restriction
members 1680 can be generally annular, with an aperture 1681 extending through

each member 1680. The forming element 1600 can comprise between about
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portion 100. 27 The paper web 20 shown in Figures 15-18 has a background
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surfaces of the members 1680 provide zones of virtually no drainage corresponding
to regions 110.

18 The flow restriction members 1680 are selectively cast on the base 1610 to
surround the resin free areas 1688 bordered by flow restriction elements 1686. The
flow restriction members 1680 can be positioned on the base 1610 to have
dimensions X1-X6 as described above for the embodiment in Figure 22. The flow
restriction elements 1686 can have a width of less than about 0.010 inch.

The predetermined pattern of densification in the form of regions 330 and
24 340 can be formed using a web support apparatus such as that shown in Figure 12.
Generally, the number of regions 340 per unit area of the paper structure 20 will be
greater than the number of regions 110 (or 130) per unit area of the background

100,
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homogeneous fiber blend, and deposited onto a forming element of the type

18 shown in Figures 9-11. Dewatering occurs in simultaneous stages through
the forming element, and is assisted by a deflector and vacuum boxes. The
forming element comprises a photopolymer resin cast on a wire manufactured
by Appleton Wire of Appleton, Wisconsin, the wire being a triple-layer square
weave configuration having 90 machine-direction and 72 cross-machine-
direction monofilaments per inch, respectively. The monofilament diameter

24  ranges from about 0.15 mm to about 0.20 mm. The wire has an air
permeability of about 1050 scfm. The photopolymer resin is cast on the wire
to provide a difference in elevation D (Figure 11) of less than about 0.006
inch. The value of C is about 2.0 mm, the value of W is about 0.3 mm, the
value C2 is about 0.5 mm, and the value of W2 is about 0.3 mm.

The embryonic wet web is transferred from the forming element, ata

30 fiber consistency of about 10% at the point of transfer, to a dewatering felt.

The dewatering felt 220 is a Amflex 2 Press Felt manufactured by Appleton

Mills. The felt comprises a batt of nylon fibers. The batt has a surface denier

of 3, a substrate denier of 10-15. The felt has a basis weight of 1436

gm/square meter, a caliper of about 3 millimeter, and an air permeability of
about 30 to about 40 scfm.



28 Figures 20 and 21 depict the surface 24 of a paper structure 20 of the
type shown waediogsy es 15-18. Referring to Figures 20 and 21, PEHES%{0R23¥Bt ur e
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regi ons 110 antis@w2paper baviagthe wire lsdBL(sw'fm 22hip Figyre Hhfacing ioutwargly e 17.
18  The two-ply toilet tissue paper has a basis weight of about 25 pounds per
3000 square feet, and contains about 0.2% of the temporary wet strength
resin and about 0.1% of the debonder. The resulting two-ply tissue paper is
soft, absorbent, aesthetic and is suitable for use as bath tissues.

EXAMPLE 2

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

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

36 the fan pump. :



The flow restriction nenbers 1680 are sel ectively cast on the base 1610 to
30 provide areas 1684 substantially free of the nenbers 1889w eas
1684 prowv&‘é ’H?zg?(hage zones corresponding to the high basis M|s-g5E£23?§ég| ons
230 in a paper structure of the type showin Figure 17. The areas 1684
-.shown in Figure 22 are separate, unconnected segrrents whi ch t oget her

correspond to a sj led rati i ndi ci a. ter (S si ngle
conti nuous cl osed&ggﬂﬁh "f%‘gﬁmﬁa"ﬁ’é“ 3 t%*mggﬁﬁ&ecor ative
i ndi ci a. 29 T00%f Ewucalypas) rare tsepanated ribethe Headtibxc amd ldepgsited tontmed on t he

30 m 2 Egn?‘ﬁi‘ﬁ?ﬁeﬁﬁ'@{“e&@%‘?E@W‘”*%?%?F%L%‘*l?%% e

MD | ength X3 simultenenusistagesnthronghythe formingngleragng andis assisted Xy & about

1.0 mmto abou&ﬂeho‘r dﬁH‘vaIx'i\ﬂn‘BBﬁé%' aa.ﬂeﬁt%\b sésepﬁﬁ&oa@yﬁér ag%ut F|007
W

mmto about 1.1, nmm an dth X6 abo
restrictioh né‘??ﬂ’e?”ét Q%SOV‘E%W"E}ga letop, ‘f‘? PPIGWPpagffq"Bﬂg’ of the

base 1610 tg nfeowirdbemgeaampleﬁﬁﬁerMumgwaverwnﬂgham:ﬂhim@%inabﬁhwen abﬁut
1.5 mmto abo . The predeternm nad patt i ficaign in the
form of regi oﬁéeéfg g%ﬂcf 328 &ﬁ&bﬁlf Cied s n%&o‘ﬁiag?eg:&s éé’p 5par at us

L

such as that séspestively. rhgmoeoiilamen@eimetfm KANges| mamrﬂ iabawt 340 per
unit area of b% e he tire thid§ eanzgrvﬁénheiﬂﬂzt}zofh 050" séfie peper  of
regions 110 (or per unjt area, of batkground 100. Fi gures 24-27

illustrate a ph@e r pesingis castanyie t"B"ey'@tP"QWQFH fresensn alevation Dt he
present i nzfentmgﬁrel Bﬁleﬁﬁﬂﬁﬁ abdut 004" ifich. ThE value 9F C3¢ abbolit 200, $lﬁ§ a

back d t t bayt 20 t t
ol 1 & 220" puRuE ALY 5 At Bok i, he GG ous 8 SRaT 250 e IRERE 24, e

background poW2 ismbd0.8amconpri se at |east 50 percent of the surface area

of the first surface 22, and in 18 one enbodi nent, the background portion
100 conpri ses at The embrypngeweweb i transtereedrfrem ghe: fasming elementacas 22

fiber consistency of about 10% at the point of transfer, to a web support
apparatus comprising a photopolymer resin layer joined to a dewatering felt,
18  as shown in Figure 12, The dewatering felt is a Amflex 2 Press Felt
manufactured by Appleton Mills. The web support apparatus has a
continuous network surface and about 60-80 openings 2270 (Figure 12) per
square inch. The resin has a projected area equal to about 35 percent of the
projected area of the web support apparatus. The difference in elevation
between the resin web contacting surface and the felt surface is about 0.005
24 inch (0.127 millimeter).

The embryonic web is transferred to the web support'apparatus to form

a generally monoplanar web 545. Transfer is provided at the vacuum transfer

point with a pressure differential of about 20 inches of mercury. Further de-
watering is accomplished by vacuum assisted drainage until the web has a

fiber consistency of about 25%. The web 545 is carried to nip as shown in

30  Figure 8. The vacuum pressure roll has a surface hardness of about 60 P&J.
The web 545 is compacted against the surface of the Yankee dryer drum by
pressing the web 545 and the web support apparatus between the vacuum
pressure roll and the Yankee dryer drum at a calculated compression pressure

at the resin surface of at least about 800 psi, as calculated by dividing the nip

load in pli (pounds per cross machine direction lineal"inch) by the nip width in

36  the machine direction and the decimal percentage of the resin surface area per

i



Each decorative indicia 200 can conprise at | east one high basis weight
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wei ght of the surroundi ng background porti?p 100. In Figures 24-27, each
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rel atively high basis,weight ont i nuous, net wor egiop 120, a plurality of
i screter ' o Stheimonte,dheisss ot syttt aaver e, it bssaet Sesfielib ghos

t he conti nuous andisvitable &giuse ad Beth tesaudksa plurality of discrete regions 130,
each region 130 generally encircled by a relatively | ower basis weight

regi on 110. The regions 110 are vi sual IEXAMPLE3ui shable fromthe region
120, and the basis 12 weight of the regions 110 is |ess than the basis

wei ght of the regi oFirsRCR B%hby weight aqueous slurry of Northern Softwood Kraft

(NSK) fibers is made using a conventional re-pulper. A 2% solution of the

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

24  Dublin, OH) and a 2% solution of dry strength binder (i.e., Redibond® 5320
marketed by National Starch and Chemical corporation of New York, New
York) are added to the Eucalyptus stock pipe at a rate of 0.1% by weight of
the dry fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at
the fan pump.

The individual treated furnish streams (stream 1 = 100% NSK / stream

30 2 = 100% Eucalyptus) are separated in the headbox and deposited onto a
forming element of the type shown in Figures 22-23 (Alternatively, a forming
element of the type shown in Figure 28 can be used). Dewatering occurs in
simultaneous stages through the forming element, and is assisted by a
deflector and vacuum boxes. The forming element comprises a photopolymer

resin cast on a wire manufactured by Appleton Wire of Appleton, Wisconsin,

36 the wire being a triple-layer square weave configuration having 90 machine-
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Figures (Figure 12) per square inch. The resin has a projected area equal to about 35
percent of the projected area of the web support apparatus. The difference in
18  elevation between the resin web contacting surface and the felt surface is
“about 0.005 inch (0.127 millimeter).

The embryonic web is transferred to the web support apparatus to form

a generally monoplanar web 545. Transfer is provided at the vacuum transfer

point with a pressure differential of about 20 inches of mercury. Further de-
watering is accomplished by vacuum assisted drainage until the web has a

24  fiber consistency of about 25%. The web 545 is carried to nip as shown in
Figure 8. The vacuum pressure roll has a surface hardness of about 60 P&J.

The web 545 is compacted against the surface of the Yankee dryer drum by
pressing the web 545 and the web support apparatus between the vacuum
pressure roll and the Yankee dryer drum at a calculated compression pressure

at the resin surface of at least about 800 psi, as calculated by dividing the nip

30  load in pli (pounds per cross machine direction lineal inch) by the nip width in
the machine direction and the decimal percentage of the resin surface area per

unit projected area of the web support apparatus (0.35). The fiber
consistency is increased to at least about 90% before dry creping the web

with a doctor blade. The doctor blade has a bevel angle of about 20 degrees

and is positioned with respect to the Yankee dryer to provide an impact angle

36  of about 76 degrees; the Yankee dryer is operated at about 800 fpm (feet per

THIH
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Cyanamid corporation of Stanford, CT) is added to the NSK stock pipe at a

rate of 0.2% by weight of the dry fibers. The NSK slurry is diluted to about
0.2% consistency at the fan pump. Second, a 3% by weight aqueous slurry of
Eucalyptus fibers is made up using a conventional re-pulper. A 2% solution

18  of the debonder (i.e., Adogen® SDMC marketed by Witco Corporation of
Dublin, OH) and a 2% solution of dry strength binder (i.e., Redibond® 5320
marketed by National Starch and Chemical corporation of New York, New
York) are added to the Eucalyptus stock pipe at a rate of 0.1% by weight of
the dry fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at
the fan pump.

24 The individual treated furnish streams (stream 1 = 100% NSK / stream
2 = 100% Eucalyptus) are separated in the headbox and deposited onto a
forming element of the type shown in Figures 9-11. Dewatering occurs in
simultaneous stages through the forming element, and is assisted by a
deflector and vacuum boxes. The forming element comprises a photopolymer
resin cast on a wire manufactured by Appleton Wire of Appleton, Wisconsin,

30 the wire being a triple-layer square weave configuration having 90 machine-
direction and 72 cross-machine-direction monofilaments per inch,
respectively. The monofilament diameter ranges from about 0.15 mm to about
0.20 mm. The wire has an air permeability of about 1050 scfm. The
photopolymer resin is cast on the wire to provide a difference in elevation D
(Figure 11) of less than about 0.006 inch. The value of C is about 2.0 mm, the



EXAMPLE 1 First, a 3% by wei ght aqueous slurry of Northern Softwood Kraft 6
(NSK) fibers is nade using a conventional re-pulper. A 2% solution of the

t enpor ary WR09806kngth resin (i.e., PAREZ 750 marketed by AfHYLIR¥anani d
corporation of Stanford, CT) is added to B8%ie NSK stock pipe at a rate of
0.2% by weight of the dry fibers. The NSK slurry is diluted to about 0.2%

consi stency at the n punp...Second, 3% by wei aque sl.urry of
Eucal ypt us fi BBIE %fgﬁﬁ%@?é’r@ﬁ%g‘ﬁhéﬁj%“?%@d%/m% @%&ngﬁ*‘: valueof <ol ut i on
12 of the deMéadsaabogt 0.8.mmAdogen SDMC mar ket ed by Wtco Corporation of

Dublin, OH) is added to the Eucal yptus stock §i pe at_a rate of 0.1% by
wei ght of the dry Thetembryonieavetwell isptransfested frgm; the forming elenaent tay at filer29s
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efl ector and_vacuu Q for e t ri ses,.a ot opol. ymer
resin cast on pgfae%' Pg}‘%t;ﬁﬁrﬁg?gﬁ{}?%%g%gf%“ eetg‘ﬁcrﬁ\ﬁ 5‘&%‘“&@8}“& gaﬂnc ‘RF%%% sin,
seccandiineo
the wire bei ngilatetally staggered eomprps mprassedozangs, i asrshown iim §J. 9. 0Patent
machi ne- di r ecyi d % bO&raviliel: ' 'h?ﬁﬂ iach,
respectively. %m’%h(ﬁ%l%ﬁgnt s. | an%?grro 2 er?@“rllﬁgs@ggﬂ?a out B%‘.'yggﬁdnmet o]
about 0.20 mmunqereprgssed zanes pipvide reginns of selativelnlowrdensibut 1050 scfm  The
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val ue o 'S out 0..3 nm ni .l r,ans. e romthne
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The felt has a bagihg wéi§péméVed ¥ohPthe Yankee dryer dry creping the web with a doctor
blade. The doctor blade has a bevel angle of about 25 degrees and is positioned with
18  respect to the Yankee dryer to provide an impact angle of about 81 degrees; the
Yankee dryer is operated at about 800 fpm (feet per minute) (about 244 meters per
minute). The dry web is formed into roll at a speed of 650 fpm (200 meters per
minutes).

The decorative web is converted into a two-ply (each ply comprising an outer
hardwood layer and an inner softwood layer) bath tissue paper having the wire side
24  (surface 22 in Figure 5) facing outwardly. The two-ply toilet tissue paper has a basis
~ weight of about 25 pounds per 3000 square feet, and contains about 0.2% of the
temporary wet strength resin and about 0.1% of the debonder. The resulting two-

ply tissue paper is soft, absorbent, aesthetic and is suitable for use as bath tissues.

EXAMPLE 5

First, a 3% by weight aqueous slurry of Northern Softwood Kraft (NSK)

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

Imiar
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Nort her n Sof ¢ eSHERRLYElY. (hERETIRg Eien] of fBeIIVRSCF g miny igpE 2B iR Be sed)
re-pul per. A 2Desateringoocouts imaimultaneous stages through the forming element, and is
assisted by a deflector and vacuum boxes. The forming element comprises a
photopolymer resin cast on a wire manufactured by Appleton Wire of Appleton,
Wisconsin, the wire being a triple-layer square weave configuration having 90
18  machine-direction and 72 cross-machine-direction monofilaments per inch,
respectively. The monofilament diameter ranges from about 0.15 mm to about 0.20
mm. The wire has an air permeability of about 1050 scfm. The photopolymer resin is
cast on the wire to provide a difference in elevation D (Figure 11) of less than about
0.006 inch. Referring to Figure 22, the value of C3 is about 2.0 mm, the value of X1
is about 2.4 mm, the value of X2 is about 2.5 mm, the value of X3 is about 1.9 mm,
24  the value of X4 is about 1.3 mm. The openings 1681 have an MD length X5 of
about 0.9 mm, and a CD width X6 of about 0.7 mm. The value of C3 is about 2.0
mm.

The embryonic wet web is transferred from the forming element, at a fiber
consistency of about 10% at the point of transfer, to a web support apparatus
comprising a photopolymer resin layer joined to a dewatering felt, as shown in

30  Figure 12. The dewatering felt is a Amflex 2 Press Felt manufactured by Appleton
Mills of Appleton, Wisconsin. The web support apparatus has a continuous network
surface and about 60-80 openings 2270 (Figure 12) per square inch. The resin has a
projected area equal to about 35 percent of the projected area of the web support
apparatus. The difference in elevation between the resin web contacting surface and
the felt surface is about 0.005 inch (0.127 millimeter).
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positioned with respect to the Yankee dryer to provide an impact angle of about 76

degrees, the Yankee dryer is operated at about 800 fpm (feet per minute) (about

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

18  meters per minutes).

The decorative web is converted into a two-ply (each ply comprising two outer
hardwood layers and an inner softwood layer) bath tissue paper having the wire side
(surface 22 in Figure 5) facing outwardly. The two-ply toilet tissue paper has a basis
weight of about 25 pounds per 3000 square feet, and contains about 0.2% of the
temporary wet strength resin and about 0.1% of the debonder. The resulting two-

24  ply tissue paper is soft, absorbent, aesthetic and is suitable for use as bath tissues.

i



fi ber consistency of about 10% at the point of transfer, to a web support
appar at us GQERbhedspd a photopol ymer resin layer joined to a #ewaISey/02343
felt, 18 as shown in Figure 12. The dewatering felt is a Anflex 2 Press
Felt manufactured by Appleton MIIls. The wed support apparatus has a
continuous network surface and about 60-80 openings 2270 (Figure 12) per
square inch. Theedes 6psa projected area equal to about 35 percent of
the projected area of the web support apparatus. The difference in

el evati on bet wepdtaltTensileeStréngtieb contacting surface and the felt surface is
about 0.005 24 inch (0.127 mllimeter). The enbryonic web is transferred
to the web support &Pteartotalizensilef siremgth @fnerpepey webn dp|measuredeccodding the
Transfer is prqyi t RAkLA ' . e

i 1 er onti al " ofPFapare by e 4O TaAL SireRhset Yol R (ST PRitA 225,382
acconpl i shed byissued Septemhsr 3% dl 2B0aton Kparneyit ¢t| alt, hwhigh tpatent ia incarperated by
consi stency ¢(of akpetice25% The web 545 is carried to nip as shown in 30
Figure 8. The vacuum pressure roll has a surface hardness of about 60 P&J.
The web 545 i s pDRICDStRbeh: nst the surface of the Yankee dryer drum by
pressing the web 545 and the web support apparatus between the vacuum
pressure roll and tHeDYdniackine rdimction)uanditCR (crdssulmatisitde adiveption)s swétch are

B T hg fhe. m ER) RtbLARE 88 orbEdite IO MHendiflePSired® 2 BHAROG s

dividing the nip er Cross nac

inch) by the niRatentck225,3823evhichrisincarporated biereindyyireferense. t he deci mal

. percentage of the resin surface area per 35 unit projected area of the

web support ap(r))ﬁlgfaﬁ Stsength:35) . The f ihber Eon_si st engy is i nlcr Sase_(lj_ t odat

bl ade has. alZbevel - anbiedoF bt Sromh di hedisieni Jeeiacd ponea Fhviverabptc:

to the Yankee dBWSf tésterPéddy Nde 191, iegmp d il £ 2000 aemt lodé ctgobRedtfiém

Yankee dryer | STR %rg%ggrt ?rtlstr%tr)noelrﬁ C%., 0 gMn%%trogirPhiladelphia, PA 19154. Tissue
samples are placed in a conditioned room at a temperature of about 73 +/- 2 degrees
Fahrenheit and about 50 +/- 2% relative humidity for at least about 24 hours. A
paper cutter is used to cut eight strips approximately 4.5 inches wide CD) by 12

18 inches long (MD) for testing. Each strip is placed on the lower ring of the sample
holding device with the wire side facing up, so the sample completely covers the
opening in the lower ring, and a small amount of sample extends over the outer
diameter of the lower ring. After the sample strip is properly in place on the lower
ring, the upper ring is lowered with the pneumatic holding device so that the sample
is held between the upper and lower rings. The diameter of the opening in the lower
24  ring is about 3.5 inches, the plunger has a diameter of about 0.6 inches. The tester

is activated, so that the plunger rises at a speed of about 5 inches per minute and
ruptures the paper. The tester provides the value of burst strength directly in grams
at the time of sample rupture. The 8 test results obtained for the eight sample strips
are averaged and the burst value of the paper sample is recorded to the nearest gram.

* Surface Smoothness:

30 The surface smoothness of a side of a paper web is measured based upon the
method for measuring physiological surface smoothness (PSS) set forth in the 1991
International Paper Physics Conference, TAPPI Book 1, article entitled "Methods
for the Measurement of the Mechanical Properties of Tissue Paper" by Ampulski et
al. found at page 19, which article is incorporated herein by reference. The PSS



6 m nute) (about 244 meters per minute). The dry web is formed into roll
at a speed of 650 fpm (200 neters per mnutes). The decorative web is
convert edW#%3985% wo- pl y (each ply conprising an outer har 8GR and
an inner softwood |ayer) bath tissue papes2 having the wire side (surface 22
in Figure 5) facing outwardly. The two-ply toilet tissue paper has a basis
wei ght of about 25 pounds r 3Q00 square f and 12 ont aj ns .about 0. 2%
of the tenpor TegsurEmentascpsedpherein;is the poinf, F@"!EO/B"EH °£fh3é" Yalues #4¢
resul ting twod¢scsibéd insthe aboyecarticle. Thetmeasiremehepiocedired dee tforth intheiasticle

suitable for L [ ous
slurry of Nor ?‘E“?%?‘%Wfl FXQ%D Fﬂtg'érsgl%g %%sdé(%ga, ‘§E§9&8ﬁ€gﬁ I onal
re-pul per. A 39583B%tisswed o Ampulski whichy patents sare dneprporatedi hergin, by |
PAREZ[ err] 75QsaBpdect ed by American Q/anam d corporation of Stanford, CT)
I's added to the NSK stock pipe at a rate of 0.2% by wei ght of the dry

fibers. The NSK sIpgf purpoSescbﬂtemg tﬁ@@@ﬂs&nﬂes?&ﬁtﬁé)ﬁ%béﬁ ﬂﬂ@ﬂtxéﬂ thetfethad
punp. Second, .a 3% b

eous _.sl urr uca e up
using a convef?t"lnbeﬁé‘l"\('?ge %%pbgrp%g\vezgplg I'ﬁf‘?"tﬁlnmo‘f‘ ?yﬁ‘é%%ﬁﬂ?mhesé with ¢
Adogen[ err] Sibeffolimwikg peatetyralhbdificafmngor ati on of 24  Dublin, OH) and a 2%
solution of dry strength binder (i.e., Redi bond[errlw5320 mar ket ed b
Nat i onal Starch aduostaideof dmposting pdigitized datsf pajesy(aroplitudaand Wtime) inte SASIded
to the Eucalypifipars (iCko Rinifiestas aesrcﬁaéa f thQ abdocurive! ahd se&aéefmn&atunéss bers.

The Eucal yptus slurry is aboy onsj st at th punp.
The i ndi vi duame@summ ig maﬁv §M gqquam&; (%‘M‘%rﬂ“g statig rmcqsmgg ﬂé@rﬁoso 2

= 100% Euggal ymebl@)saﬁﬁgs sxeiﬁgmmww b'i'zhﬂ softvdROavailible fomaNationd! Sfroments

formng el ement ol ! B Y PE.SNOMI LD, LS, 22,2 Al 0l Aelti Sy

forming el enef AB?““E
occurs in si nﬂhasan&pmﬂ'ust\abemoddiﬁ dmicthe tIh&BVBEWi softwarenpackagegneith s "assp st ed

b def | ect
oot opal yrer YEARnt R g™ Seetdf 35 188 e SoBTRS AT R Dpdrum i

Appl eton, W sgbmglpql, for each of the 10 samples.

Each output spectrum is then smoothed using the following weight factors in

18  LABVIEW: 0.000246, 0.000485, 0.00756, 0.062997. These weight factors are

selected to imitate the smoothing provided by the factors 0.0039, 0.0077, .120, 1.0
specified in the above article for the SAS program.

After smoothing, each spectrum is filtered using the frequency filters specified
in the above article. The value of PSS, in microns, is then calculated as described in
the above mentioned article, for each individually filtered spectrum. The Surface

24  Smoothness of the side of a paper web is the average of the 10 PSS values measured
from the 10 samples taken from the same side of the paper web. Similarly, the
Surface Smoothness of the opposite side of the paper web can be measured. The
smoothness ratio is obtained by dividing the higher value of Surface Smoothness,
corresponding to the more textured side of the paper web, by the lower value of
Surface Smoothness, corresponding to the smoother side of the paper web.

30

Opacity:

Tissue samples to be measured are placed together, along with the X-Rite
transmission density standard having standard density strips (#61254; X-Rite Corp,



36 the wire being a triple-layer square weave configuration having 90
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IS provi dedyat t)mggqqqmwmeglaaﬂsﬁeroopq|deﬁs,waah,ea pressure differential of
about 20 inches of nercury. Further de- watering is acconplished by vacuum

assi sted drai nage untAn ROBqRegionhafSInterdst) i définedcfonzach dissug pipen bepion 2
The, e 545. L. S8k i 00 Gy Bah 240Ftc e LR RO R
using the polygon region-of-interest (ROI) tool within Optimas. The Data Explorer
utility within Optimas is then used to measure the mLIGV (Optical Density) of each
of the ROI’s and the results are saved to a spreadsheet file (e.g. using EXCEL brand

18 or other suitable spreadsheet software).

Opacity is defined as:
Optical Density = Log (Opacity)
and
Opacity = (Io/It)
24 where
Io = incident light intensity

It = transmitted light intensity

The reported opacity (non-dimensional) is calculated as the inverse log (base 10)-of
the measured optical density.

30 Basis Weight:

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



The web 545 is conpacted agai nst the surface of the Yankee dryer drum by

pressing the web 545 and the web support apparatus between ,P/g) gg?og#gm
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dil uted to alkweslculated in units of pounds per 3,000 square feet, using the following equation:

Weight of 12 ply stack (grams) x 3000 x 144 sq inch per sq ft.
(453.6 gm/lb) x (12 plies) x (12.25 sq. in. per ply)
18
or simply: Basis Weight (1b/3,000 f2) =
Weight of 12 ply stack (gm) x 6.48

- Basis Weight of Background:

The basis weight of the background portion 100 of the web is measured using
24  the following procedure. Samples of the background portion (samples do not
include decorative indicia or portions of decorative indicia) are cut from the paper
web. The samples are cut to be as large as possible without including decorative
indicia. The area of each sample is measured, and the sample is weighed. The basis
weight of the background is calculated by dividing the weight of the sample by the
area of the sample. At least three samples are measured and the results averaged to

30  obtain the average basis weight of the background portion.

The average basis weight of the cells 240 can be measured in generally the
same manner in which the basis weight of the background portion is measured,
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The following procedure is used to scan samples and measure the surface
area of the high basis weight regions in the sample. Samples are cut from a paper
web, each sample including a decorative indicia surrounded by the background.

18 Each sample is weighed to obtain the total weight, TW, of the sample.

Each sample is mounted on a piece of black paper to provide a dark
background during scanning. The mounted sample is scanned using the AGFA
Arcus II scanner. The images are scanned into the computer using Adobe
Photoshop Version 4.0 brand software. The Adobe software is augmented with a
FotoLook P.S. 2.09 brand plugin module available from AGFA-Gevaert. The scan

24  settings are set to: automatic, 600 dpi resolution, greyscale (not color). The
mounted sample is scanned along with a ruler to provide geometric calibration.

The scanned image for each sample is then opened in image analysis software
and calibrated with the ruler image. The calibration factor is about 235.2 pixels per
millimeter. The image analysis software is used to measure the total area of the
sample based on the perimeter of the sample.

30 The image analysis software is used to outline the high basis weight regions
and calculate the total surface area of the high basis weight regions. The Polygon
Region of Interest Tool provided with the Optimus software can be used to outline
the high basis weight regions. The areas of the outlined high basis weight regions
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slurry is di thehighbasisweight ®go®s.consi stency at the fan punmp. Second, a 3%
by wei ght aqueous slurry of Eucal yﬁitgus fibers is nmade up using a

conventional re- phiopdhe caseswhere the high basis weight degipnsoare of the typegshoumyiar r |
SDMC Figure 24, the basis weight of the high basis weight regions can be measured as

18 described above for the background 100 (or cells 240). The largest samples possible
of the high basis weight regions can be cut from the tissue sample. The area of the
samples and the weight of the samples can be measured to determine the basis
weight of the high basis weight regions. At least three samples are measured and the
resuits averaged to determine the basis weight of the high basis weight regions.




39 nmarketed by Wtco Corporation of Dublin, OH) is added to one of the
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3. The paper web of Claim 1 or 2 wherein the background portion comprises at
least two and preferably three regions disposed in a nonrandom, repeating pattern,
the regions being distinguishable from each other by basis weight.

4, The paper web of any of Claims 1 to 3 wherein at least one low basis weight
region substantially circumscribes one or more high basis weight regions in the
decorative pattern.

S. A paper web comprising first and second oppositely facing surface and
characterized by:

at least three regions disposed in a nonrandom, repeating pattern, the three
regions being distinguishable from each other by at least one property selected
from the group consisting of basis weight, density, thickness, and ﬁb'er
composition; wherein the paper web comprises a background portion and a
non-embossed decorative pattern, and wherein at least a portion of the
decorative pattern has an opacity greater than that of the background portion.
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consi stency of about 10% at the point of transfer, to a web support
apparatus conprising a photopolyner resin layer joined to g |l ng
felt, aswbhouseosh 30 Figure 12. The dewatering felt is d’%‘?ﬁg’g&%am ess
Felt manufactured by Appleton MIIs of Agpleton, Wsconsin. The web support
apparatus has a continuous network surface and about 60-80 openi ngs 2270
(Figure 12) per square inch. The resin has a projected area equal {o about
35 percent of. t heThe pprermecd ofi@aimod wheeein ihg backgsennd pIHAR SPMBriseyap least

di fference i fyslr&piats @ispdiel ik @ nérdiandodsi repaiting GaReC the1gt $edst e regichst he
felt surface i,s a Qut '%qglo I nch 8’8 127 .m.l | |‘r§$ er). 40 The enbryonic
web is transPERg giingp ei@ﬂ'ﬁfﬂ ber Xp?ﬁﬂfglte ‘to forma generally

nonopl anar web 545. Transfer is provided at the vacuumtransfer point with
a pressure differential of about 20 inches of nercury. Further de-watering

i s acconpl i shed byny 3ehutruéSst Claftl s Ur ¥ WRGHEn P dabt 4 PeitioR Rf BRSpapef WeIP s

consi stency of apout %, The web 545 is.carri.ed to.nip as shown.in Figure
8. The vacuu gqlg:twely,@ggé%tq ave W&gt‘?{elif E‘P@a‘{,‘@s‘-% FBWHE’&BBP%E&& fegion 14,
_The web 545,i ﬁufa‘ﬂ?p%‘ﬂ discra@airdlativélj dowudémitg refiond alispersed ethdoughoutd them by
pressi ng web 545 and the.web support apparatus between the vacuum

t he
pressure rol FORMYONREVORERBION yor drum at a cal cul ated conpr essi on
pressure at the resin surface of at |east about 800 psi, as cal cul ated by

dividing the nip load in pli (pounds per cross nmachine direction |ineal

inch) by thegnip s, dil did?p}é‘tﬁmﬂ%@b{?:e{webﬁﬁﬁhgﬁtm%Qt fs dBpose@nisent age

“of the 12 resin surface area per t, proj ected, area,.of th b ,support
appar at us (0. 35) nommaadgm,epeatingfattennngd being ﬁ?ﬁ"&‘s‘ %ﬁ? from @cgé’évferapgoﬁt 90%
gef ore dr y er feloi b'iasti &ge Oﬂl‘gbeffj Eéleo’t’ecgﬁ_éﬁﬂhe bi_'di\ﬂ&:onﬁktm_gdﬁlﬂﬁa@is \ﬁﬂigld,edéntaizy,a

evel angle of abg ees and.. s positl on o1 .t he
Yankee dryer to ,Sh!g‘mea% aﬁ&%?ﬁﬁ?&”ﬁ“‘@f‘e‘gﬁfmﬁw%%ehég’&@?%ﬁgég ankee
dryer is operated_at .abou 0 f re [he out 244 neters per
mnute). The dryp\ﬁ%‘ﬁd‘f'gafph‘}r%éqﬁo?ﬁ%gf'gﬁn%?"égglggigg oé 650 fpm (200 18

meters per m nut $§3viding a fiber retentive forming element having liquid pervious zones;

D

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

draining the liquid carrier through the forming element in simultaneous stages
to form a web having a background portion and a decorative pattern, wherein
the decorative pattern comprises at least one high basis weight region having a
basis weight which is greater than the basis weight of the surrounding
background portion.

9.  The method of Claim 8 further comprising the steps of:
providing a web support apparatus having a web patterning surface;

transferring the web from the forming element to the web patterning surface of
the web support apparatus;

selectively densifying at least a portion of the background portion of the web
to provide a nonrandom, repeating pattern of relatively high and low
density regions in the relatively high basis weight region.

10. The method of Claim 8 or 9 further comprising the step of:

*



The decorative web is converted into a two-ply (each ply conprising two
outer har dypegeAqd¥Er s and an inner softwood |ayer) bath tisseer/psgseesdavi ng
the wire side (surface 22 in Figure 5) facing outwardly. The two-ply toilet
ti ssue paper has a basis wei ght of about vicy pounds per 3000 square feet,
and contai ns about 0.2% of the tenporary wet strength resin and about 0.1%
of the debondeselectitely densifyingrag laasioa partion ofithe backgraendopgrtion iof theoweb, to

absor bent, aesptosidea rameandems vépeating-pattern ofrelatisel high anddswalensity regidnsT EST
METHODS: Total Tensile Strength: The total tensile strength of a paper web
i s neasured according the procedure for neasuring "Dry Tensile Strength”
set forth in U S. Patent 4,225,382 issued Septenber 30, 1980 to Kearney et
al ., which patent is incorporated by 6 reference. MD and CD Stretch: M
(machine direction) and CD (cross machine direction) stretch are neasured
according to the procedure for measuring "Stretch"” set forth in U S. Patent
4,225,382, which is incorporated herein by reference. Burst Strength: 12
The dry burst strength of the tissue is determ ned using a Thw ng- Al bert
Burst tester cat. No. 177, equipped with a 2000 gram | oad cell, obtained
from Thw ng- Al bert Instrument Co., 10960 Dutton road, Phil adel phia, PA
19154. Tissue sanples are placed in a conditioned roomat a tenperature of
about 73 +/- 2 degrees Fahrenheit and about 50 +/- 2% relative humdity for
at | east about 24 hours. A paper cutter is used to cut eight strips
approximately 4.5 inches wide CD) by 12 18 inches long (MD) for testing.
Each strip is placed on the |lower ring of the sanple holding device with
the wire side facing up, so the sanple conpletely covers the opening in the
|l ower ring, and a small anmount of sanple extends over the outer

L M



di ameter of the lower ring. After the sanple strip is properly in place on
the lower ring, the upper ring is lowered with the pneumatic hol di ng devi ce
so that the g 5@5%5 hel d between the upper and |ower rings.pchihgssdjoady8t er
of the opening 1nt | ower 24 ring is about 3.5 inches, the pl unger has a
di anmeter of about 0.6 inches. The tezﬂpﬁgﬁs activated, so that the plunger
rises at a speed of about 5 inches pé Ynute and ruptures the paper. The
tester provides the value of burst strength directly in granms at the tine
of sanple rupture. The 8 test results obtained for the eight sanple strips
are averaged and the burst value of the paper sanple is recorded to the
nearest gram Surface Snoot hness: 30 The surface snoot hness of a
side of a paper web is neasured based upon the nethod for neasuring
physi ol ogi cal surface snoothness (PSS) set forth in the 1991 International
Paper Physics Conference, TAPPI Book 1, article entitled "Methods for the
Measurenent of the Mechanical Properties of Tissue Paper” by Ampul ski et

al. found at page 19, which article is incorporated herein by reference.
The PSS 42 neasurenent as used here|n |s the p0|nt by p0|nt sum of
anplitude val ues a 77 enent
procedures set for din US
Patents 4,959, 125 i pul ski et al,
whi ch patents are i Dr pur poses
of testing the papég hod for
measuring PSS in tHh noot hness,
with the foll ow ng? tng digitized
data pairs (anplit PS, as

described in the af hent is nade
by acquiring, digit ¢ 12 the 10
sanpl es usi ng LABV st ruient s



of Austin, Texas. Each anplitude spectrumis generated using the "Anplitude
and Phase Spectrumvi" nodule in the LABVI EWsoftware package, wth "Anp
Spect rum MadvaRHIPoskel ect ed as the out put spectrum An out putPGIFERISHOZI#3I s
obtained for each of the 10 sanples. Each output spectrumis then snoothed
using the foll owing weight factors i @/427LABVI EW 0. 000246, 0.000485,

0. 00756, 0.062997. These wei ght factors are selected to imtate the
snoot hi ng provided by the factors 0.0039, 0.0077, .120, 1.0 specified in

t he above article for the SAS program After snoothing, each spectrumis
filtered using the frequency filters specified in the above article. The
value of PSS, in mcrons, is then cal cul ated as described in the above
mentioned article, for each individually filtered spectrum The Surface 24
Snmoot hness of the side of a paper web is the average of the 10 PSS val ues
measured fromthe 10 sanples taken fromthe sane side of the paper web.

er web can
her val ue

of Surface Snoot hnes t he paper
web, by the | ower va he

snoot her side of the nmeasur ed
are placed together, t andard

havi ng standard dens ille, M),
on the face plate of p,

WIl mngton MA). The sing the
automatic gray scale are and
the image (5.57" x 8 ng a Del
D nensi on XPS266 PI | crosoft

(Rednond, WA



6 W ndows 95. The resulting image is inported into the Optims V6. 11

i mge anal ysis software (Optimas Corp, Bothell, WA). The intensity
calibrati f jon is used to identify three standard dengi S and
regi ster Bﬂpgéggg#ibration val ues (0.04, 024, and 1.49 opt??% %@ﬁ%#?y)
corresponding to those strips usiag Egﬁ?nean | og inverse gray value (nLlGV)
density node. The calibration sho J r squared val ue of 12 0.9999 with
a residual of 0.0077 density value. An RO (Region of Interest) is defined
for each tissue paper region (eg. Background 100, high basis wei ght region
230) to be neasured. The RO is defined using the polygon
region-of-interest (RO) tool within Optinmas. The Data Explorer utility
within Optimas is then used to neasure the nLIGY (Optical Density) of each
of the RO's and the results are saved to a spreadsheet file (e.g. using
EXCEL brand 18 or other suitable spreadsheet software). Opacity is
defined as: Optical. Densi.t L I L.y 1l Enaci - : 24
where 1o incident
reported opacity (
10) of the neasuré
the web (macro bag
44 The paper to ba
48 :

ty The
og (base
wei ght of

FIG.6



to 52 percent relative hum dity for a m nimumof 2 hours. The conditioned
paper is cut rOV|de twel ve sanples neasuring 3.5 inch by 3.5 inch. The
sanpl es are %’&99 sarrpl es at a tine, with a suitable press8C&USPHI2343
cutter, such as a Thmﬁng-Albert Al f a Ezd q%ic Pressure Sanple Cutter,

Model 240-10. The two six sanple stak /%é are then conbined into a 12 ply
stack and conditioned for at |least 15 additional mnutes at 71 to 75
degrees Fahrenheit and 48 to 52 percent relative humdity. The 12 ply stack
Is then weighed on a calibrated anal ytical bal ance. The bal ance is

mai ntai ned in the same roomin which the sanples were conditioned. A

sui tabl e bal ance is nmade by Sartorius Instrunent Conpany, Mdel A200S. This
weight is the weight in grams of a 12 ply stack of the paper, each ply
having an area 12 of 12.25 square inches. The basis wei ght of the paper
web (the weight per unit area of a single ply) is calculated in units of
pounds per 3,000 square feet, using the follow ng equation: Wight of 12
ply stack (grans) x 3000 x 144 sq inch per sq ft. (453.6 gnlb) x (12
plies) x (12 25 sqQ. i f...DE 18 or sinply: Basis \Weight (Ib/3,000

ft[err]) = Weight of ound:
The basi s wei ght of d using
24 the follow ng pr pl es do
not include decorati e cut
from the paper web. t hout

I ncl udi ng decorative and t he
sanple is weighed. T by

di vidi ng the wei ght st three
sanpl es are neasured 2r age
basi s wei ght of the t he
cells 240 can be nea basi s

wei ght of the backgr¢

FIG.15



45 except that the sanple of the cell 240 is cut fromthe decorative

i ndicia wthout including the high basis weight region 230. Basis Wi ght of
Hi gh Basi S‘E{%bg oRegions: The basis weight of the high basi@ruebabis
regions 230 can be determ ned using 6 i mage anal ysi s techni ques. A
procedure for neasuring the basis ' gggpf the regions 230 is set forth
bel ow. The surface area of the hiéne%g s wei ght regions 230 is determ ned
using a conputer, a scanner, and an i mage anal ysis software program A
suitable conputer is a Dell D nmension XPS-266 MHz Pentium |l computer, or
ot her suitable conputer. A suitable scanner is an AGFA Arcus Il brand
scanner avail able from AGFA- 12 Gevaert N. V. of Bel giumand having 600
dpi resolution. Suitable imge analysis software is Optimas Version 6.1
avail able from Optimas Corp., Bothell, Washington. The foll ow ng
procedure is used to scan sanples and neasure the surface area of the high
basis weight regions in the sanple. S paper web, each
sanpl e incl udi ng il : ‘
Each sanple is \
sanpl e i s nount
during scanni ng
scanner. The i
Version 4.0 bran
P.S. 2.09 brand:
settings are set:
The mount ed sang
calibration. Th
anal ysis softwa
factor is about
used to neasure

anpl e. Each
ackground
rcus ||

hot oshop

{ h a FotoLook
iscan 24

software i s
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sanpl e based on the perineter of the sanple. 30 The i mage anal ysi s
software is used to outline the high basis weight regions and cal cul ate the
total surfaweowssso of the high basis wei ght regions. The PolBGHSY¥E38n of
Interest Tool provided with the Optinus software can be used to outline the
hi gh basis weight regions. The area} @y ¢ outlined high basis weight

regi ons 46 can be determ ned using the Measurenent Expl orer tool
(paraneter mArArea) provided with the Optinus software. Once the surface
area of the high basis weight regi ons has been neasured using the inmge
anal ysis software, the basis weight of the high basis weight regions is
determ ned by solving for BWM in the foll ow ng equation: 6 TW =
(BW) X(AREAL) + (BW2) X(AREA2) where TWis the total weight of the sanple
having the decorative indicia, BWM is the basis weight of the high basis
wei ght regions, AREAl is the area of the high basis weight regions neasured
using the i mage anal ysis software, BW2 is the basis weight of the
background regi on which can be neasured from sanples cut fromthe
background as descri bed above, and AREA2 is the total area of the sanple 12
(cal cul ated based on the perineter of the sanple) m nus the val ue of AREAL.
Accordingly, the above equation can be used to solve for the value of BW.
At | east three sanples are d to determ ne

t he basis wei ght of the ase where the
hi gh basi s wei ght region , the basis

wei ght of the high basi g £18 descri bed
above for the background pl es possi bl e
of the high basis weight sanpl e. The
area of the sanples and Bsured to
determ ne the basis weig At | east three
sanpl es are neasured and

F1G.20



results averaged to determ ne the basis weight of the high basis weight
regi ons. 47 WHAT IS CLAIMED | S 1. A paper web having a first surface

and an oppogd soolsef aci ng second surface, the paper web char ggtggdd@ess0y: a
background portion; and a non-enbossed decorative pattern, wherein t%e

decorative pattern conprises at Ieg?ﬁ%pgzzhigh basi s wei ght region having a
basis weight which is greater than Sis wei ght of the surrounding
background portion. 2. The paper web of Claim1l wherein the background
portion has an average basis weight of at |east about 15 gnisquare neter,
and wherein the decorative pattern conprises at |east one high basis weight
regi on having a basis weight which is at | east about 1.25 tines greater
than the average basis wei ght of the background portion. 3. The paper
web of Claim1l or 2 wherein the background portion conprises at |east two
and preferably three regions disposed in a nonrandom repeating pattern,
the regions being distinguishable fromeach other by basis weight. 4.

The paper web df basi s wei ght
regi on subst ant} jht regions in
t he decorative econd
oppositely fac regi ons

di sposed in a bei ng

di st i ngui shabl tted fromthe
group consi sti r

conposi tion; _ lon and a
non- enbossed deg n of the
decorative patt: kgr ound

portion.

FIG.24



48 6. The paper web of Claim5 wherein the background portion conprises
at |least two_regions disposed in a nonrandom repeating pattern, the at

| east two re§PINE%%58i ng di stingui shabl e from each other by baBCEHUSEVGA3 7.
The paper web of Caim5 or 6 wherei t ti“St a portion of the paper web
Is selectively densified to have a r |§T/I( y high density, continuous
network region and a plurality of discrete, relatively |ow density regions
di spersed throughout the continuous network region. 8. A et hod of
produci ng a paper web having at |east two regions disposed in a nonrandom
repeating pattern and being distinguishable fromeach other by at |east one
property selected fromthe group consisting of basis weight, density,

t hi ckness, and fi ber conposition; the method characterized by the steps of:
providing a plurality of fibers suspended in a liquid carrier; providing a
fiber retentive form ng el enment having |iquid pervious zones; depositing
the fibers and the liquid carrier onto the formng el enent; draining the
liquid carrier through the formng elenment in sinultaneous stages to forma
web having a background portion and a decorative pattern, wherein the
decorative p: conprises at |east one high basis weight region having a

basi s wei.

backgr oun i 5t eps
of provid

transferrj i fir i £face
of the we : #@n of
t he backg ‘ g pattern

FIG.26



10.. The method of Claim8 or 9 further conprising the step cf#l \"
sel ecti vel y | fyiNg atworeBNTearaokt ioRxet oldARIZRAGKIr ound R
web to provi‘de”a nonrandom repeat™HguPRBERt n of relatively high and | ow
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