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VEB PATTERNI NG APPARATUS COMPRI SI NG A FELT LAYER

AND A PHOTCSENSI TI VE RESI N LAYER 10 15

FI ELD OF THE | NVENTI ON The present invention relates to a web
patterni ng apparatus having a felt |ayer and a photosensitive
resin layer gnd a nethod for making such an apparatus.
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to

1s , FIELD OF THE INVENTION
The present invention relates to a web patterning apparatus having a felt layer
and a photosensitive resin layer and a method for making such an apparatus.

BACKGROUND OF THE INVENTION

20 Paper structures, such as toilet tissue, paper towels, and facial tissue, are
widely used throughout the home and industry. Many attempts have been made to
make such tissue products more consumer preferred. One approach to providing
consumer preferred tissue products having bulk and flexibility is illustrated in U.S.
Patent 3,994,771 issued November 30, 1976 to Morgan et al. Improved bulk and

25 flexibility may also be provided through bilaterally staggered compressed and
uncompressed zones, as shown in U.S. Patent 4,191,609 issued March 4, 1980 to
Trokhan.

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

30 thetissue products. Examples of paper structures made in this manner are illustrated

' in U.S. Patent 4,637,859 issued January 20, 1987 to Trokhan. Alternatively, a paper
structure can be made stronger, without utilizing more cellulosic fibers, by having
regions of differing basis weights as illustrated in U.S. Patent 4,514,345 issued
April 30, 198S. _

35 Tissue paper manufacturex;s have also attempted to make tissue products more
appealing to consumers by improving the aesthetic appéarénce of the product. For
example, embossed patterns f_on'nec.l- in tissue paper products after the tissue paper
products have been dried are common. One embossed pattern which appears in
cellulosic paper towel products marketed by the Procter and Gamble Company is

40 illustrated in U.S. Patent Des. 239,137 issued March 9, 1976 to Appleman.
Embossing is also illustrated in U.S. Patent 3,556,907 issued January 19, 1971 to
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20 In addition, dry embossmg a paper structure acts to stretch or draw the paper
structure around the perimeter of the embossments. As a result, the paper structure
around the perimeter of the embossments wxll_ have a reduced thickness relative to
the non-embossed portion of the paper web. |

Felts for use in papermaking are also well known U.S. patent 3,537,954

25  issued to Justus discloses imparting a creping pattern to a web with a felt having
yarns running in the cross machine direction along the outer surface of the felt. U.S.
Patent 4,309,246 issued to Hulit et al. discloses pressing a web between a felt and an
imprinting fabric. U.S. Patent 4, 144' 124 issued to Turunen et al. discloses a paper
machine havrng a twin-wire former having a pair of endless fabrics, which can be

30 felts. One of the endless fabrics carries a paper web to a press section. The press
section can include the endless fabnc whxch eames the paper web to the press
section, an additional endless fabric, and a wire for patterning the web. U.S. Patent
Application Serial Number 08/170,140, Method of Pressing and Molding a Paper
Sheet, filed December 20, 1993 in the name of Ampulski et al. discloses a process

35 for moldmg and dewatenng a paper web w}uch employs dewatenng felts.

- U.S. Patent 4 ,446, 187 to Eklund dtscloses a sheet assembly which can be used
as a forming fabric, press fabric; and drying fabric porous belt, including as a press
felt and a drying felt. The sheet assembly includes a foil and a reinforcement
structure bonded together The foil can be formed from a plastic material, and is

40 formed with through-holes. Eklund teaches that it is desirable to produce a belt
fabric which possesses as even a surface as possxble to provrde an even pressure
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provide an even Ravirs ess at Teast three visually discernible regions. Rasch et al. teaches the three
regxons are visually distinguishable by an optically intensive property such as crepe
frequency, elevation, or opacity. Rasch et al, teaches that opacity can be increased
30 by increasing the density of a region. Rasch et al. also teaches that differences in
elevation between adjacent regions can be imparted to a paper structure by
differences in elevation of the distal ends of adjacent flow elements. While the
structures of Rasch et al. provide an improvement over embossed paper structures,
there is a need to provide tissue products having improved visually discernible
35 patterns over those taught.in Rasch et al.. Therefore, those involved in the
papermaking field continue to search for ways to. make paper structures having
highly discernible aesthetic patterns without sacrificing desirable paper web
properties.

Accordingly, one object of the present invention is to provide a web patterning

40  apparatus suitable for making paper having visually discernible patterns.
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5 distribution and to avoid a coarse surface structure in the finished
paper. Ekl und teaches that by adapting the dianeter and positions
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Rasch et al. tel%:chesthg.thrqe._" : . .
surface; providing a liquid photosensm_ve resin; p_rovxdmg a source of actinic
radiation; applying a liquid photosensitive resin to the first surface of the dewatering
felt; exposing at least some of the liquid photosensitii/e' resin on the first surface of
the dewatering felt to t_he actinic radiation; and curing at least some of the

25 photosensitive resin to provide a resin layer having a predetermined pattern and

extending from the first surface of the dewatering felt.

DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
30 distinctly claiming the present invention, the invention will be better understood from
the following description taken in conjunction with the associated drawings, in which

like elements are designated by the same reference numeral, and:
Figure 1 is a plan view illustration of an apparatus for use in papermaking, the
apparatus comprisitig a deWateririg’felt layer and a web patterning layer
35 joined to the devwatering felt layer and having a continuous network web

contacting top surface. -

- Figure 2 is a cross-sectional view of the apparatus of Figure 1 showing the
dewatering felt layer to have a first web facing felt surface at a first
elevation and an oppositely facing second felt surface, and showing the

40 web patterning layer penetrating the first felt surface to extend through
less than the full thickness of the dewatering felt layer, the web

L}
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VO 96/ 00812 layer penetrating the first felt surface, the web patterni i
PCT/ US95/ 06944 yer p g e, the web patterning layer thendmg 5

Anot her object is to pro¥PBdhefige feitsurfage and bavinsom diseansinnons web gontastingdop ng
felt layer and a phot oseasface.ve resin web patterning |ayer.

et o ect 5 " OrBhRd S fhofSrliiic hRn viE gk aheninsent of Al aRarESS For use
The inventi d$ conpri ses iarp@ppazléngjsompgisipga dewaterinignfeltalayerbhaving a first web
Egeie:]gagi ng fibers. The gaparea léﬁrﬁé}.”md' Z W paqtegrﬁxftl&re} ggneftrealti%g BY Blst felt
surface, the web patterning layer comprising a plurality of discrete web
patterning elements.
Figure 5 is a cross-sectional illustration of a paper structure according to the
20 present invention, the paper structure having a transition region
interconnecting first and second regions disposed at different elevations,
wherein the transition region thickness is greater than the thickness of
the second region, and greater than or equal to the thickness of the first
region.
25 Figure 6A is a photomicrograph of a cross-section of a paper structure
according to the present invention.
Figure 6B is the photomicrograph of 6A showing elevation reference lines.
Figure 7 is a photographic plan view of a paper structure according to the
present invention.
30 Figure 8 is photographic plan view of a paper structure according to the
o present invention, enlarged relative to Figure 7, and showing a variable
creping frequency region.
Figure 9 is an illustration of a process for making a paper structure according
"~ to the present invention. |
35 Figure 10 is an illustration of a non-monoplanar, generally uncompacted paper
web deflected while supported on a web support apparatus comprising a
felt layer and a web patterning layer to provide a first generally
uncompacted web region at a first elevation and a second generally
uncompacted web region at a second elevation different from the first
40 elevation.
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conti nuous network web contacting top surface.

‘Figure 2 is a cross-sect mnmmwmmmmmme 1 showi ng t he
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dewatering fel sttrucﬁX'e i:a g a tran?mon region interconnecting first and second regions disposed
at different elevations, wherein the transition region thickness is greater than the
25  thickness of the second region, and greater than or equal to the thickness of the first
region. Figures 9-11 illustrate a method employing an apparatus 200 such as that
shown in Figure 4 for making a paper structure 20. Figure 12 is a schematic
illustration of a method for making a web support apparatus 200 having a web
patterning layer 250 formed of photosensitive resin cured on a dewatering felt layer
30 220.

- Web Support Apparatus
Figures 1, 2, 3, and 4 show different embodiments of a web support apparatus
200, which can comprise a continuous drying belt (Figure 9) for drying and
35  imparting a pattern to a paper web. The web support apparatus 200 has a first web
facing side 202 and a second oppositely facing side 204. The web support apparatus
200 is viewed with the first web facing side 202 toward the viewer in Figures 1,3,
and 4.
The web support apparatus 200 comprises a dewatering felt layer 220 having a
40 first web facing felt surface 230 disposed at a first elevation 231, and an oppositely
facing second felt surface 232. The web support apparatus 200 also comprises a
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securely bonded to, the first felt surface 230. The web patterning layer 250
20  preferably does not extend through the entire thickness of the felt layer 220, but
instead extends through less than about half the thickness of the felt layer 220 to
maintain the flexibility and compressibility of the web support apparatus 200, and
particularly the flexibility and compressibility of the felt layer 220. The curing depth
can be controlled by a number of different methods, alone or in combination, such as
25 by varying the intensity and duration of the actinic radiation; varying the thickness of
the felt layer 220. The photosensitive resin under the first felt surface 230 can then
be cured so that the web patterning layer 250 penetrates the first felt surface but
does not extend through the full thickness of the felt layer. The web patterning layer
250 is thereby securely bonded to the felt layer 220 while maintaining flexibility of
30  the felt layer 220 and the web support apparatus 200.

A suitable dewatering felt layer 220 comprises a batt 240 of natural or
synthetic fibers joined, such as by needling, to a support structure formed of woven
filaments 244. Suitable materials from which the batt 240 is formed include but are

‘not limited to natural fibers such as wool and synthetic fibers such as polyester and
35 nyion. The fibers from which the batt 240 is formed can have a denier of between
-about 3 and 20 grams per 9000 meters of filament length.

The felt layer 220 can have a layered construction, and can comprise a mixture
of fiber types and sizes. The felt layer 220 is formed to promote transport of water
received from the web away from the first felt surface 230 and toward the second

40  felt surface 232. The felt layer 220 can have finer, relatively densely packed fibers
disposed adjacent the first felt surface 230. The felt layer 220 preferably has a




present invention. 30 Fi gure 8 is photographic plan view of a
paper syéYyeddi£ according to the

enlarged relative to Figure 7, and showi ng a variable _

. creping frequency region.
process for making a paper structure accogdi ng

present invention. 35 .Figure 10 is an illustration of a
non- nonopl anar, generally unconpacted paper :

web

| L, 1, st ki W BT 1 e
e ayer an ; i . .

unconp a%:/t ed V\gf) g?’ﬁﬁ%ﬂ ?%Eheépef'?'g'sﬁ"%éoé?/ﬂﬁ gtffﬁﬁ FFg‘elﬁy < @36 Adiagk dhesergnd felt

unconpact ed wsirfacedd3@n suth thaswatenenteting die fivst slirface 2801ts édrried atvay frofbthe

el evati on. o2 812
ST Usos! 0poa frst SR/ 28 - o 6
5 Fi gur e Thejdewatering fplt jayes 330 ofanahgygpe rthigkhesh sifnbeteeerp abbetd 2

agai nst the suyifliafefers and about 5 millimeters

first felt su
relative to t
| ayer.

a web support

and a web patterning’layer

resin.

support appar ghbig M%?%retﬁlg%e ghat pass éﬁo%:? a one squafé Bod? i}éaeéﬂhé‘ Fell Byer

P epSibsdsib¥sat | on.

Figure 9 is an illustration of a
to the

Ttive

40

rface of the web support’ a badl vv@igﬂf'Mf'wwééwﬁﬁ&ggﬁgﬁagﬁ%éﬁg t he.
2000 Srsis pt SavAre geter PLeverage depit (Dasis weighy divided by thickness)
of between abogt!0351grainspezrcublc! centimeter @Rd @bow 0@S irax fep'cubRki Ng

CRRALE! 4 an 4 Permeabity,of between Boul 8.8 Sandard ifBiccleetiter Ve

minute (scfp); yhers the airs permenbilityvinesefin|i$ asmeasureoof dfe Auntsdy of

conprises a lattice net

20

25

30

33

40

220 at a pressure drop across Ehe, thickness of the felt layer 220 equal to. about 0.5
inch of water. The air permeability is measured using a Valmet permeability
measuring device (Model Wigo Taifun Type 1000) available from the Valmet Corp.
of Pansio, Finland. The permeability of the web support apparatus 200 is less than
or equal to the permeability of the felt layer 220 and is about equal to the
permeability of the felt layer 220 multiplied by the fraction of the projected area of
the apparatus 200 not covered by the web patterning layer 250.

A suitable felt layer 220 is an Amflex 2 Press Felt manufactured by the
Appleton Mills Company of Appleton, Wisconsin. Such a felt layer 220 can have a
thickness of about 3 millimeter, a basis weight of about 1400 gm/square meter, an air
permeability of about 30 scfm, and have a double layer support structure having a 3

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

machine direction weave. - The batt 240 can comprise polyester fibers having a denier
of about 3 at the first surface 230, and denier of between about 10-15 in the batt
substrate underlying the first surface 230. |

The web patterning layer 250 is preferably made by applying a layer of liquid
photosensitive resin to the first felt surface 230, exposing at least some of the liquid
photosensitive resin to a source of actinic radiation, curing some of the resin to
provide a solid resin web patterning layer 250 having a predetermined pattern, and
removing the uncured resin from the dewatering felt layer 220. Photosensitive resins
are materials, such as polymers, which cure or cross-link under the influence of
actinic radiation, usually ultraviolet (UV) light. Suitable resins are disclosed in U.S.
Patent 4,514,345 issued April 30 1985 to Johnson et al. which patent is incorporated
herein by reference. o

The resin, when cured, should have a hardness of no more than about 60 Shore
D. The hardiess is measured on an unpatterned photopolymer resin coupon

<)
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apparatus 200 C%Rg,lnﬁgqa r38patering felt |layer 220 having a 40 first
web facing felt "surface 30 di sposed at &él rst elevation 231, and an
oppositely - Thexe gapeeemam% an-he-mads using, the, prgcess ﬁﬁ‘!ﬁ"!‘“"aﬂy

appar at us 200 alilkptraediin Fgfed2. In Figure 12, a forming unit 1513 in'the form of a drum is
20  provided having a working surface 1512. The forming unit 1513 is rotated by a
drive means not illustrated. A backing film 1503 is provided from a roll 1531, and
taken up by a roll 1532. Intermediate the rolls 1531 and 1532, the backing film 1503
is applied to the working surface 1512 of the forming unit 1513. The function of the
backing film is to protect the working surface of the forming unit 1513 and to
25 facilitate the removal of the partially completed web support apparatus 200 from the
forming unit 1513. The backing film 1503 can be made of any suitable material
including , but not limited to, polypropylene and have a thickness of between about
0.01 and about 0.1 millimeter.

The felt dewatering layer 220, which is shown in the form of a continuous belt
30 in Figure 12, is conveyed across a precoating nozzle 1420 positioned against the first
felt surface 230. The nozzle 1420 extrudes a film 1402 of the liquid photosensitive
resin onto the first felt surface 230 to uniformly cover the first felt surface. The
extruded film 1402 wets the surface 230 and helps prevent the formation of air
bubbles on the first felt surface 230 when additional resin is subsequently apphed to

35 the first felt surface 230. x :

The felt dewatering layer 220 is then posmoned adjacent the backing film 1503
such that backing film 1503 is interposed between the felt dewatering layer 220 and
the forming unit 1513, and such that the second felt surface 232 of the felt
dewatering layer 220 is positioned adjacent the backing film 1503. As shown in

40  Figure 12, the felt dewatering layer 220 in the form of a continuous belt is conveyed
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can be control er o rent ne oS
conbi nat i on, 25 by varying the intensity and duration of the

actinic radiation; mwmmmnmelmmﬁy suitable mater—fah?vhfcﬁ cEnleéb%via&O' -
The phot o§§n5|t.|ve resin under the fi.r II.ES surface can

be cured ¢ H¥ith Opaatig-And transpar ﬁ%@ma%r Paeant EPPE!P“F e prrangedsia|a
surface but -pattern comlespending tethe deksitel rpmghn bf ehef web phtteraingelagercisot ha fel t
layer. The wel,ARfilieih " HOndtireShe a- flexible photographic film is suitable. The opaque
portions can be applied to the mask 1504 in any suitable way, such as photographic,
gravure, flexographic, or rotary screen printing. The mask 1504 can be an endless
25  belt, or alternatively, supplied from one supply roll and taken up by a take-up roll.
As shown in Figure 12, the mask 1504 is conveyed around the rolls 1541 and 1542,
and intermediate the rolls 1541 and 1542 is brought into contact with the surface of
the resin 1502, :
The photosensitive resin 1502 is exposed to actinic radiation of an activating
30  wavelength through the mask 1504, thereby inducing partial curing of the resin 1502
in those portions of the layer of resin 1502 which are in register with transparent
portions of the mask 1504 to form a partially cured resin layer 1521. In Figure 12,
radiation having an activating wavelength is supplied by a first exposure lamp 1505.
The activating wavelength is a characteristic of the resin 1502, and can be supplied
35 by any suitable source of illumination such as mercury arc, pulsed xenon,
- electrodless, and fluorescent lamps.  Partial curing of the resin is manifested by a
solidification of the resin registered with the transparent portions of the mask 1504,
while the unexposed portions of the resin 1502 registered with the opaque portions
of the mask 1504 remain liquid. ~ :
40 A subsequent step in forming the apparatus 200 comprises removing
substantially all the uncured liquid resin from the felt dewatering layer 220. The
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psi at the top showers 1524A, and about 100 psi at the bottom showers 1524B. The
20 showers 1524A, B and the felt layer 220 can be moved laterally relative to one
another to eliminate streaking and provide uniform removal of the liquid resin across
the width of the felt layer 220.
The composite felt layer 220 and resin layer 1521 then travel over a vacuum
shoe 1600 where a vacuum is applied to the second felt surface 232 to remove
25  uncured liquid resin and the washing mixture. The composite feit layer 220 and resin
layer 1521 are then carried through a bath 1620 of water. A post cure lamp 1605
positioned over the bath 1600 is turned off while the composite felt layer 220 and
resin layer 1521 are carried through the bath 1600. After leaving the bath 1600, a
vacuum is applied to the second felt surface 232 by a vacuum shoe 1626 to remove
30  uncured liquid resin and the water from the felt layer 220.
The washing sequence of carrying the felt layer 220 past the vacuum shoe
1523; washing the felt layer with the washing mixture at the showers 1524A, B;
carrying the felt layer 220 past the vacuum shoe 1600; carrying the felt layer 220
through the bath 1600 comprising water; and carrying.the felt layer 220 past the
35 vacuum shoe 1626 is repeated at least about 4 to 6 times until substantially all the
" uncured liquid resin is removed from the felt layer 220. The washing sequence can
be repeated by carrying the composite felt layer 220 and resin layer 1521 around the
circuit provided by the rollers 1514, 1515, 1511, and 1513 four to six times. The
first curing lamp 1505 and the post cure lamp 1605 are turned off during each
40 repetition of the washing sequence.
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25  carried over the vacuum shoe 1526 to remove water from the felt layer 220.

The post curing sequence of passing the composite felt layer 220 and resin
layer 1521 over the vacuum shoe 1523; through the showers 1524A, B and 1525;
through the bath 600 with the post curing lamp 1605 turned on; and over the
vacuum shoe 1626 can be repeated about 1 to 3 times until the resin layer 1521 is no

30 longer tacky. At this point, the felt layer 220 and the cured resin, together, form the
web support apparatus 200 having a web -patieming layer 250 formed of the cured
resin. The post curing sequence can be repeated by carrying the composite felt layer
220 and resin layer 1521. around the circuit provided by the rollers 1514, 1515,
1511, and 1513 one to three times with the lamp 1505 turned off.

35 - Inone embodiment, the mask 1504 can be provided with a transparent portion
in the form a continuous network. Such a mask can be used to provide the web
support apparatus 200 having a web patterning layer 250 having a continuous
network web contacting top surface 260 having a plurality of discrete openings 270
therein, as shown in Figure 1. Each discrete opening 270 communicates with the

40  first felt surface 230 through a conduit formed in the web patterning layer 250.
Suitable shapes for the openings 270 include, but are not limited to circles, ovals

-
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5 measuri ng about 1 inch by 2 inches by 0.025 inches thick cured under

t he sane conditions as the web patterning |ayer 250. The hardness
measurenent i s nmade at 85 degrees &Bntigrade and read 10 seconds
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between about  drying belt @r Pess Fabriti A plpetmikink 'ndhitk -for making a patterned paper
structure having a continuous network region which can be a compacted, relatively
high density region corresponding to the web contacting surface 260, and a plurality
of generally uncompacted domes dispersed domes dispersed throughout the
25  continuous network region, the domes corresponding to the positioning of the
openings 270 in the surface 260. The discrete openings 270 are preferably bilaterally
staggered in the machine direction (MD) and cross-machine direction (CD) as
described in U.S. Patent 4,637,859 issued January 20, 1987, which patent is
incorporated herein by reference. In the embodiment shown in Figure 1, openings
30 270 are over-lapping and bilaterally staggered, with the openings sized and spaced
such that in both the machine and cross-machine directions the edges of the openings
270 extend past one another, and such that any line drawn parallel to either the
machine or cross-machine direction will pass through at least some openings 270.
In the embodiment shown in Figure 3, the web patterning layer 250 has a
35  discontinuous web contacting top surface 260. The web patterning layer 250
comprises a plurality of discrete projections 275. The projections 275 can have any
suitable shape, including but not limited to circles, ovals, polygons, irregular shapes,
and mixtures of these. The apparatus 200 can have between about 50 and about 500
projections 275 per square inch of projected area of the apparatus 200, with each
40  projection 275 surrounded by the first felt surface 230. The surface area of the top
surface 260 can be between about 20 and about 60 percent of the projected area of
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resin 1503 i sequingemrdnghahemzqémon 2750 the ddndllit bblrddd bycthedirse feft suffece.
coating of r n 1502 is controlled to a_presel ected val ue

corresponding to the desired difference in el evation 262 between the - ‘
el evation 231 In anothepfembndinteit, the fwesbt contacting ¢op Sirfave R60hieased projécten 261

of the web C%FﬁEé ﬂg of Btwepd hBGR 5 and about Z@P&cgﬁ,f {rldCm e DroRfabfy lriEed 2Yer

250. I n Figur I ckness of
g a%out 5 an about 14 percent of the pro;ected area of the web support apparatus

20 200. The web patterning layer 250 inscribes a plurality of circular portions of the
first felt surface 230, each inscribed circular portion having a projected area of at
least about 10, preferably about 20, and more preferably at least about 100 square
millimeters.

A web support apparatus 200 having a web contacting top surface 260 with a

25  projected area in the above range and inscribing relatively large portions of the first
felt surface 230, as described above, can be used to make a paper structure 20
having a transition region interconnecting first and second regions disposed at
different elevations, wherein the transition region thickness is greater than the
thickness of the second region, and greater than or equal to the thickness of the first

30 region.

In the embodiment shown in Figure 4, the ‘web patterning layer 250
comprises a plurality of discrete web patterning elements 280 joined to the felt layer
220. Each discrete web patterning element 280 extends from the first felt surface
230 to have a discrete web contacting top surface 260. The spacing (DA in Figure

35  4) between at least some adjacent elements 280 can bie at least about 8 millimeter,
and preferably at least about 10 times the difference between the first elevation 231
of the first felt surface 230 and the second elevation 261 of the web contacting top
surface 260. Elements 280 are considered to be adjacent if the shortest straight line
which can be drawn between the two elements does not intersect a third element.

40 = Referring to Figure 4, at least some adjacent web patterning elements 280
preferably can inscribe a plurality of circular portions CA of the first felt surface 230

ot




resin 1502 is controlled by mechanically controlling the clearance between

a nip rol lwosgideiz 1541 and the formng unit 1513. The ni j N
gonjunction with a mask 1504 and a mask gui de rolol i%@%%%ﬁd to
snmoot h the surface of the resin 1502 and control its thickness,
and distribute the liquid resin through the gntire thickness of the felt
| ayer 220. : The mask 1504 can ge formed of any suitable
mat eri al which can be provided 20 wth opaque .,and transparent

portions. The t t ti '
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supplied from anpzeﬁ}f{gﬁi%. I @akh Widrdidleftlossd Biening 288 -comniudlidates with a surfaté
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T4z O pying, ik lanan ditvent GOM TS Rt 1240 4 Pre PG AR AGTed
ant act w E ht heoﬁqﬂﬁg%% cdmmunicates with the firstsfieh siff8.230. Some of the discrefheveb
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50 “vavel engt h PRISHER, omeing 2RO 80" Eldut 4 <BfibAle AuBt b phnthing
the resin 1502 el_em:]nts. in those portions of the layer of resin 1502 which
are in register wt ; ' t t
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an activati nkf wapesjestagiarea _3“‘%@&?95?‘@(90 mpcrbe portipns:offbe firg felpy 5330 with the
lggpﬁicte:jvat ! gg V‘ﬁ’dﬂ%%&i ig rhl?tigellﬁ haﬁaﬁtwiﬂpf%tédlctooi bélb enade $ioin URDshmeannilietigingbe
| t.a source | m_nat .
arc, pul sed xenoﬁ’?tym"’r)i’“t 'I;avm% Pﬁ%ﬁﬂ?’&?@?&?ﬁﬁ% F%ég?,’%%g& :ﬂaﬁf}g&? rpgﬁ'f{rﬁxgg
curing of t[le rghiygrt, i &drgwﬂdﬂbﬁkyéﬂo@/faator which permitsalefleiétioncaft the firspffelt narface
resin registere t t [ . ' .
while the unexpo%&regﬂvtei%&{éggl?egtacﬁg{%gé?%éﬂl%gcgfg?g’?ére Q\Al)?gé?ﬁlg s eéngg
portions 20 for formatien ofi sk papeD stustue 120 hqdnwgforeshott;ned regions at different

subsequent step F t 1fnd) RYebdibedBeRHAL Us 200 conprises removing

substantial ly al e _uncured lrquidresin fromthe felt dewateri
220. The Figure 13 show an alternative embodiments of a web z;upporte L;IJ;Pagatlu? $60.

Figure 13 is a plan view illustration of a web support apparatus 200 wherein the web
patterning layer 250 comprises a lattice network 290 and 2 plurality of discrete web
25 patterning elements 280 disposed within at least some of a plurality of cells 292
formed by the lattice network 290. The lattice 290 in Figure 13 comprises spaced
apart bands 294 which intersect spaced apart bands 296 to form the cells 292. The
bands 294 and/or the bands 296 can be unbroken, or alternatively, can be formed by
a plurality of short, spaced apart segments. In Figure 13 the bands 294 are unbroken
30 and extend generally in the machine direction, and the bands 296 are unbroken and
extend generally in the cross-machine direction. The web patterning layer 250 has a
web contacting top surface 260 which comprises a continuous network web
contacting top surface formed by the intersecting bands 294 and 296, and a
discontinuous web contacting top surface formed by the discrete elements 280.
35 |
Paper Structure
A paper structure according to the present invention is taken off the web
support apparatus 200 as a single ply having one or more fiber constituent layers.
Though not necessary, two or more paper structures of the present invention can be
40 joined together after drying to form a multi-ply paper product. A "zone" as used
herein refers to a contiguous portion of the paper structure. A "region" of a paper
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5 uncured liquid resin can be renoved fromthe felt |ayer 220 by washing -
the felt |ayer 220 in a mxture % surfactant and water. At a

poi nt adjacent the roll 1542 the mask 1504 and the-backing film

1503 are separated fromthe felt |ayer 220 and the partially cured
resin | ayer 1521. The conposite felt layer 220 and partially cured .
resin |ayeP 153UCHured8psqdhesein, refors toaspaftior poRetionseithePanes stragines haying: e a

vacuum |T f] T conifion ?l%?e&?of Hﬁr@&@x{sﬁd Juelé 3% detisit Qﬁcl%’l?egs lefevaBOR) 6@ cHepiiig ed
resin. The co | ayer and par gured resin
| ayer 1521 thﬁ&ﬁ:ﬂavéﬁ‘ R °P‘6;§°W£§'ﬁ° \éﬂsv%rlgore zores, an‘ﬁﬁ?ﬁkea 8 A o wash

showers 1524B. dtsﬁbaumtwaers 1524A, B deliver a washing m xt ure of
wat er and a surfa a r f

about 0.1 percent y vo ”to F :Sgtka?ﬁé ¥ stﬁ@%x}“% Su&{asu{.a%?tmh@%sag
JoB[err] HBPandnvention 5’°mR!l§F~'E ﬁgtﬁﬂ-‘e RARER Xeeb first: nopembessed; Tegicm A9 e

molggﬁagy <r)nf ? gspg?aala: #Nfit elevation 32 ﬁthehmﬂgw FirstS 2fiékneSs Al weyecéﬂa]?

i xtu ofl] usi an
j et nogzl es sUage '5‘2"%5358& 5415%0'}16@? SBQS%L#W%S‘S%"W&&%@%“W m

0 lr3 i fice di anetthe ficst elevation I2, @6@ having e secofid ¢hiskmesse§ 1 ;i iavthing transition regions
about 140 h th
bot ;J om shower s Olgggggﬁ#eﬁiﬁg ttﬁ%&mpuﬁ %E& f‘@%ﬁ@bsé@d‘q%@%%? 11191[9 ?gyeﬁgz ©
can be novdd |tmansition|regio 7Qthas a thxgkrmsa'll The thicknessBl; iseareater than thensecend

streaking and- u [ [
haarurs or, EANB1EM 06 DRRE o bl il 18R 851 k31

220 and resin ma‘}‘é re"‘.t’QQ‘I“Q“FIé“PW in/Eiguess o angd GACB the thickness 71 is greater
where a vacuungach of Bt thitknésses HE afid>§ DN Thé ehitkresy T Risepreferablyoat 1450\ €S times 25

uncured liqui d re5| nd t tu The . conposite felt Tayer 220
and resin é@?%&@egﬁgﬁﬁf{ﬁ ‘ed through a bath 1620 of

wat er. A [@fst cur eTheaahﬁ‘efeﬁeeSbetween the firstrand ise¢ond etevetions X2handifi is defipnateds
turned of f whi | el

1521 are carrléef(; t ugh &%%ﬁé 6&68}5&;3%@9 eawalr’log“t 2 ?)“l 'ﬁéifgogﬁ%e{
vacuum i s app|dtﬁaren@e inrelevation ividesirpble 40 enhange istingtoessnof theefirst amd 1 o
renove second regions 30 and 50. The thicknesses 31, 51, and 71 and the elevation

difference 62 can be measured using the procedure described below with reference
25  to Figures 6A and 6B.
The first and second regions 30 and SO can be formed by selectwely
deflecting and compacting a wet web of papermaking fibers, as described below.
For a web having a generally constant basis weight having thicknesses 31 and 51 less
than the thickness 71, the first and second regions 30 and 50 can be characterized as
30 relatively high density regions, while the transition region 70 can be a relatively low
density region.

- The first and second regions 30 and 50 are foreshortened. Foreshortemng can
be provided by crepmg a paper web with a doctor blade, as described below.
Foreshortened portxons of the paper structure 20 are charactenzed by having a

35  creping pattern having a crepmg frequency The creping pattem of the first region
30 is indicated by reference numeral 35, and is characterized by a series of peaks and
valleys extending generally i in the cross-machine direction. The machine and cross-
machine direction are indicated as MD and CD, respectlvely, in the Figures. The
creping pattern of the second region 50 is indicated by reference numeral 55 and is

40 characterized by a series of peaks and valleys. The creping frequency of a creping




30 uncured liquid resin and the water fromthe felt |ayer 220.

The washMR26M8ldence of carrying the felt |ayer 220 past tRETVEXM$M4shoe
1523; washing the felt layer with the washing m xture at the showers 1524A,

B; carrying the felt layer 220 past the vacuum shoe 1600;
carrying the felt layer 220 t hroubh the bath 1600 conpri sing
wat er; and carrying the felt |ayer 220 past the 35 vacuum shoe 1626

S repeated at |east about 4 to 6 times until substantially all the
uncured |iqusd patsémn is definedmsdhie pumbertafdinies| a peakyascua 2m, thEtsarfecesefi the paper
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llanp 1505 and t ke diffesént celévatibasypsuth Ghatasteleastr n gpdrtidd of yhié ogepi@cpattern 30is
L?:?‘/EUS;%?BGSL 4t g%p%%ryt U PSAHSH Ef¥ferent from e LhB0SH 4 which the creping pattern 55

Once the untr eds disppsed! Aeleiast dportive ofi thepatteaned fsecomdtrbgiof &P tcah hg bordeed byt he

felt layer 220 i

| ayer 250 -0 i uhbipEs z“‘fﬁ'e‘%%ﬁiuaﬁg‘"r&aq'ﬁ‘ﬁ%“%%’%? ’?‘2%5‘25’%”& t’ﬁm"
felt layer, curiserpndiregina 59arkn Eigpse 5 the transition gegion, Ksintereonpestingsthe second
conpleted with Trii, 36 with! the)Grst & Sﬁoﬂ%%an be uncreﬁ)ed or haVe a %gi{\g fedtends

m xture fromth te f I 1 220 d
" n t#‘ﬁ’%ﬁ“&&f&\eéﬁ"%’gﬁn‘gﬂgbvgcuﬁm shg)eer1523 to rermvea\r/]vash

resin |layer 152
m xt ure. Thes conposiReferfing to Fizyees 2a@ 8irat leasta pottipef thspdttemen teoemd region ed.

Finge the folt POyaR b33 By & Varalie Hikudhcd RECHI HlIE TREVEaplTrohlil "

excess wash ni xtcteping regiondrasiaceduceddreging frequency relatuterfe the stepingafjequengaf
the conposite fgffealihheof fitdcrepiflg pEtérils 38YAd 55.5Fhe FrbRUPIREMS Lreping region

is visible in Figures 7 and 8 as wrinkles 92 extending in the cross-machine direction.
20 The wrinkles 92 of the variable frequency creping region extend from a portion of
the border of the second region 50, and terminate in the first region 30. The creping
patterns 35 and 55 can have frequencies of at least about 1.5 times that of the
frequency of the wrinkles 92.
The wrinkles 92 and the transition region 70 border a portion of second region
25 50, and thereby help to visually offset the second region 50 from the first region 30.
Referring to Figures 7 and 8, the second region 50 can comprise a plurality of
discrete zones 54 (a single discrete zone 54 is shown in Figure 8), where each
discrete zone 54 corresponds to a web patterning element 280 such as those shown
in Figure 4. The first region 30 can comprise a continuous network, with a plurality
30 of discrete zones 54 surrounded by the first region 30. Each discrete zone 54 is
interconnected with the first region 30 by the transition region 70, discrete portions
‘of which can encircle the discrete zones 54.
Adjacent discrete zones 54 can inscribe a plurality of circular zones C of the
first region 30. One inscribed zone C is shown in Figure 7. The projected area of
35  some inscribed circular zones C are at least about 10, preferably about 20 and more
preferably at least about 100 square millimeter. The spacing D between at least
some adjacent discrete zones 54 of the second region 50 can be at least about 8
millimeters, and preferably at least about 10 times greater than the difference 62
between the first elevation 32 and the second elevation 52.
40 Referring to Figures 7 and 8, a plurality of the discrete zones 54 can enclose
one or more discrete zones 130 corresponding to the openings 285 in a web



15 in the bath 1620 which has been prevtously enptied and refilled to

contain only wat er. The conposite felt layer 220 and resin | ayer
1521 AY@9€e08i3 ed t hr ough t he bath 1620 wi th t RCTB$S069Mi ng | anp
1605 turned on. The water in the bath 1620 permts passage of the
actinic radiation fromthe post curing lanp 1605 to the resin

| ayer 1521, while precluding oxygen whi cB can quench the free radi cal 20
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web l%ﬁ@%én;ﬁﬂ %?th@&o@iﬁh&ﬂn@d?f@éﬁoﬂat’f ge%ﬂ%,eﬁnbgéﬁnhaw ng
a conti nuous cont acti ng sur aving a
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Each di s@oete opérhenpa Gtraauwm @otardingi tohthe IpPesent #ivention” piefdrably Masiaf ace
235, CU) 30 it 15 00 i G e
circl es, ovalmeter) and about 35 pounds per 3000 square feet (57 gram/square meter), which
basis weight range is desirable for providing paper structures 20 suitable for use bath
tissue and facial tissue products. The basis weight of the ‘paper structure 20 is
25 measured by cutting exght single ply samples of the paper structure 20 conditioned at
73 degrees Fahrenheit and 50 percent relative humidity, each sample measuring 4
inches by 4 inches (.0103 square meter). The eight 4 inch by 4 inch samples are
placed one on top of each other and weighed to the nearest 0.0001 gram. The basis
weight of the eight samples (in grams/square meter) is the combined weight of the
30 eight samplés in grams divided by the sample area of 0.0103 square meter. The basis
weight of the paper structure 20 is obtained by dividing the combined basis weight of
eight samples by eight. |

. Papermaking Method Description - . -

35 A paper stmcture 20 according to the present invention can be made with the
papermaking apparatus shown in thures 9-11. Referring to Figure 9, the method of
making the paper strﬁcture 20 of the present invention is initiated by depositing a
slurry of papermakmg ﬁbers from a headbox 500 onto a foraminous, liquid pervious
forming member, such as a forming belt 542, foliowed by forming an embryonic web

40 of papermaking fibers 543 supported by the forming belt 542. The forming belt 542

L3

@%,p‘}ﬁe ban SI ngzo _
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5 elongated in the nachine direction (MDin Figure 1), polygons,

i rregul ar shapes, or m xtures of these. The projected surface
area of the continuous network top surface 19 260 can be between

about 5 and about 75 percent of the projected area of the web
support apparatus 200 as viewed in Figure 1, and i.s- preferably between

about 20 5 can quRiptiR8la OREnERWEowREhimeT Wit oroditefieival OLALCHEH MeSBritlof
the web support a viewed in Figure 1

r@poﬁ’rﬁ%]us' 20(2 . 1? as .

In the enbodi merfYMUhYHIPUETHR Rirg formets kngwin i ‘network top surface 260
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proj ect ed : S d f.erabl
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square inch of pehdastcotton lingrsptbagasse, fayon, etc.] San bapised andmone are disgimed.

viewed in Riogurwobd pulfiiCliseflil Hefeit thciRNiHBMIcAY Bulbd shidlfas Kraft, sulfite GRAsLIBAOUS
network top surface can have an etfective free span which 1S between

9
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bet ween about 0.%‘&@2’88{;%%&8;%91Forrné%r?%etregfg}'gt_ﬁ%sﬁa 20 di fference
362: Anbalol[oar at us hangglrasd}m d:pylps and sofivood mipsrasvellzs biends o thestyeb may be |
rying be r e
I T el o b o
conpacted, rela o}
web contacting spilpiafe &6kdusiflipsAderivedal frémh the woody subtanB€d @nlf¥rous trees
unconpacted donmes_di sgﬂerssd ones |a§’grs d throﬁ{gthoglta z h(; ] 25 h
fﬁntl nuous net \/\D@m'_’?b‘gnegﬂm't 3{8’8 ?é rspagzﬁl”ﬂf;mj& %‘H;B%?P?ﬁgd;%d

e o] ia imitlinieters aré geacti : f ClisSu® Pwebsn
are preferal%y bﬂe!r B&Ee@l&rﬁere softness i ﬁ@gﬂﬁie‘é’hi n the machiue did[s}g%tﬁ?on
(MD) and cross-macﬁl ne directilon fsCB) S creas H%’&WE&@WPH Lo, Bﬂ’toént

4,637, 859 i ssuechayingaraverage fibesiengthiof aboys 2 e millinster are preferred where sieengthas

b AU e M e ks SR sl
spaced paper, which may contain any or al? of the above categories as well as other non-
- fibrous materials such as fillers and adhesives used to facilitate the original paper
25 making.

The paper furnish can comprise a variety of additives, including but not
limited to fiber binder materials, such as wet strength binder materials, dry strength
binder materials, and chemical softening compositions. Suitable wet strength binders
include, but are not limited to, materials such as polyamide-epichlorohydrin resins

30 sold under the trade name of Kymene® SS57H by Hercules Inc., Wilmington,
Delaware. Suitable temporary wet strength binders include but are not limited to
modified starch binders such as National Starch 78-0080 marketed by National
Starch Chemical Corporation, New York, New York. Suitable dry strength binders
include materials such as carboxymethyl cellulose and cationic polymers such as

35 ACCO® 711. The ACCO® family of dry strength materials are available from
American Cyanamid Company of Wayne, New Jersey. Suitable chemical softening
compositions are disclosed in U.S. Patent 5,279,767 issued January 18, 1994 to
Phan et al. Suitable biodegradable chemical softening compositions are disclosed in
U.S. Patent 5,312,522 issued May 17, 1994 to Phan et al.

40 The embryonic web 543 is preferably prepared from an aqueous dispersion of
papermaking fibers, though dispersions in liquids other than water can be used. The




such that in both the machi ne and cross-nmachine directions the edng of the
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di sconti nuous web contacting top surface 260. The web patterning |ayer 250
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The next step in making the paper structure 20 comprises transferring the
20  embryonic web 543 from the forming belt 542 to the web support apparatus 200 and
supporting the embryonic web 543 on the first side 202 of the web support
apparatus. The embryonic web preferably has a consistency of at least 8 percent at
the point of transfer to the web support apparatus 200. The step of transferring the
embryonic web 543 can simultaneously. include the step of deflecting a portion of the
25 web 543. Alternatively, the step of deflecting a portion of the web 543 can follow
the step of transferring the web.
The steps of transferring the embryonic web 543 to the web support apparatus
200 and deflecting a portion of the embryonic web 543 can be provided, at least in
part, by applying a differential fluid pressure to the embryonic web 543. For
30 instance, the embryonic web 543 can be vacuum transferred from the forming belt
542 to the web support apparatus 200 by a vacuum source 600 depicted in Figure 9,
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.
' Referring to Figures 9 and 10, the step of deflecting the web 543 comprises
35  deflecting a portion of the web 543 overlying the first felt surface 230 in a first
deflection step to form a non-monoplanar web 545 having a first uncompacted web
region 547 supported on the first web contacting surface 230, and a second
uncompacted web region 549 supported on the web contacting surface 260. The
first deflection step is preferably performed at a web consistency of between about 8
40  percent and about 30 percent, and more preferably at a web consistency of between
about 8 percent and about 20 percent, so that deflection of the web takes place when




15 extendi ng through the projection 275, the conduit bounded by the first

felt surfwames/00812 230. I n anot her enbodi FERUSIIN6844\eb
eontacting top surface 260 has a projected surface area of between
about 5 and about 20 percent, and nore preferably between about 5

and about 14 percent of the prOJected area 8f the web support apparatus
20 200. The web patterning layer 250 inscribes a plurality of circular
portions of the first felt surface 230, each inscribed circular
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compression surface 910. A suitable surface 875 is the surface of a steel or iron
heated dryer drum 880. The surface 875 can be coated with a creping adhesive
dispensed from a spray nozzle 890 located upstream of the nip 800, or alternatively,

25 by an impression roll (not shown). Alternatively, the creping adhesive can be applied
to the pressed web 546 by any suitable means of glue application. A suitable creping
adhesive is shown in U.S. Patent 3,926,716 issued to Bates on December 16, 1975,
which patent is incorporated by reference.

Referring to Figure 11, the roller 900 can have in inner core 902 and an outer

30 layer 906. The roller 900 can have a diameter of about 1-3 feet, and the dryer drum
880 can have a diameter of about 12-18 feet. The deformable compression surface
910 is preferably located on a layer 906 formed from a material having a P&J
hardness less than about 120 P&J and preferably between about 30 and about 100
P&J. In one embodiment, the inner core 902 can be formed from a material such as

35  steel, and the outer layer 906 comprising the surface 910 can be formed from natural
rubber or other generally elastomeric materials.

The roller 900 ¢an compose a vacuum pressure roll. Suitable vacuum pressure
rolls have a drilled or grooved surface 910 through which vacuum is applied to the
back side 202 of the web support apparatus 200 to provide dewatering of the paper

40 web in the nip 800. The vacuum applied ranges from about 0 to 15 inches of
Mercury preferably between 3 and 12 inches of Mercury.
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5 having a projected surface area of at |east about 10, preferably about
20 and nore preferably about 100 square mllinmeters. In the

enbodi mrent shown in Figure 4, a 2l urality of the discrete web
patterning el enments 280 are surrounded by the first felt surface
230. A plurality of the web patterning el ements 280 each encl ose a discrete
openi ng 285. EachThe¢ oextestep imfoinmingdthe papemsini2@ifre @0nsomprises pressihg Fheawstr f ace
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percentage of 1ts surface ctovere é\ a ! .~ Such
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di screte web ; ' | Lt by a e sone
of a plurali t{}’,’m ?:ré Itﬁﬁgsgw %n%ﬁ@ %@%%eeiéogél%?ﬁ%?@awagae “}]'eeémﬁ%ﬁ%o_
The lattice 2%%!3'&% 875 R they deformable semyprepsion: qurface 910, as shown tin Fagute 1194
whi ch | nt20 sethered ARl redubinpd and Siefer ; i Yaley

bands 294 and‘/ﬁg ?he. ds. 296..can bg&un%,rl%m&%}?ygﬁ%@ﬁé‘%ﬁg@%&ﬂebe'
forned by erence 1n tign; {62 Between, a portion, of the-first felts nisfage 230 ‘and the gur e
13 the bands Sfifaca60.unbr oken 30 and extend generally in the machine

direction, and thBeRaRfl3 the Girlt! Web'tBhBKGEY Allfhce 230 relative to the second web

contacting surface 260 provides deflection of the first uncompacted web region 547

25  relative to the second uncompacted web region 549, thereby temporarily reducing
the difference in elevation between the first and second web regions 547 and 549, In -

particular, a portion of the first web region 547 is deflected toward the compaction

surface 875 by the first felt surface 230, to thereby temporarily substantially

eliminate the difference in elevation between the first and second uncompacted web

30 regions 547 and 549. The second deflection step is preferably performed at a web

consistency of between about 20 percent and about 80 percent, and more preferably

at a web consistency of between about 30 percent and about 70 percent.

Pressing the web support apparatus 200 and the web 545 in the nip 800 also

provides a web compaction step. Compacting a-region of a web reduces the

35  thickness of that region of the web. The web compaction step comprises the step of

compacting a portion of the first generally uncompacted web region 547 against the

compaction surface 875 to form a first compacted web region 530, and compacting

at least a portion of the second uncompacted web region 549 against the compaction

surface 875 to form a second compacted web region 550.. In particular, the web

40 region 547 is compacted between the first felt surface 230 and the compaction

surface 875, and the web region 549 is compacted between the web contacting top
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ext end generally in the cross-nmachine direction. The web patterning | ayer
250 has awo 96/00812 web contacting top surface 260 whi ch corgyussResia

eont i nuous network web contacting top surface fornmed by the

i ntersecting bands 294 and 296, and a di sconti nuous web
contacting top surface forned by the discret# el enents 280. 35

Paper Structure A paper structure according to the present
invention is taken off the web support apparatus 200 as a single

ply havi ng ong osunfanec260i dfhe wehpatterning layery250sand the compactickhsurfiice 1895. The
necessary, tWo Odiffipére HPRRVaridh bafkdtndfic Alst bR oot %Q&gwxoe%b kiS5 Rnd

40 JOlnedtogether after ying to forma
"zone" as used 350 is essentiglly 'é?fﬁ at ghecengd of th ace@n@mmm p%)boﬁhmf thé¢ regiensg@Per

structure. "1 eghd 550 afe presiRBtito engageriend GAtAQRd dompaction surface 875 of the dryer
PCT/U595/06944

5 structure, ag“ﬂ%éﬁoﬁéﬁgﬁ“ﬁ""‘r@%ﬁ‘s“to a portion or portions of the paper
structure hald ng Relative defleationoof thedivst fejt aurfact 23@cindr ihstweh contadtingstop

density, thickneggface! S35 ldeARe \%b %ﬁ ﬁ}%nlayer 250 in R §&oRd &ffeg@onoréte%a&

conprise one or nhore zones, .and can
di sconti nuous. accomplished with 2 puete suppest taapﬂﬂty@r%@ 8nd3, conpeessiapesurface 910

structure 20 aCCﬁﬁﬁh@ﬂ coMbindBorP bE@&Red charactddtick. nmefché}actaﬁm th§:eéxaﬁie§ Lschue
paper web having di spose

rst. npne S
first elevation §°§ f‘h&%}%na‘efﬁaep&f*ﬁ%ﬂgﬂ%g@hs yvebéumbmparatus 200
nonenbossed Pt t er nelhe bending Hexitilispof thi wieb suppesoipparing/200 R Rclbd berrnt

and & third tranGruPily §Cf GkeheRls i iafliipa0 g?@%ﬁ!@fgia‘ﬁ&%h%?? Piectbogintps

second nonenboss3@0 by gheoweb patterningigyer 26@. The webSupportapparatos 20@ having Gvebas
a thickness 71. FhgerhitgGkfir950 Wt top $uRReI60' Kitthg tAE 266\ dWcribed projected area
and disposed to inscribe large portions of the felt surface 230 is relatively flexible
20  compared to a structure having a larger percentage of its surface covered by resin.
Such flexibility permits the deflection of the first felt surface 230 relative to the
surface 260. In addition, spacing between adjacent web patterning elements 280
which is large relative to the elevation difference 262 reduces the bending stiffness of
the felt layer 220 intermediate the elements 280, and permits the felt layer 220
25 intermediate the elements 280 to be deflected so that the first uncompacted web
region 547 can be pressed into engagement with the compaction surface 875.
Another factor which affects relative deflection of the surfaces 230 and 260 is
the hardness of the web patterning layer 250. A resin having a low hardness when
cured will be compressed to some degree in the nip 800, thereby reducing the
30 difference in elevation between the surfaces 260 and 230. Relative deflection of the
~ surfaces 230 and 260 is also enhanced by reducing the hardness of the compression
surface 910. A relatively low hardness compression surface 910 can conform to the
second felt surface 232, and thereby provide a compressive load intermediate the
web patterning elements 280 to press the first felt surface 230 and the first
35  uncompacted web region 547 toward the compaction surface 875.
Yet another factor which affects the relative deflection of the surfaces 230 and
260 is the degree of penetration of the web patterning layer 250 through the
thickness of the felt layer 220. In general, a web patterning 250 that extends through
less than about half the thickness of felt layer 220 is desirable to enhance relative
40  deflection of surfaces 230 and 260.



t hi ckness 51, and the thickness 71 is greater than or equal to the first

thi ckness 31. In the enbodi ment shown in Fi giRkegesdis 6A B the
t hi ckKWOI6/00812) 5 greater than each of the thicknesses 31 and 51. *
The thickness 71 is preferably at least 1.5 tines ' greater than
each of the thicknesses 31 and 51. 2 The difference between .
the first and second el evations 32 and 52 is designated ' 62 in
Figure 5. The difference 62 is preferably at |east about 0.05 mllineter.
Such a § Thei stépopfearapacting it fitst and secodd sincaipartéd weeth cepiomst34q
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transition r #§TEAL.-70 can be a relatively | ow density region.

The first and SeCIQx'&CﬁxfaPGdeﬁrlﬁ f@ﬁmag%éﬁap%f @trﬁ&ﬁﬁsﬂp%ﬁﬁﬂﬂﬁ f@&@ﬁé‘g aeﬁ&' “9

can
descri bed bel38We R orthe Sietence fy!bé%‘?ﬁ 8@%&“&%\"\,&%‘% 5@ and 348 loss in thet ur e
20 are chéar aceeondzdeflettjorhstep.nThis restorin ;‘&ep p?bﬁﬁeﬂﬂleﬁﬁtt ﬁgibnhﬂ)/aMe&irﬁr epi ng

|t ear et by JepaEidcRRbpBaRod o BF Srk SimbrEiallet semion, 0. BF sslongr ¢

peaks and regxon 50 at\the sespnd elevatinn %(@uesponding torthe Isecond compaetel iweb
di rection. %3&550’19 and cross- machi ne direction are
i ndi cated as respective in the Figures. The

creping ‘pattern 6‘5‘%*@ of Fegtorng %Qjﬂ%@f tbedlﬁgrennemb\a@tedewwnémwﬂmemder al
55 and i 20 deflédion stépaﬁx%férﬂﬂy a@ﬂphses FeleRirigothe WebPPoih Thé BSmpaLtibR arfackhe
E’,g#) IUggS; ngtﬁgc% prgferreg m%gdlment the step6é rgs%%%ng some of the difference in web
elevation comprises foreshortening the web concurrently with the step of releasing
the web from the compaction surface 875. Preferably, the step of releasing and
foreshortening the web comprises the step of creping the web from the surface 875
25 with a doctor blade 1000, as shown in Figure 9.

As used herein, foreshortening refers to the reduction in length of the web
which occurs when energy is applied to the dry web in such a way that the length of
the web is reduced in the machine direction. Foreshortening can be accomplished in

| any of several ways. The most common and preferred way to foreshorten a web is

30 by creping. The web adhered to the compaction surface 875 is removed from the

surface 875 by the doctor blade 1000. In general, the doctor blade has a bevel angle

of about 25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees.

35 ' ANALYTICAL PROCEDURES
Measurement of Thickness and Elevation
The thicknesses and elevations of various regions 30-70 of a sample of the
fibrous structure 20 are measured from microtomes made from cross-sections of the

40  paper structure 20. A sample measuring about 2.54 centimeters by 5.1 centimeters
(1 inch by 2 inches) is provided and stapled onto a rigid cardboard holder. The
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regi on eing shices hayigg,a ﬁ'éqkaqusoof{)#bguaﬁpmf%é{ef shee astaken frem be
50 fromthe f i r ssmoethisarfac) Multlple slices may be réguired &b fat ithe Hidkneges 31,251 aRd

the second regio se a plurality of di screte zones
54 (a single dlsz}ggg%ggﬁ s shown in Figure 8), where each

di screte zorkd 54 cor u‘esqanpidslma)lsanowﬁedaantaenﬁdmnyopé slidenasirg36il and la awvet i e
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network, with a p ura | SCrete surroun

first region 30. Ommdoﬁts‘b%& 40% swagnifigation. Photomicrographscare dakescaleng thetskice, he
first region 30 Bud theendividdal phofdinit s Gfb arflinged &1 @rie®td tedBistruct the profile Of
whi ch can encirc] of t}lg eshgle Scrﬁxtee tRicknesses 4and elevations may be ascertained from the
25  reconstructed profile, as shown in Figures 6A and 6B. By knowing the relative basis
weights of individual regions, as well as the corresponding thicknesses of the
individual regions, the density of the individual regions can be ascertained. U.S.
Patent 5,277,761 issued January 11, 1994 in the name of Phan et al. is incorporated
herein by reference for describing the micro basis weight of individual regions of a
30 paper structure.

The thickness between regions 31-71 may be established by using Hewlett
Packard ScanJet IIC color flatbed scanner. The Hewlett Packard Scanning software
is DeskScan II version 1.6. The scanner settings, type is black and white photo. The
path is LaserWriter NT, NTX. The brightness and contrast setting is 125. The
35  scaling is 100%. The file is scanned and saved in a picture file format on a Macintosh
IICi computer. The picture file is opened with a suitable photo-imaging software

package or CAD program, such as PowerDraw version 5.0.
Referring to Figure 6B, the thickness of each region can be determined by
drawing a circle which is inscribed by the region. The thickness of the region at that
40 point is the diameter of the smallest circle that can be drawn in the region (in the
microtome sample), multiplied by the appropriate scale factor. The scale factor is
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be di sposed wardisecoad linegsmultiplied bf théappropriatelsdale fictor, is the diffeidnte limt ti ce
net wor k 1%50 levati The lattice network 1050 shown in Figure 14
conpri ses spa%gﬁ gﬂarzt bands 1054 which intersect spaced apart
bands 1056 to formthe cells 1052. The bands 15 1054 and/or the ban

1056 can be unbroken, or alter “%&jé‘é&&m@@%%éﬂ&ﬂw by a
The projected area of the web contacting surface 260 is measured according to
the following procedure. First, the web contacting surface 260 is darkened with a
20  black marker (Sanford Sharpie) to increase the contrast. Second, three digitized
images of the web patterning apparatus 200 are acquired using a Hewlett Packard
ScanJet Ic Flatbed scanner. The scanner options are set as follows: Brightness 198,
contrast 211, black and white photo resolutton 100 DPI, scalmg 100%. Third, the
percentage of the pro;ected area of the web support apparatus 200 comprising the
25 web contacting surface 260 is determined using a suitable i image analysis software
system such as Optrmas available from Bioscan, Incorporated Edmonds, WA. The
ratio of the number of pixels having a greyscale value between 0 and 62
(corresponding to the web contacting surface 260) is divided by the total number of
pixels in the scanned image (times 100) to determine the percentage of the projected
30  area of the web support apparatus 200 comprising the web contacting surface 260. |

Measurement of Web- Support Apparatus Elevations

The elevation difference 262 between the elevation 231 of the first felt surface

and the elevation 261 of the web contacting surface 260 is measured using the

35 following procedure. The web support apparatus is supported on a flat horizontal
surface with the web patterning layer facing upward. A stylus having a circuiar
contact surface of about 1.3 square millimeters and a vertical length of about 3
millimeters is mounted on a Federal Products dimensioning gauge (model 432B-81
amplifier modified for use with an EMD-4320 W1 breakaway probe) manufactured

40 by the Federal Products Company of Providence, Rhode Island. The instrument is
“calibrated by determmmg the voltage difference between two precision shims of

*



p.l urality of short, spaced apart segnents. In Figure 14 the bands 1054 and
1056 are Wo096/00812 unbroken. The bands 1054 extend general | yciroséspgodgachi ne

¢i rection, and the bands 1056 extend generally in the
cross-machine direction. The intersecting, unbroken bands 1054
and 1056 thereby forma continuous network I28ttice 1050. 20 The

paper structure 20 according to the present invention preferably has a
basis wei ght of between about 7 pounds per 3000 square feet (about 11
gram square S5 known thigkness) which provide a3Bnqyounl¢sativar dife®dce qhednstagnent 59

grant squar e net ejefoedVat GR elevation_ slighfi@loweV'Rhathed HAY CfeltSfifick "R o fifdure
provi di ng paper struct u‘lies Zl(g%éﬁl t‘%‘l e _I_or u]fs.‘e,b th t] ssue and
faci al tissue prHeRaeted e & styllisg hFheostylup és g&ﬁé‘ﬂ%ﬁﬁbﬁ:?‘ﬁ)’%‘%ﬁ igterest
25 neasured byanduidwered @b Ghikes theghraguremémpIThe sbflus BRerf ACPressure! OF LY. 24 20
condi ti oned at 73.de retﬁh Fahr{enpei t and “go pgqr cgﬂtg relative

humi di ty. each SBAB3aYATs imietEr At the Point of mepsureraent, A} Tessl fhree megsusements
squar e net erl0. Tire madghst éachrelévakign.4 Tiwe iffecempe dis the average measurempénis ed theie

on 1 0p of - €ach Ghcla LSS 1 1615 68K S5ineUQMdafibAlLe T0E DS s

wei ght of the eight sanple In grans/square neter e conbined wei ght
of the 30 ei ght sanples in grans divided by the sanple area of 0.0103
square neter. The basis NRhdeméait of P& IJI8Resst ructure 20 i s

obt ai ned by dividi ng_ntlhe omhi ned ba

by eight. e surface hardness o?ltﬁe \11'\51 836 pgmﬁq t‘l’ﬁi“&&e kgat plig“th.Lteé
Description 15 Nfodel 2000 mahufecpared sy Duiminien ZBngineeoing i Workso UTIE of Lachine,

resent.inventio de i a .
E hown in Figur esagéb%?’. B&é@r r'ir gtit{lig;x %?gsﬂ?% h§s at%ﬁ%@@%o@' “Phe ﬁgnldﬂgss 18
maki ng t he papertaken aicthaeecdifforept positionst cQrein themiddle ®f thesralkyjone 4t ipchesyfrom
depositing a one gnd of thd Foll, Gnd GHREE TRiteS Gkt iR & hfgf em 3fRadhpx 1A0pamt 0

a foram nous, |iquid pervious formng ne . such as a formn
bel t 542, fol | owbaIdngss fsihgiaverage of thess thiee readings. Theseadingsrare made with thg ro

fibers 543 ggppogdnditioned ah# teéniPerdtie oT1tdepreds CElius felloWing tHePrbcdddre provided\D

I?’g{r? (L)Jgég / 06944 by the manufacturer of the plastometer.




19 5 can conprise a continuous Fourdrinier wwre, or alternatively,
can bewWOo9600812f ow the various tw n wpca/dsos/oeas known in
the art. Is antrcCipated that wood pulp in all its

varieties will no paper making fibers used in
this invention. I—A(mmulﬂjmmﬂﬁmrulﬁse fibrous pul ps, such as

cotton liners, bagassé, taybn,set«c., can be used and none are disclainmed
10 Wod pul(;:)s useful herein include chenical pul ps such as Kraft, sulfite
and sul fate Clams: pylps as well as nechanical pul ps. incl uding f or
exanmpl e, ground Wapdpparatus for uiehiﬁrrﬁﬂﬂ‘ﬁ’%? RaRétr of papermakiag dibers, th aratus
- Chem - Ther noMechani cg.II) Pul p (CTMP). Pul ps del’l\rl)g%é e I’Ohgl %p(%: h
deci duous and corfPfP3M& trees can be used. Both har dwood
pul ps and soft V\oaddqudttpmgd’elt\hylet hadngh dinsl svebf fating félvsurfaey abe first elévation
enpl oyed. The terns fers to fibrous pulp
m%ﬁe wooél FHH? B%t@ffaﬂﬁuﬁg?lpg{ac' rfic dnd

derived fro duols trees (angi osperns):
wher ei n sof t wood a web patterping ;&yeaﬁempnmg)asphptqsmsxtwerramwhmsm% inkhatly

substance of coniferqhép ithﬁﬁiﬁg layer penetfaﬁééﬁﬂ@ﬁpﬁrfa?}urﬂé@rﬂiﬂoaﬁr&%r&éd fich as
eucal yptus havi ng an | ber, mllinmeter

th
are particularly sui tg‘ﬁlt egﬁfewgé?}'érﬁgﬁgdmﬂ‘%@@t feﬁﬂ?rftacﬁ@rfg’m%‘f’@
wher e softness is inuontastig topsurface apat seeond eievatieo differett froml the first

havi ng an aver age f|b 5 mllimeter are preferred where
strength is 2 a*'&?gfmﬂl Scﬁggﬂfﬁ‘a@gbl e to the present invention are

fibers derived from recycl ed paper, which may contain any or all of
the above catggorfes %ﬁi' ai?:* heé difiérized in that {HePh tﬂ?ﬁ:&ﬁb@iﬁ §UCh
as fillers and a eS| suse to aC| Itate the origin aer

maki ng. continuousbglt. paper furnish can conprise a var| ety of _
addi tives, including but not limted to fiber binder materials,
such as wet s re th bin terials tre bi,nder
materials, a ag'b‘f‘t@ kﬂ%&%%ﬂ?eggh%éme@rweg aredffithe

bi nders nneB cxﬂmctthgttomsmfaneis Betwednaabout$ pemestrand abouwtZShpexeent of

pol yam de- epi chl sol d under the trade nane of
Kynene[err] 557;%99@@& PPﬁ]e “"@@Pm ‘ngt on, Del aware. Suitable

tenporary wet strength bi nders include but are not limted to

modi fied stargh DIROgparates f Gl clavdtterized it hat Thedprdfectedr dred 8f tHaVweb

Nat I
' ona contacting top surface is between about 20 percent and about 60 percent of the
projected area of the apparatus.

5.  The apparatus of Claim 3 characterized in that the projected area of the web
contacting top surface is between about 5 percent and about 20 percent of the
projected area of the apparatus.

6. The apparatus of Claim 5 characterized in that the projected area of the web
contacting top surface is between about 5 percent and about 14 percent of the
projected area of the apparatus.

7.  The apparatus of Claims 1-5 and 6 characterized in that the difference between
the first elevation and the second elevation is between about 0.05 millimeter
and about 2.0 millimeter.

8. The ap;taratus of Claim 1 characterized in that the web contacting top surface
of the web patterning layer comprises a continuous network.



Starch Chem cal Corporation, New York, New York. Suitable dry strength
bi nders wos9sno08i2nct-ude -material s such as carboxynet hyl celpdtiw®soaad
eationic polyners such as CCOerr] 711. The ACCOerr] famly of dry

35 A
strength materials E!ﬂl MﬂL" Humumm 29 Aneri can Cyananid Conpany of
Wayne, New Jersey. #l softening conpositions are
disclosed in U S. Patent 5",2 9, 767" i ssued January 18, 1994 to Phan

et al. Suitable biodegradable chem cal softening conpositions are disclosed
in U. S9. PaTheapgaraig of Chimsls clatiaciérized in tHif the web Bbrtacting tap surfaced0

The enbryoni c web 56?%:%% r@h@m@s&% ri?ﬁ@&ﬁﬁn{l&%m an aqueous di spersion of
t | Spersi

paper maki ng fi bers, oug ns In lIquids other than water can be
used. The WO 96/ 00812 '

F_CE;/ us95/ 063_44 10. ghe ap ﬁratus of _Claiml 1 chaaacttexizﬁd in that the _wetb patterﬁfﬁgf layer ©
i bers are dispersed ir e carrie i qui 0 haye a_.consi stency o m
about 0.1 to inscrihss i Phjreity, of ciupwlar aortiopt. ot e Sesh gl Surderey cagh of the

di spersion, slurry, insefibedogirontanayortions of the frstsfeltnsurfacel biving dn asedl 0 at leasts
the quotient obtain !' FHE of dry fiber in the system
under considerationg‘?%u\egls\r}ﬂ%%g"\g@ total ~wei ght of the system Fi ber

wei ght is always expressed on the basis of bone dry fibers. 10 The

enbr yoni ¢ veb 543 C e Bpd ALUBHCIaln 3 harAkicHAHR RARR WE pierRinBIBRP extends

as shown in Figure 9, or alternatively, a batch prg&is, uch as a ]
handsheet nmking  intermediats the disst felf surface aad she sece tsurigee 3ad Shayactgtized
paper nmeki ng fibers ifthdefRsiétepattemiflg layer extendsithoulh lé¥s BiganDibe tfulb hickniefseof
enbryoni ¢ web 543 i g . fornmed by renoval of a portion of t he agueous
di spersi ng medi um b?“‘t‘é%‘ﬂni ques wel | known to-those skilled in the art.

15 The enbryonic web can be generally nonopl anar. Vacuum boxes, form ng

boar ds, 1277 18 PparusBF Cialfs 1] RaRbRridef ' thdt thE &F phBEmiR' faer

renmoval fromth
extends through less than about half the full thickness of the felt layer.

13. A method of forming a dewatering felt having a web patterning layer, the

method comprising the steps of:

providing a dewatering felt having a first surface and a second oppositely
facing surface;

providing a liquid photosensitive resin;

providing a source of actinic radiation;

applying a liquid photosensitive resin to the first surface of the dewatering felt;
exposing at least some of the liquid photosensitive resin on the first
surface of the dewatering felt to the actinic radiation;

curing at least some of the photosensitive resin to provide a resin layer having a
predetermined pattern and extending from the first surface of the
dewatering felt; and

removing uncured liquid resin from the felt.

14. The method of Claim 13 characterized in that the step of curing at least some
of the photosensitive resin comprises curing photosensitive resin intermediate
the first felt surface and the second felt surface to provide a cured resin layer
which penetrates the first felt surface.

15. The method of Claim 1 characterized in that the step of curing the
photosensitive resin comprises curing the resin intermediate the first felt surface



The enbryonic web 543 travels with the formng belt 542 about a return roll
502 andW096/00812 s brought into the proximty of the weBCTWSPWIO4Happar at us

200. iy maki ng the paper structure 20

conpri ses transferri,mﬂlmﬂﬂ"mﬂm"!!yﬁbryo%c web 543 fromthe formng belt
542 to the web support dpphratus 2 and supporting the enbryonic
web 543 on the first side 202 of the web support apparatus. The
enbryoni c web preferably has a consistency of at |east 8 percent at

the point of transidthessecanddelsurfase bppravi erd vesindoyer extprding thsough less
transferring the than about hafi'thé iiliknesséTinefeit 14420 Si mul t aneously include the
step of deflecting a portion of the 25 web 543. Alternatively, the
step of deflecting a portion of .the web 543 can foll ow the step of
transferring tilge ®a®method of Claims 13, 14 did1 5 firther cdmprisingsthe stepsiof: t he

enbryoni ¢ web 543 to.t.he u rd. ap . an -ecting
a portion of the gﬁ%‘?é)gﬁi%% ‘%ﬁ% né'z'a‘ﬁ '%gf%; t)bjjla L1 ,to zﬂ'e Iréézi&oﬁ g"dj%él its

part, by applying a ditfanspacent tathefradiationyr essure to the enbryonic web 543.
For 30 instan e ' hotos £l the” OmM
the formng bel f pPyineca CERSHOBE gl bickheRdtive Reak R B Bieg BB R OF e o
source 600 depicted i Kewptsring felt; such as a vacuum shoe or a vacuum
rol 1. One or nore ppgitiohingthé mask inteimtediate tite source of rad@tionand thé toating of
provi ded downstream of. the .enbryoni c web transfer point.

Referring to Figures JAUidPhPIPSesiVeTEHN of Gef| ecting the web 543 conprises
35 deflecting aeaposingtheotodting of liquid photesehsitiveg resinetd ithes actini¢ tradjatidnac e

230 in a first | gt | e Q5 - Bf+O .
having a first uncorrpé‘lé{?ggﬁm@% .}n%k % ﬁd?%%icgﬁnﬂ%%ﬂgﬁpgg%gé onét@fi rst
web contacting surf aceaegiswatioawitiithedtaasparent regions in theaBiskasided web regi on
549 supported on tr@ﬁlonl t fdd photosenditieestt fomthe dewatering feltf | 1 St

deflection step is preférably perforned at a web consi stency of between
about 8 40 percent and about 30 percent, and nore preferably at a web

consi st ency of1hetTheanethod of Claim 46 @hiraterizsddn that shwecistegh of tenidPingethe emdureds o

}32:-?-; Ugg;} ggghzn Ofph%po%er\{sv?tgret %%ﬁscgrhggs%s VWfsﬂing the A&a?e@{ngoéﬁzwith a mixture

comprising water and a surfactant.

18. The method of Claim 17 characterized in that the step of exposing the liquid
photosensitive resin to the actinic radiation comprises exposing the liquid
photosensitive resin to actinic radiation prior to washing the dewatering felt
with the mixture comprising water and a surfactant to partially cure the resin,
and exposing the liquid photosensitive resin to actinic radiation in a post cure
step after washing the dewatering felt with water and surfactant mixture.

19. The method of Claim 18 further comprising the step of rinsing the dewatering
felt to remove the surfactant prior to the post cure step.



21 5 the fibers of the web 543 are relatively nobile, and-so that

t he defl| ewbisemosdpes not result in breaking of suBgiarbigbsrunbers
of fiber to fiber bonds. The pressure differential provided by
t he vacuum source 600 can be between about 10 to about 25 i nches

of mercury. U S. Patent 4,529,480 issued July 16, 1985 to Trokhan is
I ncorporated herein by reference for thiéiggpose of teaching transfer and

defl ection 10 of an enbryoni c web pplying a differential fluid
pressure. After transferring and deflecting the enbryonic
web 543 to formthe non- nonopl anar web 545, the web 545 is
carried on the web support -apparatus 200 t hrough a nip 800

provi ded between a conpaction surface_875 ﬁp a g ef or mabl e
conpression surface 910 of a conpression ﬁg er shown in Figure 11. The
15 conpression nmenber can conprise a roller 900 30eb 545 is carried

t hrough t he nip 800 for posj p a8Pacent the
conpaction surface 8200~and for écond side 202
of the web support appa;gFu§~3gO adj acent y Zi or mabl e
conpression surface 910. Th G e nip 800 at

a consi stency of between about 20
The conpaction surface 8Y5 is
relatively hi har of:

as conpared to the defo bl e N

ﬂu\’?
TN 2
& 1”13' 150

e

1y h
| ey
)y - \i
% ki

i p 800, 250
Alternatlvely,

di spensed froma spray nozzle ww
alternatively, 25 by an
t he creping adhesi ve can be appl d

sui tabl e neans of gl ue applicat?bﬁ A su abI creping 270 adhesi ve
I's shown in Lléb Patent 3,926, 716 |ssued tes on Decenber 16, 1975
whi ch pat ent 2 corporated by reference 202 Re, ng

Figure 11,28 r ol . er core QOZ%QBO Zyﬁgﬁg 3961
| ayer 906. The\roll ’ BBOabo 1 eet, agd th
dryer drum 2280 can Mha a_tdi nf abhofit  12_-¥8 feet ¥ The

def or mabl :
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P&J. I n one enbodi nent, the inner core 902 can be fornmed froma materi al

such as 35 steel, and the outer |ayer 906 conprising the surface 910
tan be forWe@sPetigh nat ur al rubber or ot her genergddisoglpagdzoneric
mat eri al s. The roller 900 can conpose a vacuum pressure
roll. Suitable vacuum pressure roll's have a drilled or grooved
surface 910 through which vacuumis applZgd2to the back side 202
of the web support apparatus 200 to provide dewatering of the paper 40
web in the nip 800. The vacuum applied ranges fromabout 0 to 15 i nches of
Mercury preferably between 3 and 12 inches of Mercury. WO 96/ 00812
PCT/ US95/ 06944 22 5

The next step in formng the paper structure 20 conprises pressing the web
support apparatus 200 and the non-nonopl anar web 545 between the

conpr essi on surface 910 and the conpaction surface 875 to provide
a average ni p conpression pressure ofCat | east about 100 psi and
preferably at |east about 200 pgB0 The éﬁﬁ) i pressure is the total

force applied to the nip dividedy the Aip ar ?. The total force 10

applied to the nip can be deter _froni raul i c gauge readi ngs coupl ed

\hyd
Y
wth a force bal c gd onithe_equi pnent geometry. The

|s,ba

nip wwdth is ~ det+ b-a:sheet of
whi te paper argBm._sheet of en t he
apparatus 200 and e._Sul \peF- 220
provi des an i npresshon ©
Pressing the web suppqrt 520 p 800
provi des a second defi & ] onpri ses
defl ecting the % €
contacting top surface 2§
: 200
------ - 230
I 240
285, . ~— DA
285 -NN,\\\ ,
e 202
= 280



particular, the first web contacting surface 230 is deflected toward the
conpacti owo96/00812 surface 875 by the deformabl e conpressigdrgsysiogsad 910,

as shown in Figure 11, 20 thereby tenporarily reducing, and preferably
tenporarily substantially elimnating the difference in elevation
262 between a portion of the first felt surface 230 and the

surface 260. Deflecting t fhrst web contacting surface 230
relative to the second web confacting surface 260 provides

defl ection of the first unconpacted web regi & 547 25 relative to the

second unconpacted web region 549, thereby tporarily reducing
the difference in elevation between the firs and second web regi ons 547

and 549. In particular, a portion gthe first web region 547 is
defl ected toward the conpacti en SSSSSETT f ace 875 by the first felt
surface 230, to thereby tenpofaril yubstanti ally elimnate the
difference in el evation bet ween\kga Birst and second unconpacted web 30
regi ons 547 and 549. The second d™Iction step is preferably perforned at
a web consi stency of betweout 20 percent and about 80
percent, and nore preferably .“‘ﬁ-’m\,-\o consi stency of between about
30 percent and about 70 percen \ Pressing the web support
apparatus 200 and the web 545 v the nip 800 B so provi des a web

conpaction step. Conpacting a r}gi\{l of a wereduce t he 35 thickness
of that region of the web. The web™onpacti ordstep nprises the step of

conpacting a portion of the first generally corrpac ed web region 547

agai nst the conmpacti dg surface 875 14 formp first conpacted web
regi on 530, and conpacting _:.““,,«r:‘"‘ a portifgn of the second
unconpact ed web regi on 549 agai ngt e conpacti on surface 875 to
forma second conpacted web regi on 'ﬁu n particulary, the web 40
regi on 547 is conpacted between eirst feht swrfage 230 and the
conpacti on surface 8757 an@fhe yeb redion 549 is conpact ed
bet ween the web contacting to OAENEQE 12
PCT/ US95/ 06944 & \ 23
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5 surface 260 of the web patterning |ayer 250 and the conpaction surface

875. The difference in elevation between the first and second
conpact ed WeF6i08R2ons 530 and 550 i s essential |y Peioseansise end
of the conpaction step, as both of the regions 530 and 550 are
pressed into engagenent with the conpaction surface 875 of the dryer

drum 880, as shown in Figure 11. 14/12 Relative deflection of the
first felt surface 230 and the web contacting top surface 260 of

the web inmprinting layer 250 in the second deflection step is

acconplished wth a web support apparat us 200 and conpression surface 910
having a conbi nati on of desi 5. "One characteristic that
enabl es such rel at ‘bending flexibility of
the web support apparatus 20 ending flexibility of the
web support apparatus 200 is Do flexibility of the
dewatering felt layer 220 an .to t he appar at us

200 by the web patf&rning la .apparatus 200 having a
web patternhgg | ay havi ng the above
descri bed projected area
of the felt surface 230 is
structure having a | arger pe
Such flexibility pernh%s t he
relative to the su
adj acent web patterning el ex
the el evation difference 262
felt layer 220 internedi ate
220 25 internediate the
unconpacted web re
t he conpaction surfade _875.
relative deflection of ™Nge s
of the web patterning |aye
cured will be conpressed to 00, thereby reducing

t he 30 difference in e faces 260 and 230.

Rel ative deflection of the nd 260 is al so enhanced
by reduci ng the hardness of surface 910.-<@
relatively | ow hardness conp onformto theo
second felt surface 232, and Si
i nternmedi ate the
felt surface 230 §d. the fir

conpared to a

. resin.
“Surface 230

Ci ng between

| arge relative to

t he

e felt |ayer

0 engagenent with
or whi ch affects

t he har dness
ardness when

20



35 unconpacted web region 547 toward the conpaction surface 875.

Yet anothg&oggﬁ&ag which affects the relative deflection of_the surfaces
230 and ‘ 260 is the degree of penetration of the\ﬁﬁf¥§F@@Vﬁing

| ayer 250 through the t hi ckness of the felt layer 220. In
general, a web patterning 250 that extgggazthrough | ess than
about half the thickness of felt |ayer I s desirable to enhance rel ative
40 defl ecti on of surfaces 230 and 260.

PCT/ US95/ 06944 WD 96/ 00812

24 5 The step &
unconpacted web regions 547
regi ons 530 and 550 preferabl
adhering at |east a portion ofg
530 and 550 to the conpaction
conpact ed web regio
875 by the creping adhesive
nozzl e 890. After the conpact
heat ed surface 875 to have a
percent. The aper structure 20
conprises restoring at @east . ence in elevation
bet ween the web regi ons 547~ _ defl ection
step. This restoring step provi b the first

el evation 32 (corresponding t 2gi on 530), the
second regi on,.5Q 2 rresponding to

t he second conpacted web® ~ The step
of restoring sone of the diffe n the second

-st and second

yr-m-t he conpacted web
~...the step of

bact ed web regions

gure 11. The

d to the surface

‘ace 875 by the

_ dried on the
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20 defl ection step preferably conprises releasing the web fromthe
conmpaction_surface 875. In a preferred enbodi nent the step of
Festoring WH98812 he difference in web el evati oﬁ"é’yﬁﬁfqég
foreshortening the web concurrently with the step of rel easing

the web fromthe conpaction surface 875. Pi ferably, the step of releasing
and - foreshorteni ng the web co@é #ses the step of creping the web
fromthe surface 875 25 with a doctor blade 1000, as shown in Figure
9. As used herein, foreshortening refers to the reduction
in length of the web whi ch occurs when energy is applied to the
dry web in such a way that the length of - the web is reduced in

t he machi ne direction. Foreshortening can be acconplished in any
of several ways. The nost comon and preferred way to foreshorten a web is
30 by creping. The web adhered-to the conpaction surface 875 is renoved

fromthe surface 875 by tgg doctor blade 1000. Inggeneral, the
doct or bl ade has a bevel angle of about 25 degrees and is
positioned with respect to the Yankeg \dryer to provid% an 1Y I mpact
angl e of about 81 degrees. 0 ANALYTI CAL
PROCEDURES Nbasurenedt of Thitkness and

El evati on and el evatifons of v@rious

regi ons 30-70 of a sagp
measured from m croto
structure 20. A sanpl
(1 inch by 2 inches)
The WO 96/ 00812
PCT/ US95/ 06944

54

54




o

5 cardboard holder is placed in a silicon nold. The paper sanple is

Il mersed in a resin such as Merigraph photopol yner manufactured by
Hercul es, [VH@ 26/00812 The sanple is cured to harden vdieydoSsioas

m xture. The sanmple is renoved from the silicon nold. Prior to

I mrersion in photopolymer the sanple is marked with a reference
point to accurately deternine where micr@fd@e slices are nade. 10
Preferably, the sane reference point is utilized in both the plan view and
vari ous sectional views of the sanple of the fibrous structure 20.

The sanple is placed in a nodel 860 microtone sold by the Anerican Optical
Conpany of Buffal o, New York and | evel ed. The edge of the sanple is renoved
fromthe sanple, in slices, by the mcrotonme until a snooth surface

appears. 15 A sufficient nunber of slices are renmoved fromthe
sanpl e, so that the various regions 30-70 may be accurately
reconstructed. For the enbodi nent descri bed herein, slices having

a thickness of about 60 mcrons per slice are taken fromthe

snooth surface. Multiple slices may be required so that the thicknesses 31
51, and 71 maydbe ascertai ned. 20 ) A sample slice is
nmounted on a m croscopejslide using oil and a ch¥er slip. The
slide and the sanple ar¢ nounted in a |igh tragsm ssi or. Jmi croscope and
observed at about 540X gnificatiqg. Phofoni cr ofjr aphs ar€ taken al ong the
slice, and thelindivi dug %hotonicrogn’phs ar e arrangeqsbn series
to reconstruct thegprofijle of fthe sliﬂ@. Thef t hi cknegses ang2
el evations may be % rtiai ned fA/om 25 {{ | recongtructed/profilej~as
shown in Figu OV ~refBll ve-hasi

of i ndi vi dual
I ndi vidual re
ascertai ned.
name of Phan
descri bing thée
structure <
est abl i shed by
scanner. The
version 1.6.
path is Laser
~The 35 !
file format ot

th
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I1G conputer. The picture file is opened with a suitabl e photo-inmagi ng
sof t war e WO96/00812 nackage or CAD program such as Power Dr aRGraFSoso694%. 0.
Referring to Figure 6B, the thickness of each region can be determ ned by
drawing a circle which is inscribed by the region. The thickness of the

regi on at that 40 point is the dianeter of the smallest circle that
can be drawn in the region (in the %/1 m crotonme sanple), multiplied
by the appropriate scale factor. The scale factor is WO 96/ 00812

PCT/ US95/ 06944 26 5
the magnification of the photom crograph nultiplied by the magnification of
t he scanned i mage. The circle can be drawn using any appropriate
sof tware draw ng package, such as PowerDraw, version 5.0,
avai |l abl e from Engi neered Software of North Caroli na.

The difference in elevation 62 is neasured by drawing the smallest circle
10 inscribed by region 50 (in the mcrotone sanple), and by draw ng two
circles i nscribed by region 30, as shown in Figure 6B. A first
line L1 is drawn tangent to ogzhe two circles inscribed by region
30. A second line kﬁ is drawn parallel to the first 200 line L1 and
tangent to circl gcribed by, pagi on %¥0. The di stange between the first
and second | i nes sgaPe factor, is the

di fference i T

Proj ected Ardgc
contacting suf
procedure. Firs

the_meb

wa Vi

545
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20 bl ack marker (Sanford Sharpie) to increase the contrast. Second, three
digitizedwooswost2z | nmages of the web patterning apparatus 2e@nmbpSods4ui r ed
using a Hewl ett Packard ScanJet |l1c Fl atbed scanner. The scanner
options are set as follows: Brightness 198, contrast 211, black
and white photo resolution 100 DPlI, scaling 100% Third, the

percentage of the projected area of thegwﬁg%support apparatus 200

conprising the 25 web contacting s e 260 is determ ned using a

sui tabl e i nage anal ysis software system such as Optinmas avail abl e
from Bi oscan, |ncorporated, Ednonds, WA. The rati o of the nunber
of- pi xel s having a greyscal e val ue between 0 and 62 (correspondi ng

to the web contacting surface 260) is divided by the total nunber of
pi xel s in the scanned image (times 100) to @3Perni ne the percentage of the

proj ect ed 30 area of the web Bfport apparatus 200 conprising the web
contacting surface 260. asurenent of Wb
Support Apparatus El evations 200 ;29/% evation difference 262
bet ween the el evatiion 231 of the first skt rface and the

el evation 261 of the web cont ac288y . face @60 RS0 ured using the 35
foll owi ng procedure. 908 web support appars i's sgggﬁ ted on a flat

hori zont al surfyce with th@i®web pajtgrni Faci ng upward. A
stylus having a circul ar cont act\s t X\ 3 square
mllimeters and a vertical\l ength of about pters i s

nmount ed on a Federal Produc
anplifier nodified for useg
manuf act ur ed 40 b
| sland. The instrument A s
di fference between twy precisio
PCT/ US95/ 06944

4Py Jdence, Rhode
dy geterm ni ng t\ie vol tage

902

890
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N

5 known t hi ckness which provide a known el evation difference. The

i nst r urenWwao 96700812 zeroed at an elevation slightly | owsrcibsososdua first
felt surface 230 to insure unrestricted travel of the stylus. The
stylus is placed over the elevation of interest and lowered to

make the neasurenent. The stylus exerts a pressure of 0.24
granms/square mllineter at the point Oflgﬁﬁk rement. At |east three
measur enent s 10 are made at each el The difference in the
aver age neasurenents of the C>|nd|V|duaI elevations 231 and 261 is
taken as the el evation difference 26p.

Measur enment of P&J Har dness
900 i s neasured using a P& pl ast onet\er
Dom ni on Engi neering Works LTD of Lg&

The surface hardness of the rol
Model 2000 nmanufactured by
Quebec, Ontario. The

i ndentor shaft has a 3.17 nillinet-( ; Re _hardness i s t aken
at three different positions: One i 1 ;g\\he roll, one 6 inches
from one end of the roll, _ 3 } e t he ot her end of

hree readi ngs.
| enper at ur e of
py t he

the roll. The P&J har dness
The readings are nade with the rol
21 degrees Celsius follow ng the pr
manuf acturer of the plastoneter.
PCT/ US95/ 06944 C ai ns:
meking a web of papernakﬁpg fibers,

conpri si ng: \\\
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9

a dewatering felt layer having a first web facing felt surface at a first

el evat i onwo 96/00812 and a second oppositely faciperhgdshesyd’ f ace;
and a web patterning |layer conprising a photosensitive
resin, characterized in that the patterning | ayer

penetrates the first felt surface, and characterized in
that the patterning | ayer extends fron1tri Eb%st felt surface to forma web
contacting top surface at a second el eva 'é ifferent fromthe first

el evation of the first felt surface. 2. The apparatus of C aim
1 characterized in that the apparatus conprises a cont i nuous
bel t . 3. The apparatus of Clains 1 and 2 characterized in that
the projected area of the web contacting top surface is

bet ween about 5 percent and about 75 percent of : t he
projected area of the apparatus. 4. The apparatus of Claim3

characterized in that the projected area of the web

contacting top surface is between about 20 percent and about 60 percent of
t he proj ected area of the apparatus. 5. The
apparatus of Claim3 characterized in that the projected area of the web
contacting top surface is between about 5 percent and about 20 percent of
t he proj ected area of the apparatus. 6. The
apparatus of Claimb5 characterized in that the projected area of the web
contacting top surface is between about 5 percent and about 14 percent of

t he proj ect ed ea of the apparatus. 7. The
apparatus of Clainms 1-5 and } } i rence between
the first el evai2b@ t he/ §econd vation Ji t t™4. 05 _
mllinmeter 2. i r 8.. The
apparatus of Claiml c ized i at ft ontactyn op surface
200 ™ W) e \
T YW 7
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290 \J

\ J 250
230 N N
260
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220 292
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of the web patterning | ayer conprises a continuous network. W)

96/ 00812 wo 96/00812 _ PCT/US95/06944
PCT/ US95/ 06944 9. The apparatus of Caim1l characterized in
that the web contacting top surface of the web patterning

| ayer is discontinuous. 10. The apparatus of Claim |
characterized in that the web patternin&;bﬁxfr I nscri bes a
plurality of circular portions of the fi*rdt*4elt surface, each of the

inscribed circular portions of the first felt surface having an area of at

| east about 10 square mllineters. 11. . The
apparatus of Claim1l characterized in that the web patterning | ayer extends
internediate the first felt surface and the second felt surface, and

characterized in that the web patterning | ayer extends

t hrough | ess than the full thickness of felt layer.

12. The apparatus of Caim 11 characterized in that the web patterning

| ayer extends through | ess than about half the ful

t hi ckness of the felt |ayer. 13. A nethod of form ng a dewatering
felt having a web patterning |layer, the met hod conpri si ng
the steps of: providing a dewatering felt having a first

surface and a second oppositely faci ng surface;
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(54) Titlee WEB PATTERNING APPARATUS COMPRISING A FELT LAYER AND A PHOTOSENSITIVE RESIN LAYER

(57) Abstract

The invention comprises an apparatus (200) for use in making a web of papermaking fibers. The apparatus (200) comprising: a
dewatering felt layer (220) having a first web facing felt surface (230) at a first elevation and a second oppositely facing felt surface (232)
and a web patterning layer (250) comprising a photosensitive resin. The patterning layer (250) penetrates the first felt surface (230) and
extends from the first felt surface to form a web contacting top surface (260) at a second elevation different from the first elevation. The
invention also comprises a method of forming a web support apparatus having a felt layer and a web patteming layer.




16. The method of Clainms 13, 14 and 15 further conprising the steps of:

provi ding a mask conprising regions opaque to the radiation and regi ons Ny
transparent to the radiation; applying a coating of liquid ¢
phot osensitive resin to the first surface of the

~dewatering felt; - positioning the mask internedi ate the

source of radiation and the coating of l'i qui d

phot osensitive resin,; exposing the coating of liquid

phot osensitive resin to the actinic radiation : t hr ough

the mask to induce curing of the photosensitive resin in

registration wwth the transparent regions in the mask; and -

removi ng the uncured photosensitive resin fromthe dewatering felt.

17. The method of Caim 16 characterized in that the step of renpving the

uncur ed : photosensitive resin conprises washing the
dewatering felt with a mxture conprising water and a
surfactant. 18. The nethod of C aim 17 characterized in that the
step of exposing the |iquid phot osensitive resin to the

actinic radiation conprises exposing the liquid

phot osensitive resin to actinic radiation prior to washing the dewatering
felt with the m xture conprising water and a surfactant to
partially cure the resin, ' and exposing the liquid

phot osensitive resin to actinic radiation in a post cure .

step after washing the dewatering felt with water and surfactant m xture.
19. The nmethod of Claim 18 further conprising the step of rinsing the

dewat eri ng felt to renpve the surfactant prior to the post‘
cure step. .
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