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applying a curable resinto a 20 substrate, and nore particularly, to
a method of applying a photosensitive resin to a substrate to form
a web patterning apparatus for use in papernaking.

BACKGROUND OF THE | NVENTI ON The application of coatings, such
as resin coatings and foam coatings to 25 substrates is known in the

papernmaking art. For instance, it is known to apply a

phet osensitive resin to a foram nous nmenber in a preselected pattern for
use in a papermaki g operation. It is also known to provide

paper maki ng press fabrics wi.th a coating, such as a foam coati ng,
to achi eve a controlled voMERORF APRLYING A PHQEOSENSITIVE\RESIN: f ol | owi ng

document s descyg be the use ofOILSUBSTRATE FOR USEINPAPERMAKING?Y €' €d
constructions, or other coatings in making papernmaking equi pnent: U. S.

15

FIELD OF THE INVENTION
The present invention provides a method for applying a curable resin to a
20  substrate, and more particularly, to a method of applying a photosensitive resin to a
substrate to form a web patterning apparatus for use in papermaking,

BACKGROUND OF THE INVENTION

The application of coatings, such as resin coatings and foam coatings to

25  substrates is known in the papermaking art. For instance, it is known to apply a

photosensitive resin to a foraminous member in & preselected pattern for use in a

papermaking operation. It is also known to provide papermaking press fabrics with

a coating, such as a foam coating, to achieve a controlled void volume and

permeability. The following documents describe the use of resins, fillers, foams,

30 layered constructions, or other coatings in making papermaking equipment: U.S.

Patent 3,549,742 issued December 22, 1970 to Benz; U.S. Patent 4,446,187 to

Eklund; U.S. Patent 4,514,345 issued April 30, 1985 to Johnson et al.; U.S. Patent

4,637,859 issued January 20, 1987 to. Trokhan, U.S. Patent 4,795,480 issued

January 3 1989 to Boyer et al.; U.S. Patent 5,098,522 issued March 24, 1992 to

" 35  Smurkoski et al; U.S. Patent 5,346,567 issued September 13, 1994 to Bamewall;

U.S. Patent 5,334,289 issued August 2, 1994 to Trokhan et al.; and PCT Publication

Number WO 91714558 published October 3, 1991 in the name of Sayers et al. and
assigned to the SCAPA Group.
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One method for removing uncured resin includes washing uncured resin from

the substrate.” For instance, above referenced U.S. Patent 4,514,345 discloses

25 washing uncured resin from a foraminous member formed of woven filaments,
followed by vacuuming of residual wash liquid and uncured liquid from the
foraminous member. However, washing and vacuuming, alone, can be ineffective in
removing all uncured resin.

A felt or open celled foam substrate can have a large number of relatively

30 small, internal void cavities which can trap uncured resin. Such trapped uncured
resin can degrade the performance of the papermaking apparatus, as described
above. In addition, such trapped resin is essentially wasted, adding to the cost of the
resin casting process. Removal of the trapped resin by increasing the number of
washing and vacuum cycles also increases the cost of the process.

35 Moreover, in some applications it may be desirable to control the depth of
penetration of the resin into the substrate. For instance, it may be desirable to have
the cured resin layer penetrate a predetermined portion of the thickness of the
substrate, so as to provide acceptable bonding of the resin to the substrate, while
maintaining the flexibility of the substrate and the permeability of the substrate to air

40 and water.



One nethod for renoving uncured resin includes washing uncured resin from
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In addition, pressing a filling material into a felt layer can result in the filling
material flowing laterally into areas of the felt which are meant to be left open for the
25  settable material. Therefore, the method disclosed by Benz is undesirable for use in
applying a curable resin to a felt layer.
Accordingly, one object of the present invention is to provide a method of
applying a curable resin to a substrate to form a papermaking apparatus.
Another object of the invention is to provide a method for reducing the
30 amount of uncured photosensitive resin that is required to be removed from a paper
web pattemning apparatus suitable for making paper having visually discernible
patterns.
Another object is to provide a method for forming a web patterning apparatus
having a dewatering felt layer and a patterned photosensitive resin layer which
35  penetrates a surface of the felt layer and extends from the surface of the felt layer.

SUMMARY OF THE INVENTION
The invention comprises a method of applying a curable resin to a substrate.
In particular, the method can be used to form a papermaking apparatus such as a
40  paper web forming fabric or a paper web drying fabric. In one embodiment, the
method of the present invention can be used to apply a photosensitive resin to a
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PCT/ US96/ 00985 curing at least some of the resin to provide a resin layer on the substrate; and
removing at least some of the second material from the substrate, wherein at
least some of the second material is removed from the substrate after applying the

25  curable resin to the substrate. '

The step of removing at least some of ‘the second material preferably
comprises removing at least about 50 percent of the second material applied to the
substrate, and more preferably, removing substantially all of the second material
applied to the substrate.

30 In one embodiment the substrate comprises a papermaker’s dewatering felt,
and the resin comprises a photosensitive resin.

In one embodiment, the method includes the steps of reducing the mobility of
the second material applied to the substrate prior to applying the resin to the
substrate. The method can also include the step of increasing the mobility of the

35 second material after curing at least some of the resin, to thereby facilitate removal
of the second material from the substrate.

In one embodiment, the method can include the step of changing the phase of
the second material applied to the substrate prior to applying the liquid
photosensitive resin. In one embodiment the second material is applied throughout

40  the thickness of the substrate as a liquid mixture of water and a soap gelling agent.
The second material is cooled to harden the second matesial to a gel phase. A thin
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Figure 2 is a cross-sectional illustration of the apparatus in Figure 1.
30 Figure 3 is an illustration of a process for making paper with a web patterning
apparatus made according to the method of the present invention.
Figures 4A-4H are schematic illustrations of steps for making a web patterning
apparatus according to the method of the present invention.
Figure 5 is a schematic illustration of a method according to the present
35 invention for making a web patterning apparatus having a felt dewatering
layer and a web patterning layer formed from photosensitive resin.
Figure 6 is a photomicrograph of an apparatus made according to the method
of the present invention.
Figure 7 is a photomicrograph of a cross-section of the apparatus of Figure 6.
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i nvention, the invent iinventlén.| Figtred®tdndr7 aréph graplaof an apparatus 200 made usmg
foll ow ng descri ptllson g‘lﬁg@oagf@g 5! gg \“Ibt h t he associated draw ngs, In
whi ch i Ké elenen M 1P y the same reference nuneral,
and: Fi gure 1 is a plan vi ew Il lustration of an apparatus
made according to the Wéﬂ'@jﬁp@&%ﬁl’sesent i nventi on,

t he apparatus including a er and

(] t a a
cured photosensitive resi % gﬁ"g Mﬂ‘a“ﬁ"av?r“%?'ﬁwwz%“ which Sin comprise a
the dewatering felt mymnudwmmwfermlm@nmmmmmmuweb The web
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'ITustration of the anpai!Srie vt Sibéit spparatus 200 is viewed with the first web facing side
202 toward the viewer in Figure 1.
The web support apparatus 200 includes a substrate having voids intermediate
first and second surfaces of the substrate. At least some of the voids are préferably
25 in flow communication with at least one of the surfaces of the substrate. For
instance, the substrate can comprise a dewatering felt layer 220 having a first web
facing felt surface 230 disposed at a first elevation 231 (Figure 2), and an oppositely
facing second felt surface 232. The felt layer 220 has a plurality of voids
_ intermediate the first surface 230 and the second surface 232. The web support
30 apparatus 200 also comprises a web patterning layer 250 joined to the first web
facing surface 230. The web patterning layer 250 extends from the first felt surface
230, as shown in Figure 2, to have a web contacting top surface 260 at a second
elevation 261 different from the first elevation 231. The difference 262 (Figure 4H)
between the first elevation 231 and the second elevation 261 can be at least about
35 0.05 millimeter, and in one embodiment is between about 0.1 and about 2.0
millimeters.

The dewatering felt layer 220 is water permeable and is capable of receiving
and containing water pressed from a wet web of papermaking fibers. The web
patterning layer 250 is water impervious, and does not receive or contain water

40  pressed from a web of papermaking fibers. The web patterning layer 250 can have a
plurality of discrete openings 270 therethrough, and form a continuous network on



30 N Figure 3 is an illustration of a process for making paper with a
web patterning . —apparatus m .
of the present invention. Fi gures 4A-4H are schenatic
illustrations of steps for making a web patterning

apparatus acwmsdlissg to the nethod of the present invention.pcTnsesmooss

Figure 5 is a schematic illustration of a nethod according to the present
35 i nvention for making a web patterning apparatus having a
felt dewatering | ayer and a web patterning |ayer
formed from photosensitive resin. Figure 6 is a
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i mparting a pat t er synthetic fiberp jninedesuch &k by nediling, ta@ supporpgimicture fiqrened ofl woréerD
has a first vesp f aflaments 204 adSiovi i Figui€ R0 Sut RO miateRblY fofCivhith the batt 240 is
formed include but are not limited to natural fibers such as wool and synthetic fibers
such as polyester and nylon. The fibers from which the batt 240 is formed can have
a denier of between about 1 and 20 grams per 9000 meters of filament length.
The felt layer 220 can have a layered construction, and can comprise a mixture
25  of fiber types and sizes. The felt layer 220 can have finer, relatively densely packed
fibers disposed adjacent the first felt surface 230. In one embodiment, the felt layer
220 can have a relatively high density and relatively smatl pore size adjacent the first
felt surface 230 as compared to the density and pore size of the felt layer 220
adjacent the second felt surface 232.
30 The dewatering felt layer 220 can have a thickness of between about 2 -
millimeters and about 5 millimeters, a basis weight of between about 800 and about
2000 grams per square meter, an average density (basis weight divided by thickness)
of between about 0.16 gram per cubic centimeter and about 1.0 gram per cubic
centimeter, and an air permeability of between about 5 and about 300 standard cubic
35  feet per minute (scfim), where the air permeability in scfin is a measure of the number
of cubic feet of air per minute that pass through a one square foot area of the felt
layer 220 at a pressure drop across the 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.
40 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
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of the substrate. For I nstance, the substrate can conprise a
dewatering felt layer 220 having a first web 8 facing felt surface
230 disposed at a first elevation 231 (Figure 2), and an oppositely

faci-ng second felt surface 232. The felt |ayer 220 has a plurality of voids

i ntermedi ate the fi% stpesmeability oDthe felh inyer-220muitiplied yrthe: fractivd Df thiegrojeeted area of
support 30  appar ahél fippafitusT200ot ovRFdd b5 thewdiPphtieftidgdayer S0 | ayer 250

joined to the first web . ci.n face 0. e atterin

| ayer 250 extends fromt nd friteble ?‘Zﬁ 1"&%&%‘" Af"%?’x _2 VF’&SR‘%W“’F& by the
Figure 2, to have a wehPRieten Mills Gompasy of Applgtos, Wionsin. aSuchcrofelt layer 220 can have a
el evation 261 diff er erthickriessioft dbouf 3 mﬂimab@uwimeiiaﬂefammdbﬁ&%%&@ﬁmair

Fi 4 ' I i 1 and, t d
ol evat on 261 can We dEfESi 8F ahs o G50 Ynp hnd ey obblE 13k spppogy sructure
enbodi ment i s between ha¥Bga Joply multifilament topang bottom warp anil |aj 41plyaabled monofilament
The dewatering felt | ayoss-mthine Yiretion’ weave. Terhebart D40 dai comBAY RyIGH fibers having a

T 1 S A 5
i npervi ous, and does rhoit spbstrate underlying the firstsusface230. 40 pressed froma
web of paper maki ngsfi ber s Suftille Enkitiod Pesing abe?diSelosed Gn RRS. PAYR 41514,345 issued

plural i ty of ‘i screte Aagapidis o/ Rubkeor bS8, Pl 3 5368 5ol ALBn 3, 1994 o

net wor k on
PCT/ US96/ 00985 Trokhan et al., which patents are incorporated herein by reference. The resin, when

5 the first felt surdu@ccshHave d RardhESs/or iels thabdr Gudl to Abdiit'60%HoleEDY Thi Brdness
The b patt orni ng_| afthe st AE Bre Bessy it shan wiosiery Eptepaiymss res coupon
deposi t ed 0 ormeasuringfabout dfinch byu2dnches by 4025 inchesithick am@d under the same
subsequently cured so cofiditions a8 e W& pdtieming layer 250. jehtd atehifde at
penetrates a surface Q.vfs JeEFeeEE‘%E& ; aeemdlr&dpl%rgekgn%ls%ér i}ungl evl\lgagement of the Shore D
durometer probe with the resin. A resin having such a hardness upon curing is
desirable so that the web patterning layer 250 is somewhat flexible and deformable.
25  The cured resin preferably resists oxidation. The uncured resin can have viscosity of
between about 5000 and about 25000 centipoise at 70 degrees Fahrenheit to
facilitate penetration of felt layer 220 by the resin prior to curing. Suitable liquid
photosensitive resins included in the Merigraph series of resins made by Hercules,
Inc. of Wilmington, Delaware incorporating an antioxidant as disclosed in above
30 referenced U.S. Patent 5,334,289. A suitable liquid photosensitive resin is a MEH-

1000 resin available from Hercules, Inc.

Use of the Web Support Apparatus to Make Paper

Figure 3 illustrates use of the apparatus 200 in making a paper web 20. A

35  slurmry of papermaking fibers, such as cellulosic wood pulp fibers, is deposited from a
headbox 500 onto a foraminous, liquid pervious forming belt 542, to form an
embryonic web of papermaking fibers 543 supported by the forming belt 542. The
forming belt 542 can comprise a continuous Fourdrinier wire, or alternatively, can be

in the form of any of the various twin wire formers known in the art. The web 543 is

40  then transferred from the forming belt 542 to the web support apparatus 200, with



10 patterning | ayer 250 can conprise a photosensitive resin which can be

depasited on the first_surface 230 as_a-liquid-and-subsequently
cured by radiation so that a portion of the web patterning |ayer
250 penetrates, and is thereby securely bonded to, the first felt

surface ZSOW(T#&:Mb patterning | ayer 250 preferably does nBCT/ES6H098S
through the entire thickness of the felt |ayer 220, but instead extends

t hrough | ess 15 than about half the thic%ness of the felt layer 220 to
maintain the flexibility and conpressibility of the web support
apparatus 200, and particularly the flexibility and

conpressi bi | i ty5 of thetesmbiysinic weby/¥43 peiGoned on the first side 202 of shesweb support apparatus
dewatering felt |aygy 220 conprises a batt 240 of nat ural or

synthetlcflberSJom such, as edI| tructureforrred
of woven fil arreﬂ f%? 452%%8’? ‘ﬁ% Sppaplys
from which t he bat 200 gan Slmultaneously mcluMMplﬁdMumm Qf@lle Wﬂhrﬁ'&%moo
natural fibers sucBpgn J@@{,M% qr_r,@ to form a non-nfon®

pol yester and o] The f ber fro C 0 i.s for can e
a deni er of be?%eeﬂh #"m ﬁ'ﬂt gg&h%?‘lﬁ ﬁ?t“ %W

| engt h. and deﬂem & partion cemhwownvebaﬁdé can baymvwdcudw incparton,

and can conprise apyig ii?l g a difféfentill fluid Wa&su@dnﬁwﬁéweihﬂsfe}hwlﬁﬁ

220 can have fi ner

densel er s, dispose
adj acent the first W 2@1 cormgre W%ﬂ'&l SourFes G%é’a?é?‘f’ be e %"d
220 can have a rel dommmgnmmwmbrmmwa y small pore si ze

adj acent. the fjgst &‘hﬁ% bt defedting’ &9&9@'&&3 343 id oI doh-

and pore size of the fellt a e secon el t

surface 232. Web 345 ds F“F‘ﬁé/@?‘ ‘E%U"‘Ba?‘f"m&?&’m“s 200
t hi ckness of bet weeuommpzsoo prov:ded betwieert aryahiceesdrpingl deuno 880 andial dollerc908). s,

a basis wei ght of
square neter, an avera SI t B S| n@@BHttrﬁ:d R;‘g“%f B?&?hl C nesé?ﬂthen
of between about O"‘TBe‘gEﬁ'ﬁl E’e?“’é% e?'ng\e‘i‘& ‘f’ﬂ’

cgbl c 200 3003%&@&%%%5%%3 ﬁmﬂfssmtthemb&hobb fartiend
about st andar g&%h&a (dﬁﬁ“ %ﬁ@ i
perneability in sciin is a masm%wyﬂ%@% nior cu {lhg‘;fegecﬁnof
air per mnute thaP‘B&&?‘t‘%PMﬁ"'& Wed JUPROTi-apparatys; 200 apd

| ayer 220 at a predmwrmkmt a2, osssist hclbdein!nUfSS Patent hipplicationl Sgtid Mﬁﬁber

ﬁgggtr teg Sts)?lrjl; ?Ir]re? per rrealral‘\'ng‘i %%*Tmngghﬁe%ce (%/%‘éeel ﬁ\ﬁgo
Tai f-un Type 103@)) M‘&EI & 199%in ﬂnmpfrémelshpﬁt ligwing pateptdocuments
Finland. The per neat iedt rﬂ’eimih théip anitiréty Tor’the pudpdse f disclosing
fLeeq”a' to the pepggaRimg &Iné:llﬁ veb' J0: | BXE Pafeil 4396/ 486" isARAYulyP 16! Hos5 o
Trokhan, U.S. Patent Application Serial Number 08/268,154 "Web Patterning
Apparatus Comprising a Felt Layer and a Photosensitive Resin Layer” filed June 29,
30 1994 in the Name of Trokhan et al; U.S. Patent Application Serial Number
08/268,213 "Paper Structures Having at Least Three Regions Inciuding a
Transistion Region Interconnecting Relatively Thinner Regions disposed at Different
Elevations, and Apparatus and Process for Making the Same" filed June 29, 1994 in
the name of Trokhan et al.; and U.S. Patent Application Serial Number 08/358,661
35 "Wet Pressed Paper Web and Method of Making the Same" filed December 19,
1994 in the name of Ampulski et al.

Making a Paper Web Support Apparatus with
Photosensitive Resin Cured on a Felt Layer _
40 The web support apparatus 200 can be made according to the present
invention using steps illustrated in Figures 4A-4H, A substrate is provided having a
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PCT/ US96/ 00985 5 pernmeability of the felt layer 220 nmultiplied
by tRe fraction of the projected area of t he apparatus 200 not
covered by the web patterning | ayer 250. A suitable felt

| ayer 220 is anwide@¥y2 Press Felt manufactured by the PCTAISDé/008H"
MIls Conmpany of Appleton, Wsconsin. Such a felt layer 220 can have a

t hi ckness of about 3 millinmeter, a basis weight qp about 1400 gnf square
neter, an air 10 perneability of about 20 to 30 scfin, and have a

doubl e | ayer support structure having a 3 ply nultifilanment top

gnd bott om war p aQﬁs abﬁrsplsvmph&demﬁmécamﬂta thf:ckness, wgﬁhﬁ@%ulﬁ&ﬁd&' Kiing voids
irecti on weave. e [ n

deni er of about 3 at tw&qgﬁf’pw%@m L@ erll’?g{ & %tl{e%ggﬁméeogayndednsa
10-15 in the dewateringfelt, layss 3200 nf@sqmmse resin and @ segond material
15 Sui t abl e phmmmnmmmmwéﬂb@ prwided U. S. Patent :

4,514, 345 i ssued %@Eg ;sgﬁ:‘) Rat

5,334, 289 i ssued August WF 48 q“‘]ﬁa%ﬂw?ﬁ“?"“%g}!‘geﬁ? gthe

are incorporated h elwm%%ﬁﬁﬂ"‘ﬁ@yrw'ﬂ' to the feit |lY“é@9eJh°thhyﬂ
have a hardness of | es220 hacomveyel)imithe diretion shoin Byothe drow i Higlire!$B:S In one

is the average of f'VemWH n
coupon 20 measur i 513ql a ou; nﬁ‘gl ncW%%e%%P&KME b"
cured under the same G#Wh he,first it qurfice 280 of the, el hy@‘rmmor to
Thedhar dness geas]lcjr erreqtplymg thersachmd ataterial to the feﬁfla,degzmesrhm-hgmﬂemman be
read 10 seconds a r

probe with the res%jral di'urltetgl an ng@a;c%ﬂi v?ﬁ‘ar‘(ﬂfﬁg “EEWu%Mﬂdsf’ém“gF“‘i not

desirable so that the T8 tterm ng layer 250 is sorrewhat fl exi ble and
def or nmabl e. 25  The cuTied feleSdyer 206 cahathey Heeééxﬁlbiedoﬁdjﬁlﬁhﬂ anhea]&eglpe 2410

uncured resin can have 500 0

25000 centi poi se at 7@%@%}3%‘2@’%'@%%@?};:‘;%:%n Fﬁ%&'ll °ah“3ﬂ' pipe
penetration of felt | a34k0 ms@nippening throughw secorclmitetal 2600 isditeetedi apto the
phot osensitive res2ms seo6ndsifice 232 HFthe/Bel Mye} 2205 The Sscofid makerial }s apFidd aBY% liquid

ant | oxi dant as di scl ocBi Sl 1afis 2805 oty i e ol Vol el vy s the

A suitable |iquid phot®siaeesi230\and 232 dn Figure 4B:ithe second materid GOgpplieds tonthe felt layer
avai |l abl e from Her cul e300 fosenetrate the entire thickness of the feltnlgz#ﬁaw&;fn thé Surkibs 230 and

Support Apparatus to Fi e ates use o
t he apparatus 200 in %39 ﬁﬁ"g&& %%86“2‘!5‘""%““”%" ?y&i)F‘“p‘%PﬁB ted, is

fibers, such as cel§ ul disected\thron, mpMmMmmllcaq&ﬂﬁmmsmmtahesecond material

headbox 500 onto a for angistAbiRed |ﬂn@ﬂtlﬂm€’ eitis® thickres 0f Bfel feltriver 320 the
erbr yonic b of paper GGk L9853 O kel b o e 53 o e e
first surface 230 of the felt layer 220. '

The second material 2000 fills voids in felt layer 220, and thereby provides a
30  barrier to penetration of the liquid photosensitive resin throughout the felt layer 220.
The second material 2000 serves to prevent the curable resin from entering certain
target portions of the void-containing felt layer 220. The second material is
preferably easily applied to the substrate, and is preferably not displaced from the felt
layer 220 by the curable resin. The second material is also preferably easily removed

35 from the felt layer 220 after curing of the resin applied to the felt layer 220.

In one embodiment, the second material 2000 (1) can be applied to the felt
layer 220 in a reiatively mobile state to provide penetration of the second material
2000 throughout the felt layer 220; (2) can be altered after it is applied to the felt
layer and before application of the photosensitive resin to the felt layer 220 to have a

40 reduced mobility to thereby resist displacement of the second material 2000 by the
photosensitive resin; and (3) can be be altered to have an increased mobility after at



form ng belt 542 can conprise a continuous Fourdrinier wire, or

alternatively, can be inthe formof any of the various twin wre.
formers known in the art. The web 543 is 40 then transferred fromthe
formng belt 542 to the web support apparatus 200, with WD 96/ 25547
PCT/ US96/ 00 Wibesr2s547 PCT/US96/00985 5
the enbryoni c web 543 positioned on the first side 202 of the web.support
appar at us 200. The step of transferring the
enbryonic web 543 to the web support apparatus 200 can

sinultaneously I nclude the step of deflecting a portion of the web 543 into
opéni ngs 270 i 15 t Heasy/patislht dueing ithresinto Taciitbte irémbvil O the ¥eCondDARH A TRim RD

545. 10 The f rring the enbryonic web 543 to the web
support appar at us v}ﬁﬁﬁﬁdﬁfe}{faﬂ}%g deflectl ng a portion of the enbryonic

web 543 can be provi dduoneembadiment; the segond material is relatiyply-mehilgiwhn first applied
differential flui doRhessbitrite! Fof hstaﬁedpnh@mmhteﬁﬂ?uhwo&pmwam a solute

source 600. One or C ed
downst ream of the dé yo'ﬁl g‘%‘ﬁ% %%ﬁg@%%ﬁﬁa@g 'aﬂq‘?& %&(ﬁ@&nﬂ{ gﬂl%
transferring &% d’é?@étﬂmg" » 108 3amistugeRf liquidaaction compansatswhea firss applied to the
nonopl anar web 545ubstfate. V\Aﬂeﬁ%séﬁn@ﬁﬁf&ﬁﬂnﬁﬁeﬁ@ﬂiﬁ@t&ﬂﬁ%ﬁbﬁm&@ﬁﬂd 9&&&0200

o000 & P e ﬁé@*ﬁ%??f;@%é re%'% (1 Gublicbl) e Sk el b it |
drum 880, and t herfelatively less mg &q) ﬂeap» ﬂstﬂlewbstmye SocRschooprovide de

1000 to form a cr diafriér ROPPEneH@IDN26f the éiﬁable IPésirP fintb OprédetdtfminRa ' poiGorish6f YIRD
545 to the dr |ng %%880 the web can be further dewat ered, such

as by pressi ng or rough air drying. For instance, the web can

be pressed in a press Psiopty epplicationcafithe nmblet;esyupp&etsubq@pm ahmsecmbmmdala
separat e ﬁﬂﬂt@&h@ﬁ:ﬂﬂﬁhe

: : : , R.Iavay for
NEChod of Mkt ng (RS fecrepsing. the viscogsy 33:[98 ger ﬁw%@%&%
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reaction components of the second mateml into highly viscous or solid reaction

products. While Figures 4B through 4H will be discussed with reference to a second

material which forms a gel, other examples of suitable second materials are provided
25 Dbelow. :

In one embodiment, the present invention includes the step of changing the
phase of the second material 2000 applied to felt layer 220. The phrase "changing
the phase of the second material" refers to a discontinuous change in certain
properties of the second material at a definite temperature and pressure. Changing

30 the phase of the second material includes changing a gas phase of the second
material to a liquid or solid phase, changing a liquid phase of the second material to a
gas phase or solid phase, and changing a solid phase of the second material to a gas
or liquid phase. Examples of phase changes of the second material include, but are
not limited to, liquifying the second material, subliming the second material, and

35 solidifying the second material by freezing or gelling the second material. In one
embodiment, the second material undergoes a phase change from a solid phase to a
liquid phase at a temperature below the temperature at which the cured resin
degrades (i.e. less than the melting temperature or the decomposition temperature of
the cured resin), and more preferably at a temperature between about 50 degree

40 Fahrenheit and about 150 degrees Fahrenheit.



Trokhan;: U. S. Patent Application Serial Nunber 08/268, 154 'Wb Patterning
Appar atus Conprising a Felt Layer and a Photosensitive Resin Layer" filed
June 29, 30 1994 in the Nane of Trokhan at al.; U S. Patent

Application Serial Nunber 08/ 263, 213 "Paper Structures Having at

Least Three Regwowsnksag! uding a Transi si on Regi on | npetrasysnnsgsi ng
Rel ati vely Thi nner Regi ons di sposed at D ferent : El evati ons, and

Appar atus and Process for Making the Sane" fileqzJune 29, 1994 in

the nane of Trokhan et al.; and U S. Patent Application Serial Nunber

08/ 358, 661 35 "Wet Pressed Paper Wb and Met hod of Making the Sane"
filed Decenber 19,5 Referrif@ to!Figuret4B; imoneaentbodifirent the lsecond nfaterial can be applied

Maki ng a Paper Wb S Pa"

Phot osensiti ve Resin %ﬂ ggelon a 225 a\I/_néllyma mixtuce %water and agﬁllﬁ%g %Bt & agng%lrt
apparat us 200 can be YfHgeragEe %we@wdtheselhnsazenrmpn allowed
using steps illust ratmchobhofﬂgmelekym-do férns wlsolid gel phase op the\sechnd rikfterial Gvhich

VO 96/ 25547
PCT/ US96/ 00985 fills voids in the felt layer 220.

5 first surfacel®a secdifiPrSorerplying thephotqsnsitive sesin tgthe, f!‘h@YSUB%Q’r'ét“é“ be
havi ng voi ds desiratile torssnove somecbiiti nos tall aofithe second matedd dom feltlayer 220

Figure 4A the subst raﬁ&bﬂﬁg*ﬁkﬂg‘iﬁé gh&osensntollve resin tgﬁﬁ%'ﬁg fﬂfﬂ?i’&?}é&QC

Aliquid photosen3|t|':$§ re secon erla
from the phot osensi t i (& PFeS&t invention gaa inciydg theiap of removing second materighdrogy adjacgnt

to Figure 4B, the pretherfirsti surfaoe i230 mfhtlielﬁhdaydiezzel ciierebly ﬂbﬁkﬂn ng poktion of the

10 second materi Th

felt |ayer ﬁd %&g%ggﬂs/g&yte@%@hgﬁgp MH fﬁgﬁéwg&r W’f“ﬁ
Figure 4B. In one Where the sapond) muterial compsisescs gel, & axer of 2he sesand; materinh adjasent
adj acent an infrared the®ists@ficeZp0 ofthefeltlayer&ﬁd@aﬂﬁbﬁab@ﬂﬁd:tlﬁdm&?@hoﬁ&%lo

the second mat et a 2?%'*?*&”*‘?@: P9+ft°m§5?ﬁﬁ%%9ﬁﬁ°ﬁfg"r%ﬁ%?€f9§w0 by
15 used to warm t hemeehagi ORemaving)p layse of dhe second meterialadjacent the first
optional, and not20 surface _230|ﬁﬁﬂtléﬁipredetemnmd portion ofthe thickness of the felt layer 220 to
which the photosenstive resin can be applied and ultimately secured.
Referring to Figure 4D, the present invention includes the step of applying the
curable resin to the substrate. In the embodiment shown, a layer 2010 of the liquid
photosensitive resin is applied to the exposed first surface 230 of the felt layer 220
25 after some second material is removed from the surface 230. A mask 3010 is
positioned adjacent to the layer 2010 of liquid resin. The mask 3010 has opague
regions 3012 and transparent regions 3014, A nip roller 3100 controls the depth d
of the layer 2010 deposited on the felt layer 220. The depth d is selected to be
approximately equal to the desired difference in elevation 262 between the surface
30 260 of the cured resin layer 250 and the felt surface 230 (Figure 4G) plus the
thickness of the layer of second material 2000 removed from the felt layer in Figure
4C. '
Referring to Figure 4E, the present invention includes the step of curing at
least some of the resin applied to the substrate. In one embodiment of the present
35 invention, the resin is selectively cured to provide a patterned resin layer on the
substrate. In Figure 4E, resin curing lamps 3150 provide a source of actinic
radiation in a first curing step for at least partially curing the layer 2010 of liquid
photosenstive resin deposited on the felt layer 220. The mask 3010 is positioned
intermediate the lamps 3150 and the layer 2010 of liquid photosensitive resin. The
40 liquid photosensitive resin is selectively exposed to the actinic radiation through the
mask 3010 to induce curing of the photosensitive resin in registration with the



The felt layer 220 can then be conveyed adjacent a header pipe 2410
p03|t|dned adj acent to the secqond surface 232 of the felt layer 220 The —

header pi pe 2410 has an openi ng through which the second nmateri al
2000 is directed onto the 20 second surface 232 of the felt |ayer 220.
The second yweolegsassat is applied as a liquid t 0o t hecraispenosgser 220

to occupy at |least sone voids in the felt layer internediate the

surfaces 230 and 232. In Figure 4B, the secormsd naterial is applied to the
felt layer 200 to penetrate the entire thickness of the felt

| ayer between the surfaces 230 and 232. The felt layer 220 on
whi ch the secofid nmhsparent régioMs BQK! bethe mhegod0led The first clfing s@prprovides a

through a nip 247 %&?F&ixﬂ et 256 whithds kQedaD pattiglly! fitdd 6.0&&@&%&&%3@%@'

is. distributed th entire thickness of the felt layer 2
bet ween t he es 230 and 232. Alternatively, the second
mat eri al 2000 can be &nﬁmngkotﬁgurheﬂ" the presentmvﬁenmncanmdlmeheﬁq)ofrudm@elt

| ayer 220. Tﬁﬁnﬁﬁ&ﬂm&ﬂgfaﬁéﬂ tgL sheMntia F:%w& qE I
| ayer 220, an th S rler to trat
| i )cqui d phot osgnm ﬁ"l:%xf‘gs‘f Hd%ﬂ""‘t‘ﬁabﬁ g& J"‘"““kgﬁq
second nateri al ZWbGeﬂmdtﬁonptb\manMuwI?éo.r mmntumdrrsntzolongcan
certain mr&eimmea Wﬁsmﬁér %%%ﬁoc%%&w gholwehs can@eCingleddo
The second materi al raglfy easi | # agg{led to,the
substrate, and |S'ﬂ?%‘f° "??312@03&?‘55 01 etpatternedresmla)[eaﬁq
220 by the cur abl dheeslidified isecond quatetial2000 ipedveits thé ancyped: fesinafrom penetrating
d f t Qlﬁalﬁtfiﬁs d
{gn?xg felt | a5 &W%Jﬁlu thickH&ss o%%ﬁe i ﬁ&ercn%ﬂddlrlﬂn%n e secong p}*ﬁ
materi al 2000 (1) m@%@mm@q H@ﬂ\eé'ﬂ! layer 220.  Accordingly
rel atively nobil e 2010A ¢s relatipelp @ommmmmaoﬁauﬁdameamademaaomh

2000 t hroughout t 2 ed
to the feI%J qwﬂ%ﬁ%@%& @g%é@ W&f’l onWM tosensﬁgl v

resin to the felt ofsemovinpat least meoathem materig), 2000 m.tﬁvﬁgbsmtet
resi st di spl aenensinis appledtoahesibemite. mémbydifenty whére the second material 2000 :s

bhot osensi ti ve 1 e} e a3 (P gerfis. 3 AL eleddl 2000 SarPbl helihEd b feating

bi i
gDCT/ usls:;)é/ ggtggzrs “ the secomsi material 40 2 semperatune\aboverits gelling semperatyre; Werehy: liquifyinge
removal of the seqpégellddsédond matériai InFigure 4G, the felt layer 220 is conveyed adjacent an
infrared heating lamp 3170 positioned adjacent the first surface 230 of the felt layer
25 220. The second material 2000 can be heated with infrared heating lamps 3170 to
liquify the second material. The felt layer 220 can then be washed with a hot water
shower 2550, and directed over a vacuum box 2570 to remove the liquified second
material, as well as any remaining uncured photosensitive resin. In Figure 4G, the
hot water shower 2550 directs a spray against the first surface 230 of the felt layer
30 220. The vacuum box 2570 provides a vacuum at the second surface 232 of the felt
lsyer 220 to remove liquified second material from the second surface 232.
Showering and vacuuming can be repeated, as necessary, to remove the liquified
second material from the felt layer 220.
Preferably, at least 50 percent of the second material 2000 applied to the
35S  substrate is removed, and most preferably substantially all of the second material
2000 applied to the substrate is removed from the substrate. As shown in Figures
4C and 4G, the second material can be removed from the substrate both before and
after the liquid resin is applied to the substrate. In the embodiment shown, more of
the second material is removed after application of the liquid resin to the substrate
40  than is removed before the resin is applied to the substrate.



voids in the felt |ayer 220. I n one enbodi ment, the second
material is relatively nobile when first applied to the substrate.
For instance, the second material can conprise a liquid, a solute

disolved in a liquid solvent, solid particles dispersed in a liquid
conponent of theawoosis84y second material, or a m xture of | i quigtTnes96bdess
conponents when first applied to the substrate. After the second
mat eri al has been applied to the substrate, and pgior to

application of the curable resin to the substrate, the second material is

altered to be relatively | ess nobile than when first applied to

the substrate, so & to pdnFigueesaAF and 4G, thehmureddnquid(xemmwm&dpﬁoloa‘o feiwOval of
curable resin into prqﬂ@t,gdbﬁa Fenlaftiig e11§20 tclzle second
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be relatively i mobil snbyredhqmdresmﬁ'omthed'dah)&rézm ncreaS| ng the viscosi ty

of the second material; cliapatingtd Pgur@3Cthe méhod according td fiR reénpi?l%dt

of the second material, fr ol id vapor.a
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cell foam barml@Aandusmbmul Sllrofithe seoondomaterial 2000 hascheenrandved from the

et a1 nto hi gnly a0 s O A sourcy of il i, SO YEHA pofl culiif|aipS 3180 s
Fi gures 4B through 4H 361"53{3% hgébef%mglﬁtet‘g‘"&géc%ﬁdm ayer 250.
mat eri al which forms M@M&GMmabmdsdlmmmmﬂdmuﬁemﬁemthéwbmae
provi ded 25  bhgl oy curing Ynm p‘?léﬁmg revent
i nvention includes the'{:; 0 ﬁml char}q‘_’;é%é Pesﬁnﬁy&fﬁsﬁcﬂ E‘N: 3]*1?;; secqnﬁ

material 2000 applied "F&"? Pﬂ‘i@ (9f the felt nﬁ n‘?j“mpmeab ity t@ air
phase of the second rrmxdrwaﬁrisdai'd degmpcm&mﬁhmthmem:ihyazso

properties of the secqy %nﬁf
Changi ng 30 ‘the pha HW g%qﬁiadt@r iﬁ%ﬁ% es changl nge%ﬁgggmm
phase of the second resin, asdescy W.to0 a |IC]UI d or solid phase, changing

a |liquid phase of 20he secThe raaltingmﬂﬂupponappmtus 200 has pleared resin fayer 250 which

phase, and changi ng ﬁp‘f&% t el %P‘“
or liquid phase. q-nﬁf 0 stﬁ]ﬁ E%sggﬁg{;:ﬁgﬁgg‘%? te‘ri [ ncfeutg
but are not t Bl Js

the second material, dirst surﬁ&3230 m)hawkut wehgomhamsetoprstifmtzﬂolala kupond elevatnon

freezing or gelling thﬁﬂe"}@:ﬁ‘h‘% Fﬂerﬁw&rlﬁrfaﬁc enbodi ment, the
second materi al urﬁergoes a phase change roma so ia phase to a
| i quid phase at a“4enperature bel ow the tenperature at which the cured

(rjesi n degrades (i . e. Embnmmmimmwmumsmﬁe :
at o emperatur o bet %EL%%"% e erslaré e’ 65 bl wn 8 anc}@"% 206 5 ke
degrees Fahrenheit. to prevent penetration of the hqul resin throughout the
thickness of the substrate. Preferably, the second material is added to the substrate
30 prior to application of the liquid resin to the substrate. However, in alternative
embodiments the second material could be applied to a substrate to displace liquid
resin that has been previously applied to the substrate. The following examples are
meant to be illustrative but not limiting.
In one embodiment the second material can comprises water. Where water is
35 used as the second material 2000, it is preferred that distilled water is used to
prevent hard water deposits on the substrate. For example, water can be added to
the felt layer 220 as a liquid, and maintained as a liquid throughout the steps of
adding and curing the liquid photosensitive. Maintaining the water as a liquid while
adding the liquid curable resin to the substrate has the disadvantage that some, if not
40 most of the water can be displaced by the liquid resin before the resin is cured.
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Referring to Figure 4B, in one enbodi ment the second nmaterial can be

appl i ed to the felt layer 220 as a liquid m xture of water and a
gel | i ng agewo sgiasqan el evat ed tenperature. The | i qUIRCTIISRE/0D8S Of

wat er and the gelling agent can then be all owed to cool on the felt
| ayer 220 to forma solid gel phase of the s&ond material which

fills voids in the felt |ayer 220. 10 Prior to applying the

photosensitive resin to the felt |ayer 220, it can be desirable to
refove some, bt not 3ananother enthodiment wmteroean bic:added tonthe delt layer290 9324)"‘1“"’

bef ore applying tmdrthaiesmslmok\teamawofmflﬁium bm@sanééﬁo resiief

Fi gure 4C, esent ventign can includ i ng
second materi al fr&'mea?ﬁﬁi F byr}reezm SV AP PLOY °a%gy?3?feg'fmttﬂﬁ??rfpi£"
| ayer 220, therebmmmﬂpmPf%ﬂhﬂlﬂmthfmhommsoﬂhﬂfdtml’t
| ayer 220 which i gzgubstantially free of the second material . Wher e

i acont I8 ! T A Mapihgt pplinentt il palehS, SR Buiied T texta e

with a water shombmﬂymmdwmqmmmmmﬂm xnsmﬂmmlm@rssem to the
material can be rege® @iﬁ mmnwﬁabiﬂhﬁauywseaﬁ -hscosuy of the sEGOAY AMitérl, it is

IR g bl 135 o Rl il 5 A o 167

surface 230 prOV|

| ayer 220 to and preferably ahleasp Q. cEasrexample, thessicond-matetial campomprise arsalvent
Iulnf/ Ie g?lt glnyI f, glqgg ggmg a solute, such s a mﬁ)ﬁ/frﬁ bf wmr ket Eb&&i&%oﬂnﬁbn&nhemﬁh %Sﬁmible in_
Substrate. I the WA THE Setes ORI SOTRhepet cap Fomprise, h vt opiple resn sach 2
phot osensitive r espdyvu'gl aipqdioi,eaﬁphd tohhe feltjayseat dn eloated uechpersu@3thd déw tshiids

felt layer 220 "'so?nﬂﬂ?nsiﬁﬁ 9% eah W
surface 230. A rrask 301 ' & tl hi&'ﬁ qgﬂlﬁsew}ﬂagée}?mzzeglo

pos t|o adJ t tot
of liquid resin. gﬁmcm ‘g‘@ﬁq Sperosat > ang
transparent re ons 305#ec|ﬂtally phcwbmtm&tﬂﬂ cmmcludbsmtshmdtipbwwsht solutlon

of the layer 2010 &98Qsol h,?ag:cmgg@
to be appr oxi rrate th esl ence |n evat| n
LfeFond mat P‘n'

262 between the s I@?E‘“E?O"
felt surface 230 (degopes (Falﬁ@henl uSudhhesohmon has a viscosity) of aboit ZSbazehug(me aid

Referring Lo F guroadb B NGE valfin | Rk %E’?%ﬁ"?‘néf’“ﬁ%ﬁ?%f the solution G o
at | FAst ingrmased to heut, L4 percent , by gvRpOFRting ovater
enbodi nent of t he sohfiofnicin be decreased to about 70 degrees Fahrenheit to increase the viscosity of
the second material to about 35,000 centipoise. After the photosensitive resin is
applied and cured, the Elvanol can be resolubilized, preferably with hot water.
In another embodiment, the second material can comprise a2 water soluble gum
30 dissolved in water. Preferred gums show pseudoplastic behavior (shear thinning).
"Shear thinning" refers to the reduction of the viscosity of a material when the
material is subjected to shear forces. In one embodiment, a 1-3 percent solution of a
high viscosity guar gum in water is added to the void containing substrate while the
gum and water solution is subjected to a shear rate and an elevated temperature. At
35  a shear rate in excess of about 10 reciprocal minutes and a temperature of at least
about 60 degrees Centigrade the viscosity of the gum and water solution is reduced
sufficiently to allow easing filling of the felt layer 220 with the gum and water
solution. The shear rate on the gum and water solution is then eliminated, and the
solution allowed to cool to about 70 degrees Fahrenheit to provide the gum and
40  water solution with a viscosity greater than or equal to about 50,000 centipoise. The
increased viscosity of the gum and water solution prevents displacement of the gum




35 invention, the resin is selectively cured to provide a patterned resin .

| ayer on the substrate.. In Figure 4E, resin curing |anps 3150
provitde a source of actinic radiation in a first curing step for
at least partially curing the layer 2010 of liquid phot osensti ve

resin depositedwoyyshsaryfelt layer 220. The mask 3010 is positi pgefiseso09ss
I nternmedi ate the | anps 3150 and the | ayer 2010 of |iquid photosensitive

resin. The 40 liquid photosensitive resin isj)eelectively exposed to the
actinic radiation through the mask 3010 to induce curing of the
phot osensitive resin in registration with the WO 96/ 25547

PCT/ US96/ 00985 5 and water solution from the felt layer 220 by the curable llquiEB resin. The

orovides a0 Sink @‘?‘%“%w M SHbble" s KA LB 5, T7 g

r@il n ag_
cured on the first s 1 to §-8cistinparporated rhepeim by reference for the

Referring to Figure 4purpaseef disclosing suitable waterisoloble gums and)£pplying sridafieadiiring shear
renovi ng d resin fromthe substrate after the first curing

un
step shown in Fig e 4E. Fi gure 4F, uncured resin is indicated
by reference nune ldﬂ‘“%?%%gothew nd material, canfompeise,9 mixtarenf water
patterned resin Iayeraﬂmpmdwhmmmm&mmved&omthbhﬁm R such
renoved with water s ﬁ,lg@s%r
remove uncured resi nz e eni nwn e w&mﬁ%’d&rgﬂmtm
| ayer 250. ?ihﬁ'ﬁ ) from ghe gﬂcembmtmlheuchasby
uncured resin from pesveporation;tp prov:dizi batrier topHotésensitivelrksini pénetritimcofthe substrate.

;lelrfstlgﬁre; a§§0230 of W%%u} ayer chor@eng t“%ggé?%g%emm

2010A is rel atively %agrtogwvashthe barrierfrom the byt mmgéorzmncp. eecpattmatehaly@n

250 vmt th o ? nmtpu&e%@ﬂﬁﬁoxﬂ%&v?taeiﬂd ra Right Molebdlatl eipf pol rwml
i nvention incl udes 0 a a 0

second material 2000 k?ro Ehe suglgfrat esé#lf y‘%l'ir!\lg’" E"'de ﬁ%@ ﬁef‘@ué f‘%ﬁ”’
to the substrate. |n Eahmahel transforms tigto %@bbrﬂ the.twaterain the0hition evaporates.
solidified, suchass t&mgﬁlblpo!ggnnyl hﬁoﬁﬁ@@ﬂﬁhd@ﬂ!l@iﬂoﬁbmoﬂndcﬂﬁvﬁﬁl P850V Glailakle
oo oot ure, therebﬁ‘ﬁﬁu N o Ebiied, Withifieirk olabie i & tﬁ's'r"&n
Figure 4G the felt perceat byoveight palyvinyl ol el’mortonnxmsthe polyvinyl alcohol

in water, the polyvinyl alcohol can be plasticized by forming a mixture of about 90 to
95 percent polyvinyl alcohol, and about about § to 10 percent by weight glycerol.

25  The polyvinyl alcohol and glycerol mixture can then be added to water to form the
aqueous solution comprising about 6-8 percent by weight polyvinyl alcohol.

In another embodiment, the second material can comprise a solid dispersed in a
liquid. For instance, the second material can comprise a low glass transition
temperature latex rubber dispersed in water. The dispersion can comprise about 40

30 percent by weight poly acrylate latex resin in water. The poly acrylate latex resin
can comprise Roplex TR-520 poly acrylate latex resin available from the Rohm and
Haas Company. Upon evaporation of the water in the dispersion, the solid latex
spheres coalesce into a rubbery film that is easily redispersed with water provided
the temperature of the film is kept below the cross-linking temperature of the latex

35 rubber. Alternatively, a blowing agent which produces a gas upon heating can be
added to the dispersion. For instance, diazocarbamide can be added to the latex
resin and water dispersion to produce nitrogen on heating, thereby forming a latex
foam upon evaporation of the water in the dispersion.

In one embodiment, the second material can comprise a water soluble wax like

40 material, such as polyoxyethylene glycol (PEG). PEG can have a melting point
below the degradation temperature of the curable photosensitive resin, such that the



infrared heating | anp 3170 positioned adjacent the first surface 230 of the
felt_layer 25 220. The second material 2000 can he heated with-infrared.
heating | anps 3170 to liquify the second material. The felt |ayer
220 can then be washed with a hot water shower 2550, and directed
over a vaclyi@pdeayss?570 to renove the |iquified second PCT/USI6IWUDES | al |
as well as any renmaining uncured photosensitive resin. In Figure 4G the
hot water shower 2550 directs a spray againsit? the first surface 230 of the
felt layer 30 220. The vacuum box 2570 provides a vacuum at the
second surface 232 of the felt | ayer 220 to renove liquified
second nmteri af fsatmdhmtembmdolautbanarﬁﬁlﬁumdegrees&hreﬂmmdmhﬂﬂmﬁed

vacuunmi ng can be pg tl @%e ofﬂeﬁ@r@)ﬁ‘ﬁh&@?mhk@* ormstaPOe
second materi al fro

| east 50 percent Bf eh’%'&ohm i weightoinoexesss) ok abous 4001 s“'“y)ﬁ/ More
substrate is rem)m;fxcdlyd theosecomd efateriabtan conipsise PEGa1300 with aokelting point @fid

mat eri al 4 6d PG 4000 vﬁxﬂpé elzlén‘iad&ﬁtrﬁ‘q%&dsé g&éi%és"@ PEG

substrat e. ho mat eri al _can
be renmpved fré&n %O%ngh t"éﬁ% Wﬂéf?fréb% d°3"°°s ,
resin is applied 'Mteﬂhnvdymhe mbnd mmriahalecdmphmmelammyvrlnw mmm:uhi' weight

the second materi f j j: L t he
substrate 40 t GlBg‘lls rem)ved tvﬁ?ore eﬁfr\eagilﬁgﬁl%&ig pﬁlg:gﬁtoiﬁ%mnh%f
substrate.

PCT/ US96/ 00985 The second matenal 2000 can aiso comprise water soluble surfadtdnts and 5

i 0 e g0 ol il e 5 e Rl s

Alternatlvely, al B liqyid detergent solution, suchygy & detergent solution pemprising, arjomie #adt he
felt layer 220, fabﬁoﬁedudﬁbtmhhmﬂly!)ﬁlcohol dispensingagientcdnd waterd Tlﬁsdeferﬁm

the felt | 22

acoor i ng ot he Sution, pan be applied o Vhe bkl bfor | %ﬁgf‘“&" tF g 8
performed after sSubstrate: i Such agdetergent pelution: is- sommprgial as Joy Brand
2010A and subaoanbnﬁirdslﬁnﬁltiqum‘fr&hmmaammumo Qoheﬁmchﬁﬂn Olggroved

o e i ng | ok i el 2008 o BBl & A meii 3,

250 to conpl ete cuvaresgispersiblesurfactant symﬂnm@ solid below about 70 degrees Fahrenheit.
Examples of water soluble surfactants include anionic derivatives of sulfosuccinic
acids. Applied as water solutions, these materials dry to flexible occlusive films

25 suitable to provide a barrier to penctration of the substrate by the liquid
photosensitive resin. An example of an anionic surfactant is Aerosl OT-75 (available
from American Cyanimid.} Aerosol OT surfactant is a dioctyl ester of sodium
sulfosuccinic acid.

An example of suitable water dispersible systems includes mixtures of long

30 chain alkyl quarternary surfactants mixed with polyoxyethylene glycol 400 or
glycerin. More specifically, 2 mixture of about 70 percent by weight di(touch
hardened tallow) dimethyl ammonium chloride with about 30 percent by weight PEG
400 (which is a pasty wax at about 70 degrees Fahrenheit and a liquid at about 150
degrees Fahrenheit) can be used to form the second material 2000.

35 In another embodiment, the second material can comprise reaction
components that are liquid at room temperature or are water soluble and can be
polymerized into a higher molecular weight water soluble solid or high viscosity
paste. For example, the second material can comprise a mixture of about 10 percent
by weight acrylic acid, about 20 percent by weight sodium acrylate, about 70

40 percent water, and a free radical initiator. The free radical initiator can be triggered



Renmoval .of all the second material and all the uncured liquid resin from

the substrate 15 prior to final curing of the resin |ayer 250 by | anps
3180:-is desirable to prevent i nadvertent curing of resin in
portions of the felt layer 220 where perneability to air and wat er

I's desired. Thewipssiaséstri ng step can be perforned with the resipcTusy@0sH0
subnerged in a water bath 1620 to pronote conplete reaction of the

phot osensitive resin, as described bel or8 20 The
resulting web support apparatus 200 has a cured resin |ayer 250 which
penetrates the first surface 230 of the felt |ayer 220 to extend

i nternedi ate the fisrstby heat. An examglesafaofree radichbinitiatoz 39 Vas0) a222'-AZ0bis (2-amidino

resin | ayer 250 al so %E@PWFEH ﬁ%% ave a
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fromthe el evation of the Ipjanathes gmp ° second; material can comprise a 1“‘8 agent.
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liquid resin thatSussR r IBFUR8 A8 eP
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preferred that distil |igejudgmeposthylenically upsaturated compgundy haying, a¢ l;aggaqr@rhydrophxhc
deposits on the subst rradical, including alefhcally vhsafirated Acidcandhhytirides which containtab iast -
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can be di splaced by thg } g8t Sl heRGl B) Sorlelie b sty 38 (8 purpose of disclffng
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' Suitable soap gelling agents comprise monovalent-metal salts of fatty acids
containing from about 12 to about 40 carbon atoms (C12-C40), and more preferably

25 Cl12-C22 salts of fatty acids. Suitable salt forming cations for use in these gelling
agents include metal salts such as alkali metals, eg. sodium and potassium. In one
embodiment the second material comprises a salt of fatty acids selected from the
group consisting of sodium salts of fatty acids, potasium salts of a fatty acids, and
combinations thereof.

30 Examples of fatty acids useful in synthesizing the soap gel forming agents
include myristic, palmitic, stearic, oleic, linoleic, linolenic, margaric, and mixtures of
such acids. Sources of such fatty acids include, but are not limited to, coconut oil,
beef tallow, lanolin, fish oil, beeswax, palm oil, peanut oil, ofive oil, cottonseed oil,
soybean oil, corn oil, rapeseed oil, rosin acids, greases, castor oil, linseed oil, oiticica

35 oil, neatsfoot, safflower oil, sesame oil, sorghum oil, sunflower oil, tall oil, tung oil,
butter fat, poultry grease, whale oil, and rice bran.

Preferred fatty acid soap gel forming agents include sodium laurate, sodium
myristate, sodium palmitate, sodium stearate, potassium laurate, potasium myristate,
potasium palmitate, and potassium stearate. In one embodiment the second material

40 2000 comprises a solution of sodium myristate in water. A suitable solution
comprises between about 5 and about 30 percent by weight, and more preferably



5 I n anot her enbodi nent, water can be added to the felt |ayer 220

as a_liquid, and then frozen prior to_addition of the |liguid
phaot osenstive resin. Changing the phase of the water by free2|ng
the water can provide a layer of ice in the felt |ayer t hat
prevents pergdbedsssn of the liquid resin throughout the thipérresssoossst he
felt |ayer 220. 10 I n anot her enbodi nent, the second
material can be transforned to have a 19 substantially increased

viscosity as conpared to its viscosity when first applied to the
felt layer 220. By substantially increase the viscosity of the second
material, it i$ between aboutcScamtd abtaiti20tpescent tyoweight\sodiimt hyristate innwlatemt Suchal

[ b f |
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the substrate at abetmhﬂtﬁwwlaegabfphﬁemlta tefifperature between G00deprees Falrentiitcand.

Such | hag,
Sosdi by fi11s Bro vsﬁtd?ﬁ% %ﬁ%éﬁ%ﬁﬂkcon '?r*ﬂ. ¢ gybsirpte, The gel

sol ution can be  Pphasescan thereby Jesistt mymntloftberhsemplwosemwrmmmj smamer |
and the tenper.at urtempérafufe(about 70 degree Fahrehheit) withbutiequlAng mmtioﬁ eqliipinent O

mater al to about t@@’%\b@‘%@‘?@%@?é"’i&? 5 the Btgsion s primarily, Yajer" GE e, apout
appl i ed and cur ed, 70 pescent watenby WQBhWQQMﬂM fels dayen220) e Asborginglyt temeral

wat er . t20 anld dt|) mm@womrm&hﬂ&&h?véd(@nsﬁw?ﬂwagao ?@Jxmﬁlamd and
conprise a water sQlu ved in water referred gums
show pseudopl asti c%ﬂ'gW‘g# Wf%o "Shear thinning"

refers to the reduction of the Vi scosity of a material when the
material is subjected to shear m,pémm@dgmf\mﬁgg 1- 3 percent

solution of a hi gh . vi Scﬁé*uyegmadraﬂﬂg H i s added to the

voi d containing substrate while ® r solution is
subj ected to &@Shear rmeémhamﬂb\/ﬂqusmmmrdm to one smbodimenthefar -

rate in excess of oQuéserdtOinv@ioRT6C b fddlﬁxethﬁffoﬁﬁ oFaast
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The mcrH@lsdds hesical. ty of the gum and water solution prevents

di spl acement of the gufiforming unit 1513 in the form of a drum is 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,

35 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 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

40 to, a film of polypropylene having a thickness of between about 0.01 and about 0.1
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and water solution fromthe felt |layer 220 by the curable liquid resin.

The "Handbook of Water Soluble Guns and Resins,” edited by R L.
Davi dson, woodpssqaw Hi ||, 1980, pp. 6-1 to 6-8 iS inNncorporETASICsssS n
by reference for the pur pose of disclosing suitable water soluble
guns and appl yi ng and nmeasuri ng shear r a20es. 10 I n anot her
enbodi ment, the second material can conprise a m xture of water and

a s.econd corrponent wherein the water can be renoved fromthe m xture, such
as by drying or evéporatlMWMMGMWMWHM@m&Bfmﬂa&oﬂms

to the felt '%\éﬁﬁsmeyearwoamrﬁm%mamw@mm df're¥iiid Folis I8 EPila

material, such as by

orat vdeabarr e
phot osensi tive resin FAted P?HH Eﬁ&ﬁ?’g dfh%i'%"?ﬁffs& tothy felt
then be renoved from tisyer m%eﬁbdwtmm%ombsam pashjan linfrared heating
water to wash the bar r]wzjlm Bipkéheatihefltl@er22070r i nstance, the second

mat eri al can of nd_a h_no cuI ar,

wei ght pol yvi nyl &Pcohol rl"he?eltqayeﬁ#gi{s% VMW '&W& d%egﬁmg s%f‘l?f?‘lﬂ‘l“
can be liquid at aboutl-lDfegtyginutesadjacent a pIPFMnRQIQ sortaining thensecondrmaterialo The
filmas the water in tyagdes 2410 had'an Dperithli lﬁhhﬁ‘allip&e‘b&ﬂ%)l'omothe

Bupont. Company. W i HGtaR, uppee 242 3'6%3@@71 Z@%("ﬁ%l OREPRER, it ot endss 4D s
about 6-8 percent by \mﬂgmedmam ﬂnplthamnﬁlsurﬁmmaz of gherfelt layer: 229. The second

pol yvinyl al cohol 15  magerial M&&omtth@haa&ymwh%lﬁ@&%f&aﬂt h?percembywe:gm
pl asticized by form ngw& m xt ur e of abqut

Dol yvi nyl _al cohol L SvEEats: ins RIS, BaVRE A AemBsgatyge; B 40O A20-350 degpass

The pol yvinyl al cohol Fahménhgitycer ol mi xture can then be added to water to

folrm t heI ' conol aqueous sghdil o Hh wnwzgé oﬂi‘?@é
o oo e et e R L B S e
second material c20 ccmpundsmnmd llvdepbmd la'lhemearm(btirough 8 nip %mmmm rollers
oy et S ettt s O 8 e
Fat ex r es?/n P y %M‘F‘s@‘ Fd:%t'g igyst %%cm Q?@%%F@E}/ﬁ‘aiﬂ‘w
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25 The second material deposited on the felt layer 220 is allowed to cool to a
temperature of below about 90 degrees Fahrenheit to solidify the second material.
Cooling the second material results in the formation of stable gel phase of the
sodium myristate in the voids of the felt layer 220. After a stable gel phase of the
second material has been formed, the felt layer 220 is conveyed adjacent to a water
30 shower 2510 at a speed of about 2-4 feet per minute. The water shower has nozzles
positioned about 3 inches from the first surface 230 of the felt layer 220 for use in
removal of some, but not all, of the gelled second material from the felt layer 220.
The nozzles provide a plurality of fan shaped spray patterns arranged in overlapping
fashion. The water showers 2510 provide a water spray of about 1.5 gallons per
35 square foot of surface area of the felt layer 220. The nozzles are Spray Systems Tee
Jet brand Nozzles, model 50015 having an orifice diameter of about 0.031 inch.
The water spray delivered by the showers 2510 has a temperature of about 90
degree Fahrenheit and is delivered to the nozzles at a pressure of about 500 psig.
The water shower 2510 is operated to remove second material adjacent the
40 first surface 230, to thereby provide & portion of the thickness of the felt layer 220
' which is substantially free of the second material. The water showers 2510 can be



spheres coal esce into a rubbery filmthat is easily redispersed with water

provided. .. the _tenperature of the filmis_ kept belowthe
crass-linking tenperature of the |atex 35 rubber. Alternatively, a
bl owi ng agent whi ch produces a gas upon heating can be added to the
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resin and water persion to produce nitrogen on heating thereby formng a
| at ex f oam upon evaporation of the water in the dispersion.

I n one enbodi nent, the second nmaterial can conprise a water sol uble wax

i ke 40 material, such as pol yoxyet hyl ene glycol (PEG. PEG can have a
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second material 2 159 6&%«‘\%‘3 liguid phorosensiiyg resin s anplied pathe Srst fok
surface 230. The coating of liquid photosensitive resin 1502 can be applied to the
first felt surface in any suitable manner. In Figure 5 the coating of resin is applied by
a nozzle 1520 to form a pool of resin on the the feit layer 220 upstream of a nip
25 formed by nip roll 3100.
- The thickness of the coating of resin applied to the felt layer 220 is controlled
to a preselected value corresponding to the desired difference in elevation 262
between the clevation of the first felt surface 230 and the elevation of the web
contacting top surface 260 of the web patterning layer 250. In Figure 5, the
30 thickness of the coating of resin is controlled by mechanically controlling the
clearance between a nip roll 3100 and the forming unit 1513. The nip roll 3100 in
- conjunction with the mask 3010 and a mask guide roll 1542 tend to smooth the
surface of the resin and control its thickness. The gelled second material prevents
the liquid photosensitive resin from penetrating throughout the portion of the
35 thickness of felt layer 220 occupied by the gelled second material.
The mask 3010 can be formed of any suitable material which can be provided
with opaque and transparent portions. The transparent portions are arranged in a
pattem corresponding to the desired pattern of the web patterning layer 250. A
material in the nature of a flexible photographic film is suitable. The opaque
40 portions can be applied to the mask 3010 in any suitable way, such as photographic,
gravure, flexographic, or rotary screen printing. The mask 3010 can be an endless
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Fahr enheit. Exanpl es of water _sol uble surfactants include anionic
dericvatives of sul fosuccinic : acids. Applied as water solutions,
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5 by heat. An exanpfFharssteristic pfthe resin, and canhe;supplied by any/suiable source of ilumination
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carrageenan, agar 20anMi| T felt dyer mmmﬁoonmydd 8djSdent e Furl mbymdé‘:aspeed
10 gelling agents, %Pﬂmﬁp?_g%g)! HgFa en One exarrpl e of a gelling

agent which can be ™8 5 form the second materi al
2000 is JELLO Brand gel at Partial; guringhef the mm is manifested by a solidification of the resin

registered with the transparent portions of the mask 3010, while the unexposed
portions of the resin registered with the opaque portions of the mask 3010 remain

25  liquid. To obtain a uniform initial curing of the resin on the felt layer 220, the energy
provided by the UV light to the photosensitive resin should be uniform across the
width of the felt layer 220. Output from each of the curing lamps 3150 should be
matched to be within at least about 5 percent of each other. The curing lamps 3150
can be positioned side by side in the cross-machine direction (perpendicular to the

- 30 plane of Figure 5.) For example, three curing lamps 3150 can be positioned side by
side in the machine direction. A pair of aperture plates are disposed intermediate the
Ilamps 3150 and the felt layer 220, and are spaced apart in the machine direction to
form an aperture gap through which ultraviolet light is directed from the lamps 3150
to the resin pooled on the felt layer 220,

35 Total energy directed to the felt layer 220 can be measured by a *light bug”
such as the EIT UV Integrating Radiometer, Model Number UR365CH1 made by
Electronic Instrumentation Technologies located in Stirling Virginia. The light bug
can be fastened to the casting drum 1513 to measure the integrated enmergy in
millijoules per square centimeter applied to the felt layer 220. By repeating this

40 measurement every 1/2 inch across the width of the drum 1513, a profile of the
energy imparted from the lamps 3150 to the photosensitive resin can be determined.
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PCT/ US96/ 009825 The composite felt layer 220 and resin layer can then be carried through a bath

1620 of distilled or deionized water. At this point, the gelled second material is still
present in the second felt layer 220. Post cure lamps 3180 positioned over the bath
1620 are turned off while the composite felt layer 220 and resin layer is carried
throughthebath 1620 for the first time. The post cure lamps are turned on in a final

30 curing step described below.
After leaving the bath 1620, the composite felt layer 220 and resin layer is
carried intermediate infrared heating lamps 3170 and a vacuum header 2560 at a
speed of about 1-3 foot per minute. The heating lamps 3170 heat the gelled second
material to a temperature of about 140 deprees Fahrenheit, which is above the
35 gelling temperature of the second material, so that substantially all of the second
material is liquified for removal from the felt layer 220. The heating lamps 3170 are
positioned adjacent the first felt surface 230, and the vacuum header 2560 is
positioned adjacent the second felt surface 232. The heating lamps 3170 can be
positioned about 3 inches from the felt layer 220. A suitable infrared heating lamp
40 3170 is a Protherm heating lamp manufactured by the Process Thermal Company,
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The web support appMs 200 can be positioned between

between upper and lower Plexiglas orifice plates having 3.25 inch openings. The

30 upper orifice plate is joined to an upstanding cylinder having an internal diameter of

about 4 inches. Distilled water is added to the cylinder to maintain a column of

water about 4 inches high in the cylinder. The volume of water passing through the

apparatus 200 is measured for a drainage time of 1 minute. The drainage rate (cubic

centimeters/sec/square foot) of the web support apparatus 200 should be generally

35  uniform when measured at different locations on the web support apparatus 200, and

should be at least about equal to the drainage rate 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 final step in practicing the present invention can include a second post

40  curing step for completing curing of the resin layer on the first surface of the felt

layer 220. Once substantially all the second material and all the uncured liquid resin



40 to, a filmof polypropylene having a thickness of between about 0.01
and about 0.1 mllinmeter WO_96/ 25547 B
PCT/ US96/ 00985 20 5
As shown in Figure 5, the felt dewatering layer 220 in the formof a

conti nuous wossnrsss7 belt is conveyed about form ng drum 153grasdssessinber

of return rolls 1511 in a cl osed path. Prior to applying the
second material and the liquid resin to thesfelt | ayer 220, the
felt dewatering | ayer 220 can be conveyed past an infrared heating

lanp 2310 to preheat the felt |ayer 220. 10 The felt layer 220 is
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stabl e gel phase”t?ﬁ t he sodiummyristate in the voids of the felt
layer 220. Aoter a Srisbtpost osringPsedtiénce of phsting the composite felt fayer 220 and resin
layer through the bath 1620 with the post curing lamp 1605 turned on can be
repeated about 1 to 3 times until the resin layer 250 is no longer tacky. At this point,
the felt layer 220 and the cured resin, together, form the web support apparatus 200
having a fully cured web patterning layer 250. The post curing sequence can be
25 repeated by carrying the composite felt layer 220 and resin layer around the circuit
provided by the rollers 1513 and 1511 one to three times with the lamp 3150 turned
off.
In one 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
30 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
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
35 eclongated in the machine direction (MD shown in Figure 5), polygons, irregular
shapes, or mixtures of these. The projected surface area of the continuous network
top surface 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 is preferably between
about 20 percent and about 60 percent of the projected area of the web support
40  apparatus 200 as viewed in Figure 1.



second material has been forned, the felt layer 220 is conveyed adjacent to

a wat er 30 shower 2510 at a speed of about 2-4 feet per mnute. The
wat er shower has nozzl es positi oned about 3 inches fromthe first
surface 230 of the felt layer 220 for use in removal of sone, but

not all, of thewgfdgheglrsecond material fromthe felt |ayer 220pcrusssoosss
The nozzles provide a plurality of fan shaped spray patterns arranged in

over | appi ng fashi on. The water showerg82510 provide a water spray
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first surface 230. Wmﬁh&ﬂtmdgx&tthtmy 637,859 isawedi Ianuary 20 1987, wluch patent is
incorporated herein by reference. In the embodiment shown in Figure 1, openings
270 are over-lapping and bilaterally staggered, with the openings sized and spaced
25  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.

Measurement of Web Support Apparatus Elevations
30 The elevation difference 262 between the elevation 231 (Figure 2) of the first
felt surface 230 and the elevation 261 of the web contacting surface 260 is measured
using the following procedure. The web support apparatus is supported on a flat
horizontal surface with the web patterning layer facing upward. A stylus having a
circular contact surface of about 1.3 square millimeters and a vertical length of about
35 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
by the Federal Products Company of Providence, Rhode Island. The instrument is
calibrated by determining the voltage difference between two precision shims of
known thickness which provide a known elevation difference. The instrument is
40 zeroed at an elevation slightly lower than the first felt surface 230 to insure
unrestricted travel of the stylus. The stylus is placed over the elevation of interest



positi oned adjacent the backing film 1503 such that backing film 1503 is

i nt er posed between the felt dewatering layer 220 and theformng—-
unit 1513, and such that the 20 . second felt surface 232 of the felt
dewatering |l ayer 220 is positioned adj acent the backi ng film 15083.
A coating of,ddsal,d pPhotosensitive resin is applied to the gdy

surface 230. e coating of liquid photosensitive resin 1502 can be applied
to the first felt surface in any sgytable manner. In Figure 5 the
coating of resin is applied by a nozzle 1520 to form a pool of
resin on the the felt |ayer 220 upstreamof a nip 25 formed by nip roll
3100. 5 and lomdti%' ﬁkﬁlﬁﬂﬁ. fleasubtnent 2t THROstglus re%&waaﬂﬁéshﬁdofoﬂhe

felt layer 220 is _cgntrol resel ecte correspondi ng
to the desired m@ e‘“ﬁﬁ"%f'e‘\&éh 5?1""2%28 cEmeii! AL 1643 Feg'?fgg"’l on
of the first felare madeatsacdcdevatian.: Hthectiffersncecin e average\gisasurements of the
contactng top sqm;ﬁaea%ﬁoﬂmmumlmaltﬁaelbﬁﬁeﬁMémﬁ gure 5, the

30 thickness of the.coat n.is co rrechan C

controlling the Ti %F&?éﬁ’c@"% ﬁ)"’Pgﬂ‘ a*dgy'f'?)dr ®mi ng
unit 1513. Tie recpondingito thequyesent invention. mmmmnmmmeMw% and
a mask guide r0|7c @Péimtl m&k}dbﬁadmtenngfeﬁllﬁeﬂzm O‘i'hé&ﬁ'ed?éinn and

trol its thicgk Th II d
"ut d phot osendfe R0 pRustnits, & fiteer 206 B R f66 ey g%%&ﬁwmrswmhe
35 thickness otheeIMWmonhwoﬁ@séhicbyS&ﬁéhg layer adjacanti torthecuifadge

The nmask 3010 cazaobmﬂ‘e%fadeﬁm 1250 dish *idefids Tork tHe30)\Gick that e Suffast 250 ded

wi t h opaque a ent, por n The tr sparent portions are arranged
in a ‘853 frﬁ'n"@ﬂ Mﬁ" ﬁ"'ﬂ'éﬁffe ed pattern of the web
patterning Iayer 25(1nthtunbodunemmmpdhbovn,mheubsmummpﬁseaafdmtekihgfeh
phot ographi c 11 | igyer 2201 HoWeve, th mveﬂi?&&ﬁ%o%s@t&% ed
to the mask 3010 1s a Ita e suc ho raphi ¢
gravure, fl exogr%ﬁ?ﬂ'@ghﬁ g%@ﬁ"fﬁ’ or loPn@‘ CoMPAeR an
endl ess Eféﬁmngordlymg fabric comprising woven filaments, wh:ch fabnccan
PCT/ US96/ 00
belt, or al '?%iranatlve Y, suﬁ'mg(? rom oar?g ts3uo° y*%té??gﬁh nﬁ bq%lkenm&p by
a t ake- up examplej pf %1@“'"&9"‘5
the mask 3010 i sfollowing\i¢.8. Patents issued to Trokhan and mcoxporated herein by reference

U.S. Patent 4,191,609 issued March 4, 1980 and U.S. Patent 4,239,065 issued

December 16, 1980.

25



around the rolls 3100, 1542, 3014, and 3016. Internediate the rolls 3100

and 1542, the mask 3010 travels with the felt |layer 220 around the
formng unit 1513, and is positioned adjacent the liquid resin,
with the mask internediate the resin _and 3 10 source of actinic

radi ation whi chwos62ss4? apirgisf SHEETURAS®EENg | i quid resin. Pcrmswoossﬂhe

photosensitive resin is bxposqz@pmcﬁ@tl niq radiation of an

wavel engt h through the nhsk—30+0—+hereby-'i ndugg ng at | east curing
of the resin in those portions of the |ayer of re&ﬁim@h Igm
regjster with transparent ortions of the mask 3010 I
ul traviolet radiati OM‘Wmlgvatl ng 15 wavel ength i:s suppl i ed *

by first curing | anps 3150. The activating wavelength is a

characteristic of the r %IM%C‘W{% %gJS@gHW Bl tééq g@@,ﬁ,&sm %?eﬁ?o

i 1lum nation uch as xenon, ess,
fluorescent |anps. For tcAmprisingthestepdefti 1000 resin, suitable curing Iarrps

3150 are F450 Fusion Lappeviding h@d)smﬁehlavﬁh a first smface, 9l§ecohﬂ shﬂcb,sandélﬂﬂnchess,

comercially avail abl e fro
The felt layer 220 can be conve IRQ“ﬂéﬁ"a{’?en curl ng %@%%@“&‘

speed of about Pproviding ﬂlmiﬂmsquwﬁ&astl ng. :

Partial curing of the rq&tﬁdmgaMhdﬁﬁfeﬁﬂdﬂerﬁtwﬂmﬁdgﬁ@ photDsefsitive WRsih;eSi N
registered with the tra @?f‘ﬁw ?Ié‘di‘g mask 3010, while the
unexposed porti*ons, resi n red wth the opaque
portions of the mask 30PQP hsecondzmatthmme sghstrate: taj aecupyLati least some of ithe
curing of the resin on the Woeids id thecsubstrite intéihedBRItHY first and second® 's@ficde Of e

the U light to the photosensitive resin should be uniformacross the
width of the felt layer 220. ut fromeach of the curing | anps 3150
shoul d be mat capplying thedignid phiotosensitive sesin taithe subrageir cent of each
other. The curing |anps eﬁﬁ&ﬂagatleastsome%ﬁfhetﬁuia%bfokéhﬂﬁdeﬁklﬂ%hﬁéa‘éinﬂ@rddihnbﬂe
cross-machine direction (perpendicular to the pl ane of Figure 5.)
For exanple, three curing | s 3150 can be p05|t|oned si de by

side in the machine di rewmmn least gome ofthe photosansitivertesinde providedh regio Jaysr on the
i nternedi ate the Feratel 50 and the felt |layer 220, and are spaced
apart in the machine direction to forman aperture gap through
which ultraviolet light is directed fromthe |anps 3150 to the

resin pool ed on the 3.el {The method>cf)Claim 1 Firther comprisifig thel steprof ipstantiatly tchahging

the felt Iayer 220 can hﬁe tﬂnbuuisoﬁwb&hebwond material appﬁéac{aﬁasm@m
EIT U Integrating Radl 8 logl Nu UR365CH1L made b

El ectronic Instrurrentatl ?&‘[‘ed in Stlrllng Virginia. The
| i ght bug can be fastened to the casting drum 1513 to nmeasure the

integrated energy im, The methdd of Clhifis! 196 2 RirtheFletifyfishg reiOVing &¢ 1dadt

the felt | 220. B t h t
ac?osg theaz\necrjth of t%er'ﬂ&g?#%wwmﬁ%ﬂbﬁcfwme%& ‘gﬁi@r‘i S”I‘Q‘(’:t}"

i mparted fromthe | anps s@istdtet 0 t he phot osensitive resin can be determ ned.

4. The method of Claims 1, 2, or 3 further comprising the step of removing some,
but not all, of the second materiai from the substrate before applying the resin
to the substrate.

5. The method of Claims 1, 3, or 4 further comprising the step of changing the
phase of at least some of the second material applied to the substrate before the
step of curing the resin.

; This Sheet Has Been R,
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| f the gap between the aperture plates is uniformalong the width of the
drum 1513, the energy profile will generally not be uniform The
gap bet weenwdwsaspert ur e plates can be varied as PCIURISDBAS of
position in the cross m@;sg to provide a uniform
energy profile delivefe IP §f’11502§o the resin pool ed on

the felt |ayer 220. ?Qter partially curing the resin |ayer

appl led to the f| rst surface 230, substantially all the uncured
liquid resin canbbe Fherrosther of ClaimsHe3s4or Sfuttharcomprsing the step of isolidifying 20

The uncureﬁ l'iquid rl%% Eorﬁélibfbﬁb Wﬁﬂt&i&pt ﬁhb@:&@lket sdbﬁﬁ‘alﬁf aZ%Ott e::attﬁ@
pressure showering al ternati,ve

m xture of qseﬁﬁeiﬁ ?@&em}ﬂ cﬂﬁ'&?@ &P‘F@"F 1542
t he mask 3010 and tneapplymstherbmmhgsﬂhstrmwos are separated fromthe felt
| ayer 220 and the partially cured resin Iayer The conposite felt

wat o1 shower's 2oko. TEHHREST CRBRD, &k 57 b SThEEfpasiing o wep BEcDInE

uncured resin 2010A atleast soms ofsheseqons inaterisl appliedito thecsubsteaté befbeeythe step of

The showers 2530 deldurigg the feﬂfn,aﬁ:dathe Wthﬁisﬁﬁpwm@Qe&QdWS
20 Fahrenheit throu uc stens Tee Jet br

Nozzl es,  model 9*’*@ W%ﬁrﬁ@r’% reipuie peond assal 0w the 1
inch. The shower delsubstrae.) pressure I s about 500 psig. The showers
2530 and the felt |ayer 220 can be noved laterally (per pendi cul ar
to the plane of Figule 5),relatjive to.ope ot her to eli.nnat sreakrng
and provide uni fgr m%mpgé‘?ﬁﬂ@’hr aug'd"’aﬁér R’gm E‘P i‘

felt |ayer 220. 2ipaterial compriseaevaternposi te felt |ayer 220 and resin Iayer
can then be carried through a bath 1620 of distilled or deionized

water. At this pgintg the second materjial is stil] pr esent
in the second feft I%‘F“’@g‘g"l’égﬁ“ g s 7oarch chapactarized inthw the ’!"R&d bat h
1620 are turned off mhehdcbhpnm!mnpbmnfdccteuzﬁsmﬂﬁ%ﬁmpmdmimgbfmml S

s are turned on ParapReitel borfronine B aid ditinkifmelifator” '

After |eaving the bath 1620, the conposite feIt Iayer 220 and resin | ayer

ihs . carr l@&d Th!mlbdioft@aﬂmflra;ed*ihﬁ,a&i mumanﬁi&mgnahatawum
eader 2560 at a Hﬁ&?ﬁp t e ng
| anps 3170 heat the ge?rfde Fcoﬁgﬁpﬁ@?% &a%{‘&%a@o telrrpelr];a uré‘gIl
about 140 degrees FafmEiswng of sofipmylapcate, sodium; myristate, sodium paimitate, sodium

stearate, potassmm laurate, potassium myristate, potussium palmitate,

AT

' This Sheet Has Been
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35 gelling tenperature of the second material, so that substantially al

of the second material is liquified for remmval fromithe felt
| ayer 220. The heating |anps 3170 are posti oned adj acent the first
felt surface 230, and the vacuum header 2560 is posi ti oned

adj acent theygpagmeg felt surface 232. The heating | anps 317%cwEs6boess
posi toned about 3 inches fromthe felt layer 220. A suitable infrared
heati ng | anp 40 3170 is a Protherm heating | anp manufactured by the

Process Thermal Conpany, WO 96/ 25547

PCT/ US96/ 00985 24 5

and having a power rating of about 20 ‘anps. The vacuum header 2560 provides

a vacuum of about 1-5 psigzﬂ:jgui§econd felt surface 232

The conposite felt layer and resin Eﬂy i's then conveyed internedi ate hot
2 ter shower 2550

wat er showers 2550 d a v@30@+sm header
directs éa?gr agai njst the
220. The showers 2530 del | RS TR
tenperature of about 1409 doy
Nozzl es. The shower verls
vacuum header 2570 provides
surface 232 of §t hd B
material and any remaini ng
surface 232. 15 "
material is renoved fromthe 0 by the heat | anps

3170, water showers 2550, an@®30p 70 o 2570. If
desired, the conposite felt layer 220 _and resin | ayer can be conveyed
around the cl osed path defined by roi?} 1913 and rollers 1511 for mul tiple
passes , t hrough the heat | anps 70, water showers 2550, and vacuum
headers 2560 and 20 570. It will be understo hat if the conposite

felt layer 22 res Y € lpgnl | gd und cIo ath
multiple times to NS ‘a g@@ﬁno ~&880er i § Agf’ ; égﬁ It

¢ 230 of the felt |ayer

¥iwat er spray at a
Tee Jet brand

psig. The

he second

i ed second

}WTiLégg t he second

second

220, the multiple pdsges a

and 3180 2408 Hﬂ’ﬁ\ \WLJ\\\WW’\\\\\HI

- _N .; \\;

V
Sy




25 The web support apparatus 200 can be inspected with a m croscope

to verity —that all the uncured liquid resin and second material
have been renoved fromthe felt | ayer 220. Alternatively, the
cleanliness of the felt |layer 220 can be neasured using a dr ai nage

test as fol neowgprssihe web support apparatus 200 can be pospéTrospsodset ween
bet ween upper and | ower Plexiglas orifice plates having 3.25 inch openings.
The 30 upper orifice plate is joined to an upstandi ng cylinder having
an internal dianeter of aboubjs' nches. Distilled water is added
to the cylinder to maintai g a colum wat er gbout 4 inches high
in‘the cylinder. The voluig of water passing through th%% appar at us
200 is neasured for a drai®age tine of 1 mnute. Th r&nage rate (cubic
centineters/sec/square foot) of 200 shoul d be

®he web support appafNat

general ly 35 upl form dgasured at different \l ocations on the web
support apparatus 28D, an BRoul d be at |eas W equdD to the
drainage rate of thayfelt 220 Ml tiplied by A he frdttion of
the projected area qQf 1L atus 2060 not covered Ry AIDAED .
patterning | ayer 250, RO A final stepin i ci ng@Bhe
present invention ca 0 post 5t ep fr

conpl eting curing of tTE on the fir sur t he | t

| ayer 220. Once subsjanti g{§ t he second maferi al al | the uncured
liquid resin WO 9B6/8X"

PCT/ US96/ 00985 - & N 25 5
have been renoved fr t layer 220, the c stV t | ayer 220 and
resin can o) ¢eogh the bath 1 AU ing | anps 3180
posi ti oned above T\ BH20 provide final »pf the resin

| ayer. The conposi
the bath 1620 which K
such as sodi um sul filt e} AyoXe & ssol ved oxygen i \
woul d ot herw se quench t eajaN cal curing react i ord .
The conposite felt Iayzf’l;l 0 anﬂ%resin | ayer 250 are carried through the

@Vpre subnerged in
{4 educi ng agent,
vater 10 whi ch

-

s : and resingl
Q. confai ns water and a ?

bat h 1620 at a ppedd of about 1-3 feet per mnut@w th the post
curing lanmps 3180 tur&&d -~ on. Suitable post curinilanps 3180 are the
F450 | anps |isted abo®. $he water in :

Fig. 4A
Fig. 4D




the bath 1620 permts passage of the actinic radiation fromthe post curing
| anp —15—3665-t0 the resin layer 1521 whil e precl udi ng_oxygen which can

guench the free radi cal polynerization reaction. The water depth in
the bath 1620 can be about 1-4 inches. After exiting the bath 1620,
t he conposi tWOPEISB4N ayer 220 and resin | ayer 250 ( Fcysesbbds can be
carried over a vacuum header to renove water fromthe felt |ayer

220. 20 The post curing sequence of passing the conposite felt

| ayer 220 and resin | ayer through gm bath 1620 with the post curing
| anp 1605 turned on can be repe&é about 1 to 3 tines until the
resin |ayer 250 is no | qQge

D™ tacky. At this point, § felt |ayer

220 and the cured resi n,Nt a8et her, formthe web sup %) atus 200
having a fully cured bi'papt erni ng | ayer 250. The SE ng sequence can
be 25 repeated by cgr&i nq the conposite felt |ayar dakesin | ayer
around the circuit p ded the rollers G5 () 5§ one gty
three tines with theyl a4y turn% of < n on
embodi ment, the masify15Q Ybe prow ded wi ' \ e-por®i on |
in the forma continygues k. Sugfpy a mas \ pr degphe
web 30 support apparatu ¥l havi ngwa web pa At hayrng a
cont i nuous ! N\geaYytont adki,ng top "?’3\‘ 003 ality
of discrete opefng &l therein, as sg Y AR
di screte opening, 2 3 A es with the i r SNV ace 230
t hrough a condui ¥ 2+ web patterning =5 itabl e
shapes for the ope\ A | ude, but are no \:‘1 , ovals
35 el ongated in y @)4li rection (MD shown ‘5@; . Pol ygons,
I rregul ar shapes £ tures of these. @’*‘? \ace area
of the conti nuoug net Hmk top surface 2 ' Xbout 5 and
about 75 percent |of \“Q!’ ed area ' rat us
200 as viewed in|Fig \\\\;‘f@l i s preferablyetw
percent and about 60 tm.:&*’ﬁ t he project eﬁar NN upporfjt 40
apparatus200 as viewed in Figuregil. WO 9 v
PCT/ US96/ 00985 g 26
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5 In the enbodi nent shown in Flgure 1, the continuous network top
surf ace. 260 can have | ess than about 70Q._discrete openings 270 per .
square inch of the projected area of the web support apparatus 200,
and preferably between about 70 and about 700 di screte openings 270
therein perwega2ss7 i nch of projected area of the web PCT/UI96/P9BS
apparatus as viewed in Figure 1. Each discrete opening 270 in the 10
continuous network top surface can have an effective free span which is

bet ween about 0.5 and about 3. iJlineter, where the effective free

span is defined as the area of openi ng 270 divided by one-fourth

of ‘the perineter of the opening 270. The effective free span can be

bet ween about 0.6 and aboufx. 6 t1nes tne elevatton & difference 262.

An _appar at us having such ajjpsttern of openings 270scargb Lused as a 15

drylng belt or press fabrif ®h a papermaki ng machi f 8y fraki ng a patterned
|

paper structure havffng a conti nuous network (‘olo whi ch can be a
conpacted, relativel p high density region con ca:d|ng to the web
contacting surface 28D, ang lurality of ge'-r.» y unct@pact ed
dones di spersed donme&N di o t hr oughout the .pontlnuous-netmork
regi on, the dones co pOlll g to the positioning of jhe 20 .gﬂenings
270 in the surface 260~L¥ tdi screte openings 270 are pyeferab
bilaterally st r#d in the machine direction (8D and

|
cross-machi ne direction ii S described in UsS. || Patent 4,637, 859
i ssued January 20, 1887, ||C§Lpatent i's |ncor55r ht ed hereln by
reference. In the e i own in Figure 1, openings 270 are
over -1 appi ng and bil l st aggered, with the opeg ngs sized and spaced
25 such that in both achi ne and cross-nmachi ne (dj rfections the edges
of the openings i:xend past one anot her, aéﬁi

|

sfich that any line
drawn parallel to either_t i

machi ne or cross- direction will

pass through at |east s A hgs 270. { Measur enment
of Web Support Appar at E fons 30 The el evat§ op difference 262
bet ween the el evation 1 e 2) of the first elt surface 230

and the el evation 261 1
using the followi ng p e
u

3 contacting surface 260 |} s neasured
Qe web support apparaggisis pported on a

—

flat horizont§§ sur \h the web patterni n®jayer N aci ng upward.
A stylus having a cip ular ontact surface -of aRaut_1/3 square
mllimeters and a vertical flsgngt h®f about 35 3 mllifpeters is nmounted
on a Federal Products dinE|-oning gauge (nodel 432B-81 anplifier

nmodi fied for use with an EWD 4320 WL br eakaway probe) mghufactured

by the Federal Products Cofi® y of Providence, Rhode |3lind. ghe instrunent
is calibrated by defefm ning the voltage differ !e ba§ween two
preci sion shinms of o m Whi ch provide B knofn el evati on
di fference. The instrunent i 40 zer--> at an el evatifpgf3#ightly | ower
than the first felt surface30 to i nsuRk unrestr ¢d travel of the
stylus. The stylus is Iaﬁ el eyati on ofrénter
g < § ‘)
b
L3 eds ¢O
o vk
= E E 3
§ 'c

{ N
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and lowered to make the neasurement. The stylus exerts a pressure of 0.24
grans/square mllimeter at the point of measurenent. At |east three

measur enent<yop 925547 are nmade at each el evation. The differ ppe@sododgac

aver age neasurenents of the I ndi vi dual el evations 231 and 261 is
taken as the el evation difference 262. Figures 6 and 7 are

phot om crographs of a web support app 3g§s 200 made 10 according to the
present invention. The web support apgs us 200 in Figures 6 and 7
conprises a resin layer 250 cured on a dewatering felt layer 220. The cured
resin | ayer 250 penetrates a surface 230 of the felt layer 220, such
that the cured resin ext ends ggy o tion of the thickness
of the felt layer adjacent to theMsurfage 30. The cured resin |ayer

250 al so extends f of Iggajesin
nt

| ayer is spaced fr
descri bed above, t 23nyer
used to form

220. However, the
patterned resin | substrate can
si ng woven

conprise a MD
filaments, whic bet ween about

300 and about 15 rnative
substrate is a pa llowng U S
Patents issued to €e¥Y——2580 U. S
Pat ent 4, 191, 609 i 65 i ssued
Decenber 16, 1980.
a—200
270
—220

230



*C L M & 1. A nethod of applying a photosensitive resin to a

substrate to forman apparatus for use in papernaking, hod
conprising the steps of: provi ding a substrate hivRERLAD M%m:;—-:,‘l
surface, ;a second surface, .and a t hi ckness, the e haviHeET

ubstra
voids intermediate the first and second 28  surfaces Date:....i.ﬁPAU@i Qg |j2
| i qui d photosensitive resin; ——providing-a-second ; LT e
fromthe liquid photosensitive resinp;: iding a source of actin
radi ati on; VR4t iy cRindd e secﬂl{lﬁﬂl‘&lﬂ&[ﬁliﬁ!l he substrate to occupy
at | east sone of the voi ds i . S intermedi ate the first

and second surfaces of the substrat e; renovi ng at | east sone,
but not all, of the gecong n&héd bPapdivi : ifi

applying the liquid phot osenstltlfcli ve erﬁ@@h?@@ttoggnsgtbvgsrﬁgig?é;%aéu%s{?&tqug%rfnyi ng
the Iiquid phot#teapearatusdor uss in Rapernaking,tke method eomprisingythastepsanft

sonme of the voids in S, U : : PG t tlﬁﬂ%@ t he

| i qui d phot osensiti v%@?@'snlﬁngfégbﬁéeba%atvimrﬂ (a: Q&ﬁéb%a% g‘lﬁ&gﬁ;s and ' %d 41
curing at |east sonethigknesse thensubsitate ihaving voidsi intermediatey theefirat pad tsecomdi
resin | ayer dé ggd on the first surface of the substrate.

2. The nethod of claim'l further conprising the step of substantially
changi ng t he vi scosi prpvidingaa liquichphotesersitive resie; second nmaterial applied to
t he substrate before . step of rin resing . . 3. .. The

met hod of claim 1 fu?rttoR@n c%g%cﬁpgﬁﬁﬁe?ﬂgﬁ%&m?@m V‘«?H‘S\‘ﬂdrﬂ‘%?sepﬁ'ﬁg? e of
the second material pnovidingrescurbs of adtihicodatiiatiogpp! yi ng the resin to the
substrate.

applying the second material to the substrate to occupy at least some of the
voids in the substrate intermediate the first and second surfaces of the
substrate;

removing at least some, but not all, of- the second material from the
substrate before applying the liquid photosensitive resin to the substrate;
applying the liquid photosensitive resin to the substrate to occupy at least
some of the voids in the substrate;

exposing at least some of the liquid photosensitive resin to the actiriic
radiation; and

curing at least some of the photosensitive resin to provide a patterned resin
layer disposed on the first surface of the substrate.

2. The method of claim 1 further comprising the step of substahtially
changing the viscosity of at least some of the second material applied to the
substrate before the step of curing the resin.

3. The method of claim 1 further comprising the step of removing at
least some of the second material from the substrate after applying the resin to the
substrate.

4, The method of claim 1 further comprising the step of changing the
phase of at least some of the second material applied to the substrate before the



4. The nmethod of claim1 further conprising the step of changing the
phase of at |east sone of the—secend—material applied to the substrate

before the ri t he resin. , —F e

of claim.1l further Hmlgr"mll ﬂi’!ﬂﬂfep of soli.difying at| INFAAACEMENTEHERTE

second. materi al applied to rate aB9a tenperaturje bet ut 50
iy

degrees Fahrenheit and about 150 degrees Fahrenheit: pri D@E?hp

resin to the substrate. 6. The met hod of clalrm I furthet :
conprising the %gmf@ﬁﬁﬁ?mei@ginat | east some of the second material applied
to the substrate before the step of curing the resin, and the step of
heating at | east sonme of the second naterial applied to the substrate
before a step of rengving [+TolrTa N il : : P 7.
The net hod of cl ai mn?' whe-rrﬁi@n thedﬂrgite@%'hﬁ* F}%r{hgﬁc g’?%%%ﬁe'rsée%s\%ts %I}d.'fymg at

8. The net holgask semai of the iesprd matedal sapplied tordhe substrate mbra $arpperature

conponent whi chy,j I ' : . aim 1
wherein the secgé?l e%ﬁtagp+t§d %b&ﬁ%érslel‘-;aehsreréhesltoqn&iearﬁ%u%‘%%o %g@%%%ge'ﬂgnﬁén &%Of to

applying the resin to the substrate.

6. The method of claim 1 further comprising the step of cooling at least
some of the second material applied to the substrate before the step of curing the
resin, and the step of heating at least some of the second material applied to the
substrate before a step of removing second material from the substrate.

7. The method of clair_n 1 wherein the second material comprises
water.

8. The method of claim 1 wherein the second material comprises a
component which is soluble in water.

9. The method of claim 1 wherein the second material‘comprises a
solvent and a solute.

10.  The method of claim 1 wherein the second material comprises a
surfactant.

11.  The method of claim 1 wherein the second material comprises an
alcohol.

12.  The method of claim 1 wherein the second material comprises a
component selected from the group consisting of glycerol, polyoxyethylene glycol,
polyoxypropylene glycol, and combinations thereof.

13.  The method of claim 1 wherein the second material comprises a
gelling agent. '



10.. The met hod of claim 1l wherein the second nmaterial conprises a
surfactant. —11.  The-methed-of claiml wherein_the second

materi al conprises an The netjh W
t he second materi al HM mwgnent sel ected f HE?@%C%YH‘%J SFEET

consi sting of gl ycer he gl $@ol, pol ygxyn LOIOE/BEA _J‘gégol

and combi nati ons t her eof . The net hod clLalrm’T he
second material conprises a gelling agent 14. The
met hod of claim 13 wher ei Thé neeth@r onglaifffd 3 whateirt HEdcE RS niatérRR RoMh Phéés”?
agent . The éﬁt hod of claim 1l wherein the second nmateri a
conpri ses a sal Foﬁﬁg?lgﬁq ids containing fromabout 12 to about 22 carbon
at ons. 16. The met hod of claim1 wherein the second materi al

conprises a salt of fatty_acids selected fromthe group consisting of
sodiumsalts of fatt ﬁ aci 48e medhoskaf giaim 2 mherein the seeend materialcompriges a salt

conbi nations t hgf @&y acids containing from about 12 to about 22 carbon atoms.

16.  The method of claim 1 wherein the second material comprises a salt
of fatty acids selected from the group consisting of sodium salts of fatty acids,
potasium salts of a fatty acids, and combinations thereof. '

17. The method of claim 1 wherein the second material comprises a gel
forming agent selected from the group consisting of sodium laurate, sodium
myristate, sodium palmitate, sodium stearate, potassium laurate, potassium
myristate, potassium palmitate, potassium stearate, and mixtures thereof.

18. A method of applying a photosensitive resin to a substrate to form
an apparatus for use in papermaking, the method comprising the steps of:

providing a substrate having a first surface, a second surface, and a

thickness; the substrate having voids intermediate the first and second

surfaces;

providing a liquid photosensifive resin;

providing a second material different from the liquid photosensitive resin;

providing a source of actinic radiation;

providing a mask comprising regions opaque to the radiation and regions

transparent to the radiation;

applying the second material to the substrate to occupy at least some of the

voids in the substrate intermediate the first and second surfaces of the

substrate;

providing a portion of the thickness of the substrate adjacent the first

surface of the substrate which is substantially free of the second

material;

applying the liquid photosensitive resin to the first surface of the substrate

to occupy at least some of the voids in the portion of the thickness



17. The nmethod of claim1l wherein the second naterial_conprises a qel
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18. A method of ensitiv@ resin to alsubsfrate o Foimjan
apparatus for use in papermakl ng, the nmethod conprising the steps of:

provi ding a substrate having a first surface, a second surface, and a

Lhi ckness, the subst sahe diputidie writhds suﬂétsﬁtraw'r.e&%fiﬁéesédohatmawﬁalsecond
surfaces; providing a |iquid photosensitive resin ovi di ng
a second material di Pesiioning ﬂﬂedm&kheennq@la@ tbﬁ@@@r@eroimdlat@nrm ﬂhe coatlng
providing a source ogﬂmh.] M&oéeﬂgﬂl%lréyh and provi di ng a mask conpri sing
regi ons opaque to the radiation and regions transparent to the

radi ation; appxposing figwis photosensitive gesinl tot the tdetinis ubdiatien ¢hrougio tloaipy
at | east some of the d e _lnter t fII’St
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and second surfaces 0

pr ov

t he thi ckness of thetm&patelﬁt!eg@djsaioeme ntaskf for ptovide a paﬂaemédiaesmf laybe
substrate which is s t | mat eri al ;
applying the liquid %&Eaés%sgedr@%*r% sﬁgfg?%oétggtsﬁgﬁﬁqgst surface of the

substrate to occupy at

t hi ckness
the second materi al

radi ati on and tpapetimakeérisodewatering feft. | i qui d phot osenSI t ive resin; and

20 A method of applying a photosensitive resin to a substrate to form

an apparatus for use in papermaking, the method comprising the steps of:

providing a substrate"having a first surface, a second surface, and a
thickness, the substrate having voids intermediate the first and second
surfaces;

providing a liquid photosensitive resin;

providing a second material different from the liquid photosensitive resin;

providing a source of actinic radiation;

providing a mask comprising regions opaque to the radiation and regions
transparent to the radiation;

applying the second material to the substrate to occupy atleast some of the
voids in the substrate intermediate the first and second surfaces of the
substrate;

removing some, but not a_II, of the second material from the substrate prior
to applying the liquid photosensitive resin to the substrate, to provide a
portion of the thickness of the substrate adjacent the first surface of the
substrate which is substantially free of the second material;

applying the liquid photosensitive resin to the first surface of the substrate;

positioning the mask intermediate the source of radiation and the coating
of liquid photosensitive resin;

exposing the liquid photosensitive resin to the actinic radiation through the
mask to induce curing of the photosensitive resin in registration with

| east some of the voi ds in the portion of the

0. The Juathdf ‘A3l Pl WGt 08, SRR oferdetrge o



exposing |iquid photosensitive resin to the actinic radiation through the
mask to induce curing of photosensitive resin in reglstratlon with the

transparent regi ons TnmttiemESK tO provi de a patt er nge—Fesi+Ft=ayer :
di sposed.on the first ubstrate. REPLJ?@EN""W%TF d
of claim 18 V\,herel n iﬂw Oglj}umﬁ r| s82 a paper ffaker' f.sdmt

felt. ing a phot osengifatye- e

substrate to forman apparatus for use i n paper maki ng;—th

conpri sing the stepsaf tra Vi
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l'iquid photosensiti Vg

fromthe |iquid phot gesensé]at Ieasrt sgme'%&‘ﬂeq Mﬁé%@%@%ﬂ%s%? %8 ‘gf" %’ﬁ n| o
radi ati on; pr Bomndhe gubstrate kfterawing photypsensiiverresio jirmrpgisttation éth the

radi ati on and region

i ati i e radiation; appl yi ng
the second material aéenéu%é@ﬁ%ﬁ%ggﬁ%&ﬁi@ at | east sonme of the
voids in the subst rapestlcuhm tlmlpfanasmbmvé reshi afterdremoving dubstahtallysalicdf thée

substrat e; Vi no ||, of the second material from
the substrate pri or CO"H%E\ES'I@J i "'ﬁbﬁ& tPr qui d photosensitive resin to
the substrate, to provide a portlon of the thickness o:‘Nht hﬁ
substrate adj acent t f urf bstrate ichis
substantially free OEF 9%&?@?3{'%9 a ph°t°se"s!§'i5ﬁlr9§'ﬂgt°t%é’apﬁﬁﬂﬁlﬂ’fs

phot osensi tive resi ndémtéﬁng feltrm‘e rﬁbthbé@:@m@ﬁsnh?l%és@ﬁé bRt €;
positioning the mask intermnmediate the source radj ati on and the coating

of liquid photosensiPiYidingA papermakers dewatering fgitihaxing;afinstisyfrseoasesend ve
resin to the actini Csurfiteabh®a thitkRewh tﬁéﬁsapermakersmkatéﬁg feftUeRirg vdig9 of

t he photosensitive resin In regi stration wt
intermediate the first and second surfaces

providing a liquid photosensitive resin; _

providing a second material different from the liquid photosensitive resin;

providing a source of actinic radiation;

applying the second material to the papermakers dewatering felt to occupy
at least some of the voids in the papennakers dewatering felt
intermediate the first and second surfaces of the papermakers dewatering
felt;

applying the liquid photosensitive resin to the papermakers dewatering felt;
exposing at least some of the liquid photosensitive resin to the actinic
radiation; and }

curing at least some of the photosensitive resin to provide a patterned resin
layer disposed on the first surface of the papermakers dewatering felt.

22.  The method of claim 21 further comprising the step of providing a
portion of the thickness of the felt adjacent the first surface of the felt which is
substantially free of the second material before applying the resin to the felt.

23.  The method of claim 22 wherein the step of providing a portion of
the thickness of the felt adjacent the first surface which is substantially free of the



the transparent regions in the mask to provide a patterned resin
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l'iquid photosensitive res nto the erma ers wat erin
exposi ng at | east s@pplyHg resio toﬂcmfett phot osensitive resin to the actinic
radi ati on; and curing at |east some of the photosensitive resin to
provide a patterned resin | ayer di sposed on the first surface of the
paper makers dewat eri2dg f dhe.method of clain® 21 wheTein thee papermakers| déwatering feltt her
conprising the 0
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25. The net hod of claim21 wh ermakers dewatering felt
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