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FI ELD OF THE | NVENTI ON The present invention provides a nethod
for applyi ngodesedkabl € resin to a 20  substrate, and nor ep@pibdshidsar |y, to
a method of applying a curable liquid resin to a substrate to forma
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
papermeking art. For instance, it is known to apply a phot osensi tive

resin to a foram nous nenber in a preselected pattern for use in a
paper maki ng operation. It is also known to provi de papermaki ng press

fabrics with . a coating, such as a foamcoating, to achieve a
controlled-void volune and er neabi | i té The foI | ow_ng docunents
describe the use of resi nsMETHORPE ARRIAING @ kEBES®Inst ruct i ons, or

ot her coatirgs in nmaking 'papesmBTngTB(FDlpWSBtINWRMAHNGPatent 3,549, 742
i ssued Decenber 22, 1970 to Benz; U.S. Patent 4,446,187 to

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 curable liquid 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 a 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 91/14558 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 dégrade 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.
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mat eri al . filler material difficult.
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 curabie 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 patterning 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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appar at us can onpoidsdn the substrate intermediate the first and second surfaces of the substrate;
applying the curable resin to the substrate;

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 material to a gel phase. A thin



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

el evation and a ~__second oppositely facing felt surface, and a web
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t he second mat esﬁé{w %mﬁ&g% Eﬁ) {hgﬁsgmﬁgg%%&&"ﬁg 3'.'&%3“’%& h-om the s %"SJﬁe
enbodi ment t he shyheating hotowatern showering andyaeuvgiing: ' s dewatering fel t,

and the resin conprises a photosensitive resin. In one

enbodi nent, the nethod includes the | ility of :
the second naterial applied to the EEE@@?@%&FMWMM resinto
t he sulstrat e. ng?mthmimgdcnm concJudeswith) glaimshparticuwlasiyopointingr eutsandg t he
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thin the dewatering felt layer and having a continuous network web
contacting top surface.
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.

40
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25 nmet hod of the present invention, the apparatus including a
dewat eri ng felt |ayer a red hot osensitive resin
web patterning |ayer joined to aﬁewa’ng“ppm% R't'!evvat ering felt |ayer

and having a cont i nuoddgunes L3y andddbshow a web support apparatumﬂt which oah ¢omprise a
surf ace. connﬁioﬂb'ﬂﬁ'u% Bek fBr &éﬂ?%n&ﬁﬁﬁ ustﬁ’tJ ﬁ@epafpf Thd'Geb

apparatus in FEjgure process
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Figure 5 is a schenati |‘Y°1 (FUPROLE $RpATalS udeta spbstsptg Pﬁ‘@"& Yoidy iptegpediate,
35 i firstcand isegond surfavek of the substritep At leastsone afphavaidsare profératdy a

felt dewatering in flow communication Wit G lﬁ&doﬁe é?lihep ﬁésnbpﬁels%&ﬁu{]orl’??dn

from phot osensitive resin P otom
appar atus made ac c‘fﬁtmcﬁ’gmf Substrate fap ﬁg@pnse a dewatenng felt ayer 220 havmg a first web
facing felt surface 230 disposed at a first elevation 231 (Figure 2), and an oppositely

facing second feit surface 232. The felt layer 220 has a piurality of voids
intermediate the first surface 230 and the second surface 232. The web support
30  apparatus 200 aiso 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 recéiving
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
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conpri se a devvat%ﬂ“?ﬂ\'ﬁss dity off the felt laven220avi ng a first web facing felt
surface 230 di sposeda asitsblé idewhtetihg \felt u@er 230 Sﬂwsea%\m Woﬂ%aﬁ?ﬂoé' tely

facing second fefyhudtl FErEioned; subh Ss by hdedlifh) & a $5porPirudrule fonaed St woven ©' 95
20 filaments 244, as shown in Figure 4A. Suitable materials from which the batt 240 is
formed include but are not limited to natural fibers such as wool and synthetic fibers
such as polyester and 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 small 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 S and about 300 standard cubic
35  feet per minute (scfim), where the air permeability in scfim 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 2 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



internediate the first surface 230 and the second surface 232. The web
support 30 apparatus 200 al so conprises a web patterning | ayer 250.-j.0i ned

to the first web facing surface 230. The web patterning | ayer 250
extends fromthe first felt surface 230, as shown in Figure 2, to have
a web contacti Rgo basgur f ace 260 at a second el evati on 2GErishésmegit
fromthe first elevation 231. The difference 262 (Figure 4H) bet ween

the first elevation 231 and the second el evaBion 261 can be at |east about
35 0.05 mllineter, and in one errbodl nment i s between about 0.1 and about
2.0 mllineters. e dewatering felt layer 220 s water
permeabl e and iSs cepResbilitef the £l ‘9?‘1‘1&20 mulnphathgy M“&F‘ﬂ? Abthepreipciest wed gfi

froma wet web of thegsparanisi209 nbt dowered by the weblpatterning lgyat 250 ni ng | ayer 250 is
t [ [ d
wat er I mpervi ous, - an ﬁ%@&b%?%enrﬁgé?gattg nf%ﬂfﬂl@k@ Pﬁ%? Qnarwﬁicﬁﬁ&{e@y thm a

b of Ki fib
\pl)\?urgl i 'to 3'031[ ”3. 'sggféaémgtpmsrré@nmno ﬁ&P‘S‘PH’r ﬁns"hnﬁvcg&rfﬁhf éeyerom m@a&ea

network on thiékhe866£24bbat3 millimeter, a basis welght of about 1400 gm/square meter, an air
PCT/ US96/ 0098
. ac embnht of ﬁbout zontoFBO scfm, fnd krve a double lTyer sy ortSst cﬂ?@

first felt sur | I gure ternative

patterning | haying a@aPlY W@Wﬁf‘?ﬁﬂﬁ@mﬁ‘rwﬂﬁp &k PIK &PR] monohlament
The web patter ni ngcrbwchﬁEGueﬂmnrwaea The ban [240 car compridei uyllmcﬁherbhavmg a
deposi t ed e?HPQlfb%Fs‘}fnﬁfﬁ&l%ﬁﬁ%&tﬁoa&dadehieﬂfifﬁhw@é?\dabﬁwbﬁﬁw%ky
cured so that a o on o erning [ayer penetrates a

surface of the sudwtrsab@ratqwdsrmmaﬁ&#su 6@ :Wab 10 patterning |layer 250
can conprise ajgphot osmhme\sﬁotbmmﬂvmsﬁ.b aferdisdissed ap @5 5 1 Patertd, 514,345 kssued

oo™ 2, A B O bl g et

securel y bonded t oTrokhan et al., whigh pasents afetincorporated T?fléfev@o Thetresin, rW'\?g
llayer 250 prefer abéwedieashmh hadn@d3 @f less than b unb ahm 60r8HofeD! [Tihe mmaessof

the felt |ayer 220 |nst d extend hro

t he thi ckne)s/s of t %‘1“'{‘%?2' G A ﬁ&%ﬂlé‘mé‘;ﬁ%&t}gﬁ“ Cm
conpr essi bi | i t30 of mmnnnneanmdpoch bm?p'mhﬁlh! 02@5 inghes tbtaktcutedumdwth@rreme
flexibility and condltﬁ:ﬁmtﬁéﬁrb@ atteminglayé erSOf Thé hirdbﬂi! mzﬁﬁremcntsaremade at A

Synthetic 11 bers | o e Bk i} Cfﬁé?m ol o i %&?@ e oD e

of woven 20 fil andumme@wrobaswnﬁhﬂmesm M gesinchaying 50h 8 PArdnas: HBY GRTIRGT o
- which the batt 240ddsirable so that the web patterning layer 250 is somewhat flexibie 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  slurry 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



formed include but are not limted to natural fibers such as wool and

synthetic fibers such as polyester and nylon. The fibers from which..
t he batt 240 is forned can have a deni er of between about 1 and 20
grans per 9000 neters of filanment | ength. The felt layer 220

can have a haygi€gsconstruction, and can conprise a m Xt ur excqfuseemiiosd | ber
types and sizes. The felt |ayer 220 can have finer, relatively densely

packed fi bers di sposed adj acent theSfirst felt surface 230. In one
eribodi ment, the felt |ayer 220 can have a relatlvely hi gh density and
relatively small ore size a | acent the fi elt surface 230 as
conpar ed t 0>t héhgy PRiC Web > P‘@“@F‘!‘@Qﬁh@tﬁﬁﬁé S'Fie 262 Pfa‘}‘e web sypport apparas acent
t he second fel t206urface 232. 30 The dewatering felt |ayer 220 can

have a thickne of t
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avai | abl e fysom the A\f&krfm:sfﬁ%g an&Qieﬂe&i‘n Rﬁé"%hﬁryoﬁ!cﬁbémdﬂ T&'Qorﬂ?EHEE%HJ ity

Sfer J;rggb\lNlePt ;ugf é’f‘i’@ﬁﬁ §§%r‘?‘ #@S 'iss”%gu‘t“ B'ﬁu‘aﬁ?b spPoRt éapparatus onoWD
96/ 25555 through a nip 800 provnded between a yankee drying drum 880 and a roller 900.

PCT/ US96/ 00984 The Web isRftnsedéd ld&wmedtd?.emt%ffa&%vsrof%?@dm 8800 hhdtheRY the
fraction of the %Iﬁect d are not covere by the

web patterning § e surface 25 bya dﬂ“@ﬁﬁ?&ﬁ@oft% ??"'\ sa%pedngge -Anf | ex
2 Press Fel20 rmlfnﬁraottunsfdm; thehweb 545 to\he! drying didrh 880 Ohep&b)canfbe/ﬁmlmt on,
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permeabi | ity ofBEEE 3 Rfsswa‘zf@?ﬁenﬂeeaﬁ'& ¥ Paomsmaéua 2Wardasprsnee
structure dewvatenigg felp FiRy asnis tdistiosedrin1J.$.oPatemtdApplication Sewig) Muvdbex 4 ply

cabl ed nmonof i | a§8358,661 "Wet Pressed Paper Web and Method of Making the Same” filed

25 December 19, 1994 in the name of Ampulski et al. The following patent documents

are incorporated herein by reference in their entirety for the purpose of disclosing

how to make a patterned web 20: U.S. Patent 4,529,480 issued July 16, 1985 to

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 Including 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



cross-machi ne directi on weave. The batt 240 can conprise nylon fibers

havi ng a denier of abhout 3 at the first surface 230, and denier of

bet ween about 10-15 in the batt substrate underlying the first surface
230. 15 Sui t abl e photosensitive resins are disclosed in U S. Patent
4,514, 345 i ssuewo9sr2ssss April 30 1985 to Johnson et al. and U. Secivedsemioss -
5, 334, 289 issued August 2, 1994 to Trokhan et al., which patents are
i ncorporated herein by reference. The resin, en cured, can have a
hardness of less than or equal to about 60 Shore D. The hardness S

the average of fiv asurenent s on an unpatter,ned photopol yner resin .
coupon 20 meadur f‘ﬁﬁgesgggﬁt alsef?]%dgsxﬂ'%cez ¥ cﬁi@clﬁ\ﬁs’o%‘%éﬂgﬁﬁ te; {'HV&F Wit g
under the sane intermedigte: the fitst and secend musfapest tip FigurgydA slyecsubstiade prpivided is a
har dngss ][r;sasur e_”f!lfeﬁraﬁﬁﬁg Imd&yfﬁ 220. A li%ﬁiddaﬂfdﬁa&itﬁer}géiﬂraﬁéitﬁh gétend gﬁi’er&gh
seconds after initi enda 0 e Shore . uroneter probe w
the resin. Aresin ‘f}%\ff% °§ﬁg§%tﬁsﬁ%ve°§§ﬂ%ﬁ8ﬁggaﬁ%d1 S desirable so
that the web patt erni n&efesngrto Figure 4B ctheprosent inventioniinaludes thedwépoefapblying thes
The cured resi nopr Gt&nd ateriak desifmatdbyminmedil 2000,L0Uh6 BlCHySreR0N T Felf

vi scosity of zggtr;gvec%g:gg@;ﬁk‘ﬁ{)%gggq BE%W f%%og"&?,nfirf | se‘"%t eygdﬁr
degrees Fahrenheit 10 " acl l'Ttate pene rat?on ol el’t“.l Sr 20 no?mt he
resin prior to curismpodiment she felt|layer; 220 can be conyeyedadinsentiapdnfrased heating ddnpied
in the Merigraph sesiegposifionedsidiutentatie fipyt feit sGtfdces230 of the félmag;lpfzzo prior to

W m ngton, Del awnarge i | | ex AS ~di 5cl 0s | qve. 30
referegced u. S. Patagﬁ'b’ﬂ gqgg%%ﬂ&&ﬂgl}?{}%fég l&%??? p-)lﬁﬁts'%gt&@ P@éw&'} Bi's
a MEH 1d60 rused 1o warm the feltclayer 220 Hd1se of the heating lamp 2310 is optional, and not
Use of the Web Suppeddirefppar atus to Make Paper Figure 3

Sl Urry. of paper maki ng. FHBAFS e A0, cont s b SRve(Bh FIBEAE 4 Dgules ipe, 2410
deposited froma positionedadiaosnt s@theserond aurfase 232 afithe felt layeri230.p Fhe header pipe
form ng belt 542, tﬂlé%ﬂrﬁﬂgening throRBR Whith! the Y8n@ aRRRES000KS Aftedted’ Std thét3
supported by t form“ggu&’i‘eﬁlg 33(931 T T rengeg‘g_ldbelttmﬁlz can, co rl.i\e
a continuous FdUr drifff & he llﬁﬁrtmelﬂ‘, uaterial is applied 352 liqy
of any of the vari daghe feltdayer 220 foorasupysatdeast\some vaidscin dhe felt Tayer intérmedisteithe 40
t2 88” fM r ?RSf erred f rsqa'ség/bggcf% gﬁSJriw R¥igure 4B, the sbddnd Wakerial B RPpiledABRIY it Ysyer
PCT} US96/ 00984 %0 to penetrate the entire thickness of the felt layer between the surfaces 230 and
232. The felt layer 220 on which the second material 2000 has been deposited is
25  directed through a nip 2470 between rollers 2472 to ensure that the second material
is distributed throughout the entire thickness of the felt layer 220 between the
surfaces 230 and 232. Alternatively, the second miaterial 2000 can be applied to the
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 relatively 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




5 the enbryonic web 543 positioned on the first side 202 of the web

support appar at us 200. The step of transf
enbryoni ¢ web 543 10 the web support apparatus 200 can S|nultaneously
i nclude the step of deflecting a portion of the web 543 into openi ngs

270 in t hewedsnsssst erni ng | ayer 250 to form a non-nonopl areaTses0®as. 10
The steps of transferring the enbryonic b 543 to the web support
apparatus 200 and deflecting a portion of the enbryonic web 543 can be
provi ded, at least in part, by applying a differential fluid pressure

to the enbrsy on ‘g}:ﬁjﬂaﬁf@nﬂé ige Ye@ﬁ%'ﬂcuu te reMoVat gt‘ g'gosecoqagmﬂén o the
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th f Seor et ent
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Appl i cation Sepma\'éf\lu%g?l:mggn%@ig@w‘f% ‘&'Féﬁ'@? \?e‘b“&?ﬂﬁ‘ Met hod

of Making the smalWhtleﬁnnbtsdwhmmplesofsummm&endmm?oﬁdqdul ski
et al. 25  below. Maki ng a Paper Web Support Apparatus with

appar at s 200 can PeRaTbodREgH I gresti penipn. nciydes the e o). HERBRE the ng
st eps il ustr aphade pﬁtlﬁlsgm!ldsnatmﬁﬁpooﬁappbbdstor&hdweszm oThel phraseatchanging
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 2 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.
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first surface, a second surface, and a thickness, with the substrate having

voi ds intermediate the first and second surfaces. In Figure 4A the
substrate proviwodengsa dewatering felt layer 220. A |i gparivse600984
phot osensitive resin and a second nateri al different fromthe

phot osensitive resin are al so provided. 12 Referring to Figure 4B,

t he present invention includes the step of applying the 10 second
material, desigpated b uneral.. 200Q, .to the felt layer 220. The felt layer
Foedpons % st 4

220 i s conveyed®in t heREEMNgtP S1EULs TRyin gYe cedipeng, JuAteria) gan be app
enbodi nent, the felto thefplelayer2220casn liguid mixterg off watir aod atgelling agdnt at sdeleaated ng
| ayer 220 prior o abenaS. Yhe REAYmikift ot iabir snd the goling Rt Eauidn be Bowed
22%. The hgat ing | é‘hﬁ"‘ﬂ?ﬂdg‘g}fﬁ ]ﬂé" %g(?to @5‘3& SPEF\@rWﬁelPé‘%Pee‘ch"fchéﬁe"é%c\Jse
of the heating | amfillgedids inshedkelt tayer-320. and not required.

The felt |ayer 1§20 canpbhet hﬁpnﬁggmy Hotdstngifivi tesih 10ChdSFelt Rayef 22611 can be

posi ti oned adjacent, t.o,fhe second surTace 2,0f the felt .l aver T,
header i pe 995030l 18 EROE e Ut Attt o i tsond, BelerCAtGm A8 Bvpr, 0
2000 is directed orefore applyiip thespd;omd'l_stil\tf fesnctoXBlp layer 220 Referring 49 Figure 4C,
The sec Otndl mat er! alind ﬁe@gﬁhmo@aaﬁnél?ml step of ren‘fo@n_lgé !a&toﬁe Hﬁte’riﬁb@ém 8dikeht
occupy at |east so olds Jn fthe fe ayer e i ate.the .
surfaces 230 and Zg% \éfsﬁ SPT'J rgb48? té%&’%&?nmgf yalp"?"é‘fi'égpﬁl pastion of the,
felt |ayer 15 20hicknesspeftherfelt dayeh 220 whicheis tshbstantiallysfred of the feedrid mnatedal.
between the surfacqghesth . €afell b 8F t ] befal adiiRien
second material 2000 pas eﬁd&&nd%ggaﬁéégﬂ% %% di*y%gctshgs‘ rouﬁéﬁgé a %‘?Jf’ 2t470
between rollers 2488 ‘%’ﬁéﬁ?@ot Ahe felt dayer-220 k30 b remaqugd with a watgrshower 2510.
di stri buted thr oughAtenatiiely,dsyier ofthe bécokd eaeeriaifcah be rénedved framahe ft(ayee 22N
t he surfaces ,@‘?p . Al Y , ' an
be applied to the riecHa | P é‘tgﬁus‘ ir flge?{e&g'goa %wrt,%éem? g?%?‘?%éﬁmi .a@Jnt %Q’Oﬁrs?
The second mat &0i aISutfers@3Piprovides aipredetermingd portign of; thothickness af the feltlayer 220 to
provi des a 30 barwhielr thé phgreseastivairésinicanbe applied anultimatelytseceedsi ti ve resin
t hroughout the felt la . T, ' .
prevent the curable regfﬁﬁe. mFéﬁr%F‘Phg%(!er t a?&emﬁh&]?%ﬁsggﬁog?gﬁ*gﬁéﬁg?e
t he voi d- cont ai ni ncfurable resin {Q.the sybstrate,, JInthe-embedipant shoym, adayer 2010 of the liquid,) y
easily applied to tphetosersitive aésin is applied 2o phecéxposed| firstrsatfacti 230 of abelfeltrigyer 226
felt | Y95 220ReP Xoh Secorl Hahetrial 3 réhnovE Irob® U hrfiBE 2802/ A lrhask! 3000 is
preferably easily renpve K .. . :
positioned adjacent to the layer 2010 of liquid resin. The mask 3010 has opaque
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




35 fromthe felt layer 220 after curing of the resin applied to the felt

| ayer 220. | n one enbodi nent, the second materjial 2000 (1) can
be applied to the felt - layer 220 in a relatively nobile state to
provi de penetration of the second materi al 2000 t hroughout the felt

layer 220; (woo@Rbssbe altered after it is applied to the fegldyusosnoosst aYer
and before application of the photosensitive resin to the felt layer 220 to
have a 40 reduced nobility to thereby ri8si st displacenment of the second
mat erial 2000 by the phot osensitive resin; and (3) can be be altered
to have an increased nobility after at WO 96/ 25555
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appl i ed rate. For instance, the second material can
conprise a |iquid, RafesingtocFigure 4F the presantl irivention| dag inclide dhe/sten of remiovidg

LT b ety Wiy SRR 3 <
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prior to cap bk iremdvied fronf thelpatternediteisio layes 260.t The lwpcured sesina20d At dae

second materi a'm&ﬁg@#&%@ﬂi with wifler showers35861 ITHe! WatbreshdwdRdah el dhgfaa b en
first applied to the sub

trat as ,to pr,ovi .a barrJ)er "t

benot rar) on of TEREVEATEHSA Sesr19 e th QpRURES 21D 8 the e e aver 50 5
substrate. The solidified isecond anai¢rjal 2000 ipreventé thdenawedatesin frami penetcatinge
substrate. {she (RHEN thd RiCfiickhess of the fRPlabét 2700 ahd Tnadithiid IR! ScufedPhegher ably
transforrrabﬂtse to,bgﬁ]re tively | mmF)l ?@p %vgw of .exanpl e: 1 ncreasin
the viscosity ddiacem t%gﬁhﬂ"ﬁﬁf ¢39 af the delt, layer 220, h‘%“ﬁmiﬁ)':gge yficured resin| eagt
?I pp(rj t i28n of t IE010A”dorIatively easyad rémiovefiond the opehirigs 230 frothe desirﬂwdﬁahﬁmgl a

ui co S t il mor
cl osed cel | T odiet tuet 2307 RERing TR FRLIYC. e febhh ifeiin ieilaiS ity
reaction that t9fAAmPYiRGAt least spme of the seqond material 2008, fam the s '?qﬁé‘%S'éE!'&nd
material i oo hiegihisjapplierouthe substtae.i Th émtdinments where thesecshidahaterial\200Cis
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provi ded 25 ibe segond material to a temperature above its gelling temperature, thereby liquifying
the gelled second material. In Figure 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
layer 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
35 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.




I n one enbodi ment, the present invention includes the step of changing the
phase of the second material 2000 applied to felt |ayer_220. The phrase
"changi ng t he phase of the second material" refers to a discontinuous
change in certain properties of the second material at a definite

t enperature andwiyg®nsssse. Changing 30 the phase of the secondpgptigdsiadss

I ncl udes changi ng a gas phase of the second material to a liquid or
solid phase, changing a |iquid phase of the sk¥tond material to a gas
phase or solid phase, and changing a solid phase of the second material to

a gas or |Jquid phase. I f phase. changes of .t he second
material include, but QP Z:%gures%ﬁa%&ﬁitﬂq P&'J"ng',q“{&i r&%p fs,washeq prordta femeval of
mat eri al, subl i m nghe secopd orateriaheenmining on dhedfeld Jayer 220.i ditknatively, il the saxond

material by freezi | d Gifn ' @ﬂﬁ, :
enbodi nent, the seggﬁ %ngt%grefag?b%%oﬁgges aqﬁ%g%eeﬁgﬁa%igdg rorﬁdabxs&alslangpﬁgse
to a liquid piigured hauid resinfrom thedelblayst 230 t he tenperature at which the
cured resin degr Refarifg toe Figures4H| thermdthml acebtdinpytat thejpresehtuineention tcas
decornposi tion tgypep 3 curing ste E‘Qﬂb eaﬂe}é?ﬁ' tiall? Ao Gnd?xFﬁf?B n At
T SRR o fiabin btk i b
PCT/ US96/ 00984  felt layer 220. A source of actinic radiation, such as resin post ciifing laimps 3180 is
Referring to Figur | | Iy

appl i ed to t hgpég‘P{‘ é¢é%g§§ tggg&gis mg&lt ?sc]d]ufodégnﬁgtg%r%mhg d\{gt' %?@h@% 250.
gel 1ing agent at anRemexphef#ll the secondumpsenial pagd all theypcured Jiquid resin fromcthe, subgisate
and the gel | i nglsagegrioraarfinahtutingcofahe eestidiayer 250ty lampé 3080 ishdesirabld td preednt

220 to forma soli . ' ' f Ll | ds
in the felt |ayer Czkggweﬁ%n%ﬂ"é)& 'Ieg’r? ."g?&ﬁ%gé‘gg'f‘% iﬁgiy?%gog‘ﬁbf{eog%"ﬁ'& 'llh\eléggilr
resin to the felt |angdeyateripdesired. cBhe pest curing sigp san benpesformed: with the resimiayer 259
not all, of the secabfhereld & i datel baR 1620 io prowBie cddiplete reactidfofile phoRsisiive

t he photosensiti ve_‘regiiagﬁggcﬁigg %%cl' ayer 220. Referring to Figure 4C,
| u

the present inventionhc i Whe step of renoving second material from
adj acent tHe fir stTheusesulting welp supportiapparatus 208 \hay a zared resie layps 250 which

provi ding a porti onpenbtriteethé First islifads 236 of e feld dayerc220 fooekednd Intermvddiatethe First
substantially free §}Id é@&.ﬂsﬁﬁﬁ&q 29@%&& 535 - The T fsosﬂgooggeﬁ?h%ﬁﬁk
e n errrs

conprises a gel, a Tayer of gecond mat er1 al ad] acent .
surface 230 of the fitst surfagy 230 2o baveas web contaghingcton;surface 260 atra sesend: eleyation.

different from the elevation of the first surface 230.

25
Examples of Second Materials for Filing Voids in the Substrate
A number of materials are suitable for use as second material 2000 for filing
voids in the substrate to prevent penetration of the liquid 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.



Alternatively, layer of the second material can be renmoved fromthe felt

layer 220 by mechani cal brushing. Renoving a_layer of the second
mat eri al adjacent the first 20 surf.ace 230 provides a predeterm ned
portion of the thickness of the felt |layer 220 to whi ch t he

phot osenst i weo pezsss3 can be applied and ultimately secured. PCTUS96/00984
Referring to Figure 4D, the present invention includes the step of applying

t he curabie resin to the substrate. !fn the enbodi nent shown, a | ayer
2010 of the liquid photosensitive resinis applied to the exposed

first surface 230 feI er 220 25 f SO mat.er.i.al is
removed from the s(tjff'f sWalshH ey l?%a‘ﬁeé to 'fﬁo‘gf tl?yﬁﬁg%)d%ﬁ:i?iiﬂ‘gﬂt to

the | ayer 2010 arfd ihenmiioderr morrm aﬁldmonmf khe&3ligsid Iphetosepstiyecresin.  Changing ¢hes 3012
and transparent
p B bPihe %{%g ﬁhﬁ #ﬁﬁo&ﬁt@f ca%lﬂ'gvxﬂé’ﬂtlﬂﬁt of ke ARREID 1fe

Co bo. " appPas P g theiuid S8 Pepnedpiinbs Hikaess o eéiaf%ﬁcéég

bet ween the surg2e 30 260 of the cured resin layer 250 and the felt

surface 230 %F' gur eyt rom B&fneptl, the sécﬁhém'?_&m @hn Bé“'?rahﬁé{ ed% RiREd

mat eri al rermved

yr
Ref erri ng to Fi SHbstantially increased viscosity 3s @HFF@)FP \‘%\?*‘Gﬂ@sw'ﬂ%@’i‘tagﬂl‘ﬁg‘fm&ﬁ'i ng
at | east feltigyed 220 eBy sabstantigllyl increlase ahé viscosity of thet secondnmatestal, it is

embodi ment of t g f&ﬁ%ﬂtvﬁ&sgt}m@%&mm g@iéas s By B B B ag 16°0 L0

provide a pattern resln resin
curing | anps 319w deast 0P Eopexample; the second ma‘ﬂ"&H‘i’&t"P@ﬁ"’ierF%"feP'r st

curing stepifor and a kaat%t sueh aé & alittiireCfwate and @ sbmeedson%iu&zetmdn il solgble in

phot osenstive IS ' OSI ted th feI

posi ti oned terr?e‘ﬁﬁl l@ﬂ °?'§ %ﬁ%‘ogﬂrﬂﬁg w;aye gfé&l?“‘*‘i qUi d
phot osensi ti ve pelvinyl aiieholiapplied ta the fi!hb!%@éﬂ% elevared tempprature angdbloptsolide
exposed to the gsdtedti cay'%dmatelnoweht@mhednhma:acompmkis?semietm deiadusda

56/ Izgg5gf the PRRILSESS bdgreeTinbiftalle it'h 1bved bfa 16! BBut' b Perklhit Vo
PCT/ US96/ 00884 Spec:ﬁcally the second material can include an 8 percent by weight sgiution

transparent r eg'oPEﬁraﬁ&]HV'(HvﬁlEIﬂe ﬁ.kD&;%QCoiFia 'Wtﬁungtﬁﬁ'l!)g) il Witer PHé des a
patterned resin | e 4§ '“ée h i sh%tZ ?he I %{tgia “Rémi’???d 00? tb ! E#é st
surface 230 of '?‘éi‘?“ plics tp @Pgare 4F,
the present i nvdegreesnFahsenheitc ISude atsolution dps afviscesity\ofrapout 250 cennpmse and
readily fills the voids in a felt layer 220. The concentration of the solution can be
25 increased to about 14 percent by evaporating water, and the temperature of the
solution can 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 a 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



uncured resin fromthe substrate after the first curing step shown in
Figure 4E. In 10 Figure 4F, uncured resin is indicated hy reference
nuneral 2010A. The mask 3010 can be renmoved fromthe patterned resin

| ayer 250. The uncured resin 2010A can t hen be renoved with water
showers 2530. Thw®9snrssss showers can be angled to renove UREHSYE/ob98s N
2010A fromthe openings 270 in the patterned resin | ayer 250. The
solidified second material 2000 prevents the ncured resin from penetrating
15 through the full thickness of the felt |ayer 220, and maintains the
uncured resin jacent the first s f 30, of  the yer,
Accordingly, thé u g\gﬁerr &Qutien trom g’k ¥°’ré°ap¥\}5?f“@&§yi"i%g réff'l'bve%l'er om
the openings 270 i ifHamdboplk sofnWatey eSol@® Gurns and Resas()va&dﬂed sHyoRerL 2B3ddson,

Referring to Figur fMé@awtﬁm ROSE Gt 6L NYS LS Wird f
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material 2000 is rates. solidified, such as by gelling, the second naterial

2000 can be rerggved by Iﬁﬁﬂtﬁémmb%dlmemt Rfte ?é%ﬁ!?ﬁ‘ﬂat@ﬁil%h 2omprited W@B%&'&P

above its gelling tenperat ere n d second
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felt layer 25  22Gg, Bh& SRC Wa 'c‘%bgqgﬂo&a%&?tﬂ%&ﬁ\ﬁeﬁ(‘%t&f}l'ﬁﬂgﬁerﬁ)gzo

heating | anps 3170 to %/ t he sepgond nat er |
can then be washed WRW‘!P“M?(P'W&{’% barrier to phptosgnsitiye resin pengiratipp oF the gu
vacuum box 25705t o Therbasrier tirethen beitehiosed fiemaheisubstrate byrstiosverifig theasabstrate w;ﬁs

any remainin ncur. |n‘§taﬁ%
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| ayer 220. Suitalple polyviny] glcohols inchide %mpb%éﬂtanéf pyagols 2130 (available
material 2000 appl lmﬂnmpbﬁtecaﬁpany,swnﬁixrgmxeum A BitabR, aqaad.smammmaﬁpﬁsabl y

substantially all E%O‘SJES% he sabsﬁﬁ. k:glk'vxﬂ%l alcﬁhd%ogg %kﬁ:g the? potly\i?nyhgcohol

substrate i s renov rom
4G, the second mat dpwaterthe polirvipd alsokol cmmlasn@zglhysfpmzza Ature s pbout 98 ol

aLt er the Ii q;u d r eos percent polplingl Gildohol] MRl §5606 kot 6.tol 10 peicent b edighe Blycerol.
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applied to the substgnequs 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
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In Figures 4F and 4G the uncured liquid resin is washed prior to renoval
of the second material remaining on the felt |layer 220. Alternatively,
all the secopgognssss Material 220 can be renoved from the febérhbsRbioss20,
fol | owed by washi ng of uncured liquid resin fromthe felt |ayer 220.
Referring to Figure 4H, the method accordilhg to the present invention can
10 include a post curing step perforned after substantially all of the
uncured liquid resin 2010A and substanti al I\F/ all of the second

material 2000 higsondamaterial iansolid At ofrneprabout 70 degrees Falirenhek, and gan he kiquifiede of
até) tini tchr adi at i lsbllbw m«gia?ﬁoa&mpefm?ie oFehd ﬁﬁaﬂl?ﬂ’{b‘ios@ﬂsﬁﬁ{eir&lin. For i%m&é,t i oned
apove e resin I 0 ete,curing o e nl1a ,
Romoval | of ai | 't REXCbedng o MeieBR Sifant i Pkt of abpL 500 g fblible, S More, o,
the substrate 1%pecifigaliyotheisgcandrmatesial cam gompriseHREG 4500 withye meltBg pojnt| ofps
3f18?hi Sf dletsi r ab&vauiz g% Eﬁu@m:, PEG 4oob¢ :amfl\heﬁ&mﬁg pbif bNabovt 56 Bepraed C, ngt ! ong
(0] efTe ay ere.,.per neabl Ll al I an er 1.S Sired.
The post cuﬂ nggéotoe thaA 5'8“5 r??;ﬁlrré’g %B%Pﬁoﬁ"hé’e?&%% 1 ﬁ'if’cejr’m%ffs thereof
submer ged i n a Aleroativielyt thelssoond: matsrial ean comprisel & relativelycloivomoletularhweight

phot osensi tive pgG, such@$PRG 400, WA 'chi Rhalts Rihid 4lring applicatibi@nd @8rilg &9 Web
support appar at@s E%g hafc. a cured resin layer 250 which penetT at es
the first surfat8PIYYSTHYEESPe| ¢t | ayer 220 to extend intermedi ate the
first and sechhedsecond matesial 2000acan 4180 coniprise cwaterdsalubde surfagtants &d0 al so

d f h . el . i
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surface 260 at a .se.ég‘pd el evaIl,on erent fromthe el evat] on of the
first surface 2%@duidzdetergent solution, such aspa detergent sfutign SOMPrifiAE AnfoRicsandy

Fi ling Voi ds i nnoriienicSsirfactantscan ethyl alcohol dispensingiagent,odndnwiter. i The detergent
suitable for us S ! s L ati | dSe:d e
substrate to pr go\zfeiﬁ)tn gﬁelglggtj?ﬁﬁﬁlggr%bo ¢ t% ﬁ‘;emi“f’%’?d tr e@?‘r‘ncatnﬂtr‘, 36‘3&%8%1:{ Ebem

thi ckness of t hi#b8EAse r Auch apdetergentsolutionnis commereialy, @uailable 3ss Joyy Bsend o ¢ he

substrate 320 PiswashinglLiquid lfiorrethe Proctédr ahd Gamble Cothpamysoff CihcindalicOhiobst r at e.

However, in alternagyy ' t 0, terial

applied to a subst mee%n%%b%g I qui as‘; Q&“ﬁﬁﬁée@iq'ﬁ&?ﬁg{ubﬁa%‘%é% &e
previ ously appl Wa@r 9@%@"%%“&%‘9"‘%3 i§ & palid\yeloyr about 1) degregs Eahrenheit. pant
to be illustrat Examglest ofwitet soluble 8gefactants include anioio derieatives)ofl sulfosiccinite

d i al .G ' . ' . d
TSy A SR S el Ml 2ol =

prevent har & wafuiteblgejs Jrevdde, bawmies 195 pengtration- apybsiate by the digyidye
added to plictodensifive resifir AR 2antsle 6f dn dionit. suFficlantis Aérosl 'Ol 75 Gavaildblequi d

throughout the Rb&PRmalicn Cransly MarBf G LirkZhl Ll ikl B0 S1oRRRT | Vo

Mai ntai ning the water as a Tl I ng-t cura
resin to the suptfosysciniqngid t he di sadvantage that sone, if not 40 nost of
the water can be di Apl exantpldpf &unableiveitrddispefsible Hefefisandhides miiuresicf 16ng ed.

30 chain alkyl quarternary surfactants mixed with polyoxyethylene glycol 400 or
glycerin. More specifically, a 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
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I n anot her enbodi nent, water can be added to the felt layer 220 as a

l'i quid, and then frozen prior to addition of the Iiquid photosenstive
resin. Changi ngW(hﬁs/zssss phase of the water by freezing the watperus2sm0984
provide a layer of ice in the felt |ayer t hat prevents penetration of
the liquid resin throughout the thickness of tBe felt | ayer 220. 10

| - anot her enbodi ment, the second material can be transformed to have a
substantially incre d VI cosi t tqQits viscosity when fir
applied to the 3 %’ﬁ’ 39 8°?Byf? Q‘PQHF'F‘%‘PHF Violy asd WB‘S\,(r?E’E@‘i“{y
of the second nmater mbpaneldnhydrochlondermﬂlblé fioth Wike Chemicalsiof Pallds Texas. second

material increases by ap %ﬁfgﬂé %bcﬁ!‘i et ok shébnd. matenﬁraPFUoﬁ{pﬁi(ng %ﬂ@& dgBRS!

100. For exanple, the second nat erla can conpri
solute, such as a miSuitable gelfingpgents ingludeobut are,pos limited dpicveretable gelling a&‘ﬂslﬁHF'b

in wat er. The wstpetting @atvigeenany agadnanixhalqaroteinogatating,c hgdropél forming tpblymenc

[ h
i ovat od t enper 40uF delifdfems a5 8°'ﬁ"h°44€% Ofe E"t‘i‘%g“e 0t afiElagdh vl can
is meant that a conpfiplved in watepto form thepegpnd ‘S%QB"WS!B“H@QF@BQ
Centigrade at a Ievaﬁuﬁfﬂmodsmtpangbcﬁ)ﬂhﬂemamsmm 20

sortution " of EFSSR;'% W%ﬁ*‘%‘“ﬁ“ﬂ@fﬁﬂ"g@”@%ﬂw B e parally
DL) in water. The cross-ligked, pelymgtscprepared fromy polymerizable, tt@smtesum-ﬁqmmas
a tenperature of15abanénchfees which ared@gdraotuble bed%hﬁlwater&aumbleaapa@hyarbms hkes&

viscosity of about 2 f o)

felt layer 220. The g"g‘rl\% em%’ ﬁe%w%ﬁ'% satuéacgf ? ag%ou\ég?\ h%)m?gzépﬁa%é"gag g%p e
about 14 percent by fé‘h&ﬁioﬁdﬂﬁhﬂg olgfincally unsatrated-acidsrand aphydridesovhighh eontain at least
sol ution can be decr@safbohRabR Blefiric ddaké B, ﬁmbrpﬂaﬁmpph&nbﬁ@wesestmld

t f
Uhe’ phot ssensi ti ve 38 pepgotan Coflpbtion, T diihe, Nosb. hoiich BhyMoge rifiting
resol ubilized, p#efcPelpner ani Highlgvelpfi\Water” filed September 19,1994 it the name of Trandai

enbodi nent, the sec oadu NRinBérparfated HerciPBP Fefckbhce in\Ré @itir& forthe parpBReddt disclosing
di ssol ved i n wat er ?f erred quns show pseudopl asti c behavi or (shear

t hi nni ng) . refers to the reduction of the viscosity
of a material when the Smtable seapegtiling agentsutompsise snonovalent-metall saltscof fatty agids

enbodi ment, a 1-3 peggntdiingPbiilabsut 12fto @bout 40 carbon atoms (C12-C40), and more preferably

25 C12-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
iliclude 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, olive 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 S and about 30 percent by weight, and more preferably



hi gh viscosity guar gumin water is added to the void containing substrate

whil e the gum and water solution is subjected to_a shear rate and an

el evated tenperature. At 35 a shear rate in excess of about 10 reciprocal
m nutes and a tenperature of at |east about 60 degrees Centigrade the
vi scosity ofwobe2sgssn and water solution is reduced SUpd¥r0s98/0898y t O
allow easing filling of the felt layer 220 with the gum and wat er

solution. The shear rate on the gum and wadfer solution is then elimnated,
and the solution allowed to cool to about 70 degr ees Fahrenheit to
rovide the gum.and 4 ter solution wt Vi, SCOS greater than or
gqual to abosgt %%lwfﬁ?@%f?'é‘r#\l?a'ﬂcﬁbg\%t Orpezcent by We‘&ﬁéPg'éfg’e‘H a¢incwater. Suchige gum
and wat er sol ut $olutioprcan banesa gelling t&mpmm'e of abiont 90120 degrees Fahibhéifi/ 2fie55
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the DUIGJOSﬂyﬁhfzuc%ﬁ%ﬂfeh%acﬁMﬂ} edvegt %&gﬁﬁé@hﬁoﬁm qn,,g ,gapp lng and

measuri ng shear
material can cofRpHmed % r?'ES’(‘E‘lﬁ"eh‘E}F V\H"e?w hum mygistate, solwiomsp nemhen

wher ei n t he wat enoledao abaut 140 6@ degrees Fahriesheitipribritocapplicatibn to the félﬁai&‘ 206.yi ng

or evaporation. Fors ;tsamgn °{'E&P§§ﬁ?€§§€,ﬁgéﬁ‘¥m{“ thQ gﬁg{d@%‘t he <uch

felt layer 220, a ter romt
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substrate by shouer s e arrler
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sol ution ey, orat’geg&ﬂggmﬁggwgﬁﬁkléh SF@V i;ﬁe%t 'gﬁ'n#@i g@ el temaxsl 90- 50
and El avanotV 71andslispasahof the sesond matmﬂmmmmemmzzwgmmrmdm A
sui t abl e aqueouenvitorminta) Borieri® atefiiimized. about 6-8 percent by wei ght

pol yvi nyl alcohol. Prior to mxing the polyvinyl alcohol in water,
t he pol yvinyl al cohol can be plasticized by formng a m xture of about 90
to Process for Forming a Continous Belt Having
a Felt Layer and a Patterned Resin Layer
25 Figure S schematically illustrates a process according to one embodiment of

the present invention for forming a web support apparatus 200 in the form of a

continuous belt comprising a felt layer 220 having a cured resin layer 250. In the

embodiment shown in Figure S, the felt layer 220 can comprise an Amflex 2 felt

commercially available from Appleton Mills of Appleton, Wisconsin, and the

30  photosensitive resin can comprise an MEH-1000 resin commercially available from
Hercules Chemical.

A forming 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 compieted 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
millimeter. .



95 percent polyvinyl alcohol, and about about 5 to 10 percent by wei ght
gl ycerol. 25 The pol yvi_nyl al cohol and gl ycerol m xture.can then be added
to water to formthe aqueous sol ution conprising about 6-8 percent by
wei ght pol yvi nyl al cohol . - I n anot her enbodi nent, the second

material can comudergss® solid dispersed in a | i qui d. For peivabainesss
the second nmaterial can conprise a | ow gl ass %):]ansi tion t enperat ure
| at ex rubber dispersed in water. The di spersi can conprise about 40 30
percent by weight poly acrylate latex resin in water. The poly acryl ate

| atex resin can ' R0pl TR:.520 pal y, acryl at atex resin
avail abl e from fhe Roh%ggﬁwﬁ Mf.éége trf%&'ﬂ@@%ﬁ%ﬂ %bé{b‘gfﬁwﬁ“&f’"‘f’h‘@“
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heating can be lamp, 3100 peeheatdhaffeld fayee?20n. For i nstance, di azocar bam de
can be addedht aot he | atTh feit la)]'cer 21CRitkenaofiveyed Rfa lﬁﬁi?lﬁil%ir@&ioh@t R 5pedd 6Labout .
ni trogen on heating, e Qam upon evapor ati 0
the water in the diqslpqa?egl{/@ﬁ’.}he %Mg" E’iple %%#éﬁﬁéloeﬁ%ﬂ?'ﬂ% _e, safwgia%g%ﬂd%e
material can conpr insades 24} kas an gpeningthrqugh which thesecondemaserialis deposited guto the
pol yoxyet hyl ene gl yeeund(diRae 23%-GF Al féMalagera2202| tTHe CopRAinglin the headdf!2aY0 Gifie

degradat [ 0N t eNPer gloifiined’ aghi}i AP bRl BrBiRE 335 o the BiStafler 220°NTh eobd'®

PCT/ US96/ 00984 15 material directed from the header 2410 is a solution of about 07perceént by sveigbnd

material is a soli do@umOomyfiQidle & Qubter’ Haviit'aS Sémperdtire "B 1about2180-5" RBrees
l'iquified bel quhrtegﬁ. egradation tenperature of the curable

phot osensitive resi . Li nst ance, a PEG having a nol ecul ar weight in

excess of about 600 is Abgut §i9l gramabf the second sptetialifier suare, in¢thef sacfacermiea of the
Forees PRttt s Myt an. 1% s iperpi iy o
6000 with a meldin fpat gg{ﬂﬁﬂ%@ 'so‘btﬂ %’ége"d?“%g *HH'B% (twgyroilers
Al ternatively, the 24d2orThespacing betweenrthe oollers 2472zprovitiestd nipl whitioiy aboltc@.01Gr
\Qei ?ihtcat I on EE(? caﬁf& la%ft%qhégt??\h‘m#gh%ﬁ%ﬁgytg{rﬁémrﬁg 'j'riﬂ 24t %ﬁ@e@%stn:mgon
sggond mat eri al 2od§q@%ﬁ°°81"§8‘%°6'ﬁ§+‘$%'@5’wé&‘g‘? f%lbyaﬁffl gzosﬁﬂdf SUPeRss Sxcest, second
material from the felt layer 220.
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 feit 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 a portion of the thickness of the felt layer 220
which is substantially free of the second material. The water showers 2510 can be



15 water dispersible surfactant systens. For instance, the second

mat eri al can conpri se a liquid detergent solution, such as a detergent
sol atTon conprising anionic and noni oni ¢ surfactants, an ethyl al cohol
di spensi ng agent, and water. The detergent solution can be applied to

the substraiwpsiiés to application of the resin to the PCTIISSE098.L -
Such a detergent solution is commercially avail able as Joy Brand 20

Di swashing Liquid fromthe Procter and Gl e Conpany of GCincinnati, Ohio.
The second material 2000 can al so conprise a water soluble surfactant or

wat er di spersible surfactant s emthat i§ a spoljd.bel gw about., 70 degrees
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di met hyl ammonigiffaceld30'dfqRe #itlidyer 220/ to RbhoREligEREd SetoNd mdtdFial dnE the water 400
(which is a pasty wax at about 70 degrees Fahrenheit and a |iquid at about

150 degrég YEahr enhei t) can be used to formthe second material 2000.
35 | iSanot heOngethedfirstesutfacet 230 of abofelt layer 220 has been poeparedibyaemeovatt i on
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heat. An exanplbackihg filnf 1303. rAachating of Kquid piotesensitivé-redin isapplicd-toinbfisst felt
E)él- ?;nsdll'ggas. surfpée%pefhedéogﬁﬂ S)tclmuﬂir ﬁl%?os@?(sﬁi\}ear@liﬁ' 136?&%"%‘%&&?{9 gl s of
. first felt surface in any suitable manner. In Figure S the coating of resin is applied by
a nozzle 1520 to form a pool of resin on the the felt 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 elevation 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
35S  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
pattern 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



I n anot her enbodi nent, the second material can conprise a gelling agent.
Suitable gelling agents include, but are not limted to,_vegetable gelling

agents such as pectin, carrageenan, agar, animal protein gelatins,
hydr ogel form ng polyneric 10 gelling agents, and soap gelling agents.

One exanpl e of wopshisssg agent which can be di sol ved i n petmessstogesiior m
the second nmaterial 2000 is JELLO Brand gel atj'zn fromthe Cener al

Foods Conpany of Wiite Plains, NY. Sui t abl e hydrogel form ng
polynmeric gelling agents include at |east partially cross-|inked
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ci d5. Sour ces gl e Pt . o o
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olive oil, cottons&fabaut(l;3 feet/minutesyringeasting.| . corn oil, rapeseed oil,
S o PRl of 4608 s ol b
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Preferred fatty acip@rtionsof the resipregistered gvithithe opasue gertionsi pfithe|reask 080 remaih um
) Loy, SO Tt T i ity o e s o
enbodi ment the secdpTiEh B {48 UV 8o 550 BrclieRRRut R SN bF areim skcens i
myristate in wat er .width ofithe felti layes 320t Output from eack ofithei cusing bampacd A0 shanld b
and about 30 per cerhatéhed 6 be Withindf feastRbSutS Rréehedf sach 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
lamps 3150 and the felt jayer 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 energy 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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bet ween about 5 and about 20 percent by wei ght sodi um nyristate in water.
Such a solution can have a gelling tenperature of about 90-120
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cont i nuous bel tum:urqirremmjoaﬁmﬁthelqp;mngsﬁﬁﬂnefpmemgi zesmh)ed resin |layer 250.
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Anf | B l’\I* sbodt
Aol ot on v#C oFalresheis diroyghcnazaies sigtots, Sk SyRerEs Hee J6 kragd Noralrs, adsi,
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illustrated. A (perpen vadwm'ge planepf Figyee ?Helpvwwea anqthente climinpte strepking, g
taken up by a raid prédvideunifobm rémdval ofitle liquid fesia atriss the Width ofithd félblayer 2201
backing fil4g 1503 i, ARR1cLGH 918481220 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
through the bath 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 degrees 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,




wor ki ng surface 1512 of the form ng unit 1513. The function of the backing

filmis to protect the working surface of the formng unit 1513 and
to facilitate the renoval of the partially conpleted web support
apparatus 200 fromthe formng unit 1513. The backing film 1503 can

be made of any Q%% material including, but not limted 40 pciRseghoddsl M
of pol ypropyl ene having a thickness of bet vve%q about 0.01 and about 0.1
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second nateri a? t h?w ut. tbrée f g_lst ll?lYa%rif t%g()c ang 'S.(}éeiﬂzes EXCESS SeCOon
material from the fo 2l bejipdersiog PMBOE et YRR 20, andl| resin Javer ised
~on the felt |ayer ¢arged around thesldsedpatiobltiple times to remoeenthe sedond matefialfedm Yhe
about 90 degrees Fairigyr2p6, thOmaRipiePabsés hidtnade GRMOu TR nitire second material or
or liquid resin to the felt layer 220, and with the ultraviolet lamps 3150 and 3180
turned off.
25 The web support apparatus 200 can be inspected with a microscope to verify
that all the uncured liquid resin and second material have been removed from the feit
layer 220. Alternatively, the cleanliness of the felt layer 220 can be measured using a
drainage test as follows. The web support apparatus 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



Cooling the second material results in the formation of stable gel phase of
t he sodiumnyristate in the voids of the felt layer 220 After a
stabTeé gel phase of the second material has been forned, the felt

| ayer 220 is conveyed adjacent to a water 30 shower 2510 at a speed of
about 2-4 fewbopesssén nute. The water shower has nozzles PCT/SSsiobésaned
about 3 inches fromthe first surface 230 of the felt layer 220 for use in
removal of some, but not all, of the gell 8 second material fromthe felt

| ayer 220. The nozzl es provide a plurality of fan shaped spray '

patterns a ng n over | appi ng r shower s 2510
provi de a V\efe VAN Xﬁ‘gﬁf’ml‘hs fﬂh"ﬁ’ffﬁzlap«g?‘ ‘@5‘9"5'&]{??{ ayer 440 apd resigy f ace
area of the felean b&y@n"%@ through the bathels26.r PoSusing Bunypisc180 Positioned abovket

brand Nozzl es, fneclﬂth m@ ome/ﬁmcaﬁhgosmuamhﬁmm cBinp&ie Uit %393;1 doEtChgo

The water spray_d I|v ate erature

degr ee Fahrenher:fd §ﬂﬁ ﬁ%glwgkm@ﬁ%‘gﬁ%sp bl pontains water andia, ¢
500 psig ucing dpent,\suck as sh r d,0toi remope: dizsadekdt axygenriny thesweatend

of the t ﬁ?iﬁéiﬁ""&?'“ﬁ’““"éﬁ”";?géﬁémfg cx g eAEs! b“““‘f’,é;‘iq" 5°¥ ree of
the second materi al TNefAMARSitefelt angresin laye are camn 5'6

PCT/ US96/ 00984 1620 at a speed of about 1-3 feet per minute with the post curing lampi3 13180 Eumedjsed

to renove a la c
o rem YSﬁ Sﬁntébi?diﬁl Phlr gngﬁ@gjg@omﬁe Fa%0 iﬂﬁqif]ﬂﬂecﬁaﬂo% ﬂ@g@:&h

ckness

| ayer of gell ed permyts (Passpes °¢JMH° ’E‘p?t!-% QM AhF Post Q“HF&MS of
the felt |ay®r IQ(E ttsthehmmiuyedoﬁmwhﬂe precluding Wxygen whitk emi quench alieofrée 98

f th
Bt the gel I craieal seraid facidh, To8 Yfiker depinif R 0D 1620 can BERGR 37
percent and abolﬁch?S EEH@S@F"PM@%@RH@BBOSB? f@‘H&Y‘F ar9 a‘!"aﬁ#&'ﬂ laye2¥mai ns

| npr egnat ed wi t(Fxgdre4mbhehtaﬁmroﬁemmumheﬂémrmmawwmmhhéﬂmw er
shower s 2534 A vacuum header 2520 provides a vacuum of about 1-4 psig

at the firsg surface 230 of the felt layer 220 to renove |iquified
second mat efPal andTheposssueng sequencenf passinesthe compositecislt dayen @220 jand wesinur f ace

230 o:‘ | t hfe f ﬁl t layery throuROthB sathd $620 ﬂfitlimi? stb?hﬁngﬂ%§| 1605 tume®fonS&iNEbe DUt
R b e
220 i s the fe t layer 220 and the cured resin, together, form the web support apparatus 2
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 elongated 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.



posi ti oned adjacent the backi ng film 1503 such that backing film 1503 is

I nt er posed between the felt dewatering |ayer 220 and the formng unit
1513, and such that the 20 second felt surface 232 of the felt dewatering
| ayer 220 is positioned adjacent the .backing film 1503. A coating of

| i qui d phot osenwolssssss esin is applied to the first felt PCTUS9508982 30.
The coating of Iiquid photosensitive resin 1282 can be applied to the

first felt surface in any suitabl e manner. Figure 5 the coating of resin
I s applied by a nozzle 1520 to forma pool of resin on the the felt

| ayer 220 upstrgam of Ip,25 f ol | .3100. The

t hi ckness of th® coati éﬁ%gnt}"gg'?%t g’ﬁm‘l’%g}/&‘ fﬁé‘ Goptinuous perwork (gpjsurface 285
controlled t canchape lessctharcabedt %0 discrete operines 230 per sqoare tischdd the p:djected

difference in el evghi ofitheSveb su%portﬁ)g éﬁﬁ%%bhﬁxd"dr&%ﬁﬁ by Berviten a6t T0/aR @Jé

surface 230 and thg_el evation onta ng surface
of the web pattern?%d'ﬁ cItE O Pmsshp thegrip eeﬂssqqawems’eo}tvmle%ﬁyga@ft he, aveb
coating of resin isippomtapphiatud dsyviewed)amiKigure \1. c &ach aliscrerg) dpeming 270 in the

3100 1n - Eoy onbbiad bt i m‘ﬁ'*%‘b“%’*’?’*‘“’miﬁ@%ﬁa ‘“@‘H”*&“‘%“
tend to snooth thJea out 0 @g’lr“i’a%‘é’ 5fmni?WS‘°F of e %PP%‘St ﬁER%&’sE!‘e
The gell ed second sresef thnloppnng/z'm divided by onehbuhh ofithe nchmems efithietapesting 220.n
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220 occupied by th
formed of any sui tg‘ nepd 6§r AR appafats havipg gygh bPW’H@fPPem“Sszm‘laﬁ SB%F&Géaand

transparent polsi odryingTielt o peess fabrie oh apapénmaking aaching foxmyskihgi aparterned paper

250. A mat 2?.*‘5‘#“"9 v i £ SRl Sl i ”ﬁé’%’f i “hﬁé“f“*? kel

sui tabl e. The opaqhigh density frgion corrssnoading to the w éﬁ“%"'ﬂfﬂé FF&S% 3 Pwah‘ﬁy
sui tabl e way, suchofigepétallyo@hcdnipatied domes grs?awde,doﬁkeWWImro@homomry
screen printing. T@&tﬂﬁ&]‘s geQ\%QrkC%Exog.e ﬂﬁnd&ﬂg ggr?espondmg to WQ g%n?oiﬁ%%f ngl t)
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or alternativeRy, opqningsa0 mithesusiaee 260y Fhe disgrete renings2i@ are pieferably bilategally
t ake-up rol | stagiefed B tiehmuchirendirdction §MD) Anl cioesihachine-digettion YCD) N

't o modiate the r aibtoed; iy U Pl 4857, o ?asﬁ%%gﬂﬁé‘%%% A
felt layer 220 ar oineerporated: karein by referiences inhe gmbodiment shown in Ftsure 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 paralle! 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



positioned adjacent the liquid resin, with the mask internmedi ate the resin
and a 10 source of actinic radiation which_is suitable for—cuwinrgthe -—

| i quid—Tesin. The photosensitive resin is exposed to actinic
radi ati on of an activating wavel engt h t hrough the mask 3010, thereby
i nduci ng atwoeasssssppartial curing of the resin in thoperpsvsbossns of -

the layer of resin which are in registeryvith t ranspar ent portions of
the mask 3010. In Figure 5, ultraviolet $%di ati on havi ng an activating 15
wavel ength is supplied by first curing | anps 3150. The activating

wavel engt hei s hatractgristic of the.resin, .and can be s jed b
any sui '? able §§%r]8‘ger3f! Ctloj 'F‘ﬁ?cﬁ ﬁ‘gt ?‘%’) Sl'" ent. ?@8 ﬁ%’g‘ég ﬁﬁngu? frgflg? %ﬁé d Y
xenon, el ect r crasésquargaillmetes ap theanpint| of megsureragnt.t [A¢ least threeymeasurements esi n,
Sllij tgb:g curi nige hiad®at QidiOewaﬁo:Eflamlelm?’éra&eEam aﬁdéigeeﬂkeym&hmm?'offme or
"H' bul bs, an [ val . [0 us| NB,aNC. O

Rockvi l | e, 'Zoqﬂfﬁggﬁgﬁ#@*"b y%%‘y@fl %Zﬁe@éﬁ? agkehec%eﬁ\g/@ ne%%%?%@ékt the curing

| anps 3150 at a sHisages 6 and 7 afe phetamicrographscefiy wetn suppot APPRFgtus 200 imagde

Part | ?I c(ujuoi D?c&frdhﬁ@o the preédent Snvention. _eﬂieadebtklipﬁbrﬁiﬂﬁaﬁhfsimgﬁﬁ Fig_uf& 6&&6 resin
regi stered wi . ) : e
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of the nmask 30d8¥sr 2a0penetrates a) sugface 230ef et laver 220, sushnthatthej airedcrgsinng of
Ehet L esiR ?n tiyer efteh dsHﬁté_Qipo?ﬁ&hh oft the tiGiaeyof the felt l@@pxigs&dz fdYthe Rerfidy I}g[ﬂh
o the photos [ resin sho e_unifaQr S Wi 0 e
el t Tayer 22 Sl cuie st AR 156 ey phlelds o B8 230 Sl By s a0

mat ched t d3be ofitheesin layed is spacedfsom thesupfaee23ft of each ot her. The curing
Lla?git '?%ﬁo( er enq!’i r%tagﬂéﬁﬁe O'béd%;ﬁ,)éth%&dﬁ%rit@f%ﬁ@i&§ggr exa li'ég t hree
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| anps 3150 anthapbignakinG formiEér dryig fARE comPrishwEbnaidthéned, WhichFabFRCGhNE
direction t.o rorma .age;. ure g t rg‘gghbv\,hl CSBBUI#H avi ol gt JJi-ght is
direct ed f4%m haNean afp ity of betwe ALY 4500 seffp- A BoR-Emitng oy o
220. 35 exafipleadbf em aaitgsnativer sulistratetis 4 papdrmachinea fabric 2dd8cribed dnetheeasur ed

by a "light buSliiows S I I % j t del
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| ocated in StiPit fgtent AOREa9 issy 3&%\4@5380 and U. tept 425%Re t he
casting drum 1Béember 1623980.¢ the integrated energy in mllijoul es per
square cenjg meter applied to the felt layer 220. By repeating this 40
measurenent every 1/2 inch across the width of the drum 1513, a profile of

t he energy inparted fromthe | anps 3150 to the photosensitive resin
can be determ ned.
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gg:)—/ gg?a/egthSﬁe_ aperture plates is ub“““ll]”u""lu "Il”““l dth 01‘23t he5d"r_-l-j-lr'r:c the
1513, the energy profile will generallytnot b uniform The gap

bet ween t he ape™M@P62SSSS  plates can be varied as a function ofpcrasbéaoosy i n

the cross-machine direction to provi de uni form energy profile
delivered by the lanps 3150 to the resin pooled on the felt |ayer 220.
10 After partially curing the resin |layer applied to the first
surface 230, substantially all the uncured liquid resin can be renoved
fromthe felt de i | ayer 220. The uncured liquid resin can be
renoved fron1them?gﬁ£&fg§€FA§!5 “ hi gh pressure showering of the felt

layer 220 with wat br, Amethotof applyingd suralile résisitt b Qulsiirate, the nittHobl 2einPhling\HE
water. At a point adj %%Fbﬁt he roll 1542 the mask 3010 and the 15 backi ng

film 1503 are separated ' rromthe felt |ayer 220 and the partially cured

resin | ayer. ThePTRYHing &;splstrate having acfirst-surfacen a serond surface, and acthickunsss, n
| ayer are conveyed ahi¢ substrdte Wvingrvoids dneriedidfeIfe firkhenhd\WedoRd sSifRWE! S

2530 can be angled to g 6HRM 5 %ﬁd resin 2010A fromthe openings in
the patterned resin Iﬁger, : Eacurablehﬂﬁlﬁ e’showers 2530 deliver a spray at a

tenmperature of about 6WOYgingasecond material different fiom the corable fanideesin es such as
g_pr ayt Syst fems bTete- g eg S?pm thie 3edond matesidbto the substrafeQtd occlipyVit NeastSorté bf ihete
i ameter of abou : [ : - i S u
500 psig. The showers 2538/6?%3-5\&3&?%%& f"geyé‘rh&%éh%gﬁ?g@ ﬁ%%‘!:ls‘fr&tcésrgfﬁ'ﬁ
(perpendicul ar to the pl arfubstrater; gure 5) relative to one another to _
elimnate streaxing thcha?ziﬁd:]:mwd;q% m?g@mmwmvgﬁn@hatéml brdith Uppisihi "
acr oss e w 0 e fehd cdrdiEtiau rgn %P‘Sﬁ‘é‘ﬁ"&te' e conposite fe ayer
bat

220 and resin layer can then be carril, h 1620 of
di stilled or dei oni zedPriyingithe qurable:fesin tothaisubstrate; gel | ed second naterial is

sti!-lt_ . presteﬂt Lrbtﬁihgaﬁeisﬂibi%%@tﬁeﬂetﬁﬁ?épl%eﬁ]gfal?&ﬁ{llafdﬂ?ﬁtﬂe%ﬂps‘imé}?&f "
posi tioned over the . ar urned off . whil'e conposite f-e
| ayer 220 and resin |Z’§7@P"‘P§ “E%?ﬁ?i’%'ae of the “Y‘Hﬁdﬂﬁ?ﬂ Qn‘o'ﬁfﬁ‘?%fﬂ@’ WgFre'L“I‘Pé
first time. The post cur e leaghpomesofothe seennd material isireiioved fidth the cubstrate afteep

descri bed bel ow. applfink Sie duftdlé resin {d e Bitist?atd 620, the conposite felt
| ayer 220 and resin |ayer Is carried internediate infrared heating

| anps 3170 and a vacuum header 2560 at a _speed of about 1-3 foot per
minute. The heating | Akhgdmeshodoofi(aim t fiuthercompeising therstep of coolingeat dsastiomemfa

tenperature of about liidsedenty mmeridtapylied beihe substtate/befofe he QUE of Qiffing the resin.
gelling tenperature of the second material, so that substantially all of

the second material is liquified for removal fromthe felt |ayer 220.
The heating | anps 317Fhgrraethod of Claiss 1 ion A dtirthesjcomprising the stépr off hehting atsleast ace

folt ourface 235 The paarof ik seoind materaldofplied A5 tle MG betbS re a0k of
inches fromthe felt I%@g?"%%ﬁ?'%%t&?%ﬁﬁwﬁf ﬂ?’?ﬁ?‘&d heating | amp

4.  The method of Claims 1, 2, or 3 characterized in that the step of removing the
second material from the substrate comprises the steps of:
removing some, but not all, of the second material from the substrate before
applying the resin to the substrate; and
removing at least some of the second material from the substrate after applying
the resin to the substrate.



40 3170 is a Protherm heating manuf actured—by the Process Ther nal
Conpany, WO 96/ 25555 T -
PCTUS967 00984 ,"’ ﬂll” m” ”m I M 24 5 —and
havi ng a power rating of about 20 amp§. Thet vacuu header 2560 provides a
vacuum of ofyeskasks® psig at the second felt surface 232. PCT/US96/00984 The
conposite felt layer and resin layer is then conveyed internedi ate hot
wat er showers 2550 and a vacuum header 2390. The hot water shower 2550
directs a spray against the first surface 230 of the felt |ayer 220.

The showers 25%0 d iStill .e6L .SPl at _a ature
of about 140 dggreg§é§§{??é%ﬁ atnﬁus‘lﬂ:;sor‘;c‘ﬁwﬁ%gtlghagﬁbe {gugﬁﬁ

shower delivery prlapidiresin eompsises a@bﬁlmwsps@ghem surface om’gwubatmuer 2570
provi des a vacuum péne@tite'the firstsuPfaéeJofithe Edb@trft@%ﬁd‘ib SHérddodin Sfirst surfacedf t he

incured 22°|fguﬁﬁt"?aiwshaﬂrm‘?ﬁeéﬂgﬁﬁ”sﬂ @ P i o BB T

Pref erabl y subst anstepiof gelegtivelyfcuring: thecliqwid fm tor pravide @ pattened dresin dayex he

felt layer 2 &erdtin f?&nhﬂqﬁsﬂs&moﬂéf&ubs!ﬁieer showers 2550, and vacuum
headers 2560 and . If desired, the conmposite felt |ayer 220 and
resin | ayer can be conveyed around the cl osed path defined by roller

1513 and rol | ebs 1Thd nfethodnofl Clajpisel,pds3e4, or 5 chanatrerizeghint that theasubsteates
3170, water shower gonmines a papémidkersdewaRafgrek. 2560 and 20 2570. It will be
understood that if the conposite felt layer 220 and resin | ayer is

carried around the closed path nultiple tinmes to renove the second nateri al

fromthe 7t el The method 2 (Claimsel, 13, i4p15¢ op & chasacsarizedrird thanithensaeondaddi ng
more second mat er i ghyeAki comprisesWater! Ui d resin to the felt layer 220, and
with the ultraviolet [anps 3150 and 3180 turned off. 25 The

web support apparatus 200 can be inspected with a mcroscope to verify
that all the umcuré'de hiethnidcbfr@aim la@g3,s4 5 6 onft chasaeteriied\ie thatahe sezond ed

fromthe felt yﬁégwspi tc%fn%ﬁénl’%ﬁécte& hﬁoxﬁl ﬁ@n?opgs nSikti ﬁff elt

| ayer 220 can be neasure dr al na e web
support appar at us EUB“B'&N°HS"$§§'?°E‘F6H€@ pelyoe® pyene gll"ﬁ%'t F|°'B ﬁ’é&"“%md

| ower Pl exi gl as or therenf pl ates having 3.25 inch openings. The 30 upper
orifice plate is joined to an upstanding cylinder having an internal

di anet er of
9. The method of Claims 1, 2, 3, 4, 5, 6, 7, or 8 characterized in that the second

material comprises a gelling agent.

10. The method of Claims 1, 2, 3, 4, 5, 6, 7, 8, or 9 characterized in that the
second material comprises a gel forming agent selected from the group
consisting of sodium laurate, sodium myristate, sodium paimitate, sodium
stearate, potassium laurate, potassium myristate, potassium palmitate,
potassium stearate, and mixtures thereof.



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

col um of wat er about 4 inches high in the cylinder __The volune of .
wat éF passi ng through the apparatus 200 is neasured for a drai nage
time of 1 mnute. The drainage rate (cubic centineters/sec/ square

foot) of thqgMBsssspport apparatus 200 shoul d be generally PoT/USIRsgsOr M
when neasured at different |ocations on the web support apparatus 200, and
shoul d be at | east about equal to the drainage rate of the felt |ayer 220
mul tiplied by the fraction of the projected area of the apparatus 200
not covered by the web patterningﬂ r 250. A fina

step in practicing.the present invention can include a second post 40

curing step for conpleting curing of t Ln layer on the first surface
of the felt | ayer 220. Once sub ially all the second material and
all the uncured |iqubggLesi 230 gol,zﬁmﬁ 220
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been renoved fromthe felt |4
resin can be conveyed tH
posi ti oned above bav
| ayer. The conposite felt | ay ah e ?gg subnerged in
the bath 1620 whi ch pref efabl ‘ ucing agent,
such as sodiumsulfite, to ra R %gb whi ch
woul d ot herwi se quench the frifgk rSEsisal Rigs e Cifean i n bath 1620.
The conposite felt layer 220 and rési 250 ard carried t hrough the
bat h 1620 at a speed of 280wt 1-3“-28Bt per ni nu@BOwi th the post

25 5 have
Y t | ayer 220 and
@4t curing | anps 3180
g of the resin

curing |lanmps 3180 turned on. Sui bIe fost curing | anps 3180 are the
F450 | anps |isted above. The water in he bath 1620 perm ts passage
of the actinic radiation fromthe post curlng | anmp 15 1605 to the resin

| ayer 1521, whil recl ug oxygen whi ch can quen e free radi cal
pol ymeri zati on { on. pdgn depth in 1hgpbdth 20 be 1-4
inches. After exitindyt} & corfposi ye 220/ andoge £sin
| ayer 250 (FiLgurel 4 can_be dgarried pver "a pfacuum header Aﬁ
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repeated about | to 3 times until the resin layer 250 is no |onger tacky.

At this point, the felt |ayer 220 and the_cured resin together—if-orm
t he™web support™ appar atus 200 having a fully cured web patterning

| ayer 250. The post curing sequence can be 25 repeated by carrying the
conposi te fyghbes r 220 and resin layer around the circuigermusosoeofd ovi ded
by the rollers 3 and 1511 one to three tinmes with the lanp 3150 turned
of f. I n one enbodi nent, the mask 1504 can be provided with a
transparent portion in the forma continuous network. Such a mask can
be used to provide the web 30 suppogggqsparatus 200 having a web
patterning |ayer 250 havingy a continu network wep contacting top
surface 260 having a pluramdty of discrete:openings 0 & t herein, as
shown in Figure 1. Each di%trete opening 270 conmuni ¢gdte§¥wi th the

first felt surface 230 through aQonduit formed in th 2b patterning | ayer
250. Sui t abl e ¢ghape openi ngs 270 incl udg, AUl are npqt
limted to circles, @val s [339)] eljongadt®d in the machi ne WLt ong\/D shown
in Figure 5), polygdNs, i 7 < shapes, or nk§t qo’pf theSe. The
proj ected surface arg AL nuQis net wor k ~ glr f ace@60 can
be between about 5 an

b pencell” of the projecMedys
ewed iR, Figure 1, epand
about 20 percent and ab® Y/ per&ent of the pro§§
support 40 appar at Syviewdd in Figure 1
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343 5
& Jop surface 260

O

, re?\, t he continu

can have | ess than_abo \  screte openings 2 {e inch of the
proj ect ed aré% of .hzlgﬁ?gart appar at us : ef erabl y
bet ween about 70 RNd about ‘AN B di screte openi ngs Werei n per

Qe web support g af Hf us as vi ewed
gl network top

square i nch of proj\eq
in Figure 1. Each di 3 S
surface can have an ¢4 ) an which is bet . about 0.5 and
about 3.5 mllineter, whgs & af fective free span i & ed as the

area of the opening 272{%ﬁ ded ﬁy one-fourth of the peritmeter of the
openi ng 270. The fedtive free span can be betmeenﬁ?bout 0.6 and
about 6.6 tines the elggatﬁPn

Fig. 4D
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di fference 262. An apparatus having such a pattern of openings 270 can be
used_as a 15 drying belt or press fabric on_a papernmaking nmachine for

maki ng a patterned paper structure having a continuous network region

whi ch can be a conpacted, relatively hi gh density region correspondi ng
to the web cwWowerssssn\g surface 260, and a plurality of

unconpact ed dones di spersed dones di spersed throughout the cont'I nuous

network region, the dones corresponding to the positioning of the 20
openings 270 in the surface 260. The di screte openings 270 are preferably

bilaterally staggered in the nachggy | rection (MD) and cross-machine

direction (CD) as descg bed in U S "Patent 4,637, 89 issued January

20, 1987, which patent is% § i ncor porated herein by fe%e%:e. In the
openi ngs 270 are &yey-1ppf¥ ng and

enbodi ment shown in Fi gur& 1¢
bilaterally staggered, gitlh the openings sized and sp%e such that in
r
I

both the machi ne and cr¥ aCthi ne directions the t eﬁenins
M such fehat any lin Sy ael to
Y LA

270 extend past one ano
ei ther the nma hals- machegne di re&t DN \wi

| east some openi ngs . bh Suppod t
Appar at us El evati ons The el®0ati on n tﬁﬁ

el evation 231 (Figurex2) firsten: fel fz,

el evation 261 of mh ing suUrface 26@i s neasf sing the
fol |l ow ng proceddNe. Mlport apparatusums suppohk;;'g at

hori zontal surfacg-y patterning |ay | 00 UM =Rty | us

having a Cire Zan .:‘ surface of abou
a vertical |ength of »

g
with an EMD- 4320 brea.

7! obe) manufactu al
Product s Conpany Pr d e Rhode | sl and. Thg- AN B
calibrated by detqgrm \\\‘, | tage differende“bet weRrS M3/ pr eci D o
shi ns of knawn %i tt‘v.‘,'\ i ch provide A% B fferénce.
The instrunment is 40 7 4P 5% an el evation | gt | theffirst
felt surface 230 to insure restricted trav us. The
stylus is placed over the el evatig:: of interest 8125555
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5 and lowered to nmake the measurenment. The stylus exerts a pressure of

0.24 grans/square mllineter at the point of neasurement At |east

t hr &8 measurenents are made at each elevation. The difference in the
aver age neasurenents of the i ndi vi dual el evations 231 and 261 is taken
as the el evybiogissdé f f erence 262. Figures 6 and gcpiSosn00984

phot om crographs of a web support apparatus 200 nmade 10 according to the
present invention. The web support apparatus 200 in Figures 6 and 7
conprises a resin layer 250 cured on a dewatering felt |ayer 220. The cured
resin | ayer 250 penetrates a surface}?’ of the felt |ayer 220, such
that the cured resin | ayer extends into a portlon of the thickness of
the felt |layer adjacent to thqif-w—~=rr-~-~--~ ------ se-es=rgsi n | ayer 250
al so extends fromthe 230, sug Jdthat the surface 260 19 .of he resin

| ayer is spaced fromthe surf|031230 In th@ eEbncinents

descri bed above, the substrat¢ conprises a dewatering felt | ayer 220.
However, the method of the prd¢isent invention can al so BgN SR Lo form
patterned resin |layers &2 oth" &ybstrates. For exanple\\t 1Jsubstr@5e can

conprise a paper nd&i ng Elng or drying fabric coNprising woven
filanments, which fabric > ﬂl ave an air perneablllty\of betmeemuﬁbout
300 and about 1,500 scfiiN J limting exanpl e ofYan altermative
substrate is a paper machNné ’ EFIC described in the f:llomnndku S.
Patents issued to Trokhan “§34d corporated herein by referdfce: u. S
Patent 4,191, 609 issued March {4 980 and U.S. Patent 4, 239 065 issued
Decenber 16, 1980. 25 Eg §§/25555

PCT/ US96/ 00984 ~ ~,’ a { VHAT
IS CLAIMED | S: 1 A kg RAN of applying a curable res®n flo a substrate,
the nmethod conprising the EE st eps of pro\ildilng a substrate

having a first surface, a secqwd surface, and a thickness,
t he substrate having voids Lrﬂ@ nediate the first and secdn{ éﬂrfaces;
provi ding a curable |iquid{rasi ﬂ providing a secdn®™Nnateri al
different fromthe curabl e|lijqut ESi n;
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applying the second material to the substrate to occupy at |east sone of

t he voids in the substrate internedi-atethe—t++rst—amd—second
surfaces—of the substrat e; changi ng the phase of
at | east sone of the second material prior to applying : t he
curable liquid resin to the substrate; applying the curable resin
to the SUbfWéM'ss curing at | east sone of the resigrusosqmomyi de a
resin | ayer on the substrate; and renoving at | east sone of the
second material fromthe substrate, Vﬁ?f? n at | east some of
the second material is renoved fromthé Substrate after

applying the curable resin to the substrate. 2. The nethod of daiml
further conprising the step_of cooling at | east sone of t he second

material applied to the su Q before
3. The nethod of Cains 1 or 2 fijrthe
| east SO % fore

curing the resin.

the step of 4
The met hod of O & g?“?enDV|ng
t he seco , e steps of
renovi ng so u substrate

bef ore
at | east sone
the resin to the
PCT/ US96/ 00984
The nmethod of C a
appl yi ng
surface of the su
substrate aé? to
and wherein e s
step of selective
| ayer '

renovi ng

aggkying

rface of_ the
t hestsTT At e

e
tEiIEEQE in
230



.extemding.-fromthe first surface of the substrate. 6. The net hod
of Cainms 1, 2, 3, 4, or 5 characterized in that the substrate
.conprises a papernmakers dewatering felt. 7. The nethod

mmalm(s
2, 3, 4, 5, or 6 characterized in that the z;bn@d%@g}/\ RS |aI 3
conpri ses water. 8. The net hod of C?}a f"q'm'
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(54) Title: METHOD OF APPLYING A CURABLE RESIN TO A SUBSTRATE FOR USE IN PAPERMAKING

300
520

g

{57) Abstract

The invention comprises 2 method for applying a curable resin, such as a photosensitive resin, to a substrate such as a papermaker’s
dewatering felt (220). The method complises the steps of providing a substrate; providing a curable liquid resin; providing a second
material different from the curable liquid resin; applying the second material (2410) to the substrate to occupy at least some of the voids
in the substrate intermediate the first (230) and second (232) surfaces of the substrate; applying the curable resin (1520) to the substrate;
curing (3150) at least some of the resin to provide a resin layeronthesubsm and removing(3170.2550)atleastsomeof&|eseomd
Eembs from the substrate, wherein at least some of the second material is removed from the substrate after applying the curable resin to

substrate.




